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The studies of the role of JAK-STAT on oxidized low-density
lipoprotein-induced microglia activation and comparison of the

deleterious effects between different oxidative degree of low-density

lipoproteins on stroke (2/3)
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(1V) The studies of the role of JAK-STAT on oxidized low-density
lipoprotein-induced microglial activation and comparison of the
deleterious effects between different oxidative degree of low-density

lipoproteins on stroke

Activation of microglia is associated with the pathogenesis of
neurodegenerative diseases. Oxidized low-density lipoprotein (oxLDL) is
believed to play as a crucial role in the progression of inflammatory
vasculopathies. Therefore, our studies were focused on the role of
microglia in the oxLDL-associated stroke. Oxidized LDL is an activator
of microglia for cytokines and nitric oxide production. Signaling may
through its scavenger receptor, and activation of either Mitogen-activated
protein kinases (MAP Kinases) or Janus kinase and signal transducer and
activator of transcription (JAK-STAT) pathway in microglial cells.
According to our findings, non-dialyzed copper-catalyzed LDL could
induce nitric oxide production and INOS expression in primary and cell
line (BV-2) microglia. It also have less cytotoxic to BV-2 as compare to
primary microglia. The mechanism of nitric oxide synthase expression by
copper-catalyzed oxidized LDL  was  supposed through

endocytosis-mediated p38 MAPK pathway, however, JAK-STAT



pathway need more investigated.

Key words : oxidized LDL, microglia, inducible nitric oxide synthase,

signal transductioncopper ion
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FERAHS AR A G mre g E A TR R - g T
# o Microglia & "G #%% W H % ¢ § 75 & E w me (cerebral
macrophage) 4 {7 5vEx i » YA e Fh §c Fc 2 CR3 < 4 ¢ 3
foo P EREMR A HERARE - 312 5 - 33k (MHCclass | & 11
antigens) 174 = (Streit et al., 1988) o 7%= i i 47 & 35 m e 3 4 ~ 3
Sv fu gk & A~ microglia 4 - 3% & %% (Lindholmetal., 1992) * »
o R Bl4ef e NO 2 2 24 B2 cytokines %48 L4 B (dr
IL-1B8, TNFo %) (Banati et al., 1993) - “f $t 2 ¢k > microglia F %5 £
R 4 BACP B end i r o F —‘g »microglia eE i R IR R R S
drdeAe T F AR o - KPR R A G R RHI
o4 RGN hE e mie (Streitetal, 1988) 0 fiF 53 L K

BpTw g 4 hiEAzY > microglia € 4 A 44 cytokines ¢ 35 IL-1,
IL-6, TNFa f= TGFp (transforming growth factor B)(Dickson et al.,
1993)% - 5 i* (NO) (Thery et al., 1991) -

AR e P R A Sk g R ¢ 2 NO 2 TNF-a- 1%
oA e BEF & F UL R BEE A (inflammatory
demyelinating diseases) 4= % % |+ &/ it ;z (multiple sclerosis) & 3 #
(Parkinson et al., 1997) - & i* f& M % & g 30 % ¥ A w2 B fm
eRFM LV AFRET NF B 7 RFRIEF L BEE
mPwipy £ &2 &4 (Newcombe et al., 1994; Emsley and Tyrrell,
2002) - 17 k= ;gu # D oXLDL & £ 88 L B 5 B og 2 £ G IRT
% 1F3 49§ 2 — &k |E (Tsimikas et al., 2003; Uno et al., 2003) - 4 %]
4 _OXLDL ¢ & &8 5 % M5k b % n /i (Laaksonen et al., 2002)
FERGIFHB M FUBRE Y w TR2 FAEEH B (Svensjo
etal., 2003) -

Mitogen-activated protein kinase (MAPKs)H 2t 4, & vf a0pk j& 85



d e e A PR o B AT E R FAAFEAN AL S
¥ 4 /,,\);J SRR s NBHrmte S )0 B R aip kg d 4
EFZARBRFIZ T o 52 K TS s Kb mpBEt g L Ap
£k e ,;r% Fv stress - MAPKSs />t serine-theronine kinase ¥ % - 1 &
1 MAPKs %  extracellular signal-regulated kinase (ERK) ~ c-Jun
N-terminal kinase (JNK)+f= p38 kinase - @m =+ — i family = d 3% % = §
#r i 2 Bil4e ERKS (ERKL and ERK2) ~ INKs (JNK1 ~ INK2 £ JNK3)
v p38-MAPKs (p38-MAPKa -~ p38-MAPKB -~ p38-MAPKy v
p38-MAPKS) (Yang et al., 2003; Khan et al., 2004 and Wada and
Penninger, 2004) o —dg@m 3 o — 4 £ F)F € E 10 ERK 3 4 @i
B timie e 4 PR AT eh e d om JNK fr p38 x i stress
kinase - H @ g /T ¢ 5 d e A L & TR B | (4o change of
metabolism ~ DNA damage - heat shock -~ ischemia ~ inflammatory
cytokines ~ UV irradiation §- oxidative stress)i¢ = - f& = % & MAPK
kinase (MKK)tl;g Thr &2 Tyr chRe B gpfiita 2 4 B &a #H
(translocate) & » fme % » 8¢ # 4 F] 5 (0 AP-1 2 A)Bift » &
Frds i iv 2 fL %14 2. (Baud and Karin, 2001 and Yang et al., 2003) -
Activator protein-1 i # AP-1- .+ % 44 F]+ (transcription factors)
He —pERena | H v ¢ 35 ATF (ATF2~LRF1I/ATF3~B-ATF ~
JDP1 ¥ JDP2) ~ Fos (c-Fos ~ FosB ~ Fra-1 ¥ Fra-2) ~ Jun (c-Jun ~ JunB
£ JunD)4f= Maf (c-maf ~ MafA ~ MafB ~ MafG/F/K £ Nrl) > iz 3o
e w4 ok~ (Peng, 2004) - i &iniEszy > AP-1
5 10 ¢ % 3] MAPKSs a3 470 £ 3 £ INK ﬂfr p38 I B LR A
ﬂ » F] B g R clunBRfs it @ A 2 B @ R 3F S F T AT
7. (Yangetal, 2003) o F]pt » & f B 2 3 LK enifsey? AP-1 54
- BER LI o

WA B Y 4% 3 (The signal transducer and activator of



transcription factors, STAT)- &4t s £ 24 L F]F & F 2 97E b @
Fxds DNA #E4-anE & 713 > e p B g I L ans v v %“ﬁf LD 3
N d e e d frfEsg e JAK &2 STAT £ 7 e 5uflgem $:E & 14
7% v (Darnell et al., 1994; Zhang et al., 1995) - & #p B 4% 5% 8 5% /& 1
P H 3R X M 4p 42 & (associated)  JAKs (1/2/3) i{ € ik 1
(autophosphorylation) » :& @ £ % it 4p B STAT (1/2/3/4/5) - ¢+ 7% it Bk
it 2_ STAT H # =i ~ % fxds 4L %1 & 3L (Zhang et al., 1995) }t Eipi
it 2. STAT ¥ % 2 mapaft % (Src homology 2 domain-containing
protein phosphatase 2, SHP2) #7344 (Park et al., 2003) - 17 % 3 375N
FrrR g R T %ﬁfd JAK-STAT =t 4 23 % microglia & = $#3cg &L
# 7 (NO £ MCP-1) (Kim et al., 2002) - 4 =] £ oxLDL ~ j# # % #
@ §]% microglia 31425 ¥¥ ROS 23 4r (Newcombe et al., 1994;
Coraci et al., 2002) -

rIEFHE T FF O T2 g ox-LDL £ 31 ¥ microglia 8 <
cytokines (4= IL-1B, TNFa %)zt NO 4 B ¢+2 2 £ 35 inducible NO
synthase (iINOS) wi®* i - A & )ﬁ%ﬁﬁ%i%% b PR (T
RT-PCR (m-RNA)z. ~ 47 ~ Transient transfection and luciferase assay -
EMSA % 4ph ¥ 5% > 17 2 p38 MAPK BLiez £ &1 -4 1 f2
JAK-STAT 2 %2142 R - iAW B A k- 29 5% > #3 B3R 2
oX-LDL ¥t ¥ {54 & % Yeermicroglia iz i 2 P4k & #7542 P9l B F
TR g ¢ o d BB T TSI - BEALRE S p o T F

S 5T AL TR SRR R o
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AERFPTUES T - FA4 A 5% w2 (rat microglial cell)2 #3
%2 4p 3 % > { 3 semouse microglial cell line(BV-2)z_ 32 % £ 4p B
W o BTt 2 0xXLDLAL & 4% F 1t 2 oxLDL (HiE % 5 uM
Cu®*»37°C 2 24 -] p¥)- d Figure 1 %857 > #* oXLDL %+ 2t primary cell
£ 5 EE»E(B0 ¥ 100 pug/ml)tp B 2 Frdl 3 E 2 (8% > 4p 3T LPS
(50 £ 100 ng/ml)i# * )& & 4= 3 & P &g 2 §2 58 - 2 gt oxLDL (100

ng/mi) flgeT g § 514eNO2 2 & » 2 95 A fljek 2 2 Bruld o
¥ - 2 5 LPSIE L o R e agrs 7P A TIENOZL 4 & o Y
LY - PD% SBr2 {¢ » 357 P Bgdr4]oxLDL #7531 422 NO 4 = (Figure
2) o+ BF7 OXLDL3 13 2 2 & @£+ & % Akt ~ ERK & p38 MAPK
oo Fulcl 5§ 04 22 oxXLDL > ke T 1A [ A 5 e A
2 NO- #X@m 1LY ~PD% SBaJ2 s » LY % PDE 3 #r4INOZ = 2 1%
* (Figure 3) » &g omairfglit 2. oxLDL #7314 2_ 20 4, L& 7 ap 30
Aktz* ERK MAPKZ% - d Figure 4 % 7 OXLDL ¥ ¥ 34 3 4~ & 4 /&
W imre £ INOSEv > " "EFEAR R 4 % BINOSLME > dp¥en
I ¥ 2 LPS+ &t 3% INOS £ I o 4w an¥_1Y294002 ~ PD98059
% SB203580 =7 F Egdrd |t v ch& IR o 5% B AFigure 2 3%

NOz & #ril o U FELP AR F 1 2. OXLDLF f1 % ElAv ]



g e & 4 INOS» H 3 LT i & Akt~ ERK# p38 MAPK % -
d Figure 5 & 1 -] # 5% = vz $k(microglial cell line » BV-2):& {7 4p
A i 2 A2 4 2 VD M HL gk miethod 2

A

T AT H A5 o0 oxXLDL # B 9k B AJZ(50 £ 100 pg/ml)

o\
-L,,~L
%

T o4k LPS (50 ng/ml)- 43 % 518 BV-2 mr e feE 2 i T 2 B0 5
7% (Figure 6) » pt fiid= & fmve 55 2. B2 88 5 M (Figure 1) o F fk 5 1
OXLDL %k & 2 3§ 4r (50 22 100 pg/ml) A2+ p A5 4 R & ¥ 3% % INOS
Ao D E¥RE2 X 2-3 B (Figure7) o § M g A ERIF T
WA BT EE > NO B 418 chre v £ oxLDL ##fijca 4 » 2 ¢ LY ~PD
2 SP g Pl ¥* > @ 1 SB & MG & 5 Frdlrcsk o pta b H
ML BT A & p38 MAPK & NF-xB #. /& (Figure 8) - it = ¥+ B8 % LPS
(50 ng/ml)*73£4 % NO 2 N EFFaAp g & o ¥ — > & & 7 & FrfH
FREBV22 5iESpEod k2SS FR(Figure 9) f Bt * 2 E
(LY ~PD~SP 2 SB)¥ 2 #258 BV-2 2 35 » @ & MG 4r ¢ B M w
2205 5 o - 4 2 Western blot = ;2 £ 47 oxLDL ;% BV-2 % 11
INOS &%« &2 % e drd|# i¥* 3 - &2 %% o d Figure 10 & 77 14
oXLDL #] ™ »INOS % 8% 5 8.620.8 & » # ¥ 1 SB w2 is 7 M &
LE2Zpredivr > HARY S 36203 @ o @ H 8 4 A(LY ~ PD -

SP)T & P AgH R &2 (8% od gt ¥ Ja it oXLDL # % BV-2 2 4 iINOS
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*gd P38 MAPK §& J5 o 4% %] & _STAT-3 Fr &+ 2 & 5 Frdl2
»e % o M A & i fg (primary microglial) 7 # % i 3 2 g% (Figure
4) - ¥ — > @ > oxLDL 31 ,éii&ﬁé%@% 7 LOX Exfgeh o £ 7
- %gendocytosis;‘@ﬁ# Fiaitimiel L F B - F 525 8T 7 Dy
Fra) A Lk B s drd] INOS 2o & i (Figure 11) » ot ¥ 4= # 3PP
endocytosis 7 OXLDL ¥fim®z E it + £ 5 £ & 2 & ¢ o 44 JAK-STAT
BL/® > # kB oxLDL (50 2 100 pg/ml)#=s i P &3 2% % pSTATL &
pPSTAT3 2. % 3L » X & interferon swe ¥ 3% % = % 2. 4 B (Figure 12) -
%% 2 Figure 10 2 %% 3 - R » P JAK-STAT BV & &

OXLDL z_ 3t L v #2 g & &4 o
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Figure 1. Effects of oxidized LDL on primary rat microglial cell viability.
Microglia (5 x 10* cells/ml/well) were treated with oxidized LDL
(Cu™*-catalyzed LDL, 50 or 100 ug/ml) for 22.5 hours, then added MTT
to medium (final concentration, 0.5 mg/ml) to medium. After 1.5 hours,
cells were washed and dissolved with DMSO. Using the
spectrophotometric method by ELISA reader to analyze the absorbance at
550 nm. Percentage of cell viability was calculated as the absorbance of

treated cells/control cellsx100.
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Figure 2. Effect of various inhibitors on copper-catalyzed oxidized
LDL-induced nitrite production in rat microglial cells. Microglia (5x10*
cells/ml/well) were treated with vehicle or oxidized LDL
(copper-catalyzed LDL at 37  for 24 h without dialyzation, 100 ug/ml)
for 24 hr. Cell-free supernatant were assayed for nitrite production
(Griess’s method). LPS (50 ng/ml) was added as positive control.
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Figure 3. Effect of various inhibitors on air-catalyzed LDL-induced nitrite
production in rat microglial cells. Microglia (5x10* cells/ml/well) were
treated with oxidized LDL (Air-catalyzed LDL at 25  for 24 h without
dialyzation, 50 or 100 ug/ml) for 24 hr. Cell-free supernatant were
assayed for nitrite production (Griess’s method, uM). LPS (50 ng/ml) was

added as positive control.
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Arbitrary unit

None

25 q

20 A
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oxLDL (100 pg/ml)  LY294002 (5 uM)
oxLDL (100 ug/ml) PD98059 (5 uM)
oxLDL (100 ug/ml) SB203580 (5 uM)

oxLDL (50 pg/ml)
oxLDL (100 pg/ml)
LPS (100 ng/ml)

4

— = [ ™

~ INOS

None 50 100 100 100 100 LPS
oxLDL (ug/ml)
+LY PD SB
(5 uM)

Figure 4 Effect of various inhibitors on oxidized LDL-induced nitrite
production in rat microglial cells. Microglia (5x10* cells/ml/well, 5%
FBS) were treated with vehicle or oxidized LDL (Cu**-catalyzed LDL at

for 12 h without dialyzation, 50 or 100 pg/ml) for 24 hr. Cellular

lysates were analyzed for iNOS expression. LPS (100 ng/ml) was

added as positive control.

16



Figure 5. The morphology of BV-2 cells (microglial cell line). BV-2 cells
(Panel A, B, C; X40, X100, X400) were observed. The collective cells
were further cultured in RPMI-1640 supplemented with 10 % FBS. Cells
(5x10* cells/ml) were then incubated with indicated oxidized LDL for
activation.

17



1.2 ~

T

0.8 -

HH
|7

0.6

Viability (%)

0.4 -

0.2

0.0

R 50 100 LPS
oxLDL (ug/ml)

Figure 6. Effects of copper-catalyzed oxidized LDL on BV-2 cell viability.
BV-2 cell (5x10* cells/mliwell) were treated with oxidized LDL
(Cu™"-catalyzed LDL, 50 or 100 ug/ml) for 22.5 hours, then added MTT
to medium (final concentration, 0.5 mg/ml) to medium. After 1.5 hours,
cells were washed and dissolved with DMSO. Using the
spectrophotometric method by ELISA reader to analyze the absorbance at
550 nm. Percentage of cell viability was calculated as the absorbance of
treated cells/control cellsx100.

18



=
-
= ?EJ, =
> =1 £
g & E
(@)
N N
_ _ =
B} @) (@) ~
= 3 3 %
e S 3 -
_ -
_ S

14

12 4

10 4

Arbitrary unit

%

*
==

50 100 LPS
oxLDL (ug/ml)

Figure 7. Effect of oxidized LDL on iNOS expression in BV-2 cells. BV-2
cells (5x10* cells/ml/well) were treated with vehicle (Resting), oxidized
LDL (Cu™-catalyzed LDL at 37  for 24 h without dialyzation, 50 or
100 ug/ml) for 24 hr. Cellular lysates were analyzed for iNOS expression.
LPS (100 ng/ml) was added as positive control. * P 0.05 as compared
with the resting group.
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Figure 8. Effect of various inhibitors on ai-catalyzed LDL-induced nitrite
production in BV-2 cells. BV-2 cell (5x10* cells/ml/well) were treated
with vehicle or inhibitors (LY294002, PD98059, SB203580, SP60125,
MG) for 15 min then stimulated by oxidized LDL (Cu*"-catalyzed LDL,
100 pg/ml) for 24 hr. Cell-free supernatant were assayed for nitrite
production (Griess’s method). LPS (50 ng/ml) was added as positive

control.
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Figure 9. Effects of various inhibitors and oxidized LDL on BV-2 cell
viability. BV-2 cell (5x10* cells/ml/well) were treated with vehicle or
inhibitors (LY294002, PD98059, SB203580, SP60125, MG) for 15 min
then stimulated by oxidized LDL (Cu**-catalyzed LDL, 100 pg/ml) for
22.5 hours, then added MTT to medium (final concentration, 0.5 mg/ml)
to medium. After 1.5 hours, cells were washed and dissolved with DMSO.
Using the spectrophotometric method by ELISA reader to analyze the
absorbance at 550 nm. Percentage of cell viability was calculated as the

absorbance of treated cells/control cellsx100.
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Figure 10. Effect of various inhibitors on copper-catalyzed LDL-induced
iNOS expression. BV-2 (5x10* cells/ml/well) were treated with solvent
control (0.1% DMSQ) or various inhibitors (LY294002, PD98059,
SB203580, SP60125, STAT3 inhibitor) for 15 min followed by the
addition of oxidized LDL (Cu**-catalyzed LDL at 37  for 24 h without
dialyzation, 100 ug/ml) for 24 hr. Cellular lysates were assayed for iINOS
expression (n=3-6). “*P  0.001 as compared with the resting group; ***

P 0.001 as compared with the control group.



R 0ox100 Dy10 Dy20

Figure 11. Effect of specific inhibitor on copper-catalyzed LDL-induced

INOS -

a-tubulin -

iNOS expression. BV-2 (5x10* cells/ml/well) were treated with solvent
control (0.1% DMSO) or specific inhibitor (Dy, 10 and 20 uM) for 15
min followed by the addition of oxidized LDL (Cu**-catalyzed LDL at 37

for 24 h without dialyzation, 100 ug/ml) for 24 hr. Cellular lysates

were assayed for INOS expression.
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Figure 12. Effect of oxidized LDL on pSTAT1 and pSTAT3 expression in
BV-2 cells. BV-2 cells (5x10* cells/ml/well) were treated with vehicle
(Resting), oxidized LDL (Cu™*-catalyzed LDL at 37  for 24 h without
dialyzation, 50 or 100 ug/ml) for 24 hr. Cellular lysates were analyzed for
pPSTAT1 or pSTAT3 expression. LPS (100 ng/ml) and interferon-o. (100
u/ml) was added as positive control.
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