
INTRODUCTION
Sepsis is a state of systemic inflamma-

tory response syndrome (SIRS) resulting
from bacteria, viruses, fungi or parasites
(1). The nature and cellular composition
of the infection and the microenvironment
of each organ influences the extent of
local tissue injury in sepsis (2). Infection,
injury and inflammation trigger the re-
lease of cytokines that act as immune me-
diators (3,4). These inflammatory proteins
are elevated in various disease states such
as autoimmune diseases, inflammatory
bowel disease and sepsis. It has been well
established that cytokine cascades play a
major role in the progression of sepsis.

Large numbers of cytokines are produced
mainly within tissues and released into
systemic circulation to mediate the in-
flammatory responses in sepsis. The
 initial proinflammatory response to elimi-
nate pathogens is followed by a counter-
acting production of antiinflammatory
mediators that also contributes to the
pathophysiology of sepsis (5–7). Antiin-
flammatory mediators predominate sys-
temically to avoid new inflammatory foci,
but their tissue levels may not always be
sufficient to prevent deleterious inflam-
matory effects (2). Multiple mediators
have been reported to be involved in the
development of sepsis (8,9).

Preprotachykinin-A (PPTA) gene and its
product substance P (SP), have been de-
tected in various cells of the immune sys-
tem. SP is an immunoregulatory neu-
ropeptide implicated in various
inflammatory diseases. It has been shown
to increase microvascular permeability,
plasma extravasation, expression of
chemokines and chemokine receptors in
mouse neutrophils and prime neutrophils
for chemotactic responses. Recent litera-
ture reports illustrate evidence of a role
for SP in acute pancreatitis, endotoxemia
and sepsis (10–13). Deletion of PPTA gene
in mice has been reported to protect sig-
nificantly against mortality of sepsis and
to attenuate lung damage (12). However
the mechanism of this protection is not
yet clear. Sepsis is a complex condition
where simple blocking of inflammatory
response may result in an impaired reso-
lution of infection. Although SP plays a
major role in SIRS and increases the lev-
els of various cytokines, it is important to
understand how the absence of SP helps
contain the infection in sepsis without ex-
cessive damage to the host. Thus it was
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imperative to measure a range of inflam-
matory cytokines in PPTA–/– septic mice
and to evaluate the protection against
lung injury in sepsis.

Plasma is one of the major sources for
measurement of clinical markers in sepsis
(14). Since early diagnosis and treatment
are critical in sepsis management, evalua-
tion of plasma cytokines over a time
course can provide a window toward a
better understanding of the nature and
severity of sepsis. Rather than analyzing
individual cytokine levels by conven-
tional enzyme-linked immunosorbent
assay (ELISA), multiplexed measurement
of cytokines provides a clearer picture of
the biological processes and immune
pathways involved. In this regard, we ap-
plied bead-based suspension arrays for
the measurement of a set of plasma cy-
tokines in PPTA–/– mice subjected to
polymicrobial sepsis. The advantages of
this technology include high throughput,
accuracy, efficiency, sensitivity, simultane-
ous analyte detection, low cost and time
reduction (15,16). The reduction of the
amount of precious sample required for
each analysis is one of the most valuable
advantages (17–20). In addition, the accu-
racy of data collected by xMAP technol-
ogy (Luminex Corporation, Austin, TX,
USA) has been reported to be comparable
to that from ELISA (18).

MATERIALS AND METHODS

Animal Model of Polymicrobial Sepsis
All animal experiments performed

were in accordance with the guidelines of
the DSO National Laboratories Animal
Care and Use Committee (DSOACUC),
Singapore, which follows the established
International Guiding Principles for Biomed-
ical Research Involving Animals. Mice were
maintained at a controlled temperature
(21–24°C) and lighting (12-h light/dark
cycle) and fed with standard laboratory
chow and drinking water, provided ad li-
bitum. Before the experiment, 2 days of
acclimatization were allowed for all mice.

PPTA–/– (with balb/C genetic back-
ground) and wild-type balb/C male mice
(25-30 g) were randomly divided into

sham or cecal ligation and puncture (CLP)
experimental groups (n = more than six in
each group). Mice were anesthetized
lightly with mouse anesthesia cocktail
(0.75 mL ketamine [100 mg/mL] and 1 mL
medetomindine [1 mg/mL] dissolved in
8.25 mL distilled water) (7.5 mL/kg body
weight) purchased from Animal Holding
Unit, NUS, Singapore. Polymicrobial sep-
sis was induced by CLP as described else-
where (12,21–23). Briefly, maintaining
strict aseptic conditions, the anterior ab-
domen was shaved and a midline incision
was made in the lower part of the ab-
domen. The peritoneum was opened and
the cecum was ligated 3–5 mm below the
ileocecal valve with 4/0 silk suture
(Silkam, B Braun Aesculap, Tuttlingen,
Germany) without obstructing the bowel.
The cecum was punctured twice with a
22-gauge needle (Terumo Corporation,
Tokyo, Japan) distal to the point of liga-
tion and squeezed gently to extrude the
cecal contents. The cecum was placed
back in the abdomen and the muscle and
skin incision were sutured separately
with sterile Permilene 5/0 thread (B Braun
Aesculap). All the mice were given saline
(1 mL, subcutaneously [s.c.]) after the sur-
gery and kept on heat pads for recovery.
The same surgical procedure except CLP
was performed on sham- operated ani-
mals. The sets of mice were killed at vari-
ous time points (1, 5, 8 and 24 h; n = at
least 6 for each time point) after surgery
by an intraperitoneal (i.p.) injection of
pentobarbitone (Jurox Pty Ltd, Ruther-
ford, NSW, Australia). Blood was har-
vested through cardiac puncture, he-
parinized, centrifuged, plasma removed
and stored at –80°C for subsequent analy-
sis. Another set of normal healthy PPTA–/–

and balb/c mice (n = 6) were sacrificed
and the blood was harvested for basal
level cytokine analysis.

Plasma Cytokine Profile Using Bead
Array

Time-dependent plasma cytokine pro-
file was obtained using Procarta Cy-
tokine kits (Panomics, Fremont, CA,
USA) that employed multiplex immuno -
assays based on xMAP detection technol-

ogy developed by Luminex Corporation
using Luminex bead array system. Fluo-
rescently encoded antibody beads (Pa-
nomics) were detected uniquely in a flow
cytometer and 18 mouse cytokines
(CCL11, granulocyte-macrophage
colony-stimulating factor [GM-CSF],
IFN-γ, IL-10, IL-12, IL-13, IL-17, IL-1α, 
IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, CXCL1,
CCL3, CCL5, tumor necrosis factor
[TNF]-α) were evaluated through a sand-
wich immunoassay simultaneously.
Briefly, 50 μL of the antibody beads were
added to each well of the pre-wet 96-well
filter bottom plate and washed with
wash buffer. Assay buffer (75 μL/well),
standard and sample (25 μL/well) were
added to the predesignated wells and in-
cubated for 30 min at room temperature
on a shaker (1.4g). After washing, detec-
tion antibody (25 μL/well) was added
and incubated for 30 min at room tem-
perature on a shaker (1.4g). Streptavidin-
 phycoerythrin (SA-PE) (50 μL/ well) was
added to the washed plate and incubated
again for 30 min at room temperature on
a shaker (1.4g). Subsequent to another
wash, 120 μL/ well of the reading buffer
was added, placed on a shaker (1.4g) for
5 min at room temperature and analyzed
on Luminex 100 instrument (Luminex
Corporation). The median fluorescence
intensity from at least 100 beads of each
type (per sample per cytokine) was used
to determine the intensity levels of cy-
tokines. Standard curves were plotted
and fitted using a 5-parameter logistic
model, from which the sample cytokine
concentrations were determined. The cy-
tokine concentrations obtained for each
group at the different time points were
averaged across each replicate set and
expressed as pg/mL. The kit sensitivity
(limit of detection, [LOD]) was 1 pg/
mL/cytokine.

Statistical Analysis
Values were expressed as mean ± SEM

and significant difference between
groups was evaluated by one-way analy-
sis of variance (ANOVA), followed by
post hoc Tukey test. A P < 0.05 was con-
sidered statistically significant.
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RESULTS
PPTA–/– and wild-type mice were

killed at 1, 5, 8 and 24 h after sham or
CLP surgery and 18 plasma cytokines
were analyzed. Among all the cytokines
tested (namely CCL11, GM-CSF, IFN-γ,
IL-10, IL-12, IL-13, IL-17, IL-1α, IL-1β, 
IL-2, IL-3, IL-4, IL-5, IL-6, CXCL1, CCL3,

CCL5, TNF-α), levels of both pro- (Fig-
ure 1A–M) and antiinflammatory (Fig-
ure 2A, B) cytokines were elevated sig-
nificantly in the PPTA–/– septic mice
compared with the wild-type mice. IL-2,
IL-3, IL-4 and IL-17 levels were below
the detection limit of the assay in all the
samples. The measured basal cytokine

levels for normal healthy PPTA–/– and
wild-type mice were shown in Table 1.

Cytokine Profile as a Function of Time
for the Sham Groups

Mice subjected to sham surgery
showed elevated levels of various cy-
tokines at 1 and 5 h after the surgery 

R E S E A R C H  A R T I C L E
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Figure 1. Plasma proinflammatory cytokine profile in wild-type and PPTA–/– septic mice. (A) IL-1β; (B) IL-6; (C) IL-12(p40); (D) IL-12(p70); (E)
CXCL1; (F) CCL5; (G) GM-CSF; (H) TNF-α; (I) CCL3; (J) CCL11; (K) IL-1α; (L) IL-5; (M) IFN-γ. Cytokine levels in plasma were measured 1, 5, 8
and 24 h after CLP or sham surgery in wild-type and PPTA–/– mice by multiplex immunoassay. Results were expressed as mean ± SEM (n =
at least six mice per group). P values were shown for comparison with corresponding sham group. Symbols were used to denote signifi-
cant differences between groups as a function of time. Key: balb/C sham, open bars; balb/C CLP, outlined diamond bars; PPTA–/– sham,
dotted bars; PPTA–/– CLP, small grid bars. *P < 0.001 when compared with the corresponding normal value; **P < 0.05 when compared
with the corresponding values of balb/C septic mice at different time points; #P < 0.05 when compared with the corresponding values of
PPTA–/– septic mice at different time points; CLP, cecal ligation and puncture; GM-CSF, granulocyte-macrophage colony-stimulating fac-
tor; IL, interleukin; IFN-γ, interferon-γ; PPTA, preprotachykinin A; TNF-α, tumor necrosis factor-α.

Continued



(P < 0.05) (see Figures 1 and 2). IL-1β,
GM-CSF, CCL11, IL-5, IFN-γ, IL-10 and
IL-13 were increased in wild-type mice
at the early time points studied (see
 Figures 1A, G, J, L, M, 2A, B respec-
tively). Similarly, PPTA–/– mice showed
elevated levels of IL-1β, CCL5, GM-CSF,
CCL11, IL-5, IFN-γ, IL-10 and IL-13 (see
Figures 1A,  F, G, J, L, M, 2A, B respec-
tively) at 1 and 5 h after sham surgery.
However the levels were reduced in both

PPTA–/– and wild-type sham groups at
the later time points.

Cytokine Profile as a Function of Time
for the Balb/C Septic Mice

Mice subjected to CLP have been re-
ported to show elevated levels of proin-
flammatory cytokines such as IL-6,
CXCL2 and TNF-α (24–27). Consistently,
we found increased plasma IL-6, IL-
12(p70), CXCL1, CCL5, GM-CSF, TNF-α,

CCL3 and CCL11 levels (see Figure 1B,
D-J respectively) in balb/C septic mice
(P < 0.05). The elevated levels were ap-
parent by 5 h after CLP for many of the
cytokines and continued to remain high
even at the 24-h time point (see Figure 1).
However, CXCL1 and GM-CSF levels
showed a reduction at 8-h time point (see
Figure 1E, G).

Antiinflammatory cytokine, IL-10 lev-
els were increased in wild-type mice
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only at 5 and 8 h after CLP (P < 0.001)
(see Figure 2A). In addition, IL-13 levels
showed significant increase only at 8 h
after surgery (P < 0.05) (see Figure 2B).

Cytokine Profile as a Function of Time
for the PPTA–/– Septic Mice

PPTA–/– septic mice also showed an in-
crease in various cytokines over 24 h
after induction of sepsis (P < 0.05). A sig-
nificant elevation was observed for IL-1β,
IL-6, IL-12(p40), IL-12(p70), CXCL1, GM-
CSF, TNF-α, CCL3, CCL11, IL-1α, IL-5,
IL-10 and IL-13 (see Figures 1A-E, G-L,
2A, B respectively). However, IL-1β and
IL-5 levels were lowered at 8 h after CLP
surgery (see Figure 1A, L).

Comparative Cytokine Profiles for the
PPTA–/– and Wild-Type Septic Mice

Several sets of cytokines showed sig-
nificantly different patterns across the
PPTA–/– and the wild-type septic mice
compared with their corresponding
sham control groups.

Proinflammatory Cytokine Profiles
Plasma IL-1β levels were elevated more

significantly in PPTA–/– septic mice dur-
ing the later phase of sepsis (8 and 24 h)
(P < 0.05 and P < 0.001 respectively) com-
pared with the corresponding wild-type
mice (Figure 1A). Levels of IL-6, an im-
portant proinflammatory cytokine in sep-
sis, were increased significantly in wild-

type mice at 8 h after CLP (P < 0.05), but
the increase was significantly higher in
PPTA–/– septic mice at 5, 8 and 24 h after
CLP (P < 0.001) and also when compared
with the corresponding increase in wild-
type group (see Figure 1B). Proinflamma-
tory cytokine, IL-12(p70), is a hetero dimer
of IL-12(p40) and IL-12(p35) subunits con-
nected by a disulphide bond that is essen-
tial for the biological activity (28). IL-
12(p70) was significantly increased in
wild-type mice only at 1 h after CLP (P <
0.01) but the difference was apparent in
PPTA–/– septic mice at 5 h (P < 0.05) (see
Figure 1D). Levels of IL-12(p40), a com-
ponent of cytokines IL-12 and IL-23, were
higher in PPTA–/– septic mice at 5, 8 and
24 h after CLP (P < 0.001) (see Figure 1C).
CXCL1 and GM-CSF levels were also ele-
vated significantly (P < 0.001 and P < 0.05
respectively) in PPTA–/– septic mice com-
pared with the wild-type septic mice (see
Figure 1E, G).
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Table 1. Basal levels of plasma cytokines for
normal healthy PPTA–/– and wild-type mice
(n = 6).

Basal level (pg/mL)a

Cytokine Balb/C PPTA–/–b

IL-1βc 2.05 ± 0.3 2.12 ± 1.0
IL-6 2.94 ± 0.0 8.82 ± 0.0
IL-12(p40)d — —
IL-12(p70) 4.58 ± 2.3 1.54 ± 0.6
CXCL1 1.25 ± 0.5 —b

CCL5d — —
GM-CSFd,e — —
TNF-αd,f — —
CCL3d — —
CCL11d — —
IL-1αd — —
IL-5d — —
IFN-γd,g — —
IL-10d — —
IL-13d — —

aData are mean ± SEM.
bPPTA, preprotachykinin A.
cIL, interleukin.
dValues were below the detection limit of
the assay.
eGM-CSF, granulocyte-macrophage
colony-stimulating factor.
fTNF-α, tumor necrosis factor-α.
gIFN-γ, interferon-γ.

Figure 2. Plasma antiinflammatory cytokine profile in wild-type and PPTA–/– septic mice. (A)
IL-10; (B) IL-13. Cytokine levels in plasma were measured 1, 5, 8 and 24 h after CLP or sham
surgery in wild-type and PPTA–/– mice by multiplex immunoassay. Results were expressed
as mean ± SEM (n = at least six mice per group). P values were shown for comparison with
corresponding sham group. Symbols were used to denote significant differences between
groups as a function of time. Key: balb/C sham, open bars; balb/C CLP, outlined diamond
bars; PPTA–/– sham, dotted bars; PPTA–/– CLP, small grid bars. *P < 0.001 when compared
with the corresponding normal value; **P < 0.05 when compared with the corresponding
values of balb/C septic mice at different time points; #P < 0.05 when compared with the
corresponding values of PPTA–/– septic mice at different time points; CLP, cecal ligation
and puncture; IL, interleukin; PPTA, preprotachykinin A.



Systemic levels of TNF-α were in-
creased significantly more in PPTA–/–

mice 5 h after CLP (P < 0.001) and the in-
crease was apparent up to 24 h post-CLP
(P < 0.001) (Figure 1H). CCL3 protein
levels in plasma were also elevated sig-
nificantly in PPTA–/– mice at 5 and 8 h
after CLP (P < 0.001) compared with the
increase in wild-type mice at 8 h (P <
0.05), but this increase was reversed by
24 h post-CLP (see Figure 1I). In con-
trast, plasma CCL11 levels were ele-
vated to a greater extent in PPTA–/–

mice up to 24 h after CLP (see Figure 1J).
IL-1α levels were found to be increased
in PPTA–/– septic mice compared with
the other groups only at 8 h after CLP
(see Figure 1K). IL-5 plasma levels were
not significantly different between the
wild-type and PPTA–/– septic mice at any
of the time points studied except at 24 h
(P < 0.05) (see Figure 1L). Lastly, IFN-γ
was found to be significantly increased
in wild-type septic mice as early as 1 h
(P < 0.01) and persisted up to 5 h after
CLP, but the increase was not statistically
significant in PPTA–/– septic mice (see
Figure 1M).

Antiinflammatory Cytokine Profiles
Levels of IL-10 were increased after

CLP in both PPTA–/– and wild-type mice,
but the difference was significant in
PPTA–/– mice at 5, 8 and 24 h (P < 0.001,
P < 0.001 and P < 0.05 respectively) after
the surgery (see Figure 2A). Similarly,
plasma levels of another antiinflamma-
tory cytokine, IL-13, were elevated in
PPTA–/– and wild-type septic mice com-
pared with the sham group, but the in-
crease was more significant for the
knockout mice especially at 5, 8 and 24 h
(P < 0.05, P < 0.001 and P < 0.05 respec-
tively) after the induction of sepsis (see
Figure 2B).

Discussion
PPTA–/– mice are genetically modified

animals that lack the neurokinin pep-
tides SP and neurokinin A (NKA). In
mammals, the PPTA gene encodes both
SP and NKA. PPTA gene products have
been reported earlier to be involved in

neurogenic inflammation in various dis-
ease models (12). Immunoregulatory pep-
tide SP is produced at various inflamma-
tion sites, in resident macrophages,
circulating leukocytes and dendritic cells
(29–31). Although SP and NKA are syn-
thesized together, most studies have fo-
cused on the contribution of SP (32). SP
is reported to increase postcapillary
venule permeability, immune cell influx
and glandular secretion in mammalian
airways (33). It also induces the release
of proinflammatory cytokines, lympho-
cyte proliferation and chemotaxis (34).
Thus, deletion of SP could be beneficial
in inflammatory conditions by poten-
tially modulating cytokines and immune
cells.

It is interesting to note that the PPTA
gene deletion in mice contributed to a
survival phenotype evidenced by a
greater resilience to sepsis (12). However,
the mechanism of tolerance and survival
at elevated levels of systemic inflamma-
tory cytokines has yet to be established.
We have observed elevated levels of pul-
monary cytokines in PPTA–/– mice sub-
jected to polymicrobial sepsis (unpub-
lished data). Although tissue-associated
cytokine levels represent cytokine pro-
duction more closely, systemic levels also
provide a faster and reliable means of
measurement, especially in clinical appli-
cations. Detectable plasma cytokines are
likely to represent the excess of produced
mediators which have not been con-
tained within target tissues or organs.
Using a bead-array based platform cou-
pled with a flow-cytometric fluorescent
based reader, we performed simultane-
ous measurement of 18 mouse cytokines
using a very small volume (25 μL) of
plasma per assay. Multiplexed bead-
based arrays have been shown earlier to
be especially useful for detection of ana-
lytes in precious small volume (27).

Many of the inflammatory cytokines
studied were elevated at 1 h after sur-
gery in the sham control group. Injury is
known to trigger inflammation and coor-
dinated cellular activities. It is possible
that the surgical procedure as such initi-
ates a transient proinflammatory re-

sponse in sham group mice facilitating
tissue regeneration. However, mice sub-
jected to CLP showed significantly
higher proinflammatory response and
thus sham operated mice provide an effi-
cient control to the surgical intervention
involved in CLP.

Plasma cytokine time-point data
showed that PPTA–/– mice subjected to
CLP-induced sepsis exhibited elevated
levels of both pro- and antiinflammatory
cytokines. Indeed, early phase of lethal
sepsis is reported to show overexpres-
sion of both pro- and antiinflammatory
cytokines (14). Plasma concentrations of
TNF-α, IL-1β, IL-6, IL-8, soluble cytokine
receptors, cytokine receptor antagonists
and counter-inflammatory cytokines are
known to be elevated in human sepsis
(35). We found significantly elevated lev-
els of various proinflammatory cytokines
such as TNF-α, CCL3, IL-1β, IL-6, CXCL1
and CCL11 in PPTA–/– mice compared
with the wild-type mice, especially at
later time points after induction sepsis.
TNF-α, IL-1 and IL-6 coordinate the initi-
ation of acute phase response in sepsis
(36) that is triggered by the pathogen rec-
ognition and is important for survival in
sepsis. CCL3, CCL6 and CXCL10 have
been demonstrated to be protective in
sepsis-induced injury and mortality in a
murine CLP model (37–39). CCL22 also
protected mice against CLP-induced
death (40). In our previous study using
PPTA–/– septic mice, only CCL2 and
CXCL2 levels in lung and plasma were
analyzed by ELISA (12). Although both
the chemokines were elevated in PPTA–/–

and wild-type septic mice, the increase
was lower in the former group (12).
These two chemokines were believed to
act as chemoattractants to leukocytes and
to play a role in tissue damage (12). We
did not repeat these two chemokines in
the present study, but the range of
chemokines and cytokines studied
showed a significant elevation up to 24 h
after induction of sepsis. It is not clear
yet as to why genetic deletion of SP, a
product of PPTA gene, leads to signifi-
cantly elevated cytokine levels, although
it is possible that these proinflammatory
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cytokines are useful in countering the
pathogenic invasion in the early phase of
sepsis. A significant initial increase in 
IL-6 and subsequent reduction at a late
stage has been reported to protect septic
mice (41). Multiple mechanisms and me-
diators could be at play in this scenario
which needs to be probed further. In ad-
dition, apart from SP, NKA also might
play a role in sepsis and thus could be-
come a potential lead.

Balance between proinflammatory and
antiinflammatory mediators plays an im-
portant role in the pathophysiology of
sepsis. Antiinflammatory cytokines such
as IL-10 and IL-13 were also elevated sig-
nificantly in PPTA–/– mice after sepsis.
The increase was more significant in
PPTA–/– septic mice compared with the
corresponding wild-type mice. IL-10 lev-
els detected in our assay were much
higher compared with the values ob-
served by others (42). It has been re-
ported that antiinflammatory strategies
applied early in patients with a hyperin-
flammatory immune response may
prove to be lifesaving (43). Inhibition of
IL-10 12 h after CLP has been shown to
improve survival in mice (44). Depend-
ing on the time of intervention, IL-10 has
been reported to be protective or delete-
rious in sepsis (45). PPTA–/– septic mice
showed elevated levels of IL-10 at 5 and
8 h after sepsis and a subsequent reduc-
tion, both of which could have proved
beneficial against mortality.

IL-12(p80), a homodimer of IL-12(p40)
has been reported to be an antagonist of
proinflammatory IL-12 receptor β1 (28).
IL-12(p40) is released from various in-
flammatory cells in response to patho-
genic or inflammatory signals (46). IL-
12(p40) is reported to show both
protective and pathogenic immune re-
sponses (28). Interestingly, we found sig-
nificantly elevated levels of IL-12(p40) in
PPTA–/– mice compared with the wild-
type mice after the induction of sepsis.
The increase corresponded with the ele-
vation in proinflammatory cytokine IL-
12(p70) in PPTA–/– septic mice. However,
the significance of this effect is not very
clear. The observed levels of IL-12(p40)

were in agreement with the reported 50-
fold higher IL-12(p40) secretion com-
pared with IL-12p70 in murine shock
model (47). In addition, we also have
seen elevated levels of another antiin-
flammatory cytokine, IL-1ra, in PPTA–/–

mice compared with wild-type mice after
sepsis (data not shown). IL-1ra plasma
levels are reported to be elevated both in
human volunteers injected with endo-
toxin as well as in patients with severe
sepsis, although its function is not clear
(48,49). Cytokine receptor antagonists are
cytokine-like molecules binding to recep-
tors but without signal transduction (35).

Although the specific role of antiin-
flammatory molecules in sepsis remains
undefined, a complex interplay between
cytokines and cytokine-neutralizing
molecules is considered to govern the
clinical presentation and outcome of
sepsis (35). In patients with lethal septic
shock, the level of secreted antiinflam-
matory molecules is believed to be insuf-
ficient to counter the overwhelming
proinflammatory mediators (35). How-
ever, in PPTA–/– mice, we have uncov-
ered that elevated levels of both the pro-
and antiinflammatory mediators may act
simultaneously and help resolve the in-
fectious assault at the early stages of
sepsis without excessively damaging the
host tissue, and, thus, prolong the sur-
vival in these mice. Overall data indi-
cates that multiple factors play protec-
tive roles in polymicrobial sepsis in
PPTA–/– mice and render them resistant
to microbial infection. The current time-
dependent cytokine snapshot represents
a rich source of information for further
analysis and investigation.

Limited knowledge of the molecular
mechanisms in sepsis has in the past led
to the failure of various clinical trials of
otherwise promising drug molecules
from preclinical stages. Recently, im-
provements in methods of detecting ge-
netic signatures of sepsis and biomarker
identification more rapidly and cost ef-
fectively are beginning to provide added
insight to both the research and clinical
arenas (50). Finding a “magic bullet” is
not more important than evaluating the

complete immune response and inflam-
matory status and tailoring the treatment
for individualized therapy in critically ill
patients. Toward this end, our multi-
plexed approach of time-point analysis
of cytokines, which are major mediators
of sepsis, provides a relevant and valu-
able platform for further research and
discovery, and a better diagnostic tool to
profile septic patients clinically.
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