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Abstract: This study aims to explore the role of extra-cellular matrix metalloproteinase inducer (EMMPRIN) in the
drug resistance of the pseudomonas aeruginosa (PA). The BALB/c mice were transfected with PA, then the mice
were infected with the siRNA of EMMPRIN to silence the EMMPRIN gene. The EMMPRIN mRNA and protein were
detected by using RT-PCR and western blot, respectively. In order to examine the function of EMMPRIN in drug
resistance of PA, the BALB/c and C57BL/6 mice were treated with EMMPRIN siRNA. The cytokines, EMMPRIN and
MMP9 were examined by the RP-PCR and ELISA, respectively, undergoing the silence of EMMPRIN siRNA. Moreover,
the western blot assay was also used to test the phosphorylated MAPK in the murine macrophages after silenced
by the EMMPRIN siRNA. The EMMPRIN was activated, with lipopolysaccharide stimulation and treated with the
MAPK inhibitor, to evaluate whether the MAPK participates in the EMMPRIN-triggered drug resistance. The results
indicated that the EMMPRIN expression was elevated in the infected BALB/c at 3 or 5 days post-infection. Silence
of EMMPRIN Enhanced the Production of pro-inflammatory cytokines in PA keratitis. Silence of EMMPRIN signifi-
cantly up-regulated Thl-type cytokines IFN-y, IL-12, and IL-18, but down-regulated Th2-type cytokines IL-4, IL.-5, and
IL-10. MMP9 was increased in the cells with EMMPRIN treatment. EMMPRIN inhibits pro-inflammatory cytokine
production via a MAPK signaling pathway. In conclusion, EMMPRIN promotes host resistance against pseudomonas
aeruginosa infection via MAPK signaling pathway.
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Introduction

The bacterial infections induced by the pseudo-
monas aeruginosa (PA) and other Gram-
negative (G°) bacteria mainly illustrated as a
rapidly development and progression [1-3].
There are many characteristics, including
mecrosis, inflammatory epithelial edema and
stromal ulceration, above of which can culmi-
nate in significant stromal function loss and the
destruction of the tissue [4, 5]. For the chronic
inflammation and infection in numerous tissue,
including heart, lung, liver and connective tis-
sue, the morphologic biomarkers mainly repre-
sent as the destruction or progressive damage
of the extra-cellular matrix (ECM) components
[5].

Matrix metalloproteinases (MMPs) belongs to
the Zn?*-dependent endo-peptidases protein
family, which keeps and remodels the architec-
ture of the tissue [6-8]. The previous studies
[6-8] reported that the MMPs play very wide
range roles in the biological processes of cells,
such as repair and regeneration of the tissue,
and the embryonic development. As all is
known, the MMPs always associated with the
destructive processes and some of the human
diseases, such as chronic obstructive lung dis-
ease (COPD), corneal infection, cancer metas-
tasis/progression and the multiple sclerosis.
The extra-cellular MMPs inducer (EMMPRIN),
also called as CD147 molecule (basigin in
mice), is a kind of highly glycosylated type |
transmembrane glycoprotein, which may inter-
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act with the other membrane protein by activat-
ing the intra-membrane response [9-12]. The
overall amino acid sequence identity between
mouse and rat EMMPRIN is 94%, between
human and mouse EMMPRIN is 58% and
between mouse and chicken is 45%. The Ig
domain is very critical for stimulating the fibro-
blast MMP production by human EMMPRIN [13-
15]. It is believed that EMMPRIN has a valuable
function in the tissue progression, cell differen-
tiation, tissue development and the remodeling
of some normal tissue such as retina, cornea,
liver, lung, thymus, and even the nervous sys-
tem [16-18].

We hypothesize that EMMPRIN promotes drug
resistance against pseudomonas aeruginosa
infection. In our study, we used the PA to induce
the corneal perforation in the C57BL/C mice
(B6), and the infection was effectively resolved
(which classified as the resistant, no corneal
perforation). The present study illustrated the
presence of EMMPRIN in the corneal perfora-
tion mice, and illustrated the regulatory func-
tion for EMMPRIN regarding the MMP-9 protein
expression.

Materials and methods
Materials

The female BALB/c mice (8 years old) and
C57BL/6 (B6) mice (8 years old) were pur-
chased from Animal Center of Wuhan University
(Wuhan, China). The PA strain (19660) was pur-
chased from ATCC (Manassas, VA). Pseudomo-
nas isolation agar was purchased from Aldrich-
Sigma (CA, USA), The thioglycollate medium
was purchased from Tiangen company (Beijing,
China). The mouse anti-ERK1/2 and mouse
anti-B-actin were Santa Cruz Co. In. (CA, USA).
The rabbit anti-mouse 1gG was purchased from
Cell Signaling Technology (Danvers, MA).

SiRNA injection

The BALB/c mice (n = 5/group) were injected
sub-conjunctivally with 5 pL saline, which con-
tains 8 uM of EMMPRIN siRNA one day before
infection. Then, the mice were sub-conjuncti-
vally topically with 5 uL saline containing 4 uM
EMMPRIN siRNA, once time on the day of PA
infection (dO) and twice time per day post the
PA infection. The control mice were also treated
with the same processes, but with a non-spe-
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cific (non-targeting) scrambled siRNA. The
EMMPRIN siRNAs synthesized in this study
were the complex RNA, which composes of 20
to 25 nt siRNAs and could knock-down the
EMMPRIN gene expression, but the scrambled
siRNA could not.

Peritoneal macrophages isolation

1.0 mL Brewer’s thioglycollate medium (3%)
was injected into the BALB/c 5 days before the
peritoneal macrophages cell harvest. The
Peritoneal exudate cells were collected and
stained by using the trypan blue (0.1%). Then,
the viable cells were enumerated by utilizing a
hemacytometer. Consequently, the cells were
seeded (10° cells per well) into the 12-well
plates and incubated for two hours at 37°C.
Four hours later, the non-adherent peritoneal
cells were discarded and the macrophages
were isolated (with the purity higher than 90%),
which was used in the in vitro experiments.

Recombinant EMMPRIN peptide treatment

1 ug (dissolved in to the 5 uL saline) recombi-
nant EMMPRIN was sub-conjunctivally injected
into the B6 mice (n = 5/group). Then, the IP
injections (1 pg rhTestican-1 dissolved in the
100 uL PBS) were injected into the mice subse-
quently. The control mice were treated with the
solution of PBS, which contains 0.1% BSA.

Real-time PCR

The corneas (n = 5/group/time) isolated from
the infected or non-infected B6, BALB/c, and
the siRNA-treated mice at 1, 3, 5, and 7 days,
respectively. The harvested corneas were treat-
ed with lysis buffer and the total RNA isolation
reagent (Tiangen, Beijing, China) was used to
obtain the total RNA. The cDNA was synthe-
sized by usingthe cDNA synthesis kit (Invitrogen,
CA, USA) according to the manufacturer’s in-
struments. The transcript levels or mRNA levels
of EMMPRIN were examined by using the real-
time PCR (RT-PCR). The primers for EMMPRIN
were designed on computer (PrimerQuest SM;
Integrated DNA Technologies, Coralville, 1A),
and synthesized by employing the SuperArray
Bioscience Corporation (Frederick, MD, US).
The relative standard curve method was used
to calculate the relative mRNA levels, and com-
pare the amount of target normalized to an
endogenous reference. In this study, the B-actin
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Table 1. Sequence of all the primers used for PCR assay

Gene Primers Gene ID Amplification size

EMMPRIN Forward CGGAGTATGAGGTGGACTCAGAA NM_001075371 63 bp
Reverse GCTCCGGAAGGAAGATGCA

EMMPRIN1 Forward TCCAAAACACGACTCACCTGTG NM_001075371 579 bp
Reverse GCTTCCGCCTCTTCTCGTAGAT

EMMPRIN2 Forward GTCTGCAAATCGGACTCCTT NM_001075371 120 bp
Reverse TCTTCGTGGTCTCCTCZAGAG

EMMPRIN3 Forward ATCATCTTCATCTACGAGAAGA NM_001075371 240 bp
Reverse AAGCAGACCGTGTTGTACATTC

MMP-9 Forward TGAATCAGCTGGCTTTTGTG NM_013599.4 60 bp
Reverse GTGGATAGCTCGGTGGTGTT

IL-10 Forward AGCTGGACAACATACTGCTAACCGAC NM_010548.2 246 bp
Reverse CTTGATTTCTGGGCCATGCTTCTCTG

IL-12 Forward GGTCACACTGGACCAAAGGGACTATG NM_001311141.1 260 bp
Reverse ATTCTGCTGCCGTGCTTCCAAC

IL-18 Forward GCCTGTGTTCGAGGATATGACTGA NM_008360.1 356 bp
Reverse TTCACAGAGAGGGTCACAGCCA

TNF-o Forward CACAGAAAGCATGATCCGCGAC NM_001278601.1 295 bp
Reverse TCGCACAAGCAGGAATGAGAAGAG

IL-6 Forward GCTACCAAACTGGATATAATCAGGA NM_001314054.1 154 bp
Reverse CCAGGTAGCTATGGTACTCCAGAA

INF-y Forward ACGTGAATAAGGATCCTGTGGG M28995.1 180 bp
Reverse CCCTGATCATCTCACAGGACAG

B-actin Forward GATTACTGCTCTGGCTCCTAGC NM_007393.5 138 bp
Reverse GACTCATCGTACTCCTGCTTGC

was employed as the endogenous reference.
The primers used in this study was listed in
Table 1.

Cytokines assay

The cells were homogenized in the PBS solution
(1:2, w/v), which contains protease inhibitors
(with the concentration of 1%). Then, the cells
were centrifuged at the speed of 12000 xg at
4°C for 15 min. The supernatants were re-
tained, and analyzed by utilizing the ELISA
assay to examine the cytokines according to
the ELISA kit instruction.

Western blot

The cells were lyzed by using the lysis buffer,
and centrifuged at the speed of 5 000 xg at
4°C for 5 min. The supernatants was analyzed
by using the BCA protein assay kit (Biyuntian,
Beijing, China). The protein sample (50 pg) was
loaded and separated on a 15% SDS-poly-
acrylamide gel (SDS page). Then, the separated
protein on the gel was transferred onto the
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nitrocellulose membrane, and blocked with the
5% fetal bovine serum (BSA) overnight at 4°C.
Then, the nitrocellulose membrane was washed
with the PBS for three times, and 5 min per
time. The washed nitrocellulose membranes
were incubated with the goat anti-mouse testi-
can-1 (1:1000) polyclonal antibody at 4°C over-
night. The membranes were washed with PBST
for 3 times, and 5 min per time, and then incu-
bated with the donkey anti-goat 1gG-HRP poly-
clonal antibody (1:2000). Finally, the mem-
branes were washed with PBST and detected
by using the ECL kit. In this study, we used the
human recombinant testican-1 (95% homology
with mouse testican-1; R&D Systems) as the
positive control for the western blot assay. And
the Testican-1 blocking peptide was used as
the negative control for western blot assay
(Santa Cruz Biotechnology, USA).

Statistical analysis

The data in this study was analyzed by using
the SPSS 19.0 software. The data in this study
was presented as the mean + SD. The differ-
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Figure 1. Expression of EMMPRIN in response to PA infection. A. EMMPRIN2 mRNA was examined in the infected
lung epithelial cells compared with the control ones at O, 1, 3, and 5 days. B. EMMPRIN1 mRNA was examined in
the infected lung epithelial cells compared with the control ones at O, 1, 3, and 5 days. C. EMMPRIN3 mRNA was
examined in the infected lung epithelial cells compared with the control ones at O, 1, 3, and 5 days. D. EMMPRIN
protein levels in the lung epithelial cells of B6 and BALB/c mice by ELISA method.

ences between the two groups tested by using
the student’s t-test. The data were considered
as the significant with the P value less than
0.05. All of the experiments in this study were
repeated at least three times.

Results

EMMPRIN expression in response to PA infec-
tion

Given the role of EMMPRIN during the process
of inflammation, the particular protease of the
individual corneal samples was also examined
by using the real-time PCR (RT-PCR), under the
normal conditions, O day, 1 day, 3 days, 5 days,
and 7 days post the infection in BALB/c and B6
mice. The results indicated that the EMMPRIN2
was up-regulated significantly in BALB/c cornea
compared to the B6 at 3 days, 5 days, and 7
days post the infection (Figure 1A). However,
the EMMPRIN1 (Figure 1B) and EMMPRIN3
(Figure 1C) were not up- or down-regulated in
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BALB/c cornea and the B6 cornea. The ELISA
results showed that EMMPRIN protein expres-
sion was significantly increased in the cornea
of BALB/c compared to the B6 mice at the every
time points (Figure 1D). At 1 day post the infec-
tion, EMMPRIN could be detected, even at very
low levels. By 5 and 7 days post the infection,
the results indicated higher EMMPRIN in
BALB/c mice.

Silence of EMMPRIN increases the proinflam-
matory cytokines levels in the PA keratitis

In this study, the pro-inflammatory cytokines
were examined by using the RT-PCR assay and
the ELISA assay, respectively. The TNF-« (Figure
2A), IL-6 (Figure 2B), and IFN-y (Figure 2C) were
significantly increased in the EMMPRIN silen-
ce group compared to the control group.
Furthermore, ELISA results also indicated that
same changes of TNF-o (Figure 2D), IL-6 (Figure
2E), and IFN-y (Figure 2F) in both group.

Am J Transl Res 2016;8(12):5619-5627
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Figure 2. Expression of proinfammatory cytokines after in vivo silence of EMMPRIN. Real-time PCR data demon-
strated that at 1 and 5 days, silence of EMMPRIN decreased the mRNA levels of proinflammatory cytokines, includ-
ing TNF-ax (A), IL-6 (B), and IFN-y (C) in the PA-infected BALB/c mouse, compared with control treatment. ELISA data
further demonstrated that at both 1 and 5 days post-infection, protein expression levels of TNF-a (D), IL-6 (E), and
IFN-y (F) were decreased in EMMPRIN-silenced versus control-treated BALB/c mouse lung. Data represented three
individual experiments each with five animals per group per time per assay.

EMMPRIN silence increases the nacterial load
and PMN infiltration post the PA infection

The effect of EMMPRIN silence on the bacterial
load and PMN infiltration was also evaluated in
this study. The viable bacteria in the infected
corneas was examined by observing the bacte-
rial plate counts at 1 and 5 days post the infec-
tion. The results illustrated that the EMMPRIN
silence increased the bacterial load at 5 days
post the infection (Figure 3A, P<0.001).
However, there were no changes at 1 day post
the infection (P>0.05). Furthermore, the PMN
infiltration (Figure 3B) was also increased in
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the corneas of the EMMPRIN silence mouse at
both of 1 and 5 days post the infection (P<
0.001). Moreover, the mRNA levels of CRAMP,
NOX2, ROS generation in EMMPRIN silence
group was also significantly decreased, which
suggests that the EMMPRIN is required in both
of the oxygen-dependent and oxygen-indepen-
dent bacterial associated Killing.

Proinflammatory cytokines and Th1-/Th2-type
production post EMMPRIN silence in vitro

We also tested the role of EMMPRIN in macro-
phage cells from BALB/c mice, which were
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transfected with the EMMPRIN siRNA or the
scrambled control siRNA for 24 h. Then, the
mice were challenged with the LPS derived
from PA (with the concentration of 1 ug/mL) for
18 h. The PCR data showed that the Thi-type
cytokines IFN-y, IL-12, and IL-18 were also
increased in EMMPRIN silence group (Figure
4A), however, the Th2-type cytokines IL-4, IL-5,
and IL-10 were significantly decreased (Figure
4B) in the cells after LPS stimulation.
Inflammatory cytokines IFN-y increased and
IL-4 decreased by employing in vitro culture of
murine macrophages when EMMPRIN was
knocked down (Figure 4C).

EMMPRIN decreases proinflammatory cyto-
kine levels through the MAPK signaling path-
way

In order to assess the signaling pathway partici-
pated in the EMMPRIN-mediated immune regu-
lation, the recombinant EMMPRIN was used to
incubate the murine macrophage cells, which
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Figure 3. Silence of EMMPRIN enhanced
bacterial load and PMN infiltration after PA
infection. A. Bacterial load was enhanced in
EMMPRIN siRNA versus control-treated cor-
neas at 5 days post-infection. B. The number
of infiltrated PMNs as detected by MPO assay
was elevated in the corneas at 1 and 5 days
post-infection. C. mRNA levels of CRAMP and
NOX2 were decreased in EMMPRIN-silenced
versus control-treated corneas at 5 days
postinfection. Data represent three individual
experiments each with five animals per group
per time per assay.

experiment could trigger the EMMPRIN signal-
ing pathway. The data of RT-PCR (Figure 5A)
and ELISA (Figure 5B) showed that ERK inhibi-
tor U0126 inhibited pro-inflammatory cytokines
TNF-in BALB/c peritoneal macrophages stimu-
lated EMMPRIN. MMP9 was increased in the
cells with rEMMPRIN treatment (Figure 5C). In
order to further confirm the effects of MAPK
signaling on the EMMPRIN-modulated immune
response, the peritoneal macrophages isolated
from the BALB/c mice were incubated with the
inhibitors for ERK with LPS stimulation. The
western blot results showed that the ERK sig-
naling was involved in the EMMPRIN activation
(Figure 5D). These data indicated that
EMMPRIN promoted the proinflammatory cyto-
kines levels through triggering the MAPK signal-
ing pathway.

Discussion

According to the previous studies, we found
that both of the reconstitution of the ECM and

Am J Transl Res 2016;8(12):5619-5627
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after in vitro silence of EMMPRIN. PCR data demonstrated that in
LPS stimulated RAW264.7 cells, silence of EMMPRIN increased
expression of Thl cytokines, such as IFN-y, IL-12, and IL-18 (A)
and decreased expression of Th2 cytokines, including IL-4, IL-5,
and IL-10 (B), when compared with control treatment. (C) IFN-y
and IL-4 protein were analyzed by ELISA. Data represented three
individual experiments.
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Figure 5. EMMPRIN increased production of pro-inflammatory cytokines via MAPK signaling pathway. A. TNF-q,
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time RT-PCR. B. TNF-«, IFN-y and IL-6 protein levels in the macrophages with mouse recombinant EMMPRIN or Erk
inhibitor U0126 by ELISA. C. MMP9 protein levels in the macrophages with mouse recombinant EMMPRIN or Erk
inhibitor U0O126 by ELISA. D. Phosphorylated and total protein levels of ERK in mouse macrophages were examined
by Western blot before and after treatment with recombinant EMMPRIN or ERK inhibitor U0126.

5625

Am J Transl Res 2016;8(12):5619-5627



EMMPRIN and PA infection by MAPK

restoration of tissue homeostasis are very criti-
cal components for the host response to the
infections or the diseases [19, 20]. In the patho-
genesis of the chronic inflammation and patho-
logic disease states, the extra-cellular matrices
always with a progressive degradation charac-
teristic [21, 22]. Actually, the changed levels of
ECM is main cause of the bystander tissue
damage, which has been clearly illustrated of
or results in the B6 mice disease pathogenesis
during the infection. In this study, the EMMPRIN
was destructed and the mechanism was also
examined in the mouse. Meanwhile, in the
BALB/c mice corneas, we also found the reor-
ganization and the stromal healing clearly.

In our research, the EMMPRIN expression were
increased significantly at the later time points
post-infection. Whereas at 1 day, EMMPRIN2
MRNA and protein levels were decreased in the
cornea of the infected BALB/c. According to the
result of PA-induced EMMPRIN expression, we
speculated that there was may be a promising
relationship between the EMMPRIN and the PA
keratitis. that the results showed that the
EMMPRIN silence or inhibition could enhance
the IFN-y, IL-12, and IL-18 production, however,
the EMMPRIN inhibition could decrease the
IL-4, IL-5, and IL-10 expression in the corneas of
the PA-infected BALB/c mouse. The above
results suggested that EMMPRIN could enhan-
ce the host resistance against the PA infection
via increasing the Th2-type immunol respons-
es. Our study also indicated that the PA infec-
tion usually only cause a slight disease severity,
meanwhile, the infected corneas could be
healed within the 5 days after the infection.
There, we speculated that the PA keratitis may
be associated with the Th1- and Th2-type
responses in the corneas.

In this study, we hypothesize that the enhanced
EMMPRIN expression in the wound-healing
phase may be due to the triggered EMMPRIN
expression in the corneal epithelial cells and
the induced EMMPRIN expression by the epi-
thelial-derived signals pathway. The EMMPRIN
silence enhanced the bacterial load in the cor-
neas of the PA-infected BALB/c mouse. The
bacterial load could aggravate the corneal
damage and the disease development.

Moreover, our study illustrated that the phos-
phorylated Erk were increased in PA-infected
corneas. Whereas when pretreatment with the
Erkinhibitors, which could retain the EMMPRIN -
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mediated diseases of the pro-inflammatory
cytokines. These results showed that the MAPK
signaling pathway may be participated in the
EMMPRIN associated immune regulation. The-
se results are consistent with previous studies
[23, 24] that the MAPK inhibition could enhance
the serum INF-y, TNF-&, and IL-6 levels, and
trigger the susceptibility to the sepsis in
clinical.

In conclusion, the present study explored a
novel investigation for the EMMPRIN function,
further studied its regulatory effects in PA infec-
tion. Moreover, our results also illustrated that
the EMMPRIN expression also plays an impor-
tant role in the wound healing.
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