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Abstract: The pathogenesis of Chlamydia-induced inflammation is poorly understood. pORF5 is the only secreted 
protein encoded by Chlamydial plasmid. This study aims to investigate the effects of pORF5 on the production of 
interleukin-1β (IL-1β) and interleukin-18 (IL-18) and the underlying mechanisms of these effects. THP-1 (a human 
acute monocytic leukemia cell line) cells were stimulated by pORF5 with or without pretreatment with Natch do-
main, Leucine-rich repeat and PYD-containing protein 3 (NALP3) siRNA, apoptosis-associated speck-like protein 
containing a caspase recruitment domain (ASC) siRNA, cysteine aspartate-specific protease-1 (caspase-1) specific 
inhibitor and p38 mitogen-activated protein kinase (p38 MAPK) inhibitor. IL-1β, IL-18 and caspase-1 expression was 
detected through both ELISA and qRT-PCR. NALP3 and ASC expression was detected by qRT-PCR. The expression 
of caspase-1 and phosphorylated-p38 MAPK was detected by western blot analysis. pORF5 induced IL-1β, IL-18, 
caspase-1 and NALP3 inflammasome expression in THP-1 cells. Caspase-1 inhibitor significantly reduced pORF5-
induced IL-1β and IL-18 expression. The siRNAs for NALP3 inflammasome significantly reduced pORF5-induced 
IL-1β, IL-18 and caspase-1 expression. Furthermore, p38 MAPK inhibitor significantly reduced pORF5-induced IL-
1β, IL-18, caspase-1 and NALP3 inflammasome expression. pORF5 could induce production of IL-1β and IL-18 via 
NALP3 inflammasome activation and p38MAPK pathway. pORF5 protein might play an important role in Chlamydia 
pathogenesis. This study provides a new insight into the molecular pathogenesis of Chlamydial diseases.
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Introduction

Chlamydia trachomatis (Ct) is an obligate intra-
cellular bacterial pathogen associated with a 
variety of human diseases worldwide. It is not 
only the main cause of blindness in developing 
countries, but also the leading cause of sexu-
ally transmitted bacterial diseases in devel-
oped countries. Ct causes various diseases 
depending on the serovar involved. Serovars A 
to C are associated with trachoma. Serovars D 
to K are associated with genital tract disease, 
conjunctivitis and infant pneumonia. And the 
lymphogranuloma venereum (LGV) serovars L1, 
L2, L2a and L3 are associated with an invasive 
disease known as LGV [1-3]. In addition, Ct cor-
relates with an increased risk for the transmis-

sion or acquisition of HIV and is a risk factor for 
the development of invasive cervical carcinoma 
[4-7]. Most chlamydia-positive patients are 
asymptomatic or with minimal clinical symp-
toms and the infected individuals can serve as 
important reservoirs for new infections. It is 
important to identify the virulence factors and 
pathogenesis of Ct for the control and preven-
tion of Chlamydial diseases. 

Inflammation is the major cause of Chlamydial 
diseases. Ct can activate a variety of immune 
cells and induce the release of multiple inflam-
matory cytokines including interleukin-1β (IL-
1β), interleukin-18 (IL-18), tumor necrosis factor 
(TNF) and so on in vivo and in vitro [8-10]. IL-1β 
and IL-18 play important roles in Ct induced 
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inflammation [11]. They are produced as inac-
tive cytoplasmic precursors (pro-IL-1β and pro-
IL-18) that must be cleaved by cysteine aspar-
tate-specific protease-1 (caspase-1) to gene- 
rate the mature active form. However, the pre-
cise mechanisms on how chlamydia triggers 
such a response and which factor(s) stimulate 
the production of IL-1β and IL-18 remain 
unclear.

NALP3 (Natch domain, Leucine-rich repeat and 
PYD-containing protein 3, NALP3) inflamma-
some is a cytosolic multiprotein complex that 
serves as a platform for activating IL-1β and 
IL-18 via caspase-1 cleavage [12, 13]. NALP3 
contains a PYD domain that mediates the inter-
action with apoptosis-associated speck-like 
protein containing a caspase recruitment 
domain (ASC) which acts as a bridge to recruits 
caspase-1. NALP3 inflammasome mediates 
IL-1β and IL-18 production in response to the 
NALP3 agonist and host danger signal [14-17]. 
It has been reported that Ct could induce IL-1â 
and IL-18 production through NALP3 inflamma-
some [18, 19]. However, little is known about 
the mechanisms on Ct induced NALP3 inflam-
masome activation. 

Besides a highly conserved genome, all Ct 
serovars also contain a 7.5 kb cryptic plasmid 
that encodes 8 open reading frames designat-
ed as pORF1 to 8. Plasmid-deficient chlamydia 
fails to cause pathological changes of genital 
tract [20, 21]. It seems that the chlamydial 
plasmid plays an important role in the patho-
physiology of Ct associated diseases. The 
pORF5 protein, encoded by the open reading 
frame 5 of the Chlamydial cryptic plasmid [22], 
is the only secreted plasmid protein and mainly 
locates in the cytosol of Ct-infected cells. This 
suggests that pORF5 might participate in the 
crosstalk of Ct with host cells. Our precious 
studies have shown that pORF5 plasmid pro-
tein can induce monocytes to produce inflam-
matory cytokines such as interleukin-6 (IL-6), 
IL-8 and TNF-á partly via p38 mitogen-activated 
protein kinase (p38 MAPK) signal pathway [23], 
indicating that pORF5 plasmid protein may be 
responsible for the occurrence and develop-
ment of chlamydia-induced pathologies.

In this study, the effects of pORF5 on IL-1β and 
IL-18 production and their underlying mecha-
nisms were investigated. pORF5 could induce 
the production of IL-1β and IL-18 via NALP3 

inflammasome activation and p38 MAPK path-
way. These results suggest that pORF5 protein 
is an important virulence factor of Ct. 

Materials and methods

Cell culture and stimulation

THP-1 cells (No. TIB-202, ATCC) were cultured in 
RPMI 1640 medium (HyClone, Logan, Utah, 
USA) containing 10% heat-inactivated fetal 
bovine serum (FBS, GIBCO BRL, Rockville, MD, 
USA), 100 U⁄ml penicillin and 100 μg/ml strep-
tomycin at 37°C in a humidified CO2 atmo-
sphere (air with 5% CO2). For stimulation experi-
ments, THP-1 cells were plated in 12-well 
flat-bottom plate at a density of 5×105/well, 
and differentiated into macrophages with 160 
nM phorbol 12-myristate 13-acetate (PMA, 
Sigma, St. Louis, MO, USA) for 24 hours. The 
pORF5 protein, prepared as previously de- 
scribed [23], was added to cultures as stimulus 
at indicated concentrations and times. The E. 
coli lipopolysaccharide (LPS; Sigma) was used 
as a positive control. In some experiments, 
THP-1 cells were transfected with NALP3 or 
ASC siRNA at 24 hours before pORF5 sti- 
mulation. In some experiments, THP-1 cells 
were pretreated with caspase-1 specific inhibi-
tor Z-YVAD-FMK (Sigma) or p38 inhibitor 
SB202190 (Sigma) for 30 min before pORF5 
stimulation. 

Enzyme-linked immunosorbent assay (ELISA)

At the end of culture, THP-1 cells were lysed by 
two consecutive cycles of freezing/thawing to 
yield maximal recovery of total cytokines, which 
included both intracellular cytokines and those 
released into the cell culture medium. The con-
centrations of IL-1β, IL-18, TNF-α and caspase-1 
were measured by commercial human ELISA 
kits (R&D Systems, Inc., Minneapolis, MN, USA) 
according to the manufacturers’ protocols.

Quantitative Real-time PCR (qRT-PCR) assay

Total RNA was extracted from THP-1 cell pellets 
using TRIZOL reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions and quantified by a spectrophotometer. A 
DNase digestion step was included to eliminate 
contamination with genomic DNA. cDNA was 
synthesized by the TaqMan reverse transcrip-
tion kit (Applied Biosystems, Foster City, CA, 
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USA). The five primer sets were shown in Table 
1. qRT-PCR was performed as follows: 50°C for 
2 min and 95°C for 10 min, followed by 40 
cycles of 95°C for 10 sec, 60°C for 20 sec and 
72°C for 20 sec. The samples were analyzed in 
duplicate. The expression levels of the target 
genes were normalized to the endogenous con-
trol glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) expression and expressed as 
fold changes compared with the control group. 

Western blot analysis

THP-1 cells were lysed in lysis buffer. The 
lysates were subjected to electrophoresis on 
12% SDS-PAGE gels. Then proteins were trans-
ferred to nitrocellulose membranes for western 
blot analysis. After blocking with 5% non-fat 
milk for 1 hour at room temperature, the mem-
branes were incubated overnight with rabbit 
anti-phosphorylated-p38 antibody (Cell Signal- 
ing Technology, Beverly, MA, USA) or rabbit anti-
caspase-1 p20 antibody (Cell Signaling 
Technology). After washing, the membrane was 
then incubated with mouse anti-rabbit HRP-
conjugated secondary antibody (Jackson 
Immunologicals, Westgrove, PA, USA). Bound 
antibodies were detected using enhanced che-
miluminescence (ECL) kit (Santa Cruz Biotech, 
Santa Cruz, CA, USA). β-actin was used as an 
internal control and the mouse anti-β-actin 
antibody was purchased from Santa Cruz 
Biotech. The mean normalized optical density 
(OD) of caspase-1 p20 or phosphorylated-p38 
protein band relative to the OD of β-actin band 
from the same sample was calculated using 
the ImageTool 3.0 gray scale scanning soft-
ware. The expression levels of caspase-1 p20 
and phosphorylated-p38 were expressed as 
fold changes compared with the control group.

RNA interference

THP-1 cells (1×106 cells/well in 6 well plates) 
were transfected with 100 nM siRNA for NALP3, 
ASC or negative control using Lipofect- 
amine 2000 transfection reagent (Invitrogen). 
Control non-silencing siRNA, NALP3 siRNA and 
ASC siRNA were purchased from RiboBio Co. 
LTD (Guangzhou, China). The siRNA sequences 
targeting NALP3 were 5’-GAAAUGGAUUGAA- 
GUGAAA-3’ (sense) and 5’-UUUCACUUCAAUCC- 
AUUUC-3’ (antisense), siRNA sequences target-
ing ASC were 5’-GAUGCGGAAGCUCUUCAGU-3’ 
(sense) and 5’-ACUGAAGAGCUUCCGC AUC-3’ 
(antisense). Twenty-four hours after transfec-
tion, the cells were incubated in medium con-
taining 24 μg/ml pORF5 protein for 24 hours. 

Statistical analysis

Data were expressed as mean ± SD. All experi-
ments were performed at least three times. 
Quantitative data (gene expression levels and 
cytokine levels) were analyzed by Student’s t 
test and one-way analysis of variance (ANOVA). 
The differences with P values less than 0.05 
were considered statistically significant. 

Results

pORF5 induces IL-1β and IL-18 production 
from THP-1 cells

To demonstrate the effects of pORF5 on IL-1â 
and IL-18 production, THP-1 cells were treated 
with pORF5 at the concentrations of 3, 6, 12, 
24 and 36 μg/ml for 24 hours. PBS was used 
as the negative control, and LPS (100 ng/ml) 
was used as the positive control. Mature IL-1â 
and IL-18 protein levels in the samples 
containing both intracellular cytokines and 

Table 1. Primer sequences used for qRT-PCR
Gene Size (bp) Sense primer Anti-sense primer
NALP3 169 5’-AACAGCCACCTCACTTCCAG-3’ 5’-CCAACCACAATCTCCGAATG-3’
ASC 75 5’-CTCCTCAGTCGGCAGCCAAG-3’ 5’-TTGTGACCCTCGCGATAAGC-3’
Caspase-1 146 5’-GCACAAGACCTCTGACAGCA-3’ 5’-TTGGGCAGTTCTTGGTATTC-3’
IL-1β 107 5’-AACCTCTTCGAGGCACAAGG-3’ 5’-GGCGAGCTCAGGTACTTCTG-3’
IL-18 142 5’-GATTACTTTGGCAAGCTTGAA-3’ 5’-ATATGGTCCGGGGTGCATTA-3’
GAPDH 112 5’-GAAGGTGAAGGTCGGAGTC-3’ 5’-GTCAATGAAGGG GTCATT-3’
Note: NALP3, Natch domain, Leucine-rich repeat and PYD-containing protein 3; ASC, apoptosis-associated speck-like protein 
containing a CARD; Caspase-1, Cysteiny aspartate-specific protease-1; IL, interleukin; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase.
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those released into the cell culture medium 
were measured using ELISA. As expected, IL-1â 
and IL-18 expression was very low in the 
negative control group while significantly 
increased in the positive control group. As the 
concentration of pORF5 protein increased from 
3, 6, 12, to 24 μg/ml, IL-1â expression increased 

from 165.2 ± 22.3, 242.1 ± 29.2, 330.9 ± 
40.5, to 491.3 ± 52.5 pg/ml and IL-18 expres-
sion increased from 47.4 ± 5.1, 79.8 ± 8.2, 
145.2 ± 15.2, to 186.1 ± 20.5 pg/ml. IL-1â and 
IL-18 production decreased as the concentra-
tion of pORF5 reached 36 μg/ml. pORF5 pro-
tein at each indicated concentration except at 

Figure 1. pORF5 induces IL-1β and IL-18 production in THP-1 cells. A. THP-1 cells were treated with pORF5 at the 
indicated concentrations for 24 hours. PBS was used as the negative control, and LPS (100 ng/ml) was used as 
the positive control. Mature IL-1â and IL-18 protein levels in the samples containing both intracellular cytokines and 
those released into the cell culture medium were measured using ELISA. The data represents mean ± SD of three 
independent experiments. Student’s t test, ^^P < 0.01 versus IL-1â protein levels in the control group and **P < 
0.01 versus IL-18 protein levels in the control group. B. THP-1 cells were exposed to pORF5 (24 μg/ml) for 0, 8, 16, 
24 and 36 hours. Mature IL-1â and IL-18 protein levels were measured using ELISA. The data represents mean ± 
SD of three independent experiments. Student’s t test, ^^P < 0.01 versus IL-1â protein levels in the control group 
and **P < 0.01 versus IL-18 protein levels in the control group. C. THP-1 cells were treated with pORF5 for 24 hours 
at 24 μg/ml. PBS was used as the negative control. IL-1â and IL-18 mRNA expression was detected using qRT-PCR. 
The expression levels of the target genes were normalized to the endogenous control GAPDH expression and ex-
pressed as fold changes compared with the control group. The data represents mean ± SD of three independent 
experiments. Student’s t test. **P < 0.01. D. THP-1 cells were treated with PBS (lane 1), PBS pretreated with 50 μg/
ml polymyxin B (lane 2), pORF5 (24 μg/ml, lane 3), pORF5 pretreated with 50 μg/ml polymyxin B (lane 4), LPS (100 
ng/ml, lane 5) and LPS pretreated with 50 μg/ml polymyxin B (lane 6) for 24 hours. The concentrations of TNF-α 
were determined by ELISA. The data represents mean ± SD of three independent experiments. ANOVA, **P < 0.01 
compared with polymyxin-treated THP-1 cells.
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Figure 2. pORF5 induces IL-1β and IL-18 production in a caspase-1-dependent manner. (A) THP-1 cells were stimu-
lated with PBS (lane 1) and pORF5 (24 μg/ml, lane 2) for 24 hours. Cleaved caspase-1 p20 subunit was detected 
by western blot analysis. β-actin was used as an internal control. The representative results of three independent 
experiments were shown. (B) Quantitative comparison of caspase-1 p20 subunit expression by qRT-PCR. Data were 
derived from three independent experiments as in (A). The mean normalized optical density (OD) of caspase-1 p20 
protein band relative to the OD of β-actin band from the same sample was calculated using the ImageTool 3.0 gray 
scale scanning software. The expression levels of caspase-1 p20 were expressed as fold changes compared with 
the control group. Data were expressed as mean ± SD. Student’s t test, **P < 0.01. (C) THP-1 cells were treated 
as the same in (A). Caspase-1 mRNA levels were measured by qRT-PCR. The expression levels of the target genes 
were normalized to the endogenous control GAPDH expression and expressed as fold changes compared with the 
control group. The data represents mean ± SD of three independent experiments. Student’s t test. **P < 0.01. (D) 
THP-1 cells were treated with pORF5 (24 μg/ml) only for 24 hours (control group) or pretreated with Z-YVAD-FMK 
(a specific caspase-1 inhibitor, 20 μM) for 30 min before pORF5 treatment (YVAD-treated group). Mature IL-1â and 
IL-18 protein expression was detected using ELISA. The data represents mean ± SD of three independent experi-
ments. ANOVA, **P < 0.01 relative to the control group. (E) THP-1 cells were treated as the same in (D). IL-1â and 
IL-18 mRNA expression was detected using qRT-PCR. The expression levels were obtained as the same in (C). The 
data represents mean ± SD of three independent experiments. ANOVA, **P < 0.01 versus the control group.
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3 μg/ml led to significantly increased IL-1â and 
IL-18 production compared with those in the 
negative control group (P < 0.01). These results 
indicate that pORF5 induces IL-1â and IL-18 
production from THP-1 cells in a concentration-
dependent manner (Figure 1A). 

Then THP-1 cells were treated with pORF5 at 
24 μg/ml and the expression kinetics of IL-1β 
and IL-18 were detected using ELISA. As the 
time of treatment prolonged from 0, 8, 16 to 24 
hours, IL-1â expression increased from 23.2 ± 
3.3, 203.4 ± 25.3, 387.6 ± 49.6, to 495.1 ± 
55.5 pg/ml. After that, IL-1â expression 
decreased to 331.2 ± 42.5 pg/ml (36 hours). 
As the time of treatment prolonged from 0, 8 to 
16 hours, IL-18 expression increased from 11.3 
± 1.2, 69.4 ± 8.1 to 220.2 ± 25.8 pg/ml. After 
that, IL-18 expression decreased to 195.4 ± 
25.2 pg/ml (24 hours) and 125.1 ± 18.6 pg/ml 
(36 hours). At each indicated time point, IL-1β 
and IL-18 production were significantly higher 
than those in the control group (0 hour). These 
results indicate that pORF5 induces IL-1â and 
IL-18 production from THP-1 cells in a time-
dependent manner (Figure 1B). 

Since pORF5 could induce mature IL-1â and 
IL-18 protein production from THP-1 cells, we 
wonder whether such was also the case of IL-1â 
and IL-18 mRNA expression. THP-1 cells were 
treated with 24 μg/ml pORF5 for 24 hours. 
IL-1â and IL-18 mRNA expression were detected 
using qRT-PCR. In pORF5 treated group, IL-1â 
expression was 3.6-fold higher and IL-18 
expression was 2.2-fold higher when compared 
with those in the control group (Figure 1C). 
These results indicate that pORF5 could also 
induce IL-1â and IL-18 mRNA expression in 
THP-1 cells. 

To exclude the possibility that the effect of 
pORF5 was due to LPS contamination, pORF5 
(24 μg/ml) was preincubated with 50 μg/ml 
polymyxin B for neutralization of endotoxin. LPS 
(100 ng/ml) preincubated with polymyxin B was 
used as a control. We tested the effect of poly-
myxin B on pORF5-induced TNF-α secretion 
using ELISA. As shown in Figure 1D, preincuba-
tion with polymyxin B completely abrogated 
LPS-induced TNF-α production (P < 0.01), but 
had no significant effect on pORF5-induced 
TNF-α production by THP-1 cells (P > 0.05). 
These results confirmed that the effect of 
pORF5 was not due to LPS contamination.

pORF5 induces IL-1β and IL-18 production in a 
caspase-1-dependent manner

Since caspase-1 plays a major role in the cleav-
age of the inactive precursors of IL-1β and IL-18 
into bioactive cytokines, we examined its influ-
ence on pORF5-induced IL-1β and IL-18 produc-
tion in THP-1 cells. THP-1 cells were treated 
with pORF5 for 24 hours at 24 μg/ml. Then the 
supernatant and the cell pellet were collected. 
Caspase-1 is synthesized as an inactive zymo-
gen (45 kDa) that becomes activated by cleav-
age to produce an enzymatically active het-
erodimer composed of 10 and 20 kDa subunits 
[24]. The expression of the cleaved p20 subunit 
of caspase-1 in the supernatant of THP-1 cells 
was detected using western blot analysis. In 
pORF5 treated group, caspase-1 p20 subunit 
expression was 3.2-fold higher when compared 
with that in the control group (Figure 2A and 
2B). Furthermore, caspase-1 mRNA expression 
was detected using qRT-PCR. In pORF5 treated 
group, caspase-1 mRNA expression was 4.2-
fold higher when compared with that in the con-
trol group (Figure 2C). These results indicate 
that pORF5 could induce both caspase-1 acti-
vation and caspase-1 mRNA expression in 
THP-1 cells. 

To determine whether caspase-1 is required for 
pORF5-induced IL-1â and IL-18 production, 
THP-1 cells were pretreated with Z-YVAD-FMK 
(20 μM) for 30 min before pORF5 (24 μg/ml) 
treatment. Twenty-four hours after pORF5 
treatment, samples were collected for IL-1â 
and IL-18 detection using both ELISA and qRT-
PCR. In Z-YVAD-FMK pretreated group, mature 
IL-1â and IL-18 protein expression were 
significantly lower than those in the group 
treated with pORF5 only (135.3 ± 8.2 pg/ml 
versus 470.1 ± 56.3 pg/ml, P < 0.01; 61.2 ± 
10.1 pg/ml versus 180.4 ± 28.0 pg/ml, P < 
0.01, respectively) (Figure 2D). Furthermore, In 
Z-YVAD-FMK pretreated group, IL-1â mRNA 
expression was 30% and IL-18 mRNA expres-
sion was 35% of that in the group treated with 
pORF5 only (Figure 2E). These results indicate 
that pORF5 could induce IL-1β and IL-18 pro-
duction in a caspase-1-dependent manner.

NALP3 inflammasome is required for caspase-
1-mediated IL-1β and IL-18 production induced 
by pORF5

Then the molecular mechanisms regulating 
caspase-1 mediated production of IL-1β and 
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Figure 3. pORF5 triggers IL-1β and IL-18 production via the NALP3 inflammasome. A. THP-1 cells were treated with 
pORF5 for 24 hours at 24 μg/ml. NALP3 and ASC mRNA expression was detected using qRT-PCR. The expression 
levels of the target genes were normalized to the endogenous control GAPDH expression and expressed as fold 
changes compared with the control group. The data represents mean ± SD of three independent experiments. 
Student’s t test. **P < 0.01. B. THP-1 cells were transfected with NALP3 (lane 2), ASC (lane 4), and negative 
control (lane 1 and 3) siRNA for 24 hours, then treated with 24 μg/ml pORF5 for an additional 24 hours. NALP3 
and ASC mRNA expression was detected using qRT-PCR. The expression levels were obtained as the same in (A). 
The data represents mean ± SD of three independent experiments. ANOVA, *P < 0.05; **P < 0.01. C. THP-1 cells 
were transfected with NALP3 and negative control siRNA for 24 hours, followed by 24 μg/ml pORF5 treatment for 
24 hours. Mature IL-1â and IL-18 protein expression was detected using ELISA. The data represents mean ± SD of 
three independent experiments. ANOVA, *P < 0.05. D. THP-1 cells were transfected with ASC and negative control 
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IL-18 were investigated. Activation of caspase-1 
is mediated by a multi-protein complex known 
as the NALP3 inflammasome, which is com-
prised of three proteins including NLRP3, ASC 
and procaspase-1 [25]. NALP3 and ASC mRNA 
expression was detected using qRT-PCR. 
pORF5 produced a 4.3-fold induction of NALP3 
mRNA level and a 3.5-fold induction of ASC 
mRNA level compared with those in the control 
group (Figure 3A). These results indicate that 
pORF5 could induce NALP3 and ASC mRNA 
expression in THP-1 cells.

The role of NALP3 inflammasome in pORF5-
induced IL-1β and IL-18 production was further 
analyzed. In each group, THP-1 cells were trans-
fected with NALP3, ASC, or negative control 
siRNA for 24 hours, and then treated with 24 
μg/ml pORF5 for an additional 24 hours. SiRNA-
mediated gene silence was detected using 
qRT-PCR. Compared with the siRNA for nega-
tive control, siRNA for NALP3 and ASC led to 
43% reduction in NALP3 mRNA expression and 
35% reduction in ASC mRNA expression, 
respectively (Figure 3B). The effects of siRNA 
treatment on mature IL-1â and IL-18 protein 
expression and caspase-1 activation were 
detected using ELISA. The negative control 
siRNA had no effect on mature IL-1â and IL-18 
protein production in pORF5-stimulated THP-1 
cells. In the group treated with NALP3 siRNA, 
the production of IL-1â and IL-18 was signifi-
cantly lower than that in the control group 
(477.1 ± 55.0 pg/ml versus 255.3 ± 32.2 pg/
ml, P < 0.05; 178.2 ± 24.8 pg/ml versus 96.4 ± 
14.6 pg/ml, P < 0.05, respectively) (Figure 3C). 
In the group treated with ASC siRNA, IL-1â and 
IL-18 expression was significantly lower than 
that in the control group (466.9 ± 56.3 pg/ml 
versus 252.9 ± 35.2 pg/ml, P < 0.01; 172.4 ± 
20.0 pg/ml versus 65.7 ± 13.1 pg/ml, P < 0.01, 
respectively) (Figure 3D). Furthermore, in the 
group treated with NALP3 siRNA or ASC siRNA, 
caspase-1 protein expression was significantly 
lower than that in the control group (124.9 ± 
20.2 pg/ml versus 266.4 ± 24.6 pg/ml, P < 
0.01; 112.4 ± 19.8 pg/ml versus 249.3 ± 21.1 

pg/ml, P < 0.01, respectively) (Figure 3E). 
These results indicate that NALP3 inflamma-
some is required for caspase-1-mediated IL-1β 
and IL-18 secretion in response to pORF5 
stimulation. 

p38 MAPK signaling pathway modulates IL-1β 
and IL-18 production by regulating NALP3 
inflammasome activation in THP-1 cells

We previously reported that pORF5 induced 
IL-1β secretion via p38MAPK signaling pathway 
in THP-1 cells [23]. To determine the potential 
role of p38MAPK signaling pathway in pORF5-
induced NALP3 inflammasome expression, 
THP-1 cells were pretreated with p38MAPK 
inhibitor (SB202190 ) for 30 min prior to pORF5 
(24 μg/ml) stimulation for an additional 24 
hours. The expression of NALP3, ASC and cas-
pase-1 mRNA was analyzed using qRT-PCR. In 
SB202190 pretreated group, NALP3, ASC and 
caspase-1 mRNA expression was significantly 
lower than that in the group treated with pORF5 
only (2.8 ± 0.4 versus 4.3 ± 0.5, P < 0.05; 2.4 
± 0.3 versus 3.9 ± 0.5; P < 0.05; 2.0 ± 0.3 ver-
sus 3.5 ± 0.6, P < 0.05, respectively (Figure 
4A). The expression of mature IL-1β and IL-18 
protein was analyzed using ELISA. In SB202190 
pretreated group, IL-1β and IL-18 protein 
expression was significantly lower than that in 
the group treated with pORF5 only (214.4 ± 
34.9 pg/ml versus 457.1 ± 64.7 pg/ml, P < 
0.01; 89.1 ± 11.6 pg/ml versus 185.2 ± 26.4 
pg/ml; P < 0.05, respectively) (Figure 4B). 

THP-1 cells were treated with NALP3 siRNA for 
24 hours, ASC siRNA for 24 hours or Z-YVAD-
FMK (20 μM) for 30 min, followed by stimula-
tion with pORF5 protein for 24 hours, and p38 
phosphorylation was detected using western 
blot analysis. As shown in Figure 4C and 4D, 
there were no significant differences in p38 
phosphorylation among the NALP3 siRNA treat-
ed group, the ASC siRNA treated group, the 
YVAD treated group and the control group, indi-
cating p38 phosphorylation was not the down-
stream signaling of NALP3 inflammasome. 
Altogether, these results suggest that NALP3 

siRNA for 24 hours, followed by 24 μg/ml pORF5 treatment for 24 hours. Mature IL-1â and IL-18 protein expression 
was detected using ELISA. The data represents mean ± SD of three independent experiments. ANOVA, **P < 0.01. 
E. THP-1 cells were transfected with NALP3 (lane 2), ASC (lane 4), and negative control (lane 1 and 3) siRNA for 24 
hours, then treated with 24 μg/ml pORF5 for 24 hours. The conditioned supernatant was collected and caspase-1 
protein expression was detected using ELISA. The data represents mean ± SD of three independent experiments. 
ANOVA, **P < 0.01 compared with control group.
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inflammasome activation induced by pORF5 is 
partially dependent on p38MAPK signaling 
pathway.

Discussion

Ct infection induces inflammatory pathologies 
in the urogenital tract, which may contribute to 
long-term sequelae, such as pelvic inflamma-
tory disease, infertility and ectopic pregnancy 
[26, 27]. Clinical and experimental evidence of 
immunopathogenic basis for chlamydial diseas-
es implicates both acute and chronic inflamma-

tion in the pathologic process of urogenital 
damage. It is important to investigate the 
molecular basis of chlamydial infection-induced 
inflammatory damage. pORF5 is the only 
secreted protein encoded by the Chlamydial 
plasmid. In this study, the effects of pORF5 on 
IL-1β and IL-18 production and the underlying 
mechanisms of these effects were investigat- 
ed.

Many inflammatory cytokines, including IL-1 
family members IL-1β and IL-18, have been 
detected in chlamydia-infected cells [8-10, 28, 

Figure 4. Relationship between p38MAPK signaling pathway and NALP3 inflammasome activation. (A) THP-1 cells 
were pretreated with SB202190 (p38MAPK inhibitor, 30μM) for 30 min prior to pORF5 (24 μg/ml) for an additional 
24 hours. NALP3, ASC and caspase-1 mRNA expression was detected using qRT-PCR. The expression levels of the 
target genes were normalized to the endogenous control GAPDH expression and expressed as fold changes com-
pared with the control group. The data represents mean ± SD of three independent experiments. ANOVA, *P < 0.05. 
(B) THP-1 cells were treated as the same in (A). Mature IL-1â and IL-18 protein expression was detected using ELISA. 
The data represents mean ± SD of three independent experiments. ANOVA, *P < 0.05; **P < 0.01. (C) THP-1 cells 
were treated with NALP3 siRNA for 24 hours (lane 2), ASC siRNA for 24 hours (lane 3) or Z-YVAD-FMK (YVAD, 20 
μM) for 30 min (lane 4), followed by stimulation with pORF5 protein at 24 μg/ml for 24 hours. THP-1 cells treated 
with pORF5 (24 μg/ml) only were used as the control (lane 1). P38 phosphorylation was detected using western 
blot analysis. β-actin was used as an internal control. The representative results of three independent experiments 
were shown. (D) Quantitative comparison of p38 phosphorylation. Data were derived from three independent ex-
periments as in (C). The mean normalized optical density (OD) of p38 phosphorylation band relative to the OD of 
β-actin band from the same sample was calculated using the ImageTool 3.0 gray scale scanning software. The 
expression levels of p38 phosphorylation were expressed as fold changes compared with the control group. Data 
were expressed as mean ± SD. 
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29]. Excessive IL-1β and IL-18 secretion plays a 
role in pathology associated with chlamydial 
infection [11]. In this study, pORF5 was capable 
of inducing robust IL-1β and IL-18 production in 
a time- and concentration-dependent manner 
in THP-1 cells. Production of IL-1β and IL-18 dur-
ing infection by many bacteria requires both 
microbial products from the pathogen and an 
exogenous danger signal. Our recent study 
showed that TLR2 was involved in the produc-
tion of inflammatory cytokines induced by 
pORF5 [23]. Therefore, pORF5 provides both 
the pathogen-associated molecular pattern 
and danger signals necessary for IL-1β and 
IL-18 synthesis and secretion from human 
monocytes. These data suggest that pORF5 is 
an important virulence factor responsible for 
Ct-related pathogenesis.

The NALP3 inflammasome containing NALP3, 
ASC and caspase-1, is an important innate 
immune pathway that regulates secretion of 
the proinflammatory cytokines IL-1β and IL-18. 
The NALP3 inflammasome is activated by a 
wide variety of particles, crystals, bacterial tox-
ins [30-32]. Its activation induces oligomeriza-
tion of NALP3 and leads to recruitment of ASC. 
In turn, ASC forms large speck-like structures 
and recruits pro-caspase-1, leading to autocat-
alytic activation of caspase-1. The activated 
caspase-1 then induces the processing of pro-
IL-1β and pro-IL-18 into mature IL-1β and IL-18. 
In this study, we provided evidence for the first 
time that pORF5 contributes to caspase-1 acti-
vation for production of IL-1β and IL-18 through 
a process requiring the NALP3 inflammasome.

In this study, p38MAPK was a critical player in 
pORF5-induced IL-1β and IL-18 production in 
THP-1 cells. These data was in line with our pre-
vious studies, indicating that pORF5 triggers 
the activation of p38 MAPK signal pathway 
[23]. In this study, pORF5-induced IL-1β and 
IL-18 production was dependent on p38 MAPK 
signal pathway. Blocking p38 MAPK signal 
pathway with p38 inhibitor displayed partial 
abrogated IL-1β and IL-18 production as well as 
the expression of NALP3 inflammasome com-
plex in pORF5-stimulated THP-1 cells, indicat-
ing that the p38MAPK may be involved in 
NALP3 activation. However, as we did not 
observe a complete inhibition of NALP3 inflam-
masome using p38 inhibitor in THP-1 cells, it is 
plausible that p38 and/or other signaling mol-
ecules may be involved in the NALP3 inflamma-

some activation of THP-1 cells in response to 
pORF5. 

Taken together, the production of IL-1β and 
IL-18 in pORF5-treated THP-1 monocytes relied 
on the NALP3 inflammasome. Moreover, 
p38MAPK signaling pathway in pORF5-stimu-
lated THP-1 cells can influence NALP3 inflam-
masome activation. However, potassium efflux, 
reactive oxygen species (ROS) production and 
cathepsin B release may also be involved in 
activation of NALP3 inflammasome [33-35]. 
Additional studies are needed to determine 
which pathways are responsible for pORF5-
rnduced IL-1β and IL-18 production and the 
roles of IL-1β and IL-18 during Ct-induced 
inflammatory pathologies. 
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