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ABSTRACT
DCs play an essential role in the endotoxic shock, and
their profound depletion occurs in septic patients and
septic mice. TG2�/� mice are more resistant to the en-
dotoxic shock induced by LPS. Here, we studied the
cellular and molecular basis of this effect, analyzing the
role of the enzyme in DC maturation and function. We
show that TG2 is up-regulated drastically during the fi-
nal, functional maturation of DCs consequent to LPS
treatment. In keeping with this finding, the inhibition of
the enzyme cross-linking activity determines the im-
pairment of DC function highlighted by wide phenotypic
changes associated with a reduced production of cyto-
kines (IL-10, IL-12) after LPS treatment and a lower abil-
ity to induce IFN-� production by naı̈ve T cells. The in
vivo analysis of DCs obtained from TG2�/� mice con-
firmed that the enzyme ablation leads to an impairment
of DC maturation and their reduced responsiveness to
LPS treatment. In fact, a marked decrease in DC death,
TLR4 down-regulation, and impaired up-regulation of
MHCII and CD86 were observed in TG2�/� mice. Taken
together, these data suggest that TG2 plays an impor-
tant role in regulating the response of DCs to LPS and
could be a candidate target for treating endotoxin-in-
duced sepsis. J. Leukoc. Biol. 88: 181–188; 2010.

Introduction
DCs are professional APCs that play a dominant role in the
initiation and regulation of immune response [1, 2]. Com-
pared with other APCs, DCs have the unique capacity to stimu-
late naı̈ve T cells, driving them into distinct classes of effectors
cells. Encounter of antigen, e.g., from invading pathogens,
causes DC activation, leading to their migration to peripheral

lymph nodes, as well as their maturation. Mature DCs express
high levels of MHCI, and MHCII and costimulatory molecules
such as CD86, CD80, and CD40, which allows them to present
antigen and activate T cells. In addition, during maturation,
DCs secrete cytokines, which polarize Th cells toward Th1 or
Th2, depending on the type of the secreted cytokines [1, 2].
The DC-derived cytokine IL-12 favors the differentiation of
Th1 cells and is important for the development of immunity
against intracellular bacterial infections. In contrast, DC-de-
rived IL-10 promotes the polarization of Th cells toward Th2,
which mediates immunity against extracellular parasites [3].
DCs, which lack high levels of costimulatory molecules and/or
do not secrete proinflammatory cytokines, are involved in tol-
erance induction. In this case, tolerance is mediated through
activation of Tregs or through induction of T cell apoptosis
[4]. Thus, depending on the pattern of costimulatory mole-
cules and secreted cytokines, DCs determine the fate of the
immune response [5]. Defects in this maturation process may
lead to immune suppression or autoimmunity. A number of
studies indicate that sepsis causes marked immune suppres-
sion. It has been reported that during sepsis, depletion of DC
takes place in various lymphoid and nonlymphoid tissues in
patients [6] as well as in septic mice [7, 8]. Data obtained in
mice indicate that sepsis produces divergent, functional
changes in splenic and peritoneal DC populations [9]. Other
studies have shown that in mice, splenic DCs acquire a state of
aberrant responsiveness to bacterial stimuli, increase their ex-
pression of CD40 and CD86, but simultaneously, develop an
impaired capacity to secrete IL-12 and to drive Th cell prolif-
eration [10]. However, the mechanisms that underlie the de-
velopment of functional defects of DCs during sepsis are not
yet understood completely.

TG2 is a multifunctional enzyme involved in important bio-
logical processes, including cell death, signaling, cytoskeleton
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rearrangements, and extracellular matrix stabilization (for a
complete review, see ref. [11]). TG2 displays enzymatic, G-pro-
tein, and nonenzymatic biological functions; it catalyzes post-
translational modifications of proteins, such as protein–protein
cross-linking, incorporation of amines and glutamine deamida-
tion. TG2 can also act as a G-protein and as a protein disulfide
isomerase [12–15]. As a result of these functions, aberrant acti-
vation of TG2 or deregulation of its function(s) plays an im-
portant role in the pathogenesis of a variety of human autoim-
mune, inflammatory, and degenerative diseases, such as celiac
disease, diabetes, neurodegenerative diseases, multiple scle-
rosis, and rheumatoid arthritis (reviewed in ref. [16]).
TG2�/� mice are prone to develop inflammatory patholo-
gies. Furthermore, we have shown that these mice have an
impaired capacity to clear apoptotic cells, and this defect is
reflected in deregulated, inflammatory cytokine production
by macrophages [17, 18].

As far as septic shock is concerned, TG2 expression has
been reported to be induced by LPS in several tissues and or-
gans [19–21]. We have demonstrated previously that the abla-
tion of TG2 confers resistance to LPS-induced septic shock in
mice, associated to the capacity to restore the initial equilib-
rium of circulating cytokines and proinflammatory mediators
[22]. Based on these data, the objective of the present study
was to get further insight into the cellular mechanisms leading
to the improper regulation of the inflammatory response in-
volved in sepsis, focusing our attention on the possible role
exerted by TG2 on DC function. It is well known that the ex-
pression of TG2 increases drastically during monocyte differ-
entiation into macrophages [23, 24], but little is known about
its role in DCs. Therefore, we performed an in vitro and in
vivo study to determine whether TG2 is involved in DC matu-
ration and function.

MATERIALS AND METHODS

Mice
Male mice, 6–8 weeks old, were used in all experiments. Animals were
maintained in the pathogen-free animal facility of the University of Rome
"Tor Vergata" (Rome, Italy) under the guidelines and ethically approved
protocols. WT C57BL/6 mice and TG2�/� mice on pure C57BL/6 back-
ground were obtained from the laboratory of G. Melino (University of
Rome "Tor Vergata").

mAb and reagents
The following mAb were purchased from BD Biosciences (San Jose, CA,
USA) for flow cytometry experiments: FITC-conjugated anti-mouse CD86
mAb, PE-conjugated anti-mouse TLR4/MD-2 mAb, PE-conjugated anti-
mouse MHCII mAb (I-Ab), allophycocyanin-conjugated anti-mouse CD11c
mAb, and rat anti-mouse FcR mAb (2.4G2), ApoAlert Annexin V-FITC
apoptosis kit, FITC-conjugated anti-human CD1a mAb, FITC-conjugated
anti-human CD80 mAb, PE-conjugated anti-human CD11c mAb, PE-conju-
gated anti-human CD86 mAb, PerCP-conjugated anti-human MHCII mAb
(HLA-DR), allophycocyanin-conjugated anti-human MHCI mAb (HLA-A,
-B, and -C), allophycocyanin-conjugated anti-human CD14 mAb, and puri-
fied anti-human CCR7 mAb.

Human rIL-4 and human rGM-CSF were purchased from Peprotech
(Rocky Hill, NJ, USA). LPS was purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Mouse anti-human mAb TG2 (clones CUB 7402�TG100) was purchased
from NeoMarkers (Fremont, CA, USA); mouse anti-human GAPDH mAb
(6C5) was purchased from Calbiochem (Darmstadt, Germany). CD14 mi-
crobeads for human monocyte isolation were purchased from Miltenyi Bio-
tec (Germany).

DC differentiation and cultures
Human PBMCs were isolated from healthy adult donors by density gradient
centrifugation using Lympholite-H (Cedarlane, Canada). Monocytes were
positively separated by anti-CD14 magnetic beads (MACS, Miltenyi Biotec),
according to the manufacturer’s specifications. MoDCs were obtained by
culturing monocytes at 37°C in 5% CO2 at a density of 1 � 106 cells/ml in
RPMI-1640 medium with 10% FCS with 10 mM Hepes, 2 mM L-glutamine,
2 mM penicillin, 50 �g/ml streptomycin, 50 ng/ml GM-CSF, and IL-4 for 5
days. MoDCs were matured for 24 h by the addition of LPS (200 ng/ml).
TG2 cross-linking activity was inhibited by addition of different concentra-
tions (10, 50, and 100 �M) of the KCC009 inhibitor (compound 1b; see
refs. [25-28]) on Day 0 of culture.

In vivo LPS treatment of murine DCs
WT and TG2�/� mice were injected i.p. with 40 mg/kg LPS solubilized in
PBS. Control animals were injected with the same volume of PBS. Eighteen
to 20 h after, the animals were killed, and total splenocytes were isolated.
DC phenotype was analyzed by flow cytometry on gated, CD11c-positive
cells.

Flow cytometry
Surface immunophenotyping of mouse cells was performed by preincuba-
tion with rat anti-mouse FcR mAb 2.4G2 for 15 min and then washed and
stained with fluorochrome-conjugated mAb for 15 min at 4°C. After wash-
ing, cells were fixed in 1% PFA and acquired using a FACSCalibur cytome-
ter (Becton Dickinson Italia S.p.A. Italy).

Human cells were stained with fluorochrome-conjugated mAb for 15
min at 4°C and then washed and fixed in 1% PFA. Acquisition was per-
formed using a FACSCalibur cytometer. Multiparameter data acquisition
and analysis were performed with CellQuest software (BD Immunocytom-
etry Systems, San Jose, CA, USA).

Naive T cell polarization assay
The ability of MoDCs to stimulate and polarize naive T cells was evaluated.
Allogeneic, naive CD4� T cells were isolated from PBMCs using the CD4
naive T cell isolation kit (Miltenyi Biotec), according to the manufacturer’s
specifications. After extensive washing, MoDCs (2�105) were cultured with
allogeneic T cells (8�105) in 24-well plates. After 9 days, culture superna-
tants were collected and frozen at –80°C.

Cytokine assay
Supernatants of MoDCs (1�106/ml), derived in different conditions, as
well as the supernatants from MoDC-T cell cocultures, were collected and
stored at –80°C. IL-10 (limit of sensitivity, �5 pg), IL-12 (p70 subunit; limit
of sensitivity, �5 pg), and IFN-� (limit of sensitivity, �5 pg) levels were de-
termined by ELISA kits (Pierce Endogen, Rockford, IL, USA), according to
the manufacturer’s specifications. Results are expressed as pg/ml and re-
ported as means.

Western blotting
MoDCs were pelleted and lysed using ice-cold cell lytic buffer (Sigma-Al-
drich). Protein extracts were heated for 10 min at 97°C in Laemmli buffer
and loaded on a 10% SDS polyacrylamide gel, which was run in Tris-gly-
cine buffer at 100 V and transferred to the nitrocellulose membrane
(Whatman, Germany). The membranes were incubated with 5% milk in
PBS-Tween to prevent nonspecific binding of the mAb. The membranes
were then incubated with anti-TG2 and anti-GAPDH primary antibodies
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overnight at 4°C. After several washes with PBS-Tween, membranes were
incubated with the appropriate secondary antibodies for 1 h. Following a
final wash step, protein signal was detected by chemiluminescence (Amer-
sham/GE HealthCare, Buckinghamshire, UK).

Statistical analysis
Statistical analysis was conducted using a nonparametric, unpaired test. P �

0.05 values were considered statistically significant. GraphPad Prism, Ver-
sion 5.00 for Windows (GraphPad Software, San Diego, CA, USA), was used
to perform the analysis.

RESULTS

TG2 expression during DC differentiation
To determine whether TG2 is involved in the differentiation
of DCs, we first analyzed its protein levels during the human
monocyte differentiation into MoDC. To this aim, blood-de-
rived human monocytes were grown in the presence of
GM-CSF and IL-4 for 5 days, followed by another day in the
presence of the maturation stimulus (LPS), and a time-course
analysis of TG2 protein levels was carried out by Western blot
analysis. The data reported in Figure 1 show that monocytes
express low amounts of TG2, but the enzyme levels keep in-
creasing significantly during the MoDC differentiation. Inter-
estingly, we observed that mature DCs express higher TG2 lev-
els compared with the immature ones, thus suggesting a possi-
ble role of TG2 in MoDC differentiation process and
functions.

Effect of TG2 inhibition on human MoDC
maturation and function
To determine the role of TG2 in the differentiation of MoDC,
we used a specific TG2 cross-linking activity inhibitor, KCC009.
To this aim, we differentiated MoDCs in the presence of an
increasing concentration of KCC009 for 5 days, followed by
another day in the presence of the maturation stimulus, LPS.
First, we evaluated cell viability by Trypan blue exclusion. The
number of live cells was high (�99%; data not shown) in the
control cells as well as in presence of KCC009, indicating that
KCC009 had no toxic effects on DC viability. Then, we tested
whether the inhibition of TG2 plays a role in MoDC differenti-
ation and maturation. We found that the inhibition of TG2
cross-linking activity did not alter the capacity of monocytes to

differentiate into DCs, as they down-regulate the CD14 mole-
cule and express higher levels of CD1a. In addition, the TG2-
inhibited MoDCs display similar levels of HLAI and - II and
costimulatory molecules compared with untreated controls
(data not shown). However, after LPS treatment, TG2-inhib-
ited MoDCs present a dose-dependent down-modulation of
CD80, CD86, HLAI, and CCR7 (Fig. 2, A and B), suggesting
that TG2 cross-linking activity could be involved in the MoDC
maturation process.

Upon proper stimulation, DCs are able to secrete IL-10 and
IL-12, which play a central role in the regulation of the im-
mune response. We therefore evaluated whether the TG2 in-
hibiton by KCC009 was able to prevent the release of IL-10
and IL-12 in the supernatants of MoDC after 24 h upon LPS
treatment. Indeed, the pretreatment of MoDC with the TG2
inhibitor strongly impaired the secretion of IL-10 (Fig. 3A)
and IL-12 (Fig. 3B), indicating a regulatory role played by the
enzyme on DC functions.

KCC009-treated DCs are not able to polarize naı̈ve
CD4� T cells
MoDCs play a major role in directing the immune response,
having a unique capacity to stimulate naı̈ve T lymphocytes,
driving them into distinct classes of effector cells (Th1, Th2,
and Treg). Considering that TG2 inhibition significantly re-
duces the production of regulatory cytokines by MoDCs, we
wondered whether the treatment with KCC009 alters their ca-
pacity to polarize the immune response. To address this issue,
we examined the nature of the primary, allogeneic CD4 naı̈ve
T cell response induced by KCC009-treated MoDCs after 9
days of coculture. Untreated and KCC009-treated DCs induced
similar levels of proliferation of T cells (data not shown). T
cell-derived IFN-� was measured by ELISA. As expected, T
cells cocultured with allogeneic, mature MoDCs produced
high amount of IFN-�. In contrast, T cells cocultured with allo-
geneic MoDCs, differentiated in the presence of KCC009,
showed a significant decrease in the IFN-� release (Fig. 3C),
indicating that the TG2 inhibition also impaired the MoDC
capacity to polarize the Th1 immune response. However, when
IL-4 secretion by T cells in response to control and KCC009-
treated DCs was tested, we did not find detectable levels of
IL-4, suggesting a complete impairment of DC-induced T cell
polarization.

Effect of TG2 ablation on mouse DC functions
The results described above indicate an important role for
TG2 in the maturation and functions of human DCs. Our pre-
vious work demonstrated that TG2 ablation leads to partial
resistance to experimental sepsis, reflecting a reduction of tis-
sue injury and a better homeostasis of the proinflammatory
mediators [18]. These findings raised the question of whether
the TG2-ablated DC population could play a role in this phe-
nomenon. To this aim, we performed the characterization of
TG2�/� DCs upon in vivo stimulation with LPS. We injected
LPS in the peritoneal cavity of WT and TG2�/� mice and ana-
lyzed a splenic DC phenotype. Our results showed that at the
steady-state, TG2�/� DCs express higher levels of MHCII mol-

Figure 1. Western blot analysis of the TG2 expression in differentiat-
ing MoDCs. Human DCs were generated from monocytes for 5 days in
culture with GM-CSF, and IL-4 and LPS treatment was performed on
Day 5 for 24 h. Cells were collected on Days 0 (monocytes), 1, 3, 5,
and 6 (control and LPS-treated) and lysed, and total protein extract
was analyzed by Western blot for TG2 expression. Anti-GAPDH mAb
was used as a control of the total amount of the collected protein.
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ecule on their surface compared with WT DCs (Fig. 4A). How-
ever, upon LPS stimulation, DCs from TG2�/� mice have a
lower ability to up-regulate MHCII and the costimulatory mol-
ecule CD86 compared with WT (Fig. 4, B and D, respectively).
In addition, we measured the number of splenic DCs before
and after LPS treatment, and we found that in WT mice, the
number of spleen CD11c-positive cells decreased after LPS
treatment (�35%), as expected [9]. In contrast, in TG2�/�

mice, the percentage of spleen DCs did not change (Fig. 4E).
As TG2 is involved in the regulation of cell death [11], we

analyzed the apoptosis levels in the DC population resident in

spleen after in vivo LPS treatment. Figure 5, A and B, shows
that the level of apoptosis in spleen DCs from TG2�/� mice is
much lower before and after endotoxin challenge compared
with WT. Similar results were obtained when ex vivo spleno-
cytes were treated with LPS and apoptosis monitored at vari-
ous time-points up to 18 h after challenge (data not shown).

Finally, we wondered whether the impaired response of DCs
to LPS observed in TG2�/� mice could involve a defective
TLR4 expression. Interestingly, WT and TG2�/� express simi-
lar levels of TLR4 under physiological conditions; by contrast,
upon LPS injection, DCs from TG2�/� mice showed a lower

Figure 2. Phenotypic analysis of
MoDCs treated with KCC009, a
small-molecule TG2 inhibitor. Hu-
man DCs were generated from
monocytes (mDC) after 5 days of
culture with GM-CSF and IL-4 and
in the presence of different con-
centrations of KCC009. Then, cells
were treated with LPS for 24 h,
and mature DC (mDC) phenotype
was analyzed. (A) The expression
of the indicated molecules (as his-
tograms) of a representative exper-
iment. (B) The effect of KCC009
on DC maturation obtained from
all of the experiments is repre-
sented. The results are shown as
percentage of the increase of mol-
ecule expression in the LPS-
treated DCs upon treatment with
different concentrations of
KCC009.
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number of TLR4-positive cells compared with WT (Fig. 5B),
indicating an impaired TLR4 regulation.

DISCUSSION

Antigen presentation by DCs and their capacity to respond
directly to an invading pathogen are the key factors in initia-
tion as well as regulation of immune response [1]. As such,

DCs are of great interest as targets for therapeutic strategies to
protect against pathogens and stimulate immune response
against cancer [29]. Moreover, the role of DCs in septic shock
has been highlighted recently by the fact that these cells are
depleted profoundly in septic mice and patients [6–8]. How-
ever, as a result of the complexity of interactions of DCs with
other cells and microbes, the mechanisms triggering activa-
tion, maturation, migration, and tolerogenic properties of DCs
are not yet clearly understood. Recent data published by our
group indicated TG2 as a possible “player” in the molecular
and cellular mechanisms leading to improper regulation of
inflammatory response involved in sepsis [22]. TG2 is known
to function in various cell locations and to play important
roles in many processes, including cell death, cell movement,
adhesion, and proliferation [11]. The defective expression of
TG2 activity is associated with diverse disorders; for example,
Huntington’s, Alzheimer’s, and Parkinson’s diseases are re-
lated to transamidation and celiac disease to deamidation. It
has already been demonstrated that TG2 expression increases
during monocyte transendothelial migration and differentia-
tion into macrophages [30]. Thus, in the current study, we
explored the potential role of TG2 in differentiation and func-
tion in human and mouse DC models. We found that TG2
increased as the human DC differentiation progressed. More-
over, when stimulated with LPS, human DCs up-regulated the
levels of TG2 further, again suggesting a role in the DC func-
tions. Our results showed that the inhibition of TG2 activity by
KCC009 did not alter monocyte differentiation to phenotypi-
cally immature DCs. However, KCC009 did influence the abil-
ity of these DCs to mature when stimulated with LPS. This was
reflected in the DC phenotype as well as in the cytokine pro-
duction, indicating that the enzyme might have a role in the
function of DC. It has been shown that �2-microglobulin is
one of the substrates of TG2 [31], which could imply TG2 in-
volvement in the assembly of the MHCI. In fact, upon synthe-
sis, the MHCI heavy chain binds to the membrane-associated
endoplasmic reticulum chaperone, calnexin. Upon dissocia-
tion from calnexin, the heavy chain binds to �2-microglobulin
and is then incorporated into the peptide-loading complex
[32]. The other constituents of the complex are the two sub-
units of the transporter associated with antigen processing
(TAP1 and TAP2), the transmembrane glycoprotein tapasin,
the soluble chaperone calreticulin, and the thiol oxidoreduc-
tase ERp57. Interestingly, TG2 is known to interact with calre-
ticulin [33] and to cross-link �2-microglobulin [31]; thus, it
seems plausible to hypothesize that the enzyme could play a
role in the proper assembly of the MHCI complex.

It is well known that DCs are able to polarize naive T
cells toward IFN-�-producing Th1 or IL-4-producing Th2
cells, depending on the DC subtypes and microenvironmen-
tal conditions [34]. Our results showed a defect in T cell
polarization when DCs were treated with the TG2 inhibitor;
in fact, DCs were unable to produce a proper Th1 response
in coculture with allogeneic T lymphocytes. On the basis of
these findings, we might suggest that cross-linking activity of
TG2 is involved in the final maturation and function of
DCs, thus contributing to the development of sepsis patho-
genesis. Our previous data showed that the TG2 expression

Figure 3. IL-10 and IL-12p70 production by MoDCs and IFN-� accu-
mulation in the supernatants of naı̈ve CD4 T cells cultured with alloge-
neic MoDCs. Human DCs were generated from monocytes after 5 days
culture with GM-CSF and IL-4 and in the presence of 100 �M
KCC009, a TG2 inhibitor. Cells were treated with LPS for a further
24 h, and then, supernatants were collected and samples stored at
–80°C. The levels of IL-10 (A) and IL-12 (B) were tested by ELISA.
Results are expressed as mean values (�sem) of six independent ex-
periments. Naı̈ve CD4 T cells (1�106) were cultured with heterolo-
gous MoDCs differentiated in the presence of KCC009 (100 �M); the
supernatants were collected after 9 days and stored at –80°C. The lev-
els of IFN-� (C) were tested by ELISA. Data are expressed as mean
values (�sem) of cytokine levels of four independent experiments.
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increases during endotoxemia in mice and that a better ho-
meostasis of the proinflammatory mediators was observed in
TG2�/� mice, suggesting that TG2 could be responsible for
a vicious inflammatory cycle [35]. To substantiate this hy-
pothesis further, we studied the role of TG2 in DC func-
tions in a TG2�/� mouse model. We found that although
splenic DCs showed higher expression of MHCII in TG2�/�

compared with WT mice, the capacity of these cells to re-
spond to LPS in vivo was reduced in the absence of TG2. In
particular, DCs from TG2�/� mice were not able to up-reg-
ulate MHCII and CD86 upon LPS stimulation. Interestingly,
we found that LPS induced a splenic DC depletion in WT
mice that was not detected in TG2�/� mice. In agreement,
DC survival was demonstrated to be pivotal in the resistance
to lethal endotoxic shock [35]. One explanation can be the
reduced susceptibility of TG2�/� DCs to undergo apoptosis
upon LPS challenge. In fact, we found reduced apoptosis
levels in TG2�/� DCs before and after treatment with LPS.
It is well known that TG2�/� can be externalized and by
interacting with the extracellular matrix, can regulate the
adhesive properties of various cells [36]. Thus, we cannot
exclude that the absence of TG2, normally localized on DC
plasma membranes [37], could be responsible for the pres-
ervation of DC number.

Altogether, these data indicate that TG2 ablation mark-
edly affects DC maturation and functions, thereby determin-
ing a decreased capacity of these cells to produce a proin-
flammatory response upon endotoxic shock stimulation. An
important reason for DC unresponsiveness might rely on
the expression of the LPS receptor [38]. DCs and other

cells react to bacterial motifs, such as LPS, via TLR4, and
consecutively up-regulate other members of the Toll-like
family (TRL2 and TLR9) [38, 39]. The TLR4-MD-2 complex
resides on the plasma membrane [39], and LPS induces its
clustering, a mechanism critical for TLR4 signaling [38].
When we tested TG2�/� DCs for the expression of TLR re-
ceptors, indeed, we found that although in DCs from LPS-
treated WT mice, an up-regulation of TLR4/MD-2 complex
expression was induced, in the DCs from TG2-deficient ani-
mals, the receptor was not up-regulated. Such a phenome-
non has been reported already in unresponsive animals
upon LPS stimulation [40], confirming that the defect in
TLR4 receptor expression detected in DCs obtained from
TG2�/� mice could also be responsible for the impaired
responsiveness of these cells to sepsis.

From all of these data, we can conclude that the expression
of TG2 seems to play an important homeostatic function when
differentiated DCs are challenged by a stressful antigenic stim-
ulus that is reproduced in our experimental settings by LPS.
Taken together, our results indicate a pleiotropic TG2 role in
the maturation and survival of DCs, which might explain the
impaired response to LPS stimulation that we reported in
TG2�/� mice. Future studies should clarify by which mecha-
nism(s) TG2 participates in the regulation of DC function in
response to bacterial compounds. To achieve this result, the
identification and characterization of the enzyme's substrate
protein profile in APCs are absolutely required. Finally, these
findings highlight TG2 inhibition as a new target for the treat-
ment of inflammatory processes associated with sepsis.

Figure 4. Effect of TG2 ablation on the
phenotype and number of spleen DCs in
response to in vivo LPS injection. WT and
TG2�/� C57BL/6 mice were injected with
LPS (40 mg/kg) i.p. After 18–20 h, the to-
tal cell population of spleen was isolated,
and phenotype analysis of DCs was per-
formed for expression of I-Ab, CD86, and
CD11c. (A) Two representative dot histo-
grams [control (ctr) and LPS] of the ex-
pression of I-Ab on gated, CD11c-positive
splenic cells (WT, filled histograms;
TG2�/�, empty histograms). (B) The mean

values [expressed as mean fluorescence intensity (MFI)] for the I-Ab expression (control, white-dotted bars; LPS, black-dotted bars) in WT
(three mice) and TG�/� (three mice). (C) Two representative dot histograms (control and LPS) of the expression of CD86 from gated, CD11c-
positive splenic cells (WT, filled histograms; TG2�/�, empty histograms). (D) The mean values (expressed as mean fluorescence intensity) for
the CD86 expression (control, white-dotted bars; LPS, black-dotted bars) in WT (three mice) and TG�/� (three mice). (E) The percentage of
the splenic, CD11c-positive cell population from WT (three mice) and TG�/� (three mice) is shown (control, white-dotted bars; LPS, black-
dotted bars).
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18. Tóth, B., Garabuczi, E., Sarang, Z., Vereb, G., Vámosi, G., Aeschlimann,
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