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AT+ 53

AUy 75 Zele HEA 29 oY Fo HEAdY F shbolth
Ze| AR Aol vekst 7ds Eete] dAF A&

endothelial nitric oxide synthase (eNOS)$ A#E HEE &3t
AUy 7s AelE sk AlE oA Uk # dATE
W5 st 3y Alx R ZejAgielo]  d¥hy gy
Az Agste 7S Elsta, HEd aa SHelA dF

ZE|aEd seet dady Ve Aefel A" wAAE st

A AFE 8l A AdA® I M E (human umbilical vein
endothelial cell, HUVEC)E w4l [oHyF AHgm AldshA &
(& 9E+), control FHS HY @B AF(small interfering
ribonucleic acid, siRNA) #AFIRE A& +(control siRNAT),
control siRNA  @AFY3 A Avhd (lipopolysaccharide, LPS)
g]E Al8iet +(control siRNA + LPS+), SERPINA4 siRNA
FAFY Alget 7 (SERPINA4  siRNAT), 283l SERPINA4
siRNA FAF9d3 A7 A2lE A3 T (SERPINA4 siRNA +
LPST 1oz ek 7h #HE Ax AEY, Ax g o
A AEE FE, 123 eNOS RS FAs

ok Yy Lz TR Y IxERE Y AIHE, 99 24
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AIRE 5 49 72 ARE - AQES dea AAe AdA R e Adst

S o]-g-3} aAd3H Y F 2 A enzyme—linked

i)
of
m\U
L)

immunosorbent assay, ELISA) S %3] 2B}, vascular cell
adhesion molecule—1 (VCAM-1), E—selectin 55 =743t U
AGE AT dd AT dA Ay WHgE 289 AMYoR

a5,

a+ 27

SERPINA4 siRNATolA = A4 tix1 (2.5 + 0.7 pg/mL o) 21.1 +
2.1 pg/mL, P< 0.001)°]4} control siRNA +(20.5 £3.3 pg/mL, P<
0.00D) 3 e wf Ax vjF) ff ZejAssd Fe7 ZHAasklh
Control siRNA + LPS+-9] A3 wjekad o Za] A~eldl 5%+ control
siRNA 3} Blugls o folabA #Aaskvh(12.0 £ 2.3 pg/mL o
21.3 * 3.6 pg/mL, P = 0.046). SERPINA4 siRNAT(3.2 £ 1.4
pg/mL, P < 0.001) ¥} SERPINA4 siRNA + LPS¥(3.6 * 1.9 pg/mL,
P < 0.001)2 Ax il W ZeAEel F%+ control siRNAT
H RS o wg 3A SAHAOH, F o Abolo] fos A AEd
T ozbol WEEA LR = 0.999). SERPINA4 siRNA +
LPSw9 24 AIZF AEH(58.0 £ 3.7%) 2 &4 =100 = 7.9%,
P = 0.001), control siRNAT(98.2 £ 9.0%, P = 0.002), 712
SERPINA4 siRNA #(93.3 £ 4.7%, P = 0.007)% Hlw3yS u
F A A3kt Control siRNA + LPS (4.1 + 0.1 ng/mL, P =
0.041) 3} SERPINA4 siRNA (4.1 = 0.1 ng/mL, P = 0.041) 9] A%
ok 1 eNOS #%+ control siRNAT (4.5 £ 0.1 ng/mL)¥}

Hugs o 34 =459tk SERPINA4 siRNA + LPST9 A*E

i .-_:I'x _'q.l.- _ 1-].
| = T



okl 1 eNOS H%(3.7 £ 0.1 ng/mL)= 4 27445 £ 0.1
ng/mL, P < 0.001), control siRNA (P < 0.001), control siRNA +
LPS+ (P = 0.021), Z18]32 SERPINA4 siRNA(P = 0.021) <) H]3}
FrolstAl wA S = A

A ATl F 72 B SAAEST 58 W, AT 14 )9k 6

geol AAe AdATE Al Folsglnh. dAE AdAte] Hls
&

13 E-selectin %7}
Abgrold = Al AR BEFOA dF AgAEE w7 9
=359 Y A, 4.4 pg/mL (2.9-6.1 pg/mL) W 25 pxg/mL
(2.1-5.0 pxg/mL), P = 0.019; 24 A+ & 4.3 pg/mL (3.3-5.2
reg/mL) o] 3.2 pg/mL (2.2-3.8 pg/mL), P = 0.004; 72 A7+ &,
3.1 pg/mL (25-4.2 pg/mL) o] 2.3 pg/mL (1.7-3.1 pg/mL), P=
0.012]. ¥ &% VCAM-1°l4 E-selectin &%= S+ < Afolel
Folgh ztol7t BEEA kskth. v ZAAY 37 A A, ¥

24 A7 F Z3F 4F BesEd FEE 28 A Agl 53
o}

ABAJo] BHHUTH( Y], 0.29; 95% AlF 7, 0.08-0.69, P =
0.024)
48

SERPINA4 sSiRNAT A= 4 dlx&7°ly control  siRNAT3}
s ) A sjeFd f ZEAEeE 527 Fo5A skt

SERPINA4 siRNA + LPSTolM+= &4 iz vlagdls u AxE
ekl ZElAEtEl F7 FosAl Hastda, 24 dERd,
control siRNA+:, 712]31 SERPINA4 siRNAT ¥ vBlwLS o A3
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AEHo] HA3G o, S thZ+, control siRNAT, control siRNA
+ LPS+, 18] SERPINA4 siRNAT Y B3-S wf A3E vfoFal o
eNOS %7} FostA #Aaststt. sidAd &3 FxbelA g 24

Zz9ol: HEX=, gy 7|5 Fol, WAZAA}
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AT FE A B ettt e b e e ne s 1
AT 2 AT HIZ s 1
A1 B HEZT A 2T 1
A2 gAY &TolA AN 716 ol 2
A3 & ZE2e R AW 715 ol 3
A2 A AT T s 5
A3 7 AT B s 6
A2 F AT AE L B e 7
AT AT AT e, 7
AT & AEE B e 8
A2 F FL A FEIAF FAFQ 9
A3 & AATHETF HE] e 10
A4 & ZEAEE FE S e 11
A5 & AE AEY S e 12
A6 B eNOS FE S e 13
AT B FAD AT e 14
A2 78 A T e 15
A& AT A Z A e 15
A2 & D DR AR TR e 17
A3 AAATVAFTZAA o 18
A B AT G e, 19
v 21



AB A AT I oo —aa . —————————— 21
AT B A T e, 21
A1 & siRNA FAF el wE ZE| Aetel F5% B, 21

........................................................................................................ 27
A2 A O B e 29
AL B T T A R e 29
A2 G 712 JATFEATE 44 D AE S 30
A3 3 d= A A", VCAM—1, E—selectin &% B ........... 37
A4 B BANE S A e, 42
A4 T TLZE e eeeeee e et —eee s e et ——aaratu——aaeara——aaarnnnns 46
s T < 51
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2N 015 = Yot A 58

£ =3

[ 1] 28 & APG Ao BE 7|2 IdTFFASH A5 31
[ 2] 7A7& AdA, 28 A ST, 28 A AT 9 EF

Z2] A}, VCAM—1, E—selectin 352 Bl ..coveueeeveeeeennnnn. 40
[ 3] 28 & APZe) digt 2AAY A 24 AF................. 43
29 =23
[2% 1] HE8F A oA s BFUT .., 2
[29 2] ZEAEEIY FUT & e 4
[28 3] ZEAEH Y AX ZEAF GA i, 4
[28 4] A ATY HIZZ B e 7

[Z2% 5] siRNA ¥ZAF{e] wE& HUVEC wj%d o ZeAEd

Vil



[Z3" 6] siRNA JAFAY AAgd{ Hd =mE HUVEC
HjFd ] ZEAEE BE e 24

(2% 7] siRNA @253} AAGH Ao @& HUVECY

24 NTE AZEY oottt 26
[2% 8] siRNA FAFYFH AAGTF Ao mE HUVEC
BN U] eNOS B ouiuiiiererereeeeeeereeeteseeeeseseseesessssesesesesesens 28
[ZF 9] B AT BB e 29

[ 10] 3733 Ad=re dE A, 99 24 A F, A4 72

Al & ExEFE ST EF ZYLEHE, VCAM-1, E-
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AL & AHE

Al A A7 w3

Al F AT WY &3

AL gojet Am Aol gk =AHQ Fort o] Fo| X ol (1)
AL o F-oF AR Al n]Gol thE B2 FES] ALHIL Uk
FH e goo] mEY HIdFS Aol Wit 559 2dHA &2

REoll ol s A s 7] Ve FelE A 3l



A2 F HEY &394 BT 715 Zel

gels Jl% gels AEY aa9 WHALd FoF /14
Felth6). Auum % Aol FREAHY 27, MmR el
=7, enATe Z7h AuAPEe Ws, 12w AuuAEe)

MAEAEA T& EAHo=R (" 1) (7-9). Angiopoietin—1,

of
1o

angiopoletin—2, von Willebrand Factor, ADAMTS13, ICAM—-1, E—
selectin, VEGF & U3t AEXEXAEC] iy 7]e Hofet
A dgol  dEAH  Ja(10) LdFE  AFeME o]HI

S Skl A A Afolel ddo] Stk

11).
sepsis
RBC ————————— - . =
Albumin. :> ‘ :> ' => ' 1_> ‘ ' > ._n"-:‘;‘?‘:;ww Glycocalyx
Act. platelets * P Y b 5 - /_

ndothelial cell

Mechano “
Transducers j/_\ - - \ 7
NADPI lsonémos( ) — € =)

Mitochondria ROS RNS —— Interstitial space
Microparticles——# Lipid *
Peroxidation
‘ iNOs 1 j iNOS 1 iNos 1 };
Parenchymal Cell
ROs 1 vl ROS t ROs !

a4 1. HEE @xelx &4d3ste dduiy]. Ince 9 ATelA
A (9).
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A3 & Ze2eEs dBUH 75 B

ZHe) ~ 1€l (kallistatin) & A& ZZgolAl A4 (serine protease
inhibitor) &, 1980 el Chao 5ol 93l Z&] Azl 2l (kallikrein) 23t

gd R e o] 5 (12) Aol thekdt a8l wojsta Slseo

_—

ubs A groh ZHe AEFE S tumor necrosis factor—alpha (TNF—«) £}
high mobility group box—1 (HMGB1)S] A& F3l FAS2ES
YER)2(13, 14), TNF— @, endothelial nitric oxide synthase (eNOS)
T s =43 duE BEE ot dadY Vs FelE Facke

Ao A UAtH(adE 2, 3) (14-16). AA WolA ZeAede

olr

thekst Ao Fxsta flow, FE OIMAES Ao EoMln
AEeA AEHEE 2oz deid Jqva7n). =g HdF, HEE
Aqats] 5w GO @AtellA Al nls dF
TEZY FAaske Aol &EA AdedA7, 18), HEe $ AT
HdF satelld] ZExEtde] dF wxo At EFS o
Aol Qg & Ut R, LAEE 9o TNF-a,
interleukin (IL)—=18, IL-6, IL-8 %9 d3% F%5 =439 1
A3E A Rug v Qlth(19). a2y obH 7k ¥ &3
B A dF ZEAEE w9 Ay s e, a8 oF
Atolo] Al disi e dE R wrp @ ok



Kallistatin

Heparin-binding Site

VEGF TNF-a HMGBI1 eNOS/SIRT1 SOCS3

l Inflammation

a9 2. 2 aEe ] F9F A8 Chao 59 dATtellA 2 (20)

TNF-a, ANG I,

oxidative stress
[ Kallistatin }

NAD(P)H /\

oxidase y'e
PI3K — LY\

KLF4 ——— RNA.i
Akt —— DN-Akt

N\

P-eNOS  FOXO1 (C) _
P-FOXO1 (N) l i eNOS+—— RNAi

l l

Bim NO Bim NO

l Endothelial cell apoptosis

T 3. ZYAEd Y AE AFEAE 9AlL Shen 59 Aelld 18(15).
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A2 A A5 7H4

= ZYAREE eNOSe ddd ARE st duudy] Ax
BAME fske o deld vk wEbd dee] Al A
Ze) <Rl §42F ok (knockout) ol 2)¥F ZE]|AElE FE O
Asts dady] AlZE o] &3 HdT EdolA eNOSS o=
A7 e Al AEANE ST Aot
= PN aa AN T uFE BEdY F o 7] ]
71 Aelzk @Aske Zow A Q. A T HH
gAfol Aol fFAteAl, B 3T FAelM= F L AEHE
SE7F Aag Zojny B fd &d @AM dudy] Vs
Fofol A A= €5 Zuaud sk ddEo 9le Zojth
g% Zuad sE7F o w2 Aol dady Ve

Aol7h o A% Rolw, ot BRd o Fok AwEo] 9 Holrh

N

5 J—'!h1|i1|7



A3 A AT FR

32 o) A

Al

ERan bl

2 AEFEL O]
Ze ~Ehel

Ag e BAE

B3

SR LR E

B4 9

;OL

o}
o

=
o

E—selectin

Ze] 2%, VCAM-1,

Ao A

HdA &

Ze|~Erelo]l day] Vs

Sxpell A 2

o]

A E A
A8 277 ¥
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A2 Z AT A %

Aol AREE vl Sl tiE A Wee 19 4o Fessinh

N

Y

control
siRNA
HUVEC cell
SERPINA4
siRNA

kallistatin
knockout

LPS

N

Negative control
.
)

Control siRNA
~— @

7~ 2

Control siRNA
+LPS

N
o =\
SERPINA4 siRNA

~——

7S 2 \

SERPINA4 siRNA
+LPS

a9 404 A v 24,

HUVEC, human umbilical

vein endothelial cell;

~— @@

siRNA,

interfering ribonucleic acid; LPS, lipopolysaccharide.
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A1 F A vt

Q1zF AP A W YU A X (human umbilical vein endothelial cell,
HUVEC; 7}&=21 s C2517AS, Lonza, Walkersville, MD, USA) &
37C, 5% ©|At3}era 7oA 10% A ®lo} A (fetal bovine serum,
FBS) %9 Endothelial Cell Growth Medium—2 BulletKit™
(EGM™-2, 7}g=27 W& CC3162; Lonza, Walkersville, MD,
USA)ell 24 AZF &<t wikatitt. HUVECe] 90% THS °lF3U&
o] 96—well plate =& 6—well plate®] Zt7} 3+ welld 2 x 10* 7, 2

x 10° /W% 7}E (seeding) 301 AP el o] 83+



#) B3 Ak (small interfering ribonucleic acid, siRNA; 25 nM, target
sequence: 5° —GGUGAGAGUUGCAGUAACA-3" , 5° —CAAUCC-
AGCUUAUCAACGA-3" , 5 —CCACCAGCUUCGCGAUCAA-3" ,
5 —GCAAAAUG-AGGGAGAUUGA-3" ) (ON—TARGETplus
Human SERPINA4 (5267) siRNA — SMARTpool, 7I1E&Z271 W3E
L016371000050, Dharmacon, Lafayette, CO, USA) ¢} siGLO RISC—
Free Control siRNA (FFEgzZ71 ¥HM3$ D0016000105, Dharmacon,
Lafayette, CO, USA)E o] &3 FAF4Y (transfection) = A133F3 Tt
siRNA JAFYL 6 A & o]Foixla, ddFY" HUVECS
b v okl (complete medium) oA F7k2 18 Az F<F wjekseitt.
HIE 98t obF AHul®: AldskA o2 54 dxads F7E

wjoFstol A@el Agstgict.



A3 F AAGZTF 2

FA F93 wjoko] ¢%E¥ HUVECS

AT

off
krl
1o
N

se A 2ok, o
4

AATE ehdufekeol A 2

oAl 5 Fo® o]
(lipopolysaccharide, LPS)E A& 3A

2~ ®o} &A (fetal bovine serum, FBS) <

ARY st

10 A 2t



A4 F ZEEE & 53

Kit (g2 "3 KA3892, Abnova,

11

Walnut,

CA, USAE



A5 & AE AEH 54

HUVEC®] 24 AlF &Y 545 93 Cell Counting Kit—8 (Dojindo

Laboratories, Kumamoto, Japan) & ©|-&3}%t}.

12 . ,H '~,r 1_'_” r



A6 & eNOS 5% 57

Human eNOS ELISA Kit (FFE=27 H3 MBS8291345, MyBioSource,

San Diego, CA, USA)E o] &35l A3 vjN o2 HE] eNOS 55

13 . H kl 1_'_” r



& A4 £

A7

B

ﬁo

A1 (analysis of variance,

N
e

N

_#oT

ANOVA) % Tukey?] At

—_
fite)

value) 0.05 7]

e,

5

AHg

EeX
=

R ¥4 3.5.1 (R Foundation)

14



Az A g AT

Al & A7+ A3 94 2A

9y ATE APHoR LW Amel UF FFH B AT
A, B AT mrEze  AgYsnid

oA g g dsle] FAE ol Y HQJITHIRB No. 1710-
072—893; IRB No. 1408—003-599; IRB No. 1012—140-347).
Aol AHgd A9 dAL 20139 3€ 19FE 20159 12€
3197b4 Agdgtudd  SHFeAdel slds AFEd x3
S$AEZHE ST AESTS A ARE At Ul 74H 9]
1% (1) AL > 38T & < 36T; (2) ¥3 v > 90 3); (3)

A4

Fd 5FT > 20 3] 52 PaCOz < 32 mmHg; (4) 8% 9d+ -+

12,000/mm® =& < 4,000/mm® =& uA< 3T > 10%]

of

B gAe] <
AE Y. 49 BAelA Ade wEshE A8 Terzd nel e



AT Fofol ok AL, 3 He) AP FrFA EIAY, B4
94 waksle] gl Welgre] Ao FEsA L 28 A AE
9

FAT 4 YD BAE AT

-

X
2

Qe Yol ANE mA FIES Bl AW AAAE
2R, BAE AA4RRY 146 7% AW 59% TR F
dol APL Ak AT Fol WyomtE Add AR B4

A7k G3F 80EA 2] Wsare] HaE ST},

16 . H kl 1_'_” 3



A2 & 4 AR A7 57

ATl Fold ABY &2 BAES AFF AR OF A
AR @D BE deegel wxe FAA, SU4A Fol o AuT
wokth. Aol AA AT AS olF AAN A% =¥
btk AT O SRERANC Adshs AW

QATEAGA Az B ARE FHHYIL, A 6 A F

]6

S
o=
ol

Sequential Organ Failure Assessment (SOFA) A$4E A4t}
A 24 A T Y 72 A T FLEA HAF AHE FFHE

SOFA AE Alitstsi.
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A3 § EAAFASERAA

AT o EARFH Y A5, A9 24 AP 5, 94 72 A F

Adst dN HAlel Agst AAAEFE Qs ) HAZFEH F
ZHe] 2~ ke, VCAM-1, E—selectin TEE
a4 g2 A enzyme—linked immunosorbent assay,

ELISA) & ©] &3] olF 2 & (duplicates) 43ttt d5 ZeAvH,

VCAM—-1, E-selectin &% Z4& $%] Human Serpin
A4/Kallistatin DuoSet ELISA (R&D Systems, catalog number
DY1669, Minneapolis, MN), Human sVCAM-1/CD106 Quantikine
ELISA Kit (R&D Systems, catalog number DVC00), “18] 3 Human
sE—Selectin/CD62E Quantikine ELISA Kit (R&D Systems, catalog

number DSLEQO) ©] Z}z} A}-g % it}

18 '}"‘5 ui 1—l| =



A4 & 23 A

g B e



T A 24

A5

SRS 9D

At

9

22|

+

ﬁo

e}
Chn

o]
=

A 79 (P value) 0.05 v]wqk

e

A

0

B
—_
fite)

2!

fite)

oo

-
e

sl

o
9

ol
A

—_
fite)

= 0.10

3t
ol

Zow oAl

3

Dz

o)

ks
er

bogk

=
o

7}

shel e,

o1&

KeX
=

(R Foundation)
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A3 F AT 2

o AL AlFgstA ¥ F(EA  dE=)# control  siRNA
FAF9]S 3 T (control SiRNAT)  Alololli= AE Hjokal 4
Ze| A8 s fFosh Apolrp dEE A okgtth(21.1 £ 2.1 pg/mL
Y 20.5 *£3.3 pg/mL, P = 0.981). 121} SERPINA4 siRNA
PAFYLS 3 7 (SERPINA4 siRNAT; 2.5 + 0.7 pg/mL) ol &= 24
th Z o] (P < 0.001) control siRNAT I Hl S o (P < 0.001)

A wjekel o) el AvE sEs) astarh(ad 5).
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301

- N N
o o [&)]
1 L L

Kallistatin level (pg/mL)
=)

0 .
Control siRNA : + -
SERPINA4 siRNA ; ;

+

1% 5. siRNA @ #AFlo] wpE HUVEC wjd o ZgAgd 5E.
*P<0.05, "P<0.01, ™P<0.001.
siRNA, small interfering ribonucleic acid; mRNA, messenger

ribonucleic acid; HUVEC, human umbilical vein endothelial cell.
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A2 ¥ siRNA FAFYFY AAIFHF AHd wE
Zre|Aetel FE vl

Control siRNA BT + AAdFE A2 st 7 (control siRNA +
LPS) oA &= control siRNAT¥ HI WS o AX #fefd e
Zel et w57 fFoeA HAaskeit(12.0 £ 2.3 pg/mL o] 21.3
+ 3.6 pg/mL, P = 0.046). SERPINA4 siRNAT (3.2 = 1.4 pg/mL, P
< 0.001)¥ SERPINA4 siRNA AT & AAUIHFE A
7 (SERPINA4 siRNA + LPS+; 3.6 + 1.9 pg/mL, P< 0.001)9] A%
kel o ZE]AE" 5%+ control siRNAT Y Hl S o of$-
A FAHReH, F o Abole] fost A AEE R AbolE

HEEA (P = 0.999) (1% 6).

23 H 21



w
o
f

- ~N N
w (=] o
L 1 L

Kallistatin level (pg/mL)
=

54 . T

0.
Control siRNA + + - -
SERPINA4 siRNA - = + +
LPS - + - +

1% 6. siRNA 35 A Aok Aol wE HUVEC HjFe) o
ZH AEHE 55

"P<0.05, "P<0.01, ™P<0.001.

siRNA, small interfering ribonucleic acid; LPS, lipopolysaccharide;

HUVEC, human umbilical vein endothelial cell.

2 5 A& o) 8
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A3 & siRNA FAFUY AT/ Ao uE AxE

AEY v

Control siRNA + LPS+#9 24 A|zF AEH(82.9 £ 75%)2 o4
Z=7+ (100 £ 7.9%, P= 0.411)°]4} control siRNAT(98.2 = 9.0%,
P = 0523 vluds o Fo3t AolE mojx tth 1y

SERPINA4 siRNA + LPS#(58.0 £ 3.7%) <% &A fzxd (P =

vhotth (19 7).

25 -":l-\._! _k;_': T



dk

1251

k%

*k

100 1

751

50 1

251

Cell viability (% to negative control)

O.

Control siRNA - + + - -

SERPINA4 siRNA - - = + +
LPS = = + = +

% 7. siRNA FAFY AT A2l W& HUVECS 24 A3k
RES=h

"P<0.05, "P<0.01, ™P<0.001.

siRNA, small interfering ribonucleic acid; LPS, lipopolysaccharide;

HUVEC, human umbilical vein endothelial cell.

26 W A—E -_3— Eﬂ &k
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A4 F siRNA FAFUF AAYqIGH Ao &

eNOS &% H|W

Control siRNAT (4.5 £ 0.1 ng/mL) ¥ B3-S W control siRNA +
LPST (4.1 £ 0.1 ng/mL, P = 0.041) 3 SERPINA4 siRNAT (4.1 =
0.1 ng/mL, P = 0.041)9 AX uja Y eNOS sE7F <A

=459 tF. SERPINA4 siRNA + LPSTY AX vk U eNOS

ol

control siRNAT (P < 0.001), control siRNA + LPS+ (P = 0.021),
78] SERPINA4 siRNAT (4.1 £ 0.1 ng/mL, P = 0.021)3

] B fofsiAl s SAE AT (L™ 8).

=
¥
tlo

27 .__ZI_\_! _'-.;_'f T

Z(3.7 £ 0.1 ng/mL)E &4 dx++ 4.5 £ 0.1 ng/mL, P<0.001),



~l

(=2}

eNOS level (ng/mL)
LA N N

-

D.

Control siRNA - + H T T
SERPINA4 siRNA - - = + +
LPS - = + - +

19 8. siRNA gAY A-AuZ7F Aol wh& HUVEC HjF)
eNOS FX%.

‘P<0.05 “P<0.01, "P<0.001.

siRNA, small interfering ribonucleic acid; LPS, lipopolysaccharide;
HUVEC, human umbilical vein endothelial cell; eNOS, endothelial

nitric oxide synthase.
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Az A g AT

Al & A7 A

W ey
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Aol Aatell S5

&3 BATL SHFBAA

O

Screened for
eligibility
(n=297)

Excluded

+ Unknown outcome (n = 8)
No informed consent (n = 146)
Incomplete 3-time sampling (n = 60)
o Death (n=15)
o Transfer to other departments (n = 25)
o Sample not received at the laboratory (n = 6)
o Sampling protocol violation (n = 13)
Y o Discharge (n=1)
« Insufficient sample (n = 11)

Study enrolled
(n=72)

28-day survival

A J A

Non-survivors
(n=14)

Survivors
(n=58)

a3 9. 9 A EEE.
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Survivors Non—survivors Pvalue
(n = 58) (n=14)
Age, years 69.7 £ 10.8 68.9 £ 10.5 0.823
Male sex, n (%) 32 (55.2%) 10 (71.4%) 0.421
Underlying diseases
Hypertension, n (%) 0.933
No 34 (58.6%) 9 (64.3%)
Yes 24 (41.4%) 5 (35.7%)
Diabetes mellitus, n (%) 0.113
No 44 (75.9%) 7 (50.0%)
Yes 14 (24.1%) 7 (50.0%)
Chronic liver disease, n (%) 0.894
No 49 (84.5%) 11 (78.6%)
Yes 9 (15.5%) 8 (57.1%)
Congestive heart failure, n (%) 0.172



e

No
Yes
Chronic lung disease, n (%)
No
Yes
Chronic kidney disease, n (%)
No
Yes, without RRT
Yes, with RRT
Solid malignancy, n (%)
No
Yes, without metastasis
Yes, with metastasis
NED
Hematologic malignancy, n (%)
No
Yes

57 (98.3%)
1 (1.7%)

54 (93.1%)
4 (6.9%)

56 (96.6%)
0 (0.0%)
2 (3.4%)

38 (65.5%)
15 (25.9%)
4 (6.9%)
1 (1.7%)

55 (94.8%)
3 (5.2%)

12 (85.7%)
2 (14.3%)

13 (92.9%)
1 (7.1%)

13 (92.9%)
1 (7.1%)
0 (0.0%)

6 (42.9%)
5 (35.7%)
3 (21.4%)
0 (0.0%)

13 (92.9%)
1 (7.1%)

1.000

0.098

0.258

1.000
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Chronic neurologic disease
No
Yes
Immunosuppressant
No
Yes
Transplantation
No
Yes

Infection site, n (%)
Lung
Urinary tract
Gastrointestinal tract
Hepatobiliary system
Bone, joint, soft tissue

Unknown

47 (81.0%)
11 (19.0%)

57 (98.3%)
1 (1.7%)

57 (98.3%)
1 (1.7%)

13 (22.4%)
14 (24.1%)
8 (13.8%)
19 (32.8%)
3 (5.2%)
1 (1.7%)

0.983
12 (85.7%)
2 (14.3%)
1.000
14 (100.0%)
0 (0.0%)
1.000
14 (100.0%)
0 (0.0%)

0.087
6 (42.9%)
2 (14.3%)
4 (28.6%)
0 (0.0%)
1 (7.1%)
1 (7.1%)
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Source control, n (%)
AnyJr

Surgery

Radiographic intervention

Other intervention

Parameters at admission
Blood WBC count, 1000/ ¢ L
Blood hemoglobin level, g/dL
SOFA score (0 to 6 h)
P/F ratio, mmHg
Blood platelet count, 1000/ x L
Serum total bilirubin, mg/dL
CV SOFA score (0 to 6 h)
Glasgow coma scale

Serum creatinine, mg/dL

17 (29.3%)
1 (1.7%)
11 (19.0%)
8 (13.8%)

14.0 (7.5-22.0)
10.0 (8.6-12.0)
11.0 (9.0-13.0)
252.0 (139.0-363.8)
130.0 (73.5-216.0)
1.2 (0.8-3.3)
4.0 (4.0-4.0)
14.0 (8.0-15.0)
1.7 (1.2-2.5)

1 (7.1%)
0 (0.0%)
1 (7.1%)
0 (0.0%)

8.7 (2.2-13.0)
9.3 (8.2-10.2)
12.5 (11.0-14.0)
184.8 (95.0-311.7)
93.0 (72.0-189.0)
0.9 (0.6-2.8)
4.0 (4.0-4.0)
12.5 (7.0-14.0)
1.9 (1.6-3.5)

0.169
1.000
0.506
0.317

0.027
0.174
0.145
0.298
0.286
0.578
0.592
0.445
0.441



1

Serum lactate, mmol/L

Parameters at 24 h
Blood WBC count, 1000/« L
Blood hemoglobin level, g/dL
SOFA score (24 h)
P/F ratio, mmHg
Blood platelet count, 1000/ L
Serum total bilirubin, mg/dL
CV SOFA score (24 h)
Glasgow coma scale
Serum creatinine, mg/dL

Serum lactate, mmol/L

Parameters at 72 h
Blood WBC count, 1000/ ¢ L
Blood hemoglobin level, g/dL

3.7 (1.9-6.1)

17.1 (9.2-22.0)
9.8 (9.0-10.8)
7.0 (6.0-9.0)
263.7 (201.1-374.3)
99.5 (65.0-131.0)
1.1 (0.5-2.4)
3.0 (3.0-4.0)
14.0 (10.0-15.0)
1.2 (0.8-1.9)
2.2 (1.6-3.2)

11.4 (7.4-15.9)
9.6 (8.6-10.5)

4.9 (3.1-7.8)

12.5 (9.6-17.4)
9.6 (8.5-10.3)
11.0 (10.0-13.0)
185.7 (128.7-271.9)
51.5 (36.0-103.0)
1.6 (0.8-2.4)
4.0 (4.0-4.0)
9.5 (3.0-14.0)
2.0 (1.5-2.5)
2.7 (2.1-7.1)

13.1 (8.5-15.7)
8.8 (8.3-9.5)

0.137

0.401
0.490

<0.001

0.016
0.038
0.308
0.013
0.009
0.022
0.086

0.654
0.125



SOFA score (72 h) 7.0 (6.0-9.0) 11.0 (9.0-13.0) 0.005
P/F ratio, mmHg 308.7 (250.0-406.2) 220.2 (153.2-326.7) 0.014
Blood platelet count, 1000/ #L 76.0 (43.0-120.0) 51.0 (25.0-82.0) 0.085
Serum total bilirubin, mg/dL 1.1 (0.6-2.7) 2.6 (1.0-4.0) 0.138
CV SOFA score (72 h) 3.0 (3.0-3.0) 3.0 (3.0-4.0) 0.089
Glasgow coma scale 14.0 (11.0-15.0) 11.0 (9.0-12.0) 0.008
Serum creatinine, mg/dL 0.9 (0.6-1.4) 1.5 (1.0-2.2) 0.049

Serum lactate, mmol/L 1.5 (1.2-2.2) 2.7 (1.8-4.5) 0.003

&
E 1028 A AFE AR mE V) s ASE AR ARe B £ 281 SR RRES
D, F2 R (%) 2 A E S
T3 IAFAY A&, e 39d 248 F o 3 g E AAE FS

RRT, renal replacement therapy; NED, no evidence of disease; WBC, white blood cell; SOFA,

Sequential Organ Failure Assessment; P/F ratio, ratio of partial pressure of arterial oxygen

normalized to the fraction of inspired oxygen; CV, cardiovascular.



A3 & dF ZgAEE, VCAM-1, E—selectin %

H| 2L
gy AZSE AFLATES Puds uw, dF ZeAgd sEE=
Aol o 9@A S35 %la, VCAM-13 E-selectin %+ Y

ki

A SAEAG el A~EE, 41 pg/mL (2.6-6.0 xg/mL) = 13.3
rg/mL (11.7-13.9 pg/mL), P<0.001; VCAM—1, 2.0 gg/mL (1.4~
3.0 gg/mL) © 0.3 pgg/mL (0.3-0.4 pg/mlL), P < 0.001; E—
selectin, 179.6 ng/mL (74.5-306.3 ng/mL) ™ 22.2 ng/mL (21.3—
24.2 ng/mL), P<0.001] (¥ 10).

dF Zdagd sEe 9 AL 24 ARF 5 72 A3 & EF
Aol Bls AELOA B =A SAERAR, 45 VCAM-13} E-
selectin F&== Al AJF BSolA = I Afolell 235k 2po]E KolA

kot (E 2, 19 10).
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a9 10, A7As Adatel SR Al A9 24 A dd 72
A ) ERE 4% dF5 (A ZeaEE, (B) VCAM-1, (C) E-
selectin %% YEH A2 9 1", A 19 #F2 RIS
FTAgks, AR 2" okt 9 AAe A A 1 ARESISS Al 3
ARESIFE UERE, obei ek 9 a2 A (Al 1 ARESIS - 1.6 X
ARES M S (A 3 ARESIS + 1.5 X ARES] "D 7HA A E o
At B A2 4 s ol ghEel ddn

"P<0.05.

VCAM-—1, vascular cell adhesion molecule—1.
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Healthy volunteers Survivors Non—survivors N
(n = 6) (n = 58) (n=14) #value

At admission
Kallistatin, zg/mL 13.3 (11.7-13.9) 4.4 (2.9-6.1) 2.5 (2.1-5.0) 0.019
VCAM-1, pxg/mL 0.3 (0.3-0.4) 2.1 (1.5-3.0) 1.8 (1.2-2.7) 0.680
E—selectin, ng/mL 22.2 (21.3-24.2) 199.6 (83.0-327.2) 97.9 (561.6-178.9) 0.053
At 24 h
Kallistatin, zg/mL 4.3 (3.3-5.2) 2.8 (2.2-3.8) 0.002
VCAM-1, gg/mL 2.0 (1.3-3.1) 1.9 (1.2-3.3) 0.809
E—selectin, ng/mL 141.0 (82.5-257.3) 109.6 (49.8-214.5) 0.255
At72h
Kallistatin, xg/mL 3.1 (2.5-4.2) 2.3 (1.7-3.1) 0.012
VCAM-1, gg/mL 1.2 (0.9-1.8) 1.5 (1.2-2.1) 0.232
E—selectin, ng/mL 96.5 (56.8-179.9) 129.6 (52.8-193.2) 0.809
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X 2. AT ALY, 28 A ST, 28 A AMGT 7He] EF ZeE]AEhd, VCAM—1, E—selectin
H o, A5E SRS 19D E AA AT
TRz AT Afolo] Algist -3 EY U Aol st §9o &,

VCAM—1, vascular cell adhesion molecule—1.

5

A&t sf i



]

A 2

d 2R X2F

[

A4

N

], 24 A

SOFA

ke
T

}

N

s} 72 Al

el

ol

0

o

¢}

% SOFA A4,

24 A|7F

1,

Z

| 9% waT +

f s

o] A

, 9

, 1813l 24 A

#

SOFA

B
B2

ol
To
T
B

j—

)
L

Hr

42



v

Unadjusted OR 95% CI Pvalue Adjusted ORT 95% CI Pvalue
Age 0.99 0.95-1.05 0.820
Male sex 2.03 0.60-8.09 0.274
Diabetes mellitus 3.14 0.93-10.78 0.063 27.99 3.48-484.23 0.007
Solid malignancy
4.75 0.78-27.53 0.077
with metastasis
Blood WBC count
Admission 0.91 0.84-0.98 0.029 0.90 0.78-0.99 0.080
24 h 0.96 0.90-1.02 0.233
72 h 1.01 0.94-1.08 0.723
Infection site
Unknown Reference
Lung 0.46 0.02-1.30 0.606
Urinary tract 0.14 0.00-4.56 0.225
Gastrointestinal tract 0.50 0.02-1.49 0.653
Hepatobiliary system 0.00 NA‘S 0.990
Bone, joint, soft tissue 0.33 0.01-1.42 0.547
Source control 0.29 0.04-1.21 0.131



a4

Serum lactate level

Admission 1.10 0.97-1.25 0.139
24 h 1.40 1.10-1.85 0.009
72 h 1.39 1.04-2.06 0.047
SOFA score
Admission* 1.18 0.96-1.47 0.131
24 h 1.51 1.20-2.02 0.002 1.57 1.09-2.55 0.032
72 h 1.31 1.09-1.63 0.006
Serum kallistatin level
Admission 0.71 0.48-0.97 0.052
24 h 0.38 0.18-0.69 0.004 0.29 0.08-0.69 0.024
72 h 0.61 0.32-0.98 0.090

Welld =4 7best #@se Fdo
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THE s 23 gy, o9 A 8% Wy £x, 24 AI7F & SOFA A5, 283 24 A7 5 3
X
[e)

SAbgol A bR A 7o) RIETF 00.® wAH] AAke] EbEd
OR, odds ratio; CI, confidence interval; WBC, white blood cell; SOFA, Sequential Organ Failure

Assessment; NA, not available.



A4 FF a1z

AE  ATo|x SERPINA4 siRNA A5 HUVEC Hjeke o
ZE~elel FEE FYsiAl ZAAaAFATE SERPINA4  siRNA -+
LPS oA+ control siRNATI HlwFS o AXE 8k
Y 2etel 357 984 @1, 94 thE+, control siRNATE,
231 SERPINA4  siRNAT ¥ HluwFls o 24 A3 gEHo

T 3HA AR o, A thFET, control siRNAT, control siRNA
+ LPS+*, 723 SERPINA4 siRNAW3 H w3 u] AE wjoked
eNOS F%=7} FostA Skt

A ATl sEd L&A

o

g T 28 A AETAAMY EF

Z|AEHE FETE Abdtel vlE] Al Al ROl (P Al 24 AIRE
T, 72 AR F) fFYsA kAR, 5 VCAM-10]4 E—selectin
T 7o Atelell frefet Apolrh qbEE A ghgrch. mek 99l 24

A7 % ZEAgd FEE 28 A APGd S AdRAS
BT

Uy GAse el dis gdA Ag wkgow wAsh(9)
3l s dNgae] FX, AEFFe F3, d@eEA
W3l g9 5349 Frh adan 2y AEo AxadAl 59
54 AdHD). H¥F T 5 AselA oy #HAo]
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A7} A BRAEAE 9 9ltk(22).

B 23 oo A SERPINA4 siRNA HFAF]S 53 Zu|~etd A4

AYE Al HUVECY AXE #jkl ] eNOS %9 &S
G054 AA AT SERPINA4 siRNA + LPSTo|A:  control
SIRNA + LPS @ Hlw gl w A wjekad ] eNOS 571 §2l5HA

1

aetelar, AE ikl o ZEaud R AETHol Hadhe
B Bou o] Aol FAACE FostAE AskTh adHAk
Bt ol ddd AP HETold A &dolA
e

A w5 Ashrl 9§ A dady] e B Aol gle

P AFelMe 28 A AETI AT Abolel dEF A AEd

FEY Fol7l #&EH whH dF VCAM-1°|4 E-selectin 5%
zfol = FEE A okgkrh, A AT Fofst dAxEo AW FTTE

=t Aol olHd Ayl dig AW T syl ¢ slth V]S

AN
HdZ skatol A dF VCAM—-1 =& E-selectin 559 AFEE 9
7}

F Ak E=E, Aird 5259 d7el w2dE 7% Fejrt
e Ay 29 P4 A4S wee ey dus
A% A7 dd wes 1Y F7) s, o2 qleel du

Bdstel A mAAE] F Frvt Aol HolA s 7 Urh

)
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Zelaetel e T, e, A3t & ogd Aol WHEHAE
HgolA oy A AEE Goto] #osts Zow deA v (26—
30). 71€9 vt W83 v~ (polymicrobial sepsis mouse) RS
o] &3t Aol ZAeAEtEl Fole &% o ow dF TNF-«a,
IL-6, HMGBl ¥%%& #AA7Ia AEES FHAIATHA3). =3 Li

c@BDE AT = YoM ARE oA &2 o HuIe o

Folod B3 adE W3 Ao=E AZHEH, eNOSO f%,
HMGB1 529 d=A &4, toll-FAF €4 4 (toll-like receptor 4,

TLR4), VCAM~-1 59 94, nuclear factor— « B (NF— ¢ B) &43}9]

ol

A, caspase—3 EA3}e} AMAE AFEAF JA|, 1831 suppressor of
cytokine signaling—3 (SOCS3) 2¥ o F7F 59 7]do] ¥
H 3 Aol HESH HEdAd &3 EAE SARTOlAN E=2
a3 Zeavd s 59 FF ¥ SOFA 9 60 o A

EAoF Aol 9FS R v Jq=dl(19), £ AT

A
AEY 23 BALS AT Tastol AT A FAYS =

SStAl AR AL, B ATelM e AR AdAed wls) HEAd



VCAM—-1¥ E-selectin® 8% 557} APdT3 A= Alo]o] 2ol &

Holx grlon Bisu €% Zg sy Hrs

= AT AT v o] AAFE ¢ vk Ay ATelAE WA
control siRNA + LPS¥# SERPINA4 siRNA + LPSi Ale]e] A%
eFd o ZElAEE SR AX AETH AolE SAHCR
FeatA WA Fd Fol A AHolop stk thwl SERPINA4
siRNA + LPSwolA Al wjeke] o Zeaeel 55, Alx AEH,

wlerel U] eNOS ¥E7l AtAom gasts Aol

N
)
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AW QA #FH], O w2 AXFE of&F HIdAM= <]

BEEl sAACR FosA dsE F A= AoER I =,
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A5 & dE

SERPINA4 sSiRNAT A= 4 dx&T°ly control  siRNAT 3}
H S o Az ik o ZeAgd HT7t foskA 7Aasgnh

SERPINA4 siRNA + LPSTIAE &4 1

PN
at
)
=
|
o

i
ajerel Wl Zeaud sR7F FosiAl fasia, 54 dxd,
control siRNAT, Z12]12 SERPINA4 siRNAT3 Hl @3S u
AEHo] Ko8tA A oen, &4 X, control siRNA,
SERPINA4 siRNA+*, 183 SERPINA4 siRNA + LPST 3 gl
W Az g W eNOS F%7F FostAl sl AdAd &
gl 9o g% ZeAEE s5E 28 o

AP S5 AR Aol dEHgloY, d% VCAM-1°lu4 E-

o

atell A e 24 AIF & =

selectin %+ 28 A AFgo Aol HEH A &Shry.
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Abstract

The Mechanism of Action of

Kallistatin in Septic Shock

Kim Taegyun
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The Graduate School

Seoul National University

Introduction

Kallistatin has anti—inflammatory effect by various mechanisms and
it also attenuates endothelial dysfunction through endothelial nitric
oxide synthase (eNOS)—associated pathways. The objective of this
study was to investigate the mechanism of action of kallistatin in
endothelial cell experimental model mimicking sepsis and to
investigate whether serum levels of kallistatin, and biomarkers
associated with endothelial dysfunction are associated with clinical

outcomes in patients with septic shock

Materials and methods
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Human umbilical vein endothelial cells (HUVECs) were divided into
five groups for experiments: cells without treatment (negative
control group), cells transfected with control small interfering
ribonucleic acid (siRNA) only (control siRNA group), cells
transfected with control siRNA and treated with lipopolysaccharide
(LPS) (control siRNA + LPS group), cells transfected with
SERPINA4 siRNA (SERPINA4 siRNA group) and cells transfected
with SERPINA4 siRNA and treated with LPS (SERPINA4 siRNA +
LPS group). Cell viability, kallistatin level and endothelial nitric
oxide synthase (eNOS) level in the culture medium were measured
for each group. For clinical investigation, serum levels of kallistatin,
vascular cell adhesion molecule—1 (VCAM-1), and E-—selectin
were measured by enzyme-—linked immunosorbent assay using
blood samples obtained at admission, at 24 h, and at 72 h after
admission from the patients with septic shock and from healthy
volunteers. The primary outcome for the clinical investigation was

28—day mortality.

Results

In the SERPINA4 siRNA group, kallistatin level in the culture
medium was decreased compared with the negative control group
(25 = 0.7 pg/mL vs. 21.1 = 2.1 pg/mL, P < 0.001) and the
control siRNA group (20.5 £3.3 pg/mL, £ < 0.001). Kallistatin level
in the medium was lower in the control siRNA + LPS group

compared with the control siRNA group (12.0 £ 2.3 pg/mL vs.
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21.3 £ 3.6 pg/mL, P = 0.046). Kallistatin level in the medium was
markedly lower in the SERPINA4 siRNA group (3.2 £ 1.4 pg/mL,
P < 0.001) and the SERPINA4 siRNA + LPS group (3.6 = 1.9
pg/mL, P < 0.001) compared with the control siRNA group, and
there was no significant difference in kallistatin level in the medium
between the two groups (£ = 0.999). Relative cell viability was
lower in the SERPINA4 siRNA + LPS group (58.0 £ 3.7%)
compared with the negative control group (100 £ 7.9%, P =
0.001), the control siRNA group (98.2 = 9.0%, P = 0.002) and the
SERPINA4 siRNA group (93.3 * 4.7%, P = 0.007). eNOS levels in
the medium were lower in the control siRNA + LPS group (4.1 =
0.1 ng/mL, P= 0.041) and the SERPINA4 siRNA group (4.1 £ 0.1
ng/mL, P = 0.041) compared with the control siRNA group (4.5 *
0.1 ng/mL). eNOS level in the medium was lower in the SERPINA4
siRNA + LPS group (3.7 £ 0.1 ng/mL) compared with the negative
control group (4.5 £ 0.1 ng/mL, P < 0.001), the control siRNA
group (£ < 0.001), the control siRNA + LPS group (= 0.021) and
the SERPINA4 siRNA group (P = 0.021).

Fifty—eight survivors, fourteen non—survivors, and six healthy
volunteers were enrolled for the clinical investigation. Serum
kallistatin level was lower and serum VCAM-—1 and E-—selectin
levels were higher in patients at admission compared with healthy
volunteers. Compared with survivors, serum kallistatin levels were
lower in non—survivors at all time points (4.4 pg/mL [2.9-6.1] vs.

2.5 pg/mL [2.1-5.0], P = 0.019 at admission; 4.3 pg/mL [3.3—
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5.2] vs. 3.2 pg/mL [2.2-3.8], P= 0.004 at 24 h; 3.1 pg/mL [2.5-
4.2] vs. 2.3 pg/mL [1.7-3.1], P= 0.012 at 72 h), while VCAM—1
and E—selectin levels showed no difference. In the multivariable
logistic regression analysis, serum kallistatin level at 24 h was
independently associated with 28 —day mortality (odds ratio, 0.29;

95% confidence interval, 0.08-0.69, P = 0.024).

Conclusions

In the SERPINA4 siRNA group, kallistatin level in the medium was
decreased compared with the negative control group and the control
siRNA group. In the SERPINA4 siRNA + LPS group, kallistatin level
in the medium was decreased compared with the negative control
group, cell viability was lower compared with the negative control
group, the control siRNA group and the SERPINA4 siRNA group and
eNOS level in the medium was lower compared with the negative
control group, the control siRNA group, the control siRNA + LPS
group and the SERPINA4 siRNA group. Lower serum kallistatin
level at 24 h was independently associated with 28 —day mortality in
patients with septic shock, but the levels of VCAM—1 or E—selectin

were not.

Keywords: sepsis, endothelial dysfunction, biomarker
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