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PSEUDOMONAS AERUGINOSA SIGNIFICANTLY
INCREASES EXPRESSION OF RECEPTOR

FOR ADVANCED GLYCATION ENDPRODUCTS
(RAGE) IN THE SEPTICEMIA SUFFERING PATIENTS

A. Kariminik, F. Hosseini, E. Nasiri

Islamic Azad University, Kerman Branch, Kerman, Iran

Abstract. Receptor for Advanced Glycation Endproducts (RAGE) is a cell surface receptor, which recognizes several
endogenous and exogenous molecules and subsequently induces expression of several molecules including chemokines.
Chemokines are members of the cytokine superfamily and participate in several immune system functions, including
cell migration, inflammation, angiogenesis/angiostasis etc. CXC ligand 11 (CXCLI11) isan important chemokine
which participates in the induction of appropriate immune responses against microbes, including bacteria. The main
mechanisms responsible to overcome septicemia are yet to be clarified. Thus, it has been hypothesized that RAGE may
participate in induction of CXCLI1 in response to the microbial agents. Due to the fact that immune responses play key
roles in limitation of infection, it has been proposed that RAGE may inhibit spread of septicemia. Therefore, in this
project mRNA levels of RAGE and CXCLI11 were explored in the patients suffering from septicemia versus healthy
controls. RAGE and CXCLI1 expression levels in the 80 subjects, including 40 septicemia patients and 40 healthy controls
were explored using Real-Time PCR technique. Accordingly, by using the specific primer against RAGE and CXCLI1
in a Rotorgene vehicle the mRNA levels have been determined. The septicemia and the sources of the bacteria in the blood
were diagnosed using microbial cultures. The results demonstrated that although mRNA levels for RAGE and CXCLI11 did
not change in the septicemia patients vs. healthy controls, mRNA levels of RAGE were significantly higher in the patients
infected by Pseudomonas aeruginosa compared to those infected by other bacteria, Escherichia coli, Staphylococcus aureus,
and Acinetobacter baumannii. RAGE and CXCL11 mRNA levels did not differ among male and female patients. Based
on the results it seems that RAGE is a critical receptor against P. aeruginosa during septicemia and more investigations,
especially on the RAGE down-stream molecules can clarify its main roles against P. aeruginosa.
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PSEUDOMONAS AERUGINOSA CYLWWECTBEHHO YCUJIMBAET SKCIMPECCUIO PELLENTOPA
AN KOHEYHbIX NTPOAYKTOB NMMKUPOBAHUSA (RAGE) Y NTALUEHTOB C CEI'ITMLI.EMVIEVI
Kapumuuuk A., Hocceunn ®@., Hacupu D.
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Pesiome. Perienitop a5t KOHEUHBIX MPoayKToB rukupoBanus (RAGE) npeactasisieT co0oii MOBEPXHOCTHYIO CTPYK-
TYPY, PaCIO3HAIOLIYI0 HECKOJIbKO SHIOTEHHBIX W 9K30T€HHBIX MOJIEKYJ U BIOCASACTBUU UHIYIIMPYIOUIYIO KCIIpec-
CHUI0 HECKOJIBKMX MOJIEKYJ, BKJIOUasi XeMOKMHBI. XEMOKUHBI SBJISIOTCSI TIPEACTABUTENSIMU CylepceMeiicTBa 1UTo-
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KWHOB 1 yYaCTBYIOT B ITpoOIIeCcCaX MUTPAIIMHU KJIETOK, BOCIIaieHUsI, B aHTHOTeHe3e/aHruoctase u T. 1. CXC-nmurann 11
(CXCLI11) sBasieTcst BaxK HbIM XeMOKHMHOM, yYaCTBYIOIIMM B UHAYKIIMKA AHTUMUKPOOHOTO (B TOM UUCJIe aHTUOAKTEpU-
aJbHOro) oTBeTa. OCHOBHBIE MEXaHU3Mbl, OTBETCTBEHHBIC 32 U3JIEYEHUE OT CEICuca, eIlie MPEACTOUT BbISICHUTb. bbl1o
BbiCKa3aHo npeamnoaoxeHue, uTo RAGE moxeT yuactBoBaTh B uHAYKIIMUM CXCLI1 B 0TBeT Ha MUKPOOHBIE are¢HTHI.
B cBs3U ¢ TEM, YTO UMMYHHBIN OTBET UTPaeT KJIIOUYEBYIO POJIb B OTPAaHMYECHU U MHMEKIIMY, OBLIO TIPEAION0XEHO, UTO
RAGE Moxert cnepxuBath centuueMuto. [ToaTomy B HacToseM mpoekTe Obn ncciaenoBanbl ypoBHM MPHK RAGE
n CXCLI11 y manmeHToB, CTpaJaoIlnX CENTUIIEMHEH, 1 IIPOBEIEHO X CPaBHEHME C aHAJIOTUYHBIMH ITOKa3aTeIsIMHI
3I0POBBIX JIIOJEe KOHTPOJBHOM rpyribl. YpoBHU akcnipeccnt RAGE u CXCLI11y 80 cydobekToB, BKirodast 40 rmaiueH-
TOB C ceTnicicoM 1 40 3MOPOBBIX JIFOAEH M3 KOHTPOIBHOM TPYIIITHI, OBLIN CCIICIOBAHEI C MCTIOb30oBaHeM MeTona ITLIP
B peajibHOM BpeMmeHU. B ammindukatope Rotorgene ¢ ucnonb3oBaHueM crenuduyeckoro npaiimepa npotus RAGE
u CXCLI11 6butu onipenenensl yposHu MPHK. CenTuuieMuio 1 MCTOYHUKY OAKTEPUIA B KPOBU TUATHOCTUPOBAIU C MO-
MOIIBIO KYJIbTYpalibHOro Metosa. Pe3ynabraTel mokasanu, 4to, XoTs ypoBHU MPHK RAGE u CXCLI11 He uaMeHuIuCh
y MalMEHTOB C CETICUCOM T10 CPABHEHUIO CO 3J0POBBIMM JIIOJbMU W3 KOHTPOJIbHOI Tpymmsl, ypoBHM MPHK RAGE
ObLJIM 3HAUMTEJNbHO BbILIE Y MAlIMEHTOB, MHMUILIMPOBAHHBIX Pseudomonas aeruginosa, o CpaBHEHUIO C MallMEHTaMH,
MHGULIMPOBAHHBIMU OpyTUMU O0akTepusimu: Escherichia coli, Staphylococcus aureus v Acinetobacter baumannii. YpoBHU
MPHK RAGE u CXCLI11 He pa3nuuaiuch y MallMeHTOB MYXCKOTO U XeHCKOro rosa. Ha ocHoBaHUM MOJyYeHHBIX
pe3yJIbTaTOB MOXHO C/IeJIaTh BBIBOJ O TOM, UTO Tpu cerncuce npucytctBue RAGE siBisieTcss KpUTUYECKUM TSI TUC-
ceMuHaIuu P. aeruginosa B opraHu3Me, U JOMOJHUTEIbHBIC UCCIENOBAaHMSI, OCOOCHHO B OTHOIICHUY MOJICKYJI, TIOTY-
qatonux curHajibl oT RAGE, MOTyT IpOSICHUTB POJIb 3TUX PELIETITOPOB IIPHU CECIUCe, UHAYLIMPOBAaHHOM P. aeruginosa .

Karoueevie caosa: cenmuyemus, RAGE, CXCLI1, sxcnpeccus eena.

Introduction

Extracellular immune receptors are the main pat-
tern recognition receptors (PRRs) and significantly
participate in recognition of pathogens. The mol-
ecules induce appropriate immune responses by ac-
tivation of intracellular pathways and expression
of immune related molecules such as chemokines [2,
9]. Receptor for Advanced Glycation Endproducts
(RAGE) is a cell surface receptor which play key
roles in activation of immune cells to activate by rec-
ognition of pathogen associated molecular patterns
(PAMPs) and also damage associated molecular
patterns (DAMPs) [5, 8]. The receptor induce ex-
pression of several immune related molecules, like
chemokines via activation of corresponded trans-
cription factors [11]. CXCLI11, which is called also as
Interferon-gamma-inducible protein 9 (IP-9), plays
crucial roles in recruitment of T lymphocytes to the
infected tissues and also activation of the immune
cells against the bacteria [3, 4]. On the other hand,
it has been documented that septicemia usually ob-
served in the immunocompromised patients [7].
Therefore, it may be hypothesized that the patients
suffering from septicemia may be defected in appro-
priate expression of innate immune receptors such as
RAGE and its down-stream molecule, CXCL11. Our
previous investigations revealed that melanoma dif-
ferentiation-associated protein 5 (MDAS) and reti-
noic acid-inducible gene 1 (RIG-1), two important
intracellular receptors, are up-regulated during sep-
ticemia [1]. Thus, we have hypothesized that MDAS
and RIG-1 are the important receptors, which par-
ticipate in the recognition of bacteria during septice-
mia. However, there were no publications regarding
the status of expression of RAGE and CXCL11 in the
patients. Therefore, mRNA Ievels of RAGE and

CXCL11 were explored in the patients suffering from
septicemia compared to healthy controls.

Additionally, this project was explore the mRNA
levels of RAGE and CXCLI11 among male and fe-
male patients and also among the patients infected
with various bacteria. Additionally, due to the fact
that we had explored the mRNA levels of MDAS and
RIG-1 in the patients, another aim of this project
was to evaluate the correlation among the expres-
sion of MDAS5, RIG-1, RAGE and CXCLII in the
infected patients.

Material and methods

Subjects. This cross-sectional study was car-
ried out on the samples which have prepared in our
previous investigations [1]. Accordingly, the sam-
ple size (40 patients and 40 controls), including and
excluding criteria, place of the sampling (all hospi-
tals of Kerman city, Kerman, Iran), blood culture,
mRNA extraction and cDNA synthesizes have been
described in details in our previous investigations [1].
The Ethical Committee of Islamic Azad University,
Kerman Branch, approved the protocol of the cur-
rent study. Accordingly, all participants filled out
the informed consent form.

Real-time PCR were performed according to our
previous study protocol [1], except the primer se-
quences which were for RAGE:

5Y-ATCTTGATTAGCATCCAGG-3’ (Forward),

5-GACCCTGGAAGGAAGCAG-3’ (Reverse),
and for CXCLI11:

Y- ATCTGTGGTTACGGTGGAGA-3’ (Forward),

S-TGTTTGGGGAAAGAAGTGTG-3" (Reverse).

Data analysis and statistical methods. Due to the ab-
normality data distribution, Mann—Whitney U test,
to analysis the differences between the septicemia
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Figure 1. RAGE and CXCL11 expression levels in the septicemia patients and healthy controls
Note. Figure shows mRNA levels of RAGE and CXCL11 did not significantly differ in septicemia patients in comparison

to healthy controls.

patients and healthy controls and male versus female
cases) and Kruskal—Wallis test, to analysis the differ-
ences among the patients infected with various bac-
teria, under SPSS software version 18. P value was
considered significant at < 0.05.

Results

Identification of septicemia. Due to the fact that
the samples which are used in this project were
obtained in our previous investigations, the in-
fected patients were as our previous study as fol-
low: 7 Escherichia coli, 10 Staphylococcus aureus, 17
Acinetobacter baumannii and 6 Pseudomonas aerugi-
nosa infected patients.

Expression levels of RAGE and CXCLI1I. Results
demonstrated that RAGE mRNA Ievelsin the periph-
eral blood immune cells (PBIC) of the septicemia pa-
tients were 0.0204 (0.0048—0.2180) and in the PBIC
of healthy controls were 0.1362 (0.0254—1.8975).
Statistical analysis demonstrated no significant dif-
ference (p = 0.095). CXCLII mRNA levels in the
septicemia patients were 0.0483 (0.0033—0.5981) and
in healthy controls were 0.3489 (0.0935—0.8956).
Statistical analysis demonstrated no significant dif-
ference (p = 0.057). Fig. 1 shows the expression levels
of RAGE and CXCLI11 in both septicemia patients
and healthy controls.

80 1
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40 1

20 4

Relative expression of RAGE

0 I

T

Female Male

Expression levels of RAGE (p = 0.079) and
CXCLI11 (p = 0.208) were also not significantly dif-
fer in the female when compared to male septicemia
patients (Fig. 2).

Results shows that, although RAGE mRNA lev-
els (p = 0.020) were significantly in the P. aeruginosa
(23.5920 [1.0118—100.2772]) infected septicemia pa-
tients than the patients with E. coli (0.0204 [3.0005—
0.4805]), S. aureus (0.0342 [0.0110—0.8573]), A. bau-
mannii (0.0087 [0.0021—0.0302]) infection, the mRNA
levels of CXCLI11 were not changed among the groups
(p = 0.382, Fig. 3).

The results also revealed that there were a positive
moderate correlation between RAGE and MDAS
mRNA levels in the septicemia patients. However,
there were no significant correlations between other
variables in the septicemia patients (Table).

Discussion

The results demonstrated that patients were not
expressed RAGE and CXCLI11 in different manner
when compared to the healthy controls. However,
the results revealed that the patients who infected
by P. aeruginosa had higher mRNA levels of RAGE
than the patients who were infected by other bacteria.
Therefore, it appears that, although RAGE cannot
be considered as important receptor against septice-
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Figure 2. RAGE and CXCL11 expression levels in the female in comparison to male septicemia patients
Note. RAGE and CXCL11 mRNA levels did not significantly differ between the female and male septicemia patients.
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Figure 3. RAGE and CXCL11 expression levels in the septicemia patients

Note. RAGE, but not CXCL11, mRNA levels were significantly increased in Pseudomonas aeruginosa in comparison
to Escherichia coli, Staphylococcus aureus and Acinetobacter baumannii infected patients. *P value: 0.02.

Table. Correlation between age and mRNA levels of RAGE, MDA5S, RIG-1 and CXCL11 in the septicemia patients

RAGE MDA5 RIG1 CXCL11 Age
RAGE Correlation Coefficient 1.000 0.402* 0.052 -0.006 -0.046

Pvalue 0.042 0.809 0.983 0.818

MDAS Correlation Coefficient 0.402* 1.000 0.361 0.237 0.034

Pvalue 0.042 0.070 0.360 0.871

Spearman’s rho - —

RIGT Correlation Coefficient 0.052 0.361 1.000 -0.233 -0.030

Pvalue 0.809 0.070 0.386 0.889

CXCL11 Correlation Coefficient -0.006 0.237 -0.233 1.000 0.185

Pvalue 0.983 0.360 0.386 0.492

Note. Table illustrates that there were a positive moderate correlation between RAGE and MDA5 mRNA levels in the septicemia patients.

mia, it is important molecule to recognize P. aerugi-
nosa in the Iranian patients who were suffered from
septicemia. Interestingly, the results also confirmed
that there is a significant positive correlation between
MDAS5 and RAGE in infected patients. As men-
tioned previously, MDAYS is a main intracellular sen-
sor which induces expression of several immune re-
lated molecules such as RAGE [12]. Due to the fact
that our previous results demonstrated that MDAS
and RIG-1 significantly increased in the septicemia
patients [1], hence, it seems that the results confirmed
the roles played by MDAS5 to increase expression
of RAGE. So, it may be hypothesized that RAGE
activated immune responses against P. aeruginosa
in dependent of MDA, but not RIG-1 and CXCLI1.
It has been documented that septicemia patients
up-regulate pro-inflammatory molecules in the nu-
clear factor-kB (NF-xB) dependent manner [6, 13].
NF-xB is an important well-known transcription
factor which is activated by several intracellular sign-
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