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Abstract. The viewpoints on the control of innate immune 
cells by the adaptive immune system during sepsis remain 
controversial. Mitogen-activated protein kinase phosphatase-1 
(MKP-1) is essential to the negative control of innate immunity 
and suppresses the activation of macrophages by inhibiting 
activated mitogen-activated protein kinase (MAPK). The 
purpose of the current study was to observe inflammatory 
response and macrophage activation in mice with severe 
combined immunodeficiency (SCID) with endotoxemia and 
to determine the role of MKP-1 in the control of macrophage 
activation by the adaptive immune system. Endotoxemia was 
induced in wild-type and SCID mice by an intraperitoneal 
injection of lipopolysaccharide (LPS), and all of the SCID mice 
died. SCID mice produced more inflammatory cytokines than 
BALB/c mice systemically and locally. TNF-α mRNA expres-
sion was higher and MKP-1 mRNA expression was lower in 
peritoneal macrophages (PMa) from SCID mice compared to 
PMa from wild-type mice after and even before LPS injec-
tion. Thioglycollate-stimulated PMa from wild-type mice 
were stimulated with LPS in vitro in the presence or absence 
of pan-T cells. The levels of TNF-α and IL-6 were higher in 
the supernatants from PMa cultured alone compared to PMa 
co-cultured with pan-T cells, and PMa MKP-1 mRNA and 
protein expression were higher when PMa were co-cultured 
with pan-T cells. Therefore, pan-T cells can up-regulate MKP-1 
expression in macrophages and inhibit the secretion of inflam-
matory cytokines secretion by macrophages. In SCID mice, 
lymphocyte deficiency, especially T cell deficiency, causes 

insufficient MKP-1 expression in macrophages, which can be 
responsible for the severe inflammation and bad prognosis of 
septic SCID mice. MKP-1 plays an important role in the control 
of macrophage activation by the adaptive immune system.

Introduction

Sepsis, a syndrome with a relatively high mortality rate, is a 
severe systemic inflammatory response syndrome (SIRS) that 
can be triggered by bacterial, virus, fungal or parasitic infec-
tion and is often the result of events such as surgery, trauma, 
burns, illness, cancer or pneumonia (1). Syndromes with 
high mortality rates, such as infection-associated hemophilia 
syndrome (IAHS) and severe acute respiratory syndrome 
(SARS) which was highly prevalent in 2003 in China, and 
severe H1N1 infection which individuals suffered from in 2009 
worldwide are also characterized by uncontrolled pathophysio-
logical inflammation (2-4). The abnormal activation of innate 
immune cells is the basis of uncontrolled inflammation and 
results in the occurrence of severe syndromes (5-7). However, 
the question of what contributes to the abnormal activation 
of innate immune cells in these syndromes remains unclear. 
Recent research has indicated that the interaction between 
innate immune cells and adaptive immune cells is complex. 
Our previous study (8) showed that after respiratory syncytial 
virus infection, a more severe inflammatory injury was found 
in the lungs of T cell-deficient nude mice than in wild-type 
mice. Such result suggested that T cells may inhibit inflam-
mation and innate immunity, and Kim et al (9) showed that 
lymphocytes can suppress the activation of innate immune 
cells. Therefore, we speculate that abnormal activation of 
innate immune cells in sepsis may be related to differentially 
defects of lymphocytes. 

When faced with foreign pathogens, innate immune cells 
become activated through recognition of PAMPs (pathogen-
associated molecular patterns) by PRRs (pattern-recognition 
receptors). Then, a cascade of signal transduction molecules 
starts, leading to MAPK activation and the production of 
inflammatory cytokines. In mammalian cells, mitogen-activated 
protein kinase phosphatases (MKP) are essential to the negative 
control of innate immunity and suppress the activation of innate 
immune cells by inhibiting activated MAPK (10). MKP can 
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dephosphorylate the tyrosine residues of activated MAPK, thus 
reducing production of inflammatory cytokines (10). MKP-1 
is an important family member of MKP (11). After lipopoly-
saccharide (LPS) injection, MKp-1-/- mice secrete much more 
TNF-α, IL-6 and IL-10 than wild-type mice and are more 
susceptible to septic shock and multiple organ dysfunction 
syndrome (MODS) (12). In Gram-positive and Gram-negative 
bacterial infection, MKP-1 prevents the occurrence of septic 
shock and MODS by limiting the strength and duration of 
inflammatory signals (13). Therefore, the role of MKP-1 in the 
control of innate immune cells by the adaptive immune systems 
needs further study.

In this study, endotoxemia was induced in SCID mice which 
lack mature T and B cells by an intraperitoneal injection of LPS 
to observe the effect of lymphocyte deficiency on inflammatory 
response and macrophage activation. Thioglycollate-stimulated 
peritoneal macrophages (PMa) were stimulated by LPS in vitro 
in the presence or absence of pan-T cells, allowing for the investi-
gation of the effect of pan-T cells on macrophage activation and 
the role of MKP-1 in the control of macrophage activation by 
the adaptive immune system.

Materials and methods

LPS-induced endotoxemia. Specific pathogen-free, 6- to 
8-week-old, 18-22-g, female BALB/c mice and SCID mice 
(BALB/c background) were purchased from the Academy of 
Medical Sciences of China and were housed in the Animal 
Care Facility Unit (Chongqing Children's Hospital, Chongqing 
Medical University). The mice were kept on a 12-h light/dark 
cycle. The mice were injected with LPS (E. coli, serotype 
O111:B4, 1.5 mg/kg) intraperitoneally to induce endotoxemia. 
The Animal Use Committee at Chongqing Children's Hospital, 
Chongqing Medical University approved all of the experiments 
conducted in this study.

Peritoneal fluid and isolation of PMa. The mice were sacri-
ficed before LPS injection (control) and at 3, 6 and 12 h after 
LPS injection (eight mice per group per time point). Ice-cold 
PBS (1 ml) was injected intraperitoneally. After massaging 
the mouse abdomen for 5 min, the peritoneal lavage fluid 
were collected (~0.75 ml) and centrifuged at 200 x g for 
5 min. The supernatants were stored at -20˚C for subsequent 
cytokine assays. Peritoneal exudate cells were resuspended in 
RPMI-1640 with 10% fetal bovine serum (FBS) and cultured 
in 6-well dishes for 30 min at 37˚C. The dishes were then 
washed twice with PBS warmed to 37˚C. Adherent cells were 
recovered from the dishes using a rubber scraper. The purity 
of the F4/80(+) cells was 85% or higher, as tested by FACS 
using a FACSVantage, flow cytometer, in eight independent 
experiments. Thioglycollate-stimulated PMa were prepared by 
injecting 3% thioglycollate medium into BALB/c mice intra-
peritoneally. Four days later, the mice were sacrificed. PMa 
were collected as previously described, and the purity of the 
F4/80(+) cells was 90% or higher, as tested by FACS, in eight 
independent experiments.

Isolation of pan-T cells. Spleens from control BALB/c 
mice were made into a single-cell suspension manually. 
Lymphocytes separation medium (TBD, China) was used to 

separate lymphocytes from the single-cell suspension and to 
remove the dead cells. The Pan-T cell isolation kit II (Miltenyi, 
German) was used for MACS. Lymphocytes were incubated 
with Biotin-Antibody Cocktail at 4˚C for 10 min and then 
incubated with Anti-Biotin microbeads at 4˚C for an additional 
15 min. The cells were washed and centrifuged at 300 x g for 
10 min. Then the cells were resuspended in cold buffer. Pan-T 
cells were isolated using midi-magnetic separation with LS 
columns. The purity of the CD3(+) cells was 90% or higher, 
as tested by FACS. 

Cell culture and LPS stimulation in vitro. Thioglycollate-
stimulated PMa were incubated in the presence or absence of 
pan-T cells in a 5% CO2 incubator at 37˚C for 18 h, and the 
ratio of PMa to pan-T cells was 1:1. The cells were subsequently 
stimulated with 100 ng/ml of LPS. Supernatants were collected 
for subsequent cytokine assays, and PMa were collected to test 
for MKP-1 mRNA and protein expression.

RNA extraction and real-time RT PCR. Total cellular RNA was 
extracted from PMa using the RNA extraction kit (Tiangen, 
China) according to the manufacturer's recommendations and 
was reverse transcribed into cDNA using random hexamers 
and reverse transcriptase (Takara, Japan). The PCR reaction 
was performed with 2 µl of cDNA, 0.1 µM of each forward 
and reverse primers and 12.5 µl of SYBR Green PCR Master 
Mix Reagent (Takara) in a Biorad cycler (USA). The thermal 
profile for the real-time PCR (RT-PCR) was 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 52˚C (IL-10)/54˚C 
(MKP-1)/60˚C (TNF-α and β-actin) for 30 sec. Gene expres-
sion was expressed as fold change relative to the β-actin level 
and was calculated using the 2-∆∆Ct method. The melting curve 
analysis was performed to ensure the specificity of the PCR 
product. The following mouse primers were used: β-actin 
5'-GATTACTGCTCTGGCTCCTAGC-3' (forward) and 
5'-GACTCATCGTACTCCTGCTTGC-3' (reverse); TNF-α 
5'-AGACCCTCACACTCAGATCATCTTC-3' (forward) and 
5'-TTGGTTGTCTTTGAGATCCATGC-3' (reverse); IL-10 
5'-CTCTTACTGACTGGCATGAGGATC-3' (forward) and 
5'-AAGGAGTCGGTTAGCAGTATGTTG-3' (reverse); MKP-1 
5'-GGGTCACTACCAGTACAAGAGCATC-3' (forward) and 
5'-ACAAACACTCTCCCTCCAGCATC-3' (reverse).

Protein extraction and Western blot analysis. Total protein 
extraction was extracted from PMa using a cell lysis kit. Protein 
samples were separated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and were transferred to 
a polyvinylidene fluoride (PVDF) membrane. After blocking, 
the membrane was incubated with primary antibodies. 
Polyclonal antibodies specific for β-actin and MKP-1 (1:200) 
were purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA). Finally, the membrane was incubated with goat anti-rabbit 
IgG-HRP and the antibodies were detected by an ECL Western 
blot detection reagent.

Immunofluorescence staining of PMa MKP-1. PMa were 
allowed to adhere onto 10-mm-diameter cover glasses and 
fixed with 4% paraformaldehyde for 20 min. The cellular and 
nuclear membranes were broken using 0.3% Triton. Then the 
samples were blocked with 5% BSA for 1 h and incubated with 



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  29:  25-31,  2012 27

the anti-MKP-1 antibody (1:50) in 1% BSA at 4˚C overnight. 
After PBS washing, the samples were incubated with goat 
anti-rabbit IgG-TR in 1% BSA at room temperature for 1 h. In 
addition, the nuclei were stained by DAPI at room temperature 
for 10 min. After washing, the slides were mounted with an 
anti-fade solution and viewed on a fluorescence microscope.

Measurements of cytokines. Serum samples were collected 
before treatment and at 3, 6, and 12 h after LPS injection. 
Serum samples were diluted to 1:10 or 1:5 for Cytometric Bead 
Array (CBA, BD Bioscience, Cat. No. 552364). Cytokines in 
the peritoneal fluid and supernatants were quantified using 
sandwich ELISA kits from R&D Systems. 

Statistical analysis. All data are reported as the mean ± standard 
error of mean (SEM). The analysis of variance (ANOVA) was 
used to compare mean values between normally distributed 
data. A two-sided P-value of <0.05 was considered to be statisti-
cally significant. The mouse survival data were determined by 
Kaplan-Meier test.

Results

Survival rates and cytokines in serum and peritoneal fluid. 
After LPS injection, all of the SCID mice died between 12 to 
24 h, but only one BALB/c mouse died (p<0.05) (Fig. 1). The 
control BALB/c mice and the control SCID mice had similar 
serum concentrations of the measured cytokines. After LPS 
injection, the levels of TNF-α, IL-10 and IL-6 increased sharply 
in BALB/c mice and SCID mice. The peak time of TNF-α and 
IL-10 production was at 3 h after LPS injection in both mice. 
As compared to BALB/c mice, SCID mice produced more 
TNF-α and IL-10 at all time points after LPS injection (P<0.05) 
(Fig. 2A). The SCID mice produced more IL-6 (22.32 ng/ml ± 
9.334 ng/ml vs. 7.479 ng/ml ± 3.579 ng/ml, n=8, p<0.05) than 
BALB/c mice at 12 h after LPS injection. 

There were no differences in TNF-α and IL-10 levels from 
the peritoneal fluid between control BALB/c and SCID mice. 
The peak time of TNF-α production in the peritoneal fluid 

of BALB/c and SCID mice was 1 h after LPS injection, and 
SCID mice produced more TNF-α than BALB/c mice (P<0.05, 
Fig. 2B). However, BALB/c mice produced significantly more 
IL-10 than SCID mice in the peritoneal fluid at 3 h after LPS 
injection (P<0.05, Fig. 2B). 

Effect of lymphocyte deficiency on TNF-α and IL-10 mRNA 
expression in PMa in vivo. TNF-α mRNA expression was 
higher and IL-10 mRNA expression was lower in PMa from 
control SCID mice than PMa from control BALB/c mice. The 
peak time of TNF-α and IL-10 mRNA expression in PMa from 
BALB/c mice was 1 h after LPS injection. With the excep-
tion of the 1 h-post LPS injection time point, TNF-α mRNA 
expression in PMa from SCID mice was higher than PMa from 
BALB/c mice at any time point after LPS injection (P<0.05) 
(Fig. 3A). IL-10 mRNA expression in PMa from BALB/c mice 
was higher than PMa from SCID mice at each time point after 
LPS injection (P<0.05) (Fig. 3B).

Effect of lymphocyte deficiency on MKP-1 mRNA and protein 
expression in PMa in vivo. MKP-1 mRNA expression in PMa 
from BALB/c and SCID mice had no obvious elevation after 
LPS injection. MKP-1 mRNA expression in PMa was higher in 
control BALB/c mice than in control SCID mice, and MKP-1 
mRNA expression in PMa from BALB/c mice was higher than 
in PMa from SCID mice at any time point after LPS injection 
(P<0.05) (Fig. 4A). At 1 h after LPS injection, MKP-1 protein 
expression was more pronounced in PMa from BALB/c mice 
than SCID mice (Fig. 4B).

Figure 1. Survival rates of BALB/c mice and SCID mice with endotoxemia 
induced by LPS. LPS was injected intraperitoneally into BALB/c (n=8) and 
SCID mice (n=8). The mouse survival data were determined by Kaplan-
Meier test. *P<0.05 as compared to BALB/c mice.

Figure 2. Increased systemic inflammatory response in SCID mice as com-
pared to BALB/c mice after LPS injection. (A) Concentrations of TNF-α and 
IL-10 in the serum of control and LPS-injected mice were tested by CBA 
(n=7-8 mice/group). (B) Concentrations of TNF-α and IL-10 in the peritoneal 
fluid of control and LPS-injected mice were tested by ELISA (n=8 mice/
group). *p<0.05 as compared to BALB/c mice.

  A

  B
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Effect of pan-T cells on production of cytokines by macro-
phages in vitro. There were no differences in TNF-α, IL-6 and 
IL-10 levels in supernatants between PMa cultured alone and 
PMa co-cultured with pan-T cells before LPS stimulation. At 
2 h after LPS stimulation, the levels of TNF-α and IL-6 were 
higher in the supernatants from PMa cultured alone compared 
to co-cultured cells. There was no difference in IL-10 levels in 
the supernatants between PMa cultured alone and co-cultured 
cells at 2 h after LPS stimulation (Fig. 5).

Effect of pan-T cells on MKP-1 mRNA and protein expression in 
PMa in vitro. PMa MKP-1 mRNA expression of PMa cultured 
with or without pan-T cells increased dramatically after LPS 
stimulation. As compared to PMa cultured alone, MKP-1 mRNA 
expression in PMa from co-cultured cells was higher at 30 min 
after LPS stimulation (P<0.05) (Fig. 6A). 

MKP-1 protein expression of PMa cultured with or without 
pan-T cells increased after LPS stimulation. At 30 min after 
LPS stimulation, MKP-1 protein expression in PMa from 
co-cultured cells increased. At 60 min after LPS stimulation, 
MKP-1 protein expression in PMa from both groups reached 
the peak concentration and was higher in co-cultured cells 
than in PMa cultured alone (P<0.05). At 120 min after LPS 
stimulation, MKP-1 protein expression decreased, and there 
was no difference in MKP-1 expression between PMa cultured 
alone and co-cultured cells (Fig. 6B).

Discussion

The viewpoints on the control of innate immune cells by the 
adaptive immune system during sepsis remain controversial 

(14-18). Research using mouse models of sepsis induced by 
cecal ligation and puncture (CLP) (19) produced different 
conclusions. Enoh et al (15) showed that CD4+ T-cell depletion is 
not associated with alternations in survival, bacterial clearance 
and inflammation of mice with CLP-induced sepsis. Reim et al 
(17) showed that T cells contribute both to activation of innate 
immune cells and to amplification of the immune response 
against invading pathogens in mice with CLP-induced sepsis, 
and other septic models have yielded different viewpoints. 
van Schaik et al (14) showed that T cell-deficient mice exhibit 
markedly decreased disease severity compared to wild-type 
mice after E. coli injection and suggested that T cells may stim-
ulate innate immune responses, resulting in enhancement of 
disease. The research on BALB/c mice and Rag-deficient mice 
with peritonitis induced by zymosan showed that lymphocytes 
do not have a significant impact on zymosan peritonitis in mice 
(16). Kim et al (9) showed that lymphocytes suppress activa-
tion of innate immune cells in Rag-1 knockout mice with poly 
(I: C)-induced SIRS. The shortage of septic models induced 
by CLP or E. coli suggests that the effect of interference of 
pathogen generations and spread of infection on inflamma-
tion caused by immune deficiency will bring difficulties for 

Figure 4. MKP-1 expression in PMa from BALB/c mice and SCID mice. (A) 
MKP-1 mRNA expression in PMa from control and LPS-injected mice was 
tested by real-time PCR and presented as fold change over β-actin (n=8 mice/
group). Lower MKP-1 expression in PMa from SCID mice as compared to 
PMa from BALB/c mice. *p<0.05 as compared to PMa from BALB/c mice. 
(B) MKP-1 protein expression in PMa from BALB/c mice and SCID mice 
tested by immunofluorescence. At 1 h after LPS injection, MKP-1 expression 
was more pronounced in PMa from BALB/c mice compared with SCID mice.

  A

  B

  A

  B

Figure 3. Higher TNF-α expression and lower IL-10 mRNA expression in 
PMa from SCID mice as compared to PMa from BALB/c mice. (A) TNF-α 
expression of PMa from control and LPS-injected mice was tested by real-
time PCR and presented as fold change over β-actin (n=8 mice/group). 
*p<0.05 as compared to PMa from BALB/c mice. (B) IL-10 mRNA expression 
of PMa from control and LPS-injected mice was tested by real-time PCR and 
presented as fold change over β-actin (n=8 mice/group). *p<0.05 as compared 
to PMa from BALB/c mice.
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the comparation of inflammation between wild-type and 
SCID mice with sepsis. Moreover, some studies in which 
non-infective stimulators, such as zymosan and poly (I: C), 
were used do not come to the same conclusion. Gram-negative 
bacterial infection is one of the common causes of sepsis in the 
clinic. Bacteria and endotoxin can act together, and endotoxin 
can act independently to promote sepsis. Endotoxin has such 
complex biological effects that it can trigger uncontrolled 
inflammation, immunological disorders, hypermetabolism 
status and multiple organ injury directly or indirectly (20). 
Therefore, LPS was used in this study to observe the effect of 
lymphocytes deficiency on innate immunity and inflammation.

In this study, survival rates, pathological sections of organs 
and levels of serum ALT and AST in BALB/c and SCID 
mice with endotoxemia showed that SCID mice had more 
severe organ injuries relative to BALB/c mice in response to 
LPS. Neutrophil infiltration into organs and higher levels of 
inflammatory and anti-inflammatory cytokines in the serum of 
SCID mice indicated that SCID mice suffered and died from 
excessive inflammation when given the same dosage of LPS as 
BALB/c mice (21). The augmented inflammation in SCID mice 
was caused by a loss of lymphocytes instead of pathogenic 
spread.

Macrophages are the main cells that produce inflamma-
tory cytokines such as TNF-α and IL-6 (22). Higher levels of 
inflammatory cytokines in the serum of LPS-injected SCID 
mice compared to the serum of LPS-injected BALB/c mice 
suggested that macrophages from SCID mice should be more 
activated. Peritoneal fluid and PMa were used to study the local 
inflammation and activation of macrophages. When given the 
same dosage of LPS intraperitoneally, PMa from SCID mice 
secreted more inflammatory cytokines than PMa from BALB/c 
mice, and the basal TNF-α mRNA expression in resting PMa 
from SCID mice was higher than PMa from BALB/c mice. Both 
mice were on the same genetic background and were housed in 
specific pathogen-free setting, but they might come into contact 
with non-infective antigens in foods or other sources, which can 
activate their immune system. Thus, without lymphocytes, the 
activity of innate immune cells may be changed. The cytokine 
storm in SCID mice with endotoxemia implied that macrophage 
activation in SCID mice is partially similar to the excessive 
activation of macrophages in macrophage activation syndrome 

(MAS) (23). MAS in the clinic always has the molecular back-
ground of a defect in innate immunity (24), and in this study, 
lymphocyte deficiency also caused excessive activation of 
macrophages.

When faced with foreign pathogens, macrophages become 
activated through recognition of PAMPs by PRRs; a signal 
transduction cascade starts, and MAPK becomes activated. 
Activated MAPK translocates into the cellular nuclei and 
promotes the synthesis of cytokines, chemokines and other 
inflammatory mediators (25). There are three kinases of MAPK 
including ERK, JNK and p38; they all become activated through 
phosphorylation, so dephosphorylation by phosphatases is an 
important way to down-regulate MAPK activation. MKP are 
the most important phosphatases for MAPK, and MKP-1 is the 
most studied (26). MKP-1 inhibits activated MAPK, especially 
JNK and p38, by dephosphorylating MAPK tyrosine residues 

Figure 5. Increased TNF-α level in supernatants from PMa cultured alone 
as compared to supernatants from PMa co-cultured with pan-T cells after 
LPS stimulation. Concentrations of TNF-α and IL-10 in supernatants from 
PMa cultured alone and PMa co-cultured with pan-T cells at 2 h after LPS 
stimulation were tested by ELISA (n=8 samples/group). *p<0.05 as compared 
to PMa co-cultured with pan-T cells.

Figure 6. Decreased MKP-1 expression in PMa from PMa cultured alone as 
compared to PMa co-cultured with pan-T cells after LPS stimulation. (A) 
MKP-1 mRNA expression in PMa from PMa cultured alone and PMa co-
cultured with pan-T cells was tested by real-time PCR (n=8 samples/group). 
*p<0.05 as compared to PMa co-cultured with pan-T cells. (B)a, MKP-1 
protein expression in PMa from PMa cultured alone and PMa co-cultured 
with pan-T cells was tested by Western blotting, β-actin was used as internal 
control for protein loading (n=5 samples/group). b, *p<0.05 as compared to 
PMa co-cultured with pan-T cells.

  A

  B

  a

  b
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(12,27,28). Then, the production of inflammatory cytokines 
can be reduced. Several TLR ligands can up-regulate MKP-1 
expression including LPS, peptidoglycan, CpG DNA and poly 
(I: C) (13). After LPS stimulation, activation of p38 and JNK 
was prolonged in MKP-1-/- macrophages, and production of 
TNF-α and IL-6 was increased (13). Besides LPS, the other 
TLR ligands can also make MKP-1-/- macrophages produce 
more inflammatory cytokines. Therefore, MKP-1 is an essential 
negative factor of macrophage activation in Gram-positive and 
Gram-negative bacterial infection. Resting macrophages always 
express low MKP-1 expression, which allows for inflammatory 
responses after PAMP stimulation. After PAMP stimulation, 
MKP-1 mRNA expression increases by 10-100-fold between 15 
to 60 min to suppress excessive inflammation (29).

Septic shock is one of the most important causes of death for 
patients with sepsis. Excessive production of inflammatory cyto-
kines plays an important role in septic shock in pathophysiology. 
After LPS injection, MKP-1-/- mice produced more TNF-α, 
IL-6 and IL-10 and were more prone to suffer from septic shock 
and MODS than wild-type mice. Dexamethasone, well-known 
for its anti-inflammatory property, can suppress inflammation 
during sepsis by up-regulating MKP-1 expression in macro-
phages (30). In this study, although MKP-1 mRNA expression 
in PMa from wild-type and SCID mice had no obvious increase 
after LPS injection, MKP-1 mRNA expression in PMa from 
BALB/c mice was higher than in PMa from SCID mice at all 
of the tested time points. Therefore, lymphocyte deficiency was 
accompanied by decreased MKP-1 expression in macrophages 
from SCID mice explaining the excessive activation of macro-
phages and uncontrolled inflammation in SCID mice. 

To clarify the direct inhibition of lymphocytes on macro-
phage activation and the role of MKP-1 in this inhibition, PMa 
and pan-T cells were isolated, and PMa were stimulated by 
LPS in the presence or absence of pan-T cells. The results 
showed that pan-T cells can inhibit the production of inflam-
matory cytokines by macrophages even at 2 h after LPS 
stimulation. MKP-1 is an early negative regulatory molecule 
of macrophages, and after LPS stimulation, MKP-1 mRNA 
and protein expression in PMa increased in both groups of 
cells and especially in co-cultured cells. Therefore, pan-T cells 
can up-regulate MKP-1 expression in macrophages and thus 
suppress the production of inflammatory cytokines.

The activity of MKP-1 can be regulated at several levels 
including transcriptional, protein stability and catalyze activity 
(31,32). MKP-1 mRNA is highly stable and the increase in 
MKP-1 protein correlates closely with the deactivation of JNK 
and p38 (33). MKP-1 mRNA and protein expression increased 
after LPS stimulation. Thus, the production of inflammatory 
cytokines was inhibited. In this study, the result showed that 
the regulation of MKP-1 expression by lymphocytes was at the 
transcriptional level.

Insufficient MKP-1 expression in macrophages can be 
responsible for the severe inflammation and bad prognosis of 
septic SCID mice. In SCID mice, the lymphocyte deficiency, 
especially the T cell deficiency, causes insufficient MKP-1 
expression in macrophages, which was deleterious to the nega-
tive regulatory axis of macrophages activation. This can result 
in excessive activation of macrophages, cytokines storm and 
different clinical manifestations such as SIRS and MARS. 
MKP-1 plays an important role in the control of macrophage 

activation by the adaptive immune system. If this role can be 
further studied, it may provide insights on the mechanism and 
treatment of syndromes such as sepsis, SARS and IAHS.
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