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—Abstract—

Background: Secretory phospholipase A: (sPLA2) are a group of extracellular enzymes that
release fatty acids at the sn—2 position of phospholipids. Group A sPLA; (sPLA;-TIA) has
been detected in the inflammatory fluids, and its plasma level increases in the inflammatory
disease. This study examined the effect of sPLA; IIA on mouse macropahges in order to
investigate the potential mechanism of sPLAz-induced inflammation.

Materials and Methods: Wild type PLA: and mutant H48Q PLA; were purified from
HEK?293 cells transfected with the corresponding plasmids, and the PLA: activities were
measured using 1-palmitoyl-2-[1-"'Cllinoleoyl-3-phosphatidylethanolamine as substrates. The
TNF-a and IL-6 released in the supernatants were determined by ELISA. In addition, the
TNF-a and IL-6 mRNA were analyzed by RT-PCR.

Results: sPLA,-TIA stimulated the production of TNF-a and IL-6 in a dose- and
time—dependent manner. In addition, the effect of sPLAs-IIA on cytokine production from the
macrophage was found to be associated with the accumulation of their specific mRNA. The
mRNA levels of TNF-a and IL-6 peaked at 2 and 6 hours in a time-dependent manner,

respectively.
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Conclusion: In conclusion, the production of proinflammatory cytokine might be mediated by

the binding of sPLA>-TIA to the receptors.
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AT tIAAESQ] Raw264.7 MEE American
Type Culture Collection (Manassas, USA)
Abell A st eH, ufkelQl  RPMI-1640,
Lipofectamin 2000, Opti-MEM-< Life Tech-
nologies (Rockville, USA)AFZHE, Duoset
Mouse TNF-¢, IL-6 EIA kite R & D systems
(Minneapolis, USA)Atoll A, $Ejo} E3 (fetal
bovine serum, FBS)+= Hyclone (Logan, USA)
AtollA, RT-PCR kit2 Roche (Mannheim,
Germany) AL2 58 T3t AR-SHATE A
3 PLAx= IPEA"E ARE ) AAEZ]
HEK293 AEo|A A g F AHgsiglon,
EHA PLAYS Cayman Chemicals (Ann
Arbor, USAAF] Enzyme-linked Immunosorbent
Assay (ELISA) kitS AFg-3le] 218t

e

Mzt R K|

Raw264.7 MY+ 2 mM L-glutamine, 100
U/m¢ penicillin, 100 pg/ml streptomycin, 10%
FBS7} Z5+d RPMI 1640 viA| 2 wj sl
AEZE 37T, 5% COy vilF7]olA] HleFatdar
1Yol 3¢ A widsidet. e AEe
6-well E= 12-well plated]X 5x10° E=
3x10° 9] MEE BFsle] APsgch

1

IAS PLAS| OFYA H5d M=F 2

Al TIAE PLA; cDNAE HEK293 A X9
Lipofectamine 2000 A|2FS A8-3}q transfec—
tion 3FFTE 200 ©0e] Opti-MEM ®jA|7} &
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reverse transcriptase polymerase chain
reaction (RT-PCR)¥# Northern blot #4132
2 selstgu.

Endotoxin test

AAZ TAE PLA Q9%
CambrexAFe] Limulus Amoebocyte Lysate
(LAL) kit (Walkersville, USA)S AR&-ale] &1
kAt B-welldll A5} EFAB(Escherichia
Coli Endotoxin)& 22 50 ¥ Z7FsfaL
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o) o
WEL Yo
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PLA; &Y =
PLA; 43¢ 1-palmitoyl-2-["Cllinoleoyl-sn-

glycero-3-phosphoethanolamineS 7|22 A}
g3l] SAE Wk EFAN100 mM Tris-

HCl, pH 74, 5 mM CaCl,, 712 20,000 cpm)
100 peo] BAE TAE PLAS H7bsta 37C
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ok9] isopropanolS 3H7}sh

F & 75% ethanolE® RNAZ
A5k diethyl pyrocarbonate (DEPC)-water
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AMALSEIgA 4l BHES(RT-PCR)

w2g total RNAE AHE-3te] RT-PCRE
3y3TE cDNA 48S 9ste] 23 RNA
o] 25 mM MgCl,, dNTP, RNase inhibitor,
MMLV RT, Random hexamersE PCR buffer
9} ZE38ked  thermocycler (Perkin  Elmer,
Norwalk, USA)o A HHANA cDNAS &1
3tttk PCRES $18te] 50~58C g2 ellAl
AmpliTaqg DNA polymerase (5 U/ul)o} 242}
9] primerE ©]&3} thermocycleroll A 23~
45 cycleg 33k & PCR 2HES E531ith
PCR AH=2 1% agarose geldlA] 271953}
o] &I5l 3, control2 B-actin® primerE
o]-g-3tod 2 PCRE F33to &
etk Zzbe] fHz wdEs ERlshy] ¢
atod primere tHE¥ 2ol A &sk4c

TNF-a (sense: TTC TGT CTA CTG AAC
TTC GGG GTG ATC GGT CC; antisense:
GTA TGA GAT AGC AAA TCG GCT
GAC GGT GTG GG), IL-6 (sense: TTC
CCT ACT TCA CAA GTC; antisense: ACT
AGG TTT GCC GAG TAG). M-type &4
(sense:ATT ATC CAG AGC GAG AGC CT;
antisense: TCT TGC CAC CAC TGT GTT
GT).
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PLA; 848 AAS mutant DNAE K3}
71§18t TAE PLA; 48919 histidine (CAU)
< glutamine (CAG)L.E WE3IGt W=
DNAZS 7] 913+ 22| primere} HEK293 Al
o] FLHE AETFE A7) A% primer
A g2} 2t Primer 1 (P, sense); ATG
AAG ACC CTC CTA CTG TTG GCA
GTQG), mutagenic primer 2 (P2, antisense);
GTA GCA ACA GTC CTG AGT GAC
ACA GCA), primer 3 (P3, sense); TGC TGT
GTC ACT CAG GAC TGT TGC TAO),
TCA
TCT
CAT
GGC

mutagenic primer 4 (P4, antisense);
GCA ACG AGG GGT GCT CCC
GCA), cloning vector (sense); CAC
GAA GAC CCT CCT ACT GTT
AGT.

FHo 72 AFES TAE PLA; cDNAE AT
~BTColA 125t MAAIZIAL P, P2 primer
9} P3, P4 primers ©]83ste] 68TCoA 35
cycles WHEsle] 27019 PCR 4AH=S 853}
(1%} PCR). 13 PCR 4AHE& FAEkS o
ste] AA|sla Al Pl, P4 primers ©]-&3}
60C, 35 cycle Z4AdA 23 PCR AH&ES
i oAl g PCR AHES AAISHTE PCR
AL ethidium bromide’} ¥3% 1% agarose
gel A7Fsex £, IAsHAtt. 18,
pcDNA3.1 Directional TOPO Expression
kit (Invitrogen life technologies)E ©]-&-3}]
ligationd}al One shot TOP10 competent cells
£ o]&3sted FAMIEa HEK293 Aol
transfectionste] L HFH AExFE &
w3ttt WEE MAE PLAYE DNA 714
d #43 PLA, 845 33t gRlstact

3 RT-PCRS RNeasy kit ©]83lo RNA
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Fig. 1. Stable expression of sPLA;-IIA in HEK293 cells. HEK293 cells were transfected with
vector (HEK293/pcDNA3.1) or cDNA of sPLA-TIA (HEK293/WT PLA;) and then selected
overexpressed single cells. The mRNA expression of sPLAs-IIA in the selected cells were

confirmed by RT-PCR.
S 8k, RT-PCR kit o]83t] AL
AA cDNAE 3439}

2 o

A% PLA,S| QHYA s M=ZF: 2Hg
A% PLAS B=3H4 7153 ZAkSH] 9

3] HEK293 Al ¥ IAE PLA.S FAAZ
PEAsh= AEZE 7539 TAY PLAS
cDNAE transfection A17] &, G418 A4S
7 Ags Al 7 5 oA ulS
T o] FAE wellS Adsto] i wjek
slal IAE PLA; @¥de RT-PCRE 53149
o3ty thEAES HEK293/peDNA3.19)
A& TAE PLA»9] mRNA #3172 @&e] y
EbA] @kgton HEK293/wt PLAOIME <F
F4Ho2 mRNA 3z #dS Yot
(Fig. 1).

IIAE PLA, LI=A 312
[e)

IAY PLAS 7]

o

182

—_
o

0.8

0.6

0.4

0.2

Endotoxin Concentration (Eu/ m@f

0.0

#1

#2 #3 #4

Sample No.

Cont

Fig. 2. Quantification with LAL of contaminating
endotoxin in SPLA;-TIA. sPLA;-IIA was purified
from the conditioned medium and cell pellets of a
HEK293 cell sPLA.-TIA. Endotoxin
content was determined wusing the Kinetic
Quantitative Chromogenic LAL kit, and the amount
was expressed as EU/ml. sPLA,-TIA contained <
0.2 EU/m{ in each test.
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0] e Umas

Vivapure mini column
(Vivascience, Goettingen, Germany)< A8}
AASET E3E U54e] 2@9H= Kinetic
Quantitative Chromogenic Limulus Amoebocyte
Lysate Kit (Biwhittaker, Walkersville, MD)<
ARt ElEtlom) THoA 4i7kA] BE
Aol Wsa 5] < 02 EU/m=E 573
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IAE PLAydY 9J3F Alo]E7FQ) A4S &9
&t7] 9late] Raw264.7 AEel IAE PLAS
=H(02~1 pg/mOZ 24NZ HYs T A4
1S FHsle] TNF-a9t IL-69 A4S 3
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TNF-a (ng/me)

0 1 1 1 1 J
0O 02 04 06 08 1

SPLA—IIA (ug/me)

IL-6 (ng/mé)

0O 02 04 06 08 1
SPLA,-IIA (ug/me)

Hg. 3 Effect of the concentrations of sPLA-TIA
on the rdease of TNF-a and IL-6 from Raw47
odls. A and B Cdlls were stimulated with 0, 02,
04, 06, 08 g/l of SPLATIA. At the end of the
incubation (24 h), the supamatants were collected
and centrifuged (10,000 rpm, 4°C, 1 min). The
amounts of TNF-a and IL-6 released in the
supernatant were determined by ELISA.
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stath DAY PLA; ¥%7F 02 pg/my ol
TNF-a®] A/8o] 343] F7Fet 06 pg/mY
o HZ AYEAT 22 1 pg/me o]’
sEdMe Q38 Fraske AEFs JERIL
ThFig. 3A). IL-69] A& TAE PLA}
0.2 pg/meoll A AA38] F7Fsietzt, 06 pg/mlel

A

TNF-a. (ng/me)

IL—6 (ng/mé)

0 6 12 18 24
Time (h)

Fig 4 Kinetics of TNF-a and IL-6 induced by
SPLAIA from Raw47 cells. A and B Cells
were stimulated for the O, 1, 2 4 6, 24 h with 04
pg/ml of sSPLA>-TIA. At each time point,
supamatarts were collacted and centrifiged (10000
1 4C, 1 mm). The arouts o TNFa (A) ad
IL-6 (B) released in the supematants were
determined by ELISA.
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A 343 27k 08 pnteld Hepsh o
Stk Ea, TNF-aolAls)h SR 1 pe/nd
Vol FEAME 03l Aase TS v
el SiekFig. 3B)

IAZ] PLA, AlZto]| 2 TNF-a2} IL-62| A44

A PLA; A7t W& Alo]E71Q1 HAS
glsl7] 9ste] Raw264.7 A Eo] TIAE PLA,
(04 pg/mh)E AZF (A, 2, 4, 6, 12, 24 HE A
gate] A EFQ] S BRIt TNF-a
A3 TAY PLAS AHSHA 1AIZHEE A
A3 F7Fet 12A034A Al S718k e,
1A= AdEo] AR =|SIthEig. 4A).
IL-69 MAZS MAE PLAS AE3kA] 124
Y F7Vsl7] AlRbste] 24417k e H =
A= AtHFig. 4B).

IIA& PLAO| 2|8+ TNF-q, IL-6 mRNAS| =&
A3 PLAsS| 93 TNF-q IL-69] A4

TNF-a

IL-6

B-actin

0 1 2 4 6

12 24
Incubation time (h)

Fig. 5. Effect of SPLA>-IIA on the gene expression
of TNF-a and IL-6 in Raw264.7 cells. The cells
were stimulated for 0, 1, 2, 4, 6, 12, 24 h with 04
pg/ml of sPLA,-TIA. Total RNA was isolated, and
mRNA levels of TNF-a and IL-6 were analyzed
by RT-PCR. Adequate normalization of RNA for
each sample was confirmed by the equality of
RT-PCR amplification products for B-actin gene
expression at sub-saturating cycle number.
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Boste 2ade WSS Bele
ArpA Y] ®iskE gRIsHTh R

NEE 6-well plated] YAH EF 3 04 ug/
me9] TAY PLAE A7 91, 2, 4, 6, 12, 24 h)
2 g8l TNF-q, IL-6 mRNAY] W3S
RT-PCRZ #9135}tk TNF-a mRNAE 14]
EE ddo] FHo] 2410 HYE HAT
7b AAMREHE AA8 ZAaskth IL-69
mRNA ®3l= 1AZHRE AA8] L=
7} 6A1ZA ol Aok dAE o] 12812714

ARG 2 4N olFele adhe
A%e YA 7 AR mEs re

B-acting o]-&3ate] FRlstATt (Fig. 5).

Mutant [IAS PLAS| QFMA &S M=
stel

3

2 =

PLA2 activity (X10%cpm)

Vect WT H48Q

Fig. 6. Enzymatic activity of the wild type PLA
and mutant H48Q PLA,. Wild type PLA2 and mutant
H48Q PLA; were purified from HEK293 cells
transfected with corresponding plasmids and PLA:
activities of wild type and mutant PLA; were
measured using 1-palmitoyl-2-[1-""Cllinoleoyl-3-
phosphatidylethanolamine as a substrate. The mRNA
expression of wild and mutant PLA; in HEK293
transformants was assessed by RT-PCR (upper panel).
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PLA; &4 80| Alo|EFIQI Aol Wizl  cDNAE tA] HEK293 A3 transfectiond}
TE ERIsl7] fJste] DAY PLA; €4 o MBHoE dds s AEFE FRsNTh
9] 48‘[‘4 histidineg glutamine®. 2 x|83} AE PLA, ¢3S RT-PCRE &3l &9l
3 PLA= DNA 9718 & atdon, HE wild type PLASH |3
015} th. Mutant IAE PLA, PLA, ©¥o g a4 XS Hlu AEFYS
o mutant A% PLA; (H48Q)E 3 <93}

A A S FRlsk A tHFig. 6).
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IAS PLA2S| &40| AtO|EFfRl A4of O]
A= g
A ZA A PLA, B4 E40] Alo]E7}SI
Aol mxle dEFs glstth Wild type
PLA>9} mutant PLA, (H48Q) Zg=zn|=
HEK293 A%l transfection 3+ & w3 d
vector  WT - H48Q B AAt gt AL % s
Raw264.7 A 3ol 04 pg/ml FEZ 6 h A=
B of TNF-a A43S g2l 3 ES’&‘;}. 1 Ay
mutant PLA>°| 9| = TNF-a2] Aol
7He As gelskdtkFig. 7A). IL-69 A4
2o T ThilS Rawd7 AME) 04 pgml %=
Z 24 h A3 ¥ Gtk 2 23 TNF-a
9} vV IA 2 mutant PLAS 9J3iA] IL-69
o] S7HES 118t tHFig. 7B).

TNF-a (ng/mé)

< o o r_\l m

=}
=

K

Vector WT H48Q

Fig. 7. Effects of enzymatic activity of sPLAs-ITA

- L ok .- -
on the release of TNF-a and IL-6 from Raw264.7 @ZH 7]]—%] 2 E:P‘(—] i PLA?'O/] A %g}—

cells. Wild type PLA; and mutant H48Q PLAs A 7158 AxE AXAES JEE] A A
were purified from }IEK293 cell transfecta.lnts. A: AEE olgl| =4 lys Oiﬂ o) X] Aol o]z3}
Raw264.7 cells were stimulated with wild and ne Ha
mutated sPLA>-TIA (04 pg/ml) for 6 h. B: The o ey PLAse] AOH = = e
cells were stimulated with wild and mutated £S5 9|5 VR A= 75} guto g M
SPLA>-TIA (04 pg/mf) for 24 h. The supernatants 7)1 W olae AR o]u:] NGBS AL
were collected and centrifuged (10,000 rpm, 4C, 1 _
=2 Z9 o]} = AET o 2

min). The amount of TNF-a and IL-6 released in clele] the A8l o3t FASE FHTo| B
the supernatants were determined by ELISA. 3= ok NEAAR, MERTF Y, 328
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