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The glucocorticoid inhibits neutrophils
formed extracellular traps (NETs) and
suppresses the inflammation caused by
fallopian tube staphylococcal infection
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Abstract. – OBJECTIVE: Fallopian tube can

transport zygote into the uterine cavity, while inflammation may cause certain influences on the
fallopian tube’s function. Neutrophils formed extracellular traps (NET) can kill pathogenic microorganisms. This study intends to analyze the
role of glucocorticoid in the regulation of NETs
sterilization during the fallopian tube staphylococcal infection.
MATERIALS AND METHODS: Rat fallopian
tube staphylococcal infection model was established. Group A was the control group, group B
was the model group, and group C was the dexamethasone intervention group. ELISA was applied
to test inflammatory factors, including citrullinated histone H3 (CitH3) and high molecular weight
kininogen (HK) content in serum. RT-PCR was performed to test the mRNA expression of glucocorticoid receptor α, β (GR-α, GR-β). Western blot was
used to detect the protein levels of GR-α and GR-β.
RESULTS: Microscopically, group A showed
clear fallopian tube wall and unobstructed lumen.
Group B presented obscured tube wall, blocked
lumen, and inflammatory cells infiltration. Group
C demonstrated unclear tube wall and a few inflammatory cells infiltration. Serum CitH3 level
was increased, while HK was down-regulated in
group B compared with group A. CitH3 was declined, whereas HK was enhanced in group C
compared with group B (p<0.05). The mRNA expression of GR-β was reduced, while GR-α expression was elevated in group C compared
with group A and B. Group B showed upregulated GR-β expression and reduced GR-α mRNA
and protein expression compared with group A
(p<0.05).
CONCLUSIONS: Rat fallopian tube Staphylococcus aureus infection activates NETs, elevates CitH3, and decreases HK. Glucocorticoid
can inhibit inflammation through down-regulate
GR-β and up-regulate GR-α expression.
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Introduction
Tubal factor accounts for 25-50% of factors that
causes women infertility. Fallopian tube inflammatory lesions occur in numerous unfertilized
women. Bacterial infection is the main pathogenic factor of chronic salpingitis, including purulent Staphylococcus, Streptococcus, E. coli, and
Pseudomonas aeruginosa, leading to impurity
abortion, incomplete abortion, induced abortion,
and even puerperal infection1. As the main effector cells of innate immune system, neutrophils can
resist a variety of pathogenic bacteria invasion in
the first line2. Studies showed that neutrophils can
release a kind of nuclear substance out of the cell,
which constitutes the extracellular traps (NETs).
It can create synergy together with extracellular
chromosome skeleton to form physical barrier
against pathogenic microorganisms. Also, it can
be used as a scaffold to enhance the effect of antimicrobial drugs3,4. Glucocorticoid (GC) is a commonly used drug that plays an anti-inflammatory
effect quickly and strongly. GC can restrain capillary expansion, reduce vascular leakage and
edema, and inhibit leukocyte infiltration as well
as the phagocytosis of macrophage. Furthermore, it can regulate immunity and reduce cytokines
release, thus alleviating inflammation damage to
the body and enhancing system function5,6. This
study intends to analyze the mechanism of GC
in the regulation of NETs sterilization during the
fallopian tube staphylococcal infection.

Materials and Methods
Experimental Animals
Healthy female Wistar rats in SPF grade aged
12-14 weeks old and weighted 150-200 g were
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provided by Experimental Animal Center of
Shandong University.
Rats were used for all experiments, and all
procedures were approved by the Animal Ethics
Committee of Weifang People’s Hospital.

Group B, Staphylococcus aureus salpingitis
model rats received 1 ml normal saline i.v. Qd.
Group C, Staphylococcus aureus salpingitis
model rats received 1 ml dexamethasone at 0.1%
i.v. Qd.

Instruments and Reagents
Staphylococcus aureus was diluted by normal
saline to adjust the concentration to be 3×109/ml
(provided by microorganism teaching and research section, Liaoning Institute of Traditional Chinese Medicine. Bacterium number: ATCC25923).
Na2EDTA anticoagulant, ELISA kit, CitH3 and
HK ELISA kits, RPMI1640 medium, PBS, and
GR-β antibody were from NOVUS (St. Louis, MO,
USA). GAPDH antibody was from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Western blot
TMB substrate was from Thermo Fisher Scientific
(Waltham, MA, USA). Reverse transcription kit
was from Takara (Kusatsu, Shiga, Japan). Trizol
was from ABI (Carlsbad, CA, USA). The centrifugal machine was from Shanghai Flying Pigeon
(Shanghai, China). The inverted microscope was
from Olympus (Tokyo, Japan). Microplate reader
was from TECNA (c/o Area Science Park, Padriciano, Trieste, IT). Image analysis system was
from HP (Palo Alto, CA, USA).

Sample Collection
The rats were euthanized on day 45 after modeling. Venous blood was centrifuged at 3000 r/
min for 20 min and the supernatant was stored.
Fallopian tube tissue was fixed with formaldehyde solution for H&E staining. The left tissue was
applied for Western blot and RT-PCR.

Rat Staphylococcus Aureus Induced
Salpingitis Model Establishment
The rats were anesthetized by anhydrous
diethyl ether and fixed on supine. After disinfection, a longitudinal incision at 1.5 cm long was
made at 0.5 cm above pubic symphysis. The abdominal cavity was opened to expose uterus. Then,
the needle was injected at cornua uteri close the
fallopian tube. A total of 0.02 ml bacteria suspension was slowly injected into fallopian tube-ovarian direction. After injection, the cornua uteri
were clipped by tweezers for 1 min before closing
the abdomen7,8.
Grouping
Group A, normal healthy rats received 1 ml
normal saline i.v. Qd.

ELISA
Serum was collected to detect inflammatory
factors CitH3 and HK level according to the manual. The diluted standard substance was added
into 96-well plate to prepare a standard curve.
The sample was added to the well with five replicates. After sampling, washing, developing, and
stopping, the plate was read at 450 nm to draw the
linear regression equation and calculate standard
curve.
RT-PCR
Fallopian tube tissue mRNA was extracted using
Trizol. Its concentration was identified by D260 nm/
D280 nm. A total of 200 ng RNA was reversely
transcripted to cDNA. The primers used were listed
in Table I. Reverse transcription system contained
2 μl RNA and 1 μl primer. Real-time PCR reaction
system contained 3 μl cDNA, 1 μl Primer, and 0.2 μl
Taq DNA polymerase. The reaction condition was
composed by 94°C for 3 min, followed by 30 cycles
of 94°C for 40 s, 56°C for 1 min, and 72°C for 1
min. GAPDH was used as an internal reference. The
gel image was analyzed by Quantity One software
(Bio-Rad, Hercules, CA, USA).
Western Blot
The tissue was centrifuged at 1200 r/min for
20 min and the supernatant was moved to new
tube. Total protein was separated by 8% sodium
dodecyl sulphate-polyacrylamide gel electropho-

Table I. Primer sequence.
Gene

5’-3’

GR-β mRNA

Forward
Reverse
Forward
Reverse

GAPDH
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ACACAGGCTTCAGGTATCTT
CGCCAAGATTGTTGGGATGA
TGAAGGTCGGTGTGAACGGATTTGG
ACGACATACTCAGCACCAGCATCAC
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Table II. ELISA detection of serum CitH3 and HK levels.
Group

Cases

CitH3 (μg/L)

HK (ng/L)

Group A
Group B
Group C

20
20
20

118.31
187.25*
136.81*#

573.92±149.91
243.45±131.14*
418.02±131.26*#

p<0.05, compared with group A; #p<0.05, compared with
group B.

*

resis (SDS-PAGE). Then, it was transferred to
NC membrane and blocked with 5% skim milk
at room temperature for 1 h. After washed with
tris buffered saline-tween (TBST) for 3 times,
the membrane was incubated with primary antibody (1:200 dilution) at 4°C overnight. Next, the
membrane was incubated with secondary antibody (1:2000 dilution) for 60 min and chemiluminescence reagent was added. The membrane was
developed and analyzed by Quantity One software (Bio-Rad, Hercules, CA, USA).

adhesion, poor elasticity, hydrops, and suppuration.
The fallopian tube in-group C was slightly rough,
partly adhesion, and unobvious hydrops. Microscopically, group A showed clear fallopian tube wall
and unobstructed lumen. Group B presented obscured tube wall, blocked lumen, fibrous tissue hyperplasia, and inflammatory cells infiltration, such as
lymphocytes, plasmocytes, and eosinophils. Group
C demonstrated unclear tube wall and a few inflammatory cells infiltration (Figure 1).
ELISA Detection of Serum CitH3
and HK Levels
ELISA was applied to test serum CitH3 and
HK levels in rat. The results showed that serum
CitH3 level was obviously increased, while HK
was down-regulated in-group B compared with
group A (p<0.05). CitH3 level was declined, whereas HK enhanced in-group C compared with that
in-group B (p<0.05) (Table II).

Results

RT-PCR Detection of GR-α and GR-β
mRNA Expressions in Rat Fallopian Tube
Tissue
GR-α and GR-β mRNA expressions in rat fallopian tube tissue were tested. GR-β mRNA level
was reduced, while GR-α mRNA was elevated in
group C compared with that in group A and B.
Group B showed upregulated GR-β mRNA level
and reduced GR-α mRNA expression compared
with group A (p<0.05) (Table III).

Fallopian tube changes
The rats in group A showed balanced and smooth fallopian tube with good elasticity and without
adhesion, hydrops, or suppuration. The fallopian
tube in-group B became thin, rough, and pale with

Western blot detection of GR-α and GR-β
protein levels in rat fallopian tube tissue
GR-α and GR-β protein levels in rat fallopian
tube tissue were tested. GR-β protein expression
was declined, while GR-α protein level was

Statistical Analysis
SPSS 17.0 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. The data
was presented as mean ± standard deviation (SD)
and compared by ANOVA and LSD test. p<0.05
was considered as statistical significance.

Figure 1. Fallopian tube changes under light microscope (×200).
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enhanced in group C compared with group A
and B. Group B demonstrated increased GR-β
protein level and reduced GR-α protein level
compared with group A ( p<0.05) (Figure 2).

Table III. RT-PCR detection of GR-α and GR-β mRNA
expressions in rat fallopian tube tissue.

Discussion
Chronic salpingitis is a common gynecological disease. Patients may appear abdominal pain,
dysmenorrhea, menstruation, and even infertility. Various pathogens infection may cause fallopian tube inflammation. During this process,
bacterial infection leads to a large number of
leukocytes infiltration, tubal interstitial edema,
fallopian tube intima swelling, tubal mucosa
epithelium exuviation, fibrous tissue hyperplasia, granulation tissue organization, fimbriated
extremity of fallopian adhesion, resulting in
fallopian tube obstruction9. A previous research showed that pathologically, salpingitis appears exudation, hydrops, empyema, adhesion,
and fibrous scar formation. Fallopian tube wall
becomes stiffness and thickening that blocks
zygote pass through, leading to infertility10. As
an important member of the immune system,
neutrophils can reach each part following the
circulation. The infection causes a lot of white
blood cells and macrophage infiltration and stimulation through the blood vessel wall to reach
the lesions11. NETs are released by the nuclear
components of neutrophils to the extracellular
space, thus forming a network. It is mainly composed of chromosome mesh structure and grain.
It is found that NETs appeared in a variety of
vertebrates12.
In this study, we constructed rat Staphylococcus aureus infected salpingitis model and
treated the rat with dexamethasone. The rats
were killed on day 45 after modeling. Group A

Figure 2. GR-α and GR-β protein levels in rat fallopian
tube tissue.
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Group

Cases

GR-α mRNA

GR-α mRNA

Group A
Group B
Group C

20
20
20

2.23±0.53
1.32±0.32*
7.61±1.02*#

2.58±0.31
6.25±0.81*
1.13±0.18*#

p<0.05, compared with group A; #p<0.05, compared with
group B.

*

showed balanced and smooth fallopian tube with
good elasticity and without adhesion, hydrops,
or suppuration. The fallopian tube in-group B
became thin, rough, and pale with adhesion,
poor elasticity, hydrops, and suppuration. The
fallopian tube in-group C was slightly rough,
partly adhesion, and unobvious hydrops. Microscopically, group A showed clear fallopian tube
wall and unobstructed lumen. Group B presented obscured tube wall, blocked lumen, fibrous
tissue hyperplasia, and inflammatory cell infiltration, such as lymphocytes, plasmocytes, and
eosinophils. Group C demonstrated unclear tube
wall and a small amount of inflammatory cells infiltration. It suggested that we successfully
established rat Staphylococcus aureus infected
salpingitis model, and dexamethasone intervention could alleviate inflammation.
Plasma coagulation factor XII (FXII), FXI,
prekallikrein, and high molecular weight kininogen (HK) form the body contact system together.
The inflammatory reaction is mainly caused by
FXII contacting with negative charge, leading
to bradykinin activation and contact system
factors consumption, and further development
of inflammatory symptoms13,14. NETs, released
by died neutrophils, are mainly composed of
the nucleic acid material and grain with strong
killing effect on all kinds of pathogenic microorganisms15,16. A previous study showed that citrullinated histone H3 (CitH3) is an important
marker of NETs. It can activate contact system
to trigger inflammation17. In this study, we tested serum CitH3 and HK content in the rats.
Serum CitH3 level was increased, while HK decreased in group B compared with that in group
A. CitH3 level was declined, whereas HK was
enhanced in group C compared with group B.
It indicated that Staphylococcus aureus caused
fallopian tube inflammation and activated NETs,
leading to CitH3 elevation. Furthermore, it consumed HK in the contact system and GC can
inhibit inflammation and suppress NETs.

Glucocorticoid inhibits NETs in Staphylococcus aureus infection

GC is a commonly used drug for the treatment
of inflammation in clinic. It plays a rapid and
strong anti-inflammatory effect through binding to GR-α in the cytoplasm, activating anti-inflammatory genes, and suppressing inflammatory genes. In this process, GR-β, another
receptor of GC, can affect inflammation by
inhibiting GR-α biological activity though cannot bind to GR-α18-20. In our research, we used
RT-PCR and Western blot to test GR-α and
GR-β mRNA and protein expression in rat fallopian tube tissue. The GR-β level was reduced,
while GR-α was elevated in group C compared
with group A and B. Group B showed up-regulated GR-β and reduced GR-α mRNA and
protein expression compared with group A. It
suggested that Staphylococcus aureus elevated
GR-β and declined GR-α level in salpingitis,
while GC intervention restrained GR-β expression. Our results indicated that dexamethasone
intervention can down-regulate GR-β expression, which facilitates the anti-inflammation
effect of GC.

Conclusions
Fallopian tube Staphylococcus aureus infection
activates NETs, elevates CitH3, and expends HK.
GC can inhibit inflammation through down-regulating GR-β expression. However, the exact
mechanism by how GC down-regulates GR-β
expression remains unclear and requires further
investigation.
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