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To begin to understand the surprising survival of macrophage-specific lipopolysaccharide-induced tumor
necrosis factor alpha factor-deficient (macLITAF~'7) animals after a lethal dose of lipopolysaccharide (LPS),
as reported earlier, the present follow-up study focuses on the role of LITAF in the regulation of inflammatory
cytokines secreted in response to lethal or sublethal doses of LPS administered to wild-type (WT) and
macLITAF~'~ mice. A time course study of kinase expression in peritoneal macrophages revealed increased
phosphorylation of prosurvival kinases Akt, Erkl/2, and ribosomal S6 kinase (RSK) in macLITAF ™/~ mice
compared to that in WT mice (n = 8), confirming their role in LPS-mediated diseases. macLITAF '~ mice (n =
8) survived a lethal dose of LPS plus p-galactosamine (p-GalN), expressing lower serum levels of pro- and
anti-inflammatory cytokines than the WT levels. To extend our knowledge on LPS-induced inflammatory
events, an effective sublethal dose of LPS was administered to the animals (n = 14). WT animals exhibited an
acute inflammatory response that decreased after 4 h. Interestingly, macLITAF '~ mice exhibited an initial
delay in the secretion of proinflammatory cytokines that peaked after 8 h and reached WT levels after 18 h.
Anti-inflammatory cytokine secretions were initially delayed but increased after 4 h and remained elevated
compared to WT levels, even after 18 h. Our results demonstrate that LITAF deficiency in vivo affects cytokines
other than TNF-« and influences the balance between the pro- and anti-inflammatory cytokines, which protects
the animals from the deleterious effects of an LPS-induced inflammatory response, resulting in a beneficial
host regulation of inflammatory cytokines and in enhanced survival. Therapeutic intervention aimed at

reducing LITAF via kinase modulators may prove useful in preventing LPS-induced mortality.

Tumor necrosis factor alpha (TNF-«) is a prominent inflam-
matory cytokine that is vital in activating beneficial inflamma-
tory reactions involved in the surveillance and defense of the
innate immune system, including stimulation of autocrine se-
cretion as well as secretion of other cytokines. It also alters the
activation and expression of adhesion molecules, regulates sur-
vival, proliferation, migration, and differentiation of cells, and
protects the host against a few neurological diseases (5, 12). On
the other hand, it has been documented as a critical mediator
of septic shock (18, 25) and plays a role in chronic inflamma-
tory conditions such as arthritis (15), inflammatory bowel dis-
ease (26), psoriasis (9), and cachexia (1).

Lipopolysaccharide-induced TNF-a factor (LITAF) is a tran-
scription factor that binds to a regulatory element, CTCCC, on
the TNF-a promoter and induces the transcription of TNF-a
(22). Lipopolysaccharide (LPS)-induced LITAF and STAT 6B
form a complex in the cytoplasm that translocates into the
nucleus and induces the release of TNF-q, interleukin-la (IL-
la), IL-10, gamma interferon (IFN-y), macrophage chemoat-
tractant protein 2 (MCP-2), and RANTES (23). To extend our
knowledge of the role that LITAF plays in regulating the
secretion of various cytokines, Tang and colleagues devel-
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oped mice deficient in LITAF, specifically in macrophages
(macLITAF /'~ mice), using the Cre-LoxP system.

Importantly, they reported the surprising finding that the
macLITAF ™/~ animals survived a high dose of LPS that is
lethal to control mice (24).

In this follow-up study, we extended our search to identify
serine/threonine kinases affected by the deficiency of LITAF.
Prosurvival kinases Akt, Erk1/2, and ribosomal S6 kinase
(RSK) showed increased phosphorylation in peritoneal mac-
rophages obtained from macLITAF '~ mice compared to that
in cells from wild-type (WT) mice when the cells were stim-
ulated with LPS. To begin to understand this resistance to
LPS toxicity afforded by LITAF deficiency, we made a time
course comparison of the secretion of multiple cytokines in
macLITAF~/~ animals and WT mice exposed to a lethal or
sublethal dose of LPS.

MATERIALS AND METHODS

Mice. LITAF macrophage conditional knockout mice were generated on a
C57BL/6 background by use of the Cre-LoxP system as previously described (24).
LITAF and LysMCre deficiencies were confirmed by PCR and Western blot
analyses of lysates of the peritoneal macrophages. Mice were purchased from
Jackson Laboratories (Bar Harbor, ME). The animals were maintained at the
Boston University transgenic facility. Mice used in the experiments were 10 to 14
weeks of age and were kept under strict specific-pathogen-free (SPF) conditions.
The Institutional Animal Care and Use Committee at Boston University Medical
Center approved all animal procedures.

Reagents and Kkits. Escherichia coli LPS serotype O111:B4 was purchased from
InvivoGen, San Diego, CA. p-Galactosamine (D-GalN) was purchased from
Sigma Aldrich, St. Louis, MO. Mouse monoclonal anti-LITAF antibody was
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obtained from BD Transduction Laboratories, Boston, MA. Primary antibodies
to p-RSK, p-Akt, p-Erk1/2, total RSK, total Akt, and total Erk1/2 were obtained
from Cell Signaling Technologies, Beverly, MA. The secondary anti-mouse and
anti-rabbit antibodies were purchased from Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA. Penicillin-streptomycin, phosphate-buffered saline (PBS), fetal
bovine serum (FBS), and RPMI 1640 culture medium were purchased from
Invitrogen, Carlsbad, CA. The 23-plex mouse cytokine kits were purchased from
Bio-Rad Laboratories, CA. The cytokines measured in the experiments were a
selected representative of three groups of cytokines: proinflammatory cytokines,
chemokines, and anti-inflammatory cytokines.

In vivo experiments. A lethal dose of LPS (12.5 ng LPS per gram body weight
plus 1.25 mg/g body weight of p-GalN) was previously defined as the dose that
results in death of the animal at 8 h (10). The sublethal dose (100 pg LPS per 30 g
body weight) chosen causes an inflammatory response that does not result in the
death of the animal. After the administration of a lethal or sublethal dose of LPS,
blood samples were collected from mice by tail vein incision and/or mandible
bleeds (facial vein) and cardiac puncture. Serum was obtained after 1 hour, by
centrifugation at 800 X g for 15 min at 4°C. The supernatants were then de-
canted, aliquoted, and stored at —80°C until analysis. In experiments in which
lethal doses of LPS were injected, blood was collected 2 h and 6 h after an
intraperitoneal injection of LPS and the serum samples were assayed using
23-plex mouse cytokine kits. The 2-h time point was chosen based on previous
reports that serum TNF-a levels peak 1 to 2 h after LPS challenge (19). Since
most of the mice died 8 h after LPS-p-GalN administration (24), we chose 6 h
as our second time point in order to assay serum levels of cytokines shortly before
the death of the animal. In experiments in which animals were injected via the
tail vein with sublethal doses of LPS, blood samples were collected at the times
indicated and serum samples were assayed using 23-plex mouse cytokine kits and
read using a Bio-Plex 200 system platform (Bio-Rad Laboratories, CA). Samples
were assayed in duplicate, and each experiment was performed three times. For
Fig. 4, the proinflammatory and anti-inflammatory cytokines were analyzed and
grouped according to their response to LPS, and the average relative fold change
observed at each time point was plotted against time.

In vitro experiments. WT and macLITAF ~/~ mice were stimulated with 2 ml
of 3% sterile thioglycolate medium (Fisher Scientific, Pittsburgh, PA). Cells
were harvested by peritoneal lavage with PBS 3 days after injection. Cells
were centrifuged at 800 X g for 5 min, and RBC lysing buffer (Sigma-Aldrich,
MO) was used according to the manufacturer’s instructions to remove any
contamination by red blood cells. Macrophages were seeded in 6-well plates
at 2 X 10° cells per well, cultured overnight in RPMI 1640 medium containing
10% FBS, 100 U/ml penicillin, and 100 wg/ml streptomycin, and maintained
at 37°C in a humidified atmosphere containing 5% CO,. Confluent cells (80
to 90%) were then serum starved for 12 to 15 h (RPMI + 1% FBS). The
medium was replaced with fresh RPMI 1640 medium with or without LPS.
The WT and macLITAF /™ peritoneal macrophages were stimulated with 0.1
pg/ml E. coli LPS for 0, 5, 10, 20, 30, 60, 120, and 180 min. At each time point,
cells were washed with ice-cold PBS and resuspended in cell lysis buffer (1%
Triton X-100; 10 mM Tris-HCI, pH 7.4; 5 mM EDTA; 50 mM NaCl; 50 mM
NaF) containing sodium vanadate and proteinase inhibitor cocktail. Lysates
were sonicated, and the protein concentration for each sample was deter-
mined using the Bradford assay (2).

Phosphoprotein and total protein analyses by Western blotting. Protein sam-
ples (25 ug) were separated by SDS-PAGE and transferred to a polyvinylidene
fluoride (PVDF) membrane by use of Towbin’s transfer buffer with 15% meth-
anol at 0.23 A for 120 min. The PVDF membrane was blocked using Tween—
Tris-buffered saline (TBST) containing 10% bovine serum albumin (BSA) and
washed using TBST. The membrane was then incubated for 1 h with a 1:1,000
dilution of primary antibody against p90 RSK, p-Akt, or p-Erk1/2, followed by a
wash with TBST, incubated for 30 min with either anti-mouse or anti-rabbit
antibody at a 1:2,000 dilution, and washed again. Antigen was detected using
Western blotting Luminol reagent (Santa Cruz Biotechnology, Santa Cruz, CA).
The blots were stripped and reprobed for the corresponding total proteins.
Immunoblots were quantified using VersaDoc scanning densitometry (Bio-Rad,
CA). The experiment was repeated three times, using 4 animals from each group
per experiment. Figure 1A required two separate gels, and the comparisons were
made only within the same gel and not between the early and late time points.

Statistical analysis. Data are expressed as means * standard errors of the
means (SEM) for the results obtained from three independent experiments.
Student’s two-tailed ¢ test was used for statistical analysis, and a P value of <0.05
was considered significant.
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RESULTS

Identification of kinases affected in the absence of LITAF.
Our search for kinases affected by LITAF deficiency included
a primary screen using commercially available Bio-Plex phos-
phoprotein and total target assays specific for Akt, Erkl1/2,
IkBa, p38 mitogen-activated protein kinase (MAPK), c-Jun
N-terminal kinase (JNK), and RSK (Bio-Rad Laboratories,
CA). On the basis of the primary screen, only three serine/
threonine kinases, Akt, Erk, and RSK, demonstrated signifi-
cance (data not shown) and hence were pursued and validated
using Western blotting. Western blot analyses were performed
to determine the phosphorylation levels of Akt, Erk1/2, and
RSK (Fig. 1A). Akt, a 60-kDa serine/threonine kinase, showed
a trend depicting a significantly increased level of phosphory-
lation at 5 and 30 min in the LPS-stimulated macLITAF '~
samples compared to the WT samples; however, the level was
significantly decreased 180 min after LPS stimulation (Fig.
1B). The phosphorylation levels of Erk1/2 increased signifi-
cantly in the macLITAF /" samples at early time points (5, 10,
20, and 30 min) (Fig. 1C). RSK, a kinase downstream of
Erk1/2, was subsequently increased at baseline as well as 5 min
after LPS stimulation in the LITAF-deficient samples com-
pared to the WT samples (Fig. 1D).

Comparison of serum levels of inflammatory cytokines in
wild-type versus macLITAF '~ mice after a lethal dose of LPS.
WT and macLITAF '~ animals were subjected to endotoxic
shock by being pretreated with p-GalN, a known factor that
sensitizes mice to the lethal effects of LPS and causes death
due to TNF-a toxicity (13), followed by an LPS injection. Two
hours after the injection of LPS plus p-GalN, serum samples
from macLITAF~/~ mice showed significant reductions in the
proinflammatory cytokines TNF-a, IL-1p, IL-3, IL-5, and IL-6
(Fig. 2A), the chemokines macrophage inflammatory pro-
tein-18 (MIP-18), KC, and MCP-1 (Fig. 2B), and the anti-
inflammatory cytokines IL-10 and IL-13 (Fig. 2C). In contrast,
levels of the proinflammatory cytokines and chemokines IL-
la, IL-17, IFN-vy, and eotaxin were significantly increased com-
pared to those in WT mice. At 6 h, serum samples from
macLITAF ™'~ mice exhibited significant reductions in the
proinflammatory cytokines TNF-a, IL-1a, IL-2, IL-3, IL-12
(p70), IL-17, granulocyte colony-stimulating factor (G-CSF),
and IFN-y as well as in the chemokines eotaxin and KC and
the anti-inflammatory cytokine IL-13. It is noteworthy that
IL-5 was significantly increased in the macLITAF '~ animals
compared to that in the WT animals (Fig. 2A, B, and C).

Comparison of time courses of serum levels of inflammatory
cytokines in wild-type versus macLITAF '~ mice after a sub-
lethal dose of LPS. One hour after the administration of an
effective but sublethal dose of LPS, there was a significant
diminution in the secretion of both proinflammatory and anti-
inflammatory cytokines in macLITAF '~ animals (Fig. 3A, B,
and C).

After 4 h, there were detectable increases in the secretion of
both the proinflammatory and anti-inflammatory cytokines,
although they were found to be comparatively lower than those
in the WT animals. The proinflammatory cytokines and che-
mokines TNF-a, IL-1B, IL-5, IL-6, KC, RANTES, MIP-1q,
and MIP-1pB were significantly reduced in the macLITAF '~
mice compared to those in the WT mice. The proinflammatory
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FIG. 1. Increased activation of serine/threonine kinases in the absence of LITAF. (A) Western blot depicting the patterns of expression of Akt,
Erk1/2, and RSK in elicited peritoneal macrophages obtained from WT and macLITAF~'~ mice (n = 8). The cells (2 X 10° cells/well) were
exposed to E. coli LPS (0.1 pg/ml) for the times indicated. The bracket for each time point compares LITAF-deficient with wild-type protein
extracts. Note the complete absence of LITAF protein in the samples obtained from the macLITAF~'~ mice. Densitometric quantitative analyses
of the phosphorylated proteins, normalized against their respective total proteins, were performed for Akt (B), Erk1/2 (C), and RSK (D), using

Bio-Rad QuantityOne software. Note the increased phosphorylation of all

three kinases studied in the LITAF-deficient animals compared to the

WT. The data are means = SEM for three independent experiments. *, statistical significance (P < 0.05); *x, statistical significance (P < 0.01).

cytokines IL-1a, IL-2, IL-3, IL-9, and granulocyte-macrophage
colony-stimulating factor (GM-CSF) showed an increase,
whereas there was no significant difference with regard to IL-
12, G-CSF, IL-17, IFN-v, eotaxin, and MCP-1 in comparison
to the WT levels. The anti-inflammatory cytokines IL-10 and
IL-13 were significantly decreased in the LITAF-deficient mice
compared to those in the WT mice.

After 8 h in macLITAF /" animals, a relative shift in the
secretion of both proinflammatory and anti- inflammatory cy-
tokines was observed to surpass that in the WT animals. The
proinflammatory cytokines TNF-a, IL-2, IL-3, IL-12 (p70),
IL-17, GM-CSF, and IFN-y were significantly increased,
whereas the proinflammatory cytokines and chemokines IL-5,
IL-6, IL-12 (p40), eotaxin, KC, RANTES, MCP-1, and MIP-1p3
were significantly decreased in macLITAF '~ mice in compar-
ison to those in the WT mice, whereas IL-1a, IL-1B3, IL-9,
G-CSF, and MIP-1a showed no significant difference between
the two groups. The anti-inflammatory cytokine IL-10 was
significantly increased in the macLITAF '~ mice compared to
that in the WT mice.

After 18 h, although the secretion of most of the proinflam-
matory cytokines in the macLITAF '~ mice was similar to that
seen in the WT mice, a few others were significantly reduced.
Interestingly, the secretion of anti-inflammatory cytokines
showed a sustained and significant increase compared to that
in the WT mice. There was no significant difference between

the WT and macLITAF '~ mice with regard to TNF-a, IL-1q,
IL-1B, IL-2, IL-3, IL-9, IL-12, IL-17, GM-CSF, IFN-y, and
MIP-1a. However, IL-6, G-CSF, eotaxin, KC, RANTES,
MCP-1, and MIP-1B were significantly reduced, and IL-5 was
the only proinflammatory cytokine that was increased signifi-
cantly in the LITAF-deficient mice. The anti-inflammatory cy-
tokines IL-10, IL-13, and IL-4 were significantly increased in
macLITAF '~ mice compared to those in WT mice.

DISCUSSION

The present paper is a follow-up study that extends our
current knowledge on the role of LITAF in the regulation of
multiple cytokines. This was accomplished by comparing the
cytokine response following a lethal dose of LPS with that of a
sublethal dose. The LITAF-deficient mice have provided in-
sight into the alterations in cytokine secretion that occur in the
absence of LITAF. The inflammatory response to LPS (Fig. 4)
can be summarized as follows: the initial surge in inflammatory
cytokine secretion seen in WT animals is replaced by a slow but
gradual increase over a prolonged period in the LITAF-defi-
cient animals, allowing them to better manage the early dele-
terious effects of LPS-induced inflammation.

Although LITAF has been characterized functionally, it is not
yet established whether LITAF undergoes posttranslational mod-
ifications. To address this question, LITAF protein sequences for
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kits. The data are means = SEM for three independent experiments.
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both humans (GenBank accession number NP_004853) and mice
(GenBank accession number NP_064364) were analyzed for po-
tential phosphorylation sites. By analyzing the sequence ho-
mology and using bioinformatic tools, two potential serine/
threonine phosphorylation sites were predicted in the LITAF
protein sequence. The bioinformatic software available at http:
//scansite.mit.edu/ recognized Thr18 and Thr22 in the mouse
LITAF sequence and Serl8 and Ser22 in the human LITAF
sequence as inherent phosphorylation sites. It is interesting
that Akt was identified bioinformatically as a potential candi-
date to phosphorylate Ser18 and Thr18 on human and mouse
LITAF, respectively. This led us to investigate the involvement
of various kinases affected by the absence of LITAF.

On the basis of our preliminary results as well as data ini-
tially explored (24) using a kinase array that identified Erk as
a potential candidate to be involved, we focused on a few of the
prominent serine/threonine kinases, including Akt, Erkl1/2,
and RSK.

In light of current evidence, the prosurvival role of Akt
signaling has been shown to affect cytokine secretion favoring
cell survival (3, 4, 6, 10, 17). Western blot analyses of perito-
neal macrophages obtained from LITAF /~ mice showed an
increase in Akt activation. Erk, similar to Akt, exerts an anti-
apoptotic effect and promotes cell survival (4, 7, 8, 20). Our
Western blot analyses showed an increase in Erk1/2 activation,
suggesting that Erk1/2, along with Akt, contributes to the sur-
vival of LITAF-deficient animals after a challenge with an

otherwise lethal dose of LPS. Concurrently, activation of RSK,
a molecule downstream of Erk, is also increased (11). The
survival of the animals can be attributed to multiple other
ramifications that have yet to be identified as sequelae to
LITAF deficiency and need to be delineated.

The potential role of the kinases in cytokine secretion during
an inflammatory process in the absence of LITAF was subse-
quently explored. To focus on the potential effect of LITAF on
TNF-«, animals were subjected to endotoxic shock by being
pretreated with pD-GalN, a known factor that sensitizes mice to
the lethal effects of LPS and causes death due to TNF-a tox-
icity (13), followed by an LPS injection. Sepsis is characterized
by an early phase, called the systemic inflammatory response
syndrome (SIRS), portrayed by uncontrolled release of proin-
flammatory mediators (hyperinflammatory state), followed
by a compensatory anti-inflammatory response syndrome
(CARS) phase, characterized by the release of anti-inflamma-
tory mediators (hypoinflammatory state) that limit the SIRS.
These overlapping phenomena are called mixed anti-inflam-
matory response syndrome (MARS) (16). Our results are con-
sistent with the literature describing the time courses of pro-
and anti-inflammatory mediators in WT animals exposed to
LPS (16). The fact that multiple proinflammatory as well as
anti-inflammatory mediators are affected by the deficiency of
LITAF extends the sphere of influence of LITAF to multiple
other inflammatory mediators. Indeed, our laboratory has
identified the presence of the LITAF binding sequence



Vou. 17, 2010

€2 WT W LITAF-/- WT El macLITAF-/-

*

WT El macLITAF-/-

1000-

ANNNNNNN
*
*

IL-1a (pg/mi)
IL-1b (pg/ml)

TNF-a
sugve
223E88
Eé%*
.
T

4 8

0 1 4 8 18 18 0 1 4 8 18
Time (hours) Time (hours) Time (hours)
WT B macLITAF-/- - T AE:
WT Bl macLITAF-- 200 0 wT macl -
65001 e 7
o) B L % - z ?
= 35000 * 2000 7 5 1o U
 20000: /] i a £ % 7 s « 7 *
2o - * & 1500 ? % ? 5 oo 7 g .
= 7 <
R TTECE T I B
2 2 21 W | W EER
200 w500 ? 7 % % o -
s Pm VR V1 VIR U =
0o 1 4 & 18 o 1 4 8 18
Time (hours) Time (hours) Time (hours)
40000
350000
30000 .
__ 25000( } 25 WT I macLITAF-/-
E 2000 é wr
D 15000¢ 7] )
£l é B macLITAF-
SE oy
1501
= 0 .
3
2
b
o 1 4 8 18
Time (hours) Time (hours)
Cm WT B macLITAF-- 1 WT B macLITAF-- 3006 WT Bl macLITAF--
*k 2500 e
= = =
E 1000 E E 2000
2 2 2 1500 i ke
e 3 o 1o
5 s = 5 ol om

4 8
Time (hours)

18

Time (hours) Time (hours)

IL-2 (pg/ml)

IL-12 (p70) (pg/mi)

LITAF DEFICIENCY REGULATES CYTOKINE SECRETION 703
200 WT B macLITAF-- , WT B macllTAF: WT BB macLITAF--

k.

IL-3 (pg/ml)
IL-5 (pg/ml)

Time(hours) Time (hours) Time (hours)

WT B macLITAF-- WT B macLITAF-- WT B macLITAF--
ok o

4
g &8 8

8

IFN-g (pg/ml)
8

IL17 (pg/mi)

8
3

[ 1
Time (hours)

4 8 18

[ 1
Time (hours)

4 8 18

WT BB macLITAF-/-

H

50000 7
= F 2000 = 40000- 4 >
< 1500 E 7|
£ 2000 ) £ w0000 % a
4 = £ 20000: o ey
& o 450
AN | 2 i
= d B *
£ R sl e oMl OGN
300 higd
1sgm- EI EI HI E.
o 1 4 8 18 0 1 4 8 18 0 1 4 8 18
Time (hours) Time (hours) Time (hours)
WT B macLITAF-/-
33000
Sa000( 2. [ WT Bl macLITAF-- 10001 WT Bl macLITAF--
21000 ’ 4 ’ 31000 7
17000 U % a* 0* =
E 13000 % Y 21000 Y % E
2 'sonn 0 1 = oo I I 3
2 so00 Al R £ 10000 AR o, =
= 1000 2 €
o 700 ke 2 40 ’ ’ =
g 5000 i o 210 Y Y l £
300 Prx X 1oo ) 5
100( 5( i o
2
1 ZGMW
o 1 a4 8 18

o 1 4 8
Time (hours)

Time (hours)

Time (hours)

FIG. 3. Comparison of levels of inflammatory cytokines in WT and macLITAF /" animals (n = 14) in response to a sublethal dose of E. coli
LPS for serum samples collected at 0, 1, 4, 8, and 18 h, using 23-plex mouse cytokine kits. The data are means = SEM for three independent
experiments. *, statistical significance (P < 0.05); %, statistical significance (P < 0.01). (A) Proinflammatory cytokines. (B) Chemokines.

(C) Anti-inflammatory cytokines.

CTCCC not only in the promoter of TNF-a (21) but also in the
promoters of IL-10 and MCP-1 (unpublished data), whose
levels were found to be altered similarly to that of TNF-a.

In contrast to the reductions in the expression levels of most
of the cytokines, there were a few that were increased, which
can be ascribed to a compensatory mechanism functioning in
the absence of LITAF. We speculate that alternative signaling
pathways may be triggered when there is a dearth of LITAF,
suggesting the presence of multiple signaling mechanisms con-
tributing to the survival of macLITAF '~ animals following an
otherwise lethal challenge with LPS-p-GalN.

We reasoned that a sublethal dose of LPS would trigger a
different pattern of cytokine secretion, not just a TNF-a-me-
diated inflammatory response. The initial phase of the inflam-
matory response observed in the LITAF-deficient animals was
similar to that seen in response to the lethal challenge, i.e.,
there were declines in the production of both proinflammatory
and anti-inflammatory mediators. The rest of the time course
showed a delay in response for both the proinflammatory and
anti-inflammatory cytokines in the macLITAF /'~ mice that
apparently contributed to their enhanced survival.

To better elucidate the role of LITAF in LPS-induced
events, we compared the time courses of proinflammatory and
anti-inflammatory cytokines (Fig. 4). The data demonstrate
that the secretion of both pro- and anti-inflammatory cytokines
was substantially reduced during the early phase of LPS-in-
duced events after a sublethal dose in the LITAF-deficient

mice compared to that in the WT mice. As the inflammatory
response progressed in macLITAF '~ animals, a delayed but
gradual increase in both pro- and anti-inflammatory cytokines
was seen, demonstrating a transient shift in the inflammatory
response that gradually returned to the levels attained by the
WT mice 18 h after LPS injection with regard to the proin-
flammatory mediators, while the anti-inflammatory mediators
remained elevated. Interestingly, we observed that in the ab-
sence of LITAF, the levels of Akt and Erk were elevated. Since
Akt and Erk have been reported to stimulate the secretion of
the anti-inflammatory cytokine IL-10 (10, 14, 17), this obser-
vation supports the notion that the altered levels of kinases in
LITAF-deficient animals contribute to the levels of anti-in-
flammatory cytokines remaining elevated for a significant pe-
riod. Furthermore, given that the same trend was observed for
these kinases in WT cells, but at lower levels, this finding
further supports our observation pointing at a delay in the
response to LPS challenge for the macLITAF~/~ animals com-
pared to the WT animals.

The significant reduction in anti-inflammatory cytokines in
response to both lethal and, at 1 h, sublethal doses of LPS can
be attributed to the multiple complex signaling pathways in-
volved in the absence of LITAF and to the fact that a reduction
in the proinflammatory mediators does not stimulate the anti-
inflammatory mediators.

This observation may play an important role in the physiol-
ogy associated with increased survival of LITAF-deficient mice
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FIG. 4. Deficiency of LITAF delays inflammatory response. The
deficiency in the inflammatory response in LITAF-deficient mice
was clarified after averaging fold changes observed at each time
point for proinflammatory and anti-inflammatory cytokines, which
were grouped according to their response to LPS. Time courses
comparing the expression levels of proinflammatory cytokines (cy-
tokines and chemokines) (A) and anti-inflammatory cytokines
(B) between the WT and LITAF-deficient animals in response to a
sublethal dose of LPS were plotted accordingly. The following are
the mediators included in this plotting: proinflammatory cytokines
that showed a decrease in macLITAF /~ mice compared to WT
mice at 1 h, TNF-q, IL-1B8, IL-2, IL-3, IL-6, IL-12 (p40), IFN-v,
MIP-1a, MIP-1B8, RANTES, MCP-1, and KC; at 4 h, TNF-a, IL-1a,
IL-1B, IL-5, IL-6, GM-CSF, MIP-1a, MIP-1B3, RANTES, and KC;
at 8 h, IL-5, IL-6, IL-12 (p40), MIP-1B, RANTES, MCP-1, KC, and
eotaxin; at 18 h, IL-6, G-CSF, MIP-1B, RANTES, MCP-1, KC, and
eotaxin; proinflammatory cytokines that showed no difference in
concentration between the WT and macLITAF /~ animals at 1 h,
IL-5, IL-9, IL-12 (p70), IL-17, GM-CSF, and eotaxin; at 4 h, IL-12
(p40), IL-12 (p70), IFN-v, IL-17, G-CSF, eotaxin, and MCP-1; at
8 h, IL-1a, IL-1B, IL-9, G-CSF, and MIP-1q; at 18 h, TNF-a, IL-1a,
IL-1B, IL-2, IL-3, IL-9, IL-12 (p40), IL-12 (p70), IFN-y, IL-17,
GM-CSF, and MIP-1«; anti-inflammatory cytokines that showed a
decrease in the macLITAF~/~ mice compared to the WT mice at
1 h, IL-10 and IL-4; anti-inflammatory cytokines that showed no
difference in concentration between the WT and macLITAF~/~
mice at 1 h, IL-13; at 4 h, IL-4 and at 8 h, IL-4 and IL-13.

in response to a lethal dose of LPS. Our data support a novel
therapeutic intervention by which inhibition of LITAF func-
tion would allow improved regulation of the inflammatory re-
sponse, possibly by the use of kinase modulators.
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