creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

AZMEL] FE-AAF SelA

LTT
2 AERe o8

Role of Kallistatin on

1schemia—reperfusion neuronal injury

2021 24

Mg s
SRCEL SR TEL S

2 e 9

.



ABAHES] 38 -AATF S&olA
2| AEd e 98

MEdiE s ofghsd
del Barst Qoo 43
7 & o

dalg e vpAl 8 =EE A5
2021 149 “

A e 2z
FHEF ﬂq‘lﬁ; \
2l #_ H 3T
9] I
9l 4 A7

| |

i
2 2 A



AE: S -A A7 &2 2H 0729 AhFao] Aty WA 3 E o] % A
F7F o]|FolAogwM WAst= d#Ho HAHoT AAR Z'(S‘:,L Al Al

5473—. T ARF, Q85 59 FLo VHeE dHA . V& dAGEe] wEd

E-AAF £4  %7]] NADPH(nicotinamide adenine dinucleotide

phosphate) AEHEA7l Holshul, Absh AEAAZ WANTEE A8 ¥ T
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oA WA EhE HEYL Fo 71HE S E-AwE &l g8 AT A
o] AEAEAE R &= Aom AAA o]Fo] AATHA o= o] ds] BT
ok HT GAE A5 Fal W v AEA F AREdio] slRd xEo]
& 8% ZEYaEd w57 ARG B AATH oFol #ylo] Qlvke AR
S Wty Ze AEkE (Kallistatin) = SERPINA4 A #be] oJ&f w3ty o] 9l
om Izt Ao WA FAF, A ALS Ad SARE T AEES
NADPH Ztsta o] &8 oAste] diksl 2H&-o 7ojste Zow gzt
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o] SERPINA4 small interfering RNA (siRNA) FAF=

Algste] Zre] AEbE knockdown AAAEZE A Zbsla o] F o] Ze] AEE Y] W

SE ST d-AuT &= FEsh] 98 Zel 28" knockdown Al
BAIESL control  sIRNA AT AAAMEZ 603 AtA-xEd A
(Oxygen—glucose deprivation, OGD) Az AJ&] & 23A3F
(Reoxygenation, Reoxy) #7425 Al&etiom Az YELE ST w3 2
2] ~EF8l knockdown A7 AIES} control siRNA &2 F4] ¥ gl 74z}
22— Ag Ay AT A AEE w5 5389 NADPH Atsta
2 (Nox—1), hydrogen peroxide, caspase—3 %3 HAEE =43l A3 AET

29 Al ZAEAL RS vkl

Z7}: SERPINA4 siRNA AT A A #dS A 607 A
-G AP Y 23417 &3t AAEASE control siRNASF SERPINA4 siRNA
= AHEst MET BEFoA AXx AEEE TAAFHY. OGD/Reoxyd}gS AX
control siRNA A FQ] AEoA ZeE|Aetel o] wgo] hshs 78 #2133
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°om(p < 0.001) E3 control siRNAZ} Hlw3le] SERPINA4 siRNA &2 F9]
gt METOlA ZElAEE Tdoe]l A" AE FRlsth(p < 0.001) AFAE
AAE S48 Yl 28 ~EtE knockdown M3 o] MET o] OGD/Reoxy
NS AR 25 vw Al ZE]AEE knockdown Ao HlE] ZE] AERE
knockdown AlZE7o] OGD/Reoxy#HdS A3 S uwl, NADPH Atsla 4 wao] =
7ol AE &l (p < 0.001) hydrogen peroxide &% O <7}t A
Feldtgd T (p < 0.001) Control siRNA Al¥3 ZHe] ~E}El knockdown Al
o 247 OGD/Reoxy IS AHE W, caspase—3 HdHo| AFdtes As &
ol Zeaetd dddo] A" MET o] OGD/Reoxyd& 73S Wl AE
AEAE 7 £38E gl (Control siRNA: p < 0.05, SERPINA4
siRNA: p < 0.01)
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248 ZE|aEelo] Adgd QIR A Y AAh-x e AP QAL AP
AE AEEE 74 A17IW NADPH Atstas @3S oS S7HA Abst AEd
A5 T7F AFH S ™ hydrogen peroxideZt U ol AAJE I caspase—37F H
ol AAEo] AEzAEALE SHAAFY. oldst A= 5 ZeAERlo] FAks)
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Figure 6. The hydrogen peroxide level of control and kallistatin
knockdown human neuronal cells on oxygen—glucose
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o A3}sHA A3 neuron specific enolase2t S—100 protein®] A1AEA A
T2 Rk d T A g AR o] ® 22 ok A5A Ats M s
T =42 Aol FtAl AAsA Y oot #do] AAY ML BF
A7AsA T 5 ANAAA s Aol S Holof ghr} 22

v}

A8 222942 (kallikrein) A3 @A ® SERPINA4 f-HdA e o) ¢33}
A7 AN EASFH20 Aol A thaFet 2o #estal glgo] Hl

A el Zel At e F2 7oA S AT A, A%, da 22 A
s #AE FAE gy By Ay AetElS endogenous  serine
proteinase inhibitor®  ZEA#JH} AFT F = active  site$}
heparin—binding site®] F+ 7}#| TQ3F F+x24 FRo=z FAHAY. ZoAeE-S
heparin—binding site® FdlA FAFTEAALE Ho|w ¥ o] A tumor
necrosis factor—alpha (TNF- &)<} high mobility group box—1 (HMGB1)<
AAFoZA vhepdrh Y ek Faksl 75 s 7hX =], $93 NADPH Atsl &

20 e AsAA Bt dY e ﬁxﬂs}ﬂ% endothelial nitric oxide
synthase (eNOS), Sirtuin 1(SIRT1), forkhead box protein O1 (Fox0O1)2] g4
S FH5te] Fatsttgof] 711ty 0 Ay et o] oleig Fats), FAT
E5 ol&st AT R FHT T SAelA AYAuEe dF s Aa A HET
T7F S7kek ) AF7F Bt o] HuEHJdu’ ¥ FERY
e B FoF Al Y] B4 ZO%—E—‘:}*‘E AT éTJrE EI’_Q‘HE}.SLW &

3 1S §53te] NADPH Absla4o ub
o] %7}@011 w}a} %VWM} ?458}7%1 TbEoj A a1 AbsiEato] ofskE ¢ QleS
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II. A+

2.1 AEZF D AEu}

Aol ARg3F 917F AAAE (Human cortical neuron) (HCN-2, ATCC®
CRL—-10742™, Homo sapiens brain encephalitis)¥ ATCC(American Type
Culture Collection, Menassas, VA)el|Al FY3te] AFE-319 S ™  Dulbecco's
modified Eagle's medium (DMEM) el 4 mM L-=F©e9S A 83t 1.5 g/ =+
AN ESR 45 g/l 59, 10% AEHo}E A (fetal bovine serum)< X3F3H
& A A ek SITE BE A ke 37T F7] FellA 5% V/VEl COz9
7V oA A Stk Atk 10-12Yvtet sl ow 2-3dmttt

WA S wA s

[e)

jus)
==
O

WAooz AR AZF AARAE HCN-28] dF-= ZeAgd 2d A 43
T #84& 94l small interfering RNA (siRNA) & o] £3t 259 (transfection)
4& AR HCN-2 A7t AHAEE Accell siRNA A wjx|o A ul kst
-y md A del @ el welld 1M Accell siRNASE 72417 52t $H7
HieF 39t Accell Human SERPINA4  siRNA—-SMART pool (50nM
siRNA/500 21, Dharmacon, Lafayette, CO)E A}£€3l% knockdownA] 3 o™
RISC—Free siRNA (E-016371-00—0050; Dharmacon)E control siRNAZ
ALl dd 4] 58S #3r] s SERPINA4°] mRNA (messenger

RNA) expressione Real time PCR(polymerase chain reaction) ® 2Q13}$it}

it

=)

>

2.3 HY-ABF £45d

He

SE-ATF & 2dE AA-¥5o Ay (Oxygen—glucose deprivation, ©]3s}
0GDz} ) ¥ A4ka 3} (Reoxygenation, ©]3F Reoxyel 8 EdS wE7] 98|
A7 AMAAME HCN-2E 24 well plated] poly D-L Lysine= FH®3}Y] welld

AT MEES 95 3 & 48417 wiokE g o] = A vix| ¢l dulbecco's

10 2] -2



modified eagle medium (DMEM), no glucose (11966025; Thermo Fisher
Scientific, Waltham, MA) culture media®l ¥< %, 95% d49 5% o|itsiet
2% 7% hypoxic chamber (INCO108, Memmert, Schwabach, Germany) il
Zy7y 304, 60+, 90w3F w=EAIY 30+, 60+, 903t AbA-x v A A
g o]F ¥rdo] W culture mediaE growth media® A3t 95% +F7]9}F
5% olAitstera® A ¥ chamberol A 23.5A1%F, 23A1%F, 22.5A1%F &<F AjAbA
5}E AlZITh (OGD/reoxy) OGD/reoxy E9-2 ¥ d-AdF &4 FAFSH
A FET AdEs ARG o A&GEA W E4E fEAvha G A Qe

2.4 AX AEE =73

>«

obfd AYE A @2 HCN-2 QAP ARAETH 30%, 60%, 9023t Abx
X5 AF(OGD) 9 AAFAZ(Reoxy) HAS AR A ABMET 774&
modified 3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium bromide&
A3 tetrazole 24 W (MTT assay)S ©|&3lo] AE AEEE =43}
Z4zE 304, 603, 90kt -2 nd Ay AYE ¥ ¥ AX A2 24 A
of et Ade Ath-xEF AP AKH60E) = AR control siRNA 417
METI ZH] A~EFE knockdown JAZF A A ES A 22 OGD/Reoxy g /5

filo

A XS control siRNAE A FI3F AAAM¥ES, SERPINA4 siRNAE A
F993% Ze] 2~EFel knockdown A A E, control siRNA 32 F9 A AAEL
ol OGD/Reoxy #4¥& AH#et +, ZT2EE knockdown <13+ AAAELE

OGD/Reoxy AlZl 072 Z 4707 YFuh 23 HIFE AAdoz H9)
Ul SERPINA4 (Human) ELISA Kit (KA3892; Abnova, Walnut, CA)ZS A}&3}

of Lo et FE) ARA 23 slvh

2
A

2.6 A3} AE#HA 9 M IEAHA SF

4700l METAA AE W A3 AEHAE SH87] $8l WA NADPH Aksla s



(NADPH  oxidase, Nox—1)¢ &S #Qlstaa sk3lal  anti—-NOX1
antibody (Abcam, Catalog number: ab55831)% ©]&3F western blot2 AFg3}
o] 433tk Culture mediath®] Hy0,% %+ hydrogen peroxide colorimetric
detection kit (ADI—907—-015, Enzo Life Science, Farmingdale, NY)E o] &3}
of =439 01 cleaved caspase 3 WS FQI3tr] $J& anticaspase 3
(1:1,000; 9664; Cell Signaling, Danvers, MA) western blotS ©]83&}o] AL

AEAE E3sH,

e A3 BAA B4 ANOVA with Tukey post—hoc test WHS AFE-31S
Z7A A2 SPSS 21.0 for Windows (SPSS, Chicago, IL)E o] &3}%]

o=
PE| o om FBYFEL p < 0.05 Ak

12 21 ]



111, A3

3.1 Z¥J2E8 knockdown A7F AR AMES] SERPINA4 FZA &g

A8l ¥ Ze] ~et"l knockdown A

FAFAS oA &= A AE
%Lur H]Lo}oi SERPINAM mRNA o] dA3s] A FA4HgoH oj5low
ZF2] ~E}¥l knockdown QIR AAMEE A 253t (Figure 1)

s P<0.01_
i P < 0.01
7 120 -
o = |
S5 100 -
o E

S
S22 a0
2

= l
E %’ 60
Z 28 40-
n_ o
o 20 -
w2

0
Native Control siRNA SERPINA4Y siRMNA

Figure 1. SERPINA4 mRNA expression after SERPINA4 small interfering
RNA (siRNA) transfection

mRNA, messenger ribonucleic acid; siRNA, small interfering ribonucleic acid

3.2 AA-X5g AP A7t WE AXE FJEE SH

A, A AAAME HCN-29] A8 3g OGD/ReoxyAlits A7sk7] fl8) <Azt Al
AAIE HCN-25 x5 23 wiAol ¥ 5, 95% A9 5% o]al

¥ hypoxic chamberel] Z}7Z} 308, 60+, 90E3F == Al7]2l °o]%
WAkl 95% #5718k 5% olArstetAE FH/d ¥ chamberolA] 23.541%F, 23AI%E,
2.5 Tk AAASE A7l & MTT assay s ©|&3t9] AlX =& £43)
Aok AE AEEE ol AgE AAA &2 tixzaeol Hlgke] OGD/Reoxy 30

\e]

b
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= (p < 0.05) 8 60 (p < 0.01), 90F(p < 0.001) o.& AFA

R

A& gelstth. (Figure 2)

Y2
e i

_ =* B2 < 0,001
120 “P=<001
*P<=0.05
3 100 1
=T L
=5 @0
& o
ke E 60
S8
g 40
20
0
Control 30min 60min
OGD time
Figure 2. Oxygen—glucose deprivation/reoxygenation(OGD/Reoxy)

dependent effect on human neuronal cells

A7) ANE PAR dEE R Aolg noln
AEE OGD/Reoxy AdE W3NS we] AL B
NAMEE o] &3t AAs AtAh-x5d A A

SiIRNA &3¢9 NAA XS Za AEke
OGD/Reoxy A /%ol WE M =TS =As)9tt

Control siRNA¢} SERPINA4 siRNAE

- AE AEES

8 sk A EZ T

SEAE 1

20min

time

Z2] ~E}¥l knockdown
sFo] It

EFoA OGD/Reoxy ¥4
A # T, (Control siRNA: p < 0.01, SERPINA4 siRNA: p

< 0.001) (Figure 3). 71 & OGD/Reoxy¥}7A o]|%9] AX AEE A+ control

siRNAZ

st AAMEZLT v wste] SERPINA4 siRNA 32 F

TFd= T3l 2

2 o] AAE AAFAE] OGD/Reoxy S AXRE W ¢ TRt

(p < 0.05)

ﬂ- -1]|-:f11 T



=P <0001
* P =0.05
*P<=0.01 * P <0.05 =*P<0.001

100 1 I

120

Cell viability
(Normalized to control)

fos o oo

) = =]

]
=1

0

Control siRNA + + 3 2
SERPINAY siRNA, - - + +
0GD . + = 4

Figure 3. The cell viability of oxygen—glucose deprivation/reoxygenation

effect on control and kallistatin knockdown human neuronal cells

3.3 ZEg 28l 5 73

SERPINA4 (Human) ELISA Kit& o]&3te] 24749 Axie] ZeAed ks
SAstslor, ofFd  AHEE AXA & control  SiRNAT I} H]ﬂé}"%
OGD/Reoxy = AZ control siRNA FAFS]] AxT oA Ze]Aetd o] wby
o] ZtArst= AL etk (p < 0.001) T3 control siRNAT Y B 1w dlo
SERPINA4 siRNA FAFY7E Al ZaolA Ze|~ed ddol Oﬁﬂﬁ A FE]lst
Fom(p < 0.001) o]+ control siRNAZIF] OGD/ReoxyAlFHS W vo+= Z+
g A~EE R o AS2 @5t (p < 0.05) 184y, SERPINA4 siRNA &
AFd= 3l Ze e Hdeo] Y AFELS -3 EY A AHikast
of wet ZelAsd FE7F Fon g Zpo]E o] kktt. (Figure 4)
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= P<0.001
wE ﬁ < o_m-'
1680 - P < 0.001

140 - :
120 1 * P <0.05
100 - * P <0.05

80 +
60 -
40 -
20 -

0

Control siRNA - + -
SERPINA4 siREMNA
oGD - + -

Kallistatin Level (pg/mL)

]
L}
+

Figure 4. The kallistatin Level of control and kallistatin knockdown human

neuronal cells on oxygen—glucose deprivation/reoxygenation

3.4 A3t 2E#HA 9 M EIAHA SF

Control siRNAE & FJ8t ANAAELT, SERPINA4 siRNAE & F4lst
2] 2~E"l knockdown Al A3, control siRNA A F9 A RGAMELY ZHe
E}el knockdown QI1ZF A A A ZEe] Z+7ZF OGD/Reoxy A7+, 4702 Al E -0 A]
A o AIAEHAE 54357 98l NADPH Absta4Nox—1)° g
hydrogen peroxides =% =743 th SERPINA4 siRNA FAFS %23 7+
AR dbdo] oAl ARl BlEl] o] Aol OGD/Reoxy#8S AX Z&Fel
A NADPH Abslas 2ol Frkske AS E2lstslaz(p < 0.001) control
SiRNA & AF9] AAAEY OGD/Reoxy IS AR AXTY vHlm AloE Ze
2~EEl knockdown A|Ew+o] OGD/Reoxy# A4S 71xA4 ¥4 NADPH Atsla 4
o] g% Frteke As Felakdlth (p < 0.001) (Figure 5)
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**P=0.001

**P<0.001
B <0001
* P <0.05

MNox1 expression
(Mormalized to control)
o = M o Ao R~ Qo

Control siRNA + + u
SERPINA4 siRNA - - +
oGD

L]
+
0

Figure 5. The NADPH oxidase(Nox—1) expression of control and
kallistatin knockdown human neuronal <cells on oxygen—glucose

deprivation/reoxygenation

0502 culture mediat]® hydrogen peroxides®EE S431%SY  control
siRNA 84 F9] Ax7e] vla] control siRNA ZAFY AET o] OGD/Reoxy
PBAE AR HETFONA hydrogen peroxide %7} o Egkow(p < 0.01)
SERPINA4 siRNA AT T3l ZElaes ddo] oAE AxELd o] AE
o OGD/Reoxy38 & AX 15 % ¥ A% hydrogen peroxide %7} 4
S7hekE A& Felasith (p < 0.001) (Figure 6)
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" P = 0.001
** P <0.01

1600 - S
d * P <0.01
-y 1400 - *P <0.05
£ 1200 -
o
£ 1000 1 !
% 800 - ]
~. 600 -
O
T 400 1
200 -
0
Control siRNA, + + =
SERPINA4 siRNA - - + +
OGD : + :

Figure 6. The hydrogen peroxide level of control and kallistatin knockdown

human neuronal cells on oxygen—glucose deprivation/reoxygenation

gow MEAIALE FQAs7] 48 western blot#lE o188 cleaved
caspase 3 LHYEE Flatlon control siRNA A|¥:77 SERPINA4 siRNA
gaFee Ba 2esve wdol oAl® AxFe] 27h 0GD/Reoxy e 7
A= ™, OGD/Reoxy 85 AAA @2 AMZist ¥l Al caspase—3 L0
7k 21e #elatith (Control siRNA: p < 0.05, SERPINA4 SiRNA: p <
0.01) (Figure 7).

AZA o7 ZHa] Aetel w3 o] AdAE knockdown AIAAXEG] OGD/Reoxy 4

S XA HH NADPH Ab3ta A9} caspase—37F 7} Wo] 2 ¥ ) 11 (Figure
8) ol& QI3 AtstAd &4 2 A EAEAE 1S AYsS &lEd 4 gl



** P <0.01

" P <0.01

o2
W

b
o

* P <=0.05

]

=
wn

-
e

(Normalized to control)

Cleaved caspase 3 expression
=
o

0
Control siRNA + + . o
SERPINA4 siRNA - i + +
OGD - + - +

Figure 7. The caspase—3 expression of control and kallistatin knockdown

human neuronal cells on oxygen—glucose deprivation/reoxygenation

63 KD i

48 KD
20 KD

Cleaved

caspase 3
15 KD

48 KD

B actin

35 KD

Control siRNA + + -
SERPINA4G siRMA = = +
oGD - -

Figure 8. NADPH oxidase, cleaved caspase 3 western blot protein band
result of control and kallistatin knockdown human neuronal cells on

oxygen—glucose deprivation/reoxygenation
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Introduction: Ischemia—reperfusion injury is a series of processes that
occur when oxygen supply to tissues is lowered and reperfusion occurs
after ischemia, and is known as a major mechanism of post cardiac arrest
syndrome, reperfusion after myocardial infarction and stroke, and sepsis. In
the previous studies, NADPH (nicotinamide adenine dinucleotide phosphate)
oxidase is involved in the early stages of ischemia—reperfusion injury, and
it generates oxidative stress. The main mechanism of brain injury after
post cardiac arrest syndrome is the generation of reactive oxygen species
by ischemia—reperfusion injury and apoptosis proceeds. The neurological
outcome after cardiac arrest is still poor. According to recent proteomic
study, low serum level of kallistatin was associated with poor neurological
outcomes of out—of—hospital cardiac arrest survivors. Kallistatin is a
protein that is encoded by the SERPINA4 gene and is found in human
plasma and has anti—inflammatory and antioxidant properties. Kallistatin is
known to contribute to antioxidant activity by inhibiting the activity of
NADPH oxidase. Therefore, the purpose of this study was attempted to
clarify that when human neuronal cells deficient in kallistatin undergo
1schemia—reperfusion injury, the expression of NADPH oxidase increases,
resulting in excessive production of reactive oxygen species and

deterioration of oxidative damage.

Methods: SERPINA4 small interfering RNA (siRNA) was transfected into
human neuronal cells to produce kallistatin knockdown neuronal cells. After
producing the SERPINA4 knockdown cells, the expression level of
kallistatin ~ was measured. To induce ischemia—reperfusion injury,
SERPINA4 knockdown cells and control siRNA transfected cells were
exposed to 60 minutes of oxygen—glucose deprivation(OGD) followed by
23 hours of reoxygenation(Reoxy) and cell viability assay was performed.
In addition, the levels of oxidative stress and apoptosis were compared by
measuring the concentration of kallistatin, NADPH oxidase, hydrogen
peroxide, and caspase—3 in kallistatin knockdown cells and control siRNA

transfected cells and each treated with OGD/Reoxy.
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Results: SERPINA4 siRNA transfection suppressed kallistatin expression.
60 minutes oxygen—glucose deprivation and 23 hours reoxygenation
reduced cell viability in both SERPINA4 knockdown cells and control
siRNA tranfected human neuronal cells. The expression of kallistatin was
reduced in the control siRNA transfected cell group after OGD/Reoxy
process.(p < 0.001) Also, it was confirmed that the expression of
kallistatin was inhibited in the cell group transfected with SERPINA4
siRNA compared to the control siRNA group.(p < 0.001) To measure the
oxidative stress, NADPH oxidase expression, hydrogen peroxide level were
compared. NADPH oxidase expression and hydrogen peroxide level was
increased in the cells that had undergone OGD/Reoxy processing on
kallistatin knockdown group compared to the kallistatin knockdown cell
group without OGD/Reoxy. (p < 0.001) When the control siRNA
transfected human neuronal cell group and the kallistatin knockdown cell
group were processed to OGD/Reoxy, it was confirmed that caspase—3
expression was elevated and apoptosis was promoted.(Control siRNA: p <

0.05, SERPINA4 siRNA: p < 0.01)

Conclusions: The kallistatin knockdown cell group were processed to
OGD/Reoxy reduced cell viability, NADPH oxidase expression was
increased. As a result, more free radicals were generated, more hydrogen
peroxide was produced, and more caspase—3 was produced, thereby
promoting apoptosis. These results suggest that kallistatin may provide a
clue that it can act as s neuroprotective action against I1schemia
—reperfusion injury in human neuronal cells through anti—oxidant and

anti—apoptotic effects.

Keywords: neuronal cell, kallistatin, reactive oxygen species, oxidative

stress, apoptosis, ischemia—reperfusion injury, NADPH oxidase
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