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7 A A
FrHY
ATE 1

g2 etg Aoy B Zulo]=(Dimethyldioctadecylammonium bromide, DDAB) @ 25-3fo]|EE XY AHE
(25-hydroxycholesterol, 25-HC)& ¥3}sl= yi=3}o]H 2] = (Nanohybrids, NHs).

AT 2
A1l A,
7] Y=sto] B2l = (Nanohybrids, NHs)+=

g gy ey addis BErto]=(Dimethyldioctadecylammonium bromide, DDAB) % 25-3}o| =EA| | 28| &
(25-hydroxycholesterol, 25-HC)S wEHS 2 ofgb&of Z}7} &3A]7]= @A (1);

471 1 @Al 2 8314171 DDAB & 25-HC & E3Fste] 70 CollA 3 Az 5 SEAI7|= &4 (2); ¥

o o
-

A7 FEATI FE Y ES o)F "ol&4 (DNE 7Ista =53 AHEste A 7= AR E E2F3
= Yeslo]HE = (Nanohybrids, NHs) #AzWHe] <ste] AzE Ze& E5Ho=R e YwslolH
(Nanohybrids, NHs).

2T% 3
A&l loj A,

25-3fo] =5 A F#) 2~ H & (25-hydroxycholesterol 25-HC) = Hel g oS e A g HRZulo]=
(Dimethyldioctadecylammonium bromide, DDAB)e] F&H] 1 @ 2~6% AHAS E5AL=Z 3 yxslolB=
(Nanohybrids, NHs).

AT 4
A1l oA,

7] Y=sho]lB el = (Nanohybrids, NHs)+&= b, v, A%, A% 2 #H2 o]Fojx] Fo2RE d8E 1 o]49
A o2 FagEE AL EAOZ = wdlo]l B = (Nanohybrids, NHs).

d7] Yxglo]l B = (Nanohybrids, NHs)+= # dgdoz Figste A& EHSR 3t YisdfolBg=
(Nanohybrids, NHs).

7% 6

A13 WA A58 F o= 3 3¢ Yr-sto] B =(Nanohybrids, NHs)E FE3el= Alg = ulo]g] 2o osto
FEEE AlO]EFI 23 A4 e oAUE 4=,

ATY 7

A6aol] oJ A,

§7) AelEA HE
Sasies P72 Adets

12
2
H

Y
o rlr

A7 8
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Aol olA,

AF7] wlolg] 2~ COVID-19(coronavirus disease 2019, SARS-CoV-2), Z#H|Q=7F(HIN1), XHE (H5N1) vz
2~(Middle East Respiratory Syndrome, MERS-CoV), AFA~-F2UH(SARS-CoV)E FAE FOZFHE Melg 1 o4t
QA AYE EAHoR st AolEI 3 JA EE oWE 245

il

AT3 9

Aol A,

A7 Alfe A E T (Staphylococcus aureus), ¥ H 3t (Streptococcus pneumoniae), F|EIF2~ A&
Tl A} (Haemophilus influenzae), <391 (Neisseria meningitidis), @2+ (Klebsiella pneumoniae),
1t (Escherichia coli) % B A1 (group B streptococci) o2 FAE FORFE AMeElw 1 o]iel
ADE 5O R 3t Alo]EIQ] 33 A e g 24 E.

A% 10

A&l Sloj A,

AF7] Aol BTl EE oA = JHkg FAES AME U IL-6, CRP, TNF-alpha, IL-1 beta, I[FN-gamma, IL-
8, CCL2, BDNF, CCL7, IL-4, IL-3, GM-CSF, M-CSF, IL-10, IL-5, CXCL9, G-CSF, IL-15, IL-16, IL-22, IL-27,
IL-17A, MMP-9, CXCL 10, IL-11, CCL3, PF4, Cystatin C, IL-13, TARC, TGF-alpha, HGF, IL-1 alpha, FGF-19,
[L-31, PDGF-AA, GRO-alpha, IL-12, MPO, RBP4, Chitinase 3-like 1, EMMPRIN, CD14, DPPIV, Cripto-1,
Angiopoetin-2, Kallikrein 3, MIF, MIP-3 beta, PDGF-AB/BB, Leptin, Endoglin, Lipocalin-2, uPAR, IL-19,
TFF3, Resistin, ¥ Complement Factor DZ o]Fojx FomRE MElE 1 oS A= AS EFHo=
she AfelEstel 3 oA mt Aug 2HE.

yige] 41y

W W 4 25-slo|ESAl FHEHE L}ié}omﬂz—g— 3 COVID-19 #& Alo]E7lel EF o]
z3 &l %}6& Ziii Bt sl 25—%}01 A Wﬂiﬁﬂ% g HEgAvd gRFHRete]= (DDAB)
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abr] fs =93] ge

< "4 TH7] S m2Y vhe]Ez 2 (SARS-CoV-2) AHAIE A=
H 2d1& 2331 vk, ey, "Weggol Astel X7t 53] SARS-CoV-2¢l FoFelw, AlolEFR] ¥
(cytokine release syndrome, CRS)X & A7tek I Zo] WAl P EEa AoE 4 e dFE w8l &
e = oA, AR vlol] 29k dFeo] A ° a3k,

Z = SARS-CoV-2 #dell ¢sle] 1 3 e #H & (Type I interferons) &Ado] A&tE AJako] A ww, oj= &
=9 otsl, ddFo] Febd, v Y] B 2 AMYS fEste 2ol B (Hadjadj 5, 2020). ©] ]
et 1 g AHAE F5S T35 0VID-199 ﬁ%@ e A= Heg ALLE JFsAo] AYE T Yt
Y QAHAES WY A €58 2d3te o E80] HE JdHAE Tl 3 aFe= 1 3 AHAE *’F
[e)
N

Ll
)
:cg
ol
ol
rlr
Py
=y
-10

T FU2HE 25-stol=sAdetA] (CH25H) d =43 dyst #de] e Aoz duA drh. CH25HE &
A A 2504 ZHZHES ol=F ALE Fujste] 25-slo|=5A] FUl&HE (25-H0)& AAsHE G40
o 1 ¥ JAHIAEY 22 APe]EFRRIE ulolelx e o fEd 95 wheS dAste &3E e
=, vlo]#] 2 ZAAAl AEHHZ(IFN) 849 JAK/STAT1 A2E5 £33 [ & IFN9 =% E3) CH25He] Ed o)
Z7F8l=d (McDonald & Russell, 2010), oju] A A 25-HCx= 2~HE 4 84 ZA% vz 2 (SREBP2) =7
At E7EQL A B M AbES] FasE AAA] 4TS b (Xiao &, 20135 Reboldi &, 2014). =3k CH25H

A" wp$-~E SREBP2 A 3E B3 TUtE ST AEEE 25
FHoFslthi= Aol RuEATt (Reboldi 5, 2014).

o

Yetd= S84 el diste] v

B

AV
I~

g, 1950 AdiRE whelE s Ahgle] FEiHE TAE B

rir

Aoz Z ddyA 9o (Jacobs 5, 1997),
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25-HCE A A9 A wholel 2 (PEDV)SH A9 949 whelel (IGENE L :21t vole) o] e
PEAG Fuolel 2 BYS AT it AR FHAVE HAT (Zhang 5, 2019). Tk 25-HCS] ol e]
2o Al R ANl da Gl ud A vng Ageldh.

s H53] A2126038% 0= 25-dto| =2 FAAHE E= ole] fEAE fEYEOR st

1

o R84 [e)

T XAy Ao gds A B ARE 2= 1AE e, ¥ e 54, 74 3 adelA

Z 5 /W53 A2008-0066962 = =57 AWE AmE] A dA x4 e mHANAT
o

3 0001) FTFESZEF A21260383, 25-3lo|E2ZYLAHE X o] SEAS fadRo TI{IE=
] Q]
=4

( =]
X-A3 BamAoledekE duf = 858 ZAE, 20200d06€17
)

0 55] 528
(ME3] 53 0001) J. Hadjadj, N. Yatim, L. Barnabei, A. Corneau, J. Boussier, N. Smith, H. Pere, B.
Charbit, V. Bondet, C. Chenevier-Gobeaux, P. Breillat, N. Carlier, R. Gauzit, C. Morbieu, F. Pene, N.
Marin, N. Roche, T.A. Szwebel, S.H. Merkling, J.M. Treluyer, D. Veyer, L. Mouthon, C. Blanc, P.L.
Tharaux, F. Rozenberg, A. Fischer, D. Duffy, F. Rieux-Laucat, S. Kerneis, B. Terrier, Impaired type I
interferon activity and inflammatory responses in severe COVID-19 patients, Science, 369 (2020) 718-
724.

(B &3 &3 0002) J.G. McDonald, D.W. Russell, J. Leukoc. Biol., Editorial: 25-Hydroxycholesterol: a
new life in immunology, 88 (2010) 1071.
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Wen, B. Gongol, W. Sun, X. Liang, J. Chen, H.D. Huang, J.H. Pedra, D.A. Johnson, J.Y. Shyy, Sterol
Regulatory Element Binding Protein 2 Activation of NLRP3 Inflammasome in Endothelium Mediates
Hemodynamic—Induced Atherosclerosis Susceptibility, Circulation, 128 (2013) 632-642.
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Science, 345 (2014) 679-684.
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sl = A
B ool BHLe H ¥A 25-30|EEA ZYAHE Yxslo|HEYEE X EEE (OVID-19 & Ao EFI E
Z 7 2AES Ass= d .

A2 Ad 5
A7 BAE dAAdshy] st £ dge fuEdSEdddEs H2uko]=(Dimethyldioctadecylammonium
bromide, DDAB) ™ 25-8}o]==A|Zd| A8 = (25-hydroxycholesterol, 25-HC)S X¥&3l= YxslolB=
(Nanohybrids, NHs)Z A&-3kc}.

gugtSetudodry B 2ulo]=(Dimethyldioctadecylammonium  bromide, DDAB)E EolA & X
(Unilamellar Vesicles, ULV) T+ U535 AX(multilamellar vesicles)E EASE o5 AlE 43 I &2F
Had Aoy, B wyol Oudu] ety detiy HZrlo]=(Dimethyldioctadecylammonium bromide, DDAB)
25-3Fo| == Al F ¢ ~H = (25-hydroxycholesterol, 25-HC)S ¥33}l= 1}x3lo]|H 2 = (Nanohybrids, NHs):
T4 W 254 nErt e AEE F4E AR S A A olFFoR A% HaxAY 4 UlFl
25-IC7F gEE Fez FAPT. Y] ynslelBgsE u)d, vlolgzavol, f¥EE, tFgEFor g4
g 5 glen} oje] AFHE AL o,

A7 Y x-3lo] B gl = (Nanohybrids, NHs)E 25-3Fo] == A &8 28| 2 (25-hydroxycholesterol, 25-HC) 2 vj# &
U eldl A g2y BEubol=(Dimethyldioctadecylammonium bromide, DDAB)o] F3H] 1 @ 2~691 AE EFoR
3l= Y =3lo] B # = (Nanohybrids, NHs)¥ 4= Qitt.

oowE xR

A7) Yxdho] B2] = (Nanohybrids, NHs)+,

e gt elddd s BEulo]= (Dimethyldioctadecylammonium bromide, DDAB) & 25-8}o] == A= 2 H)|

& (25-hydroxycholesterol, 25-HC)& ®l&he& R oleb&o] Zb7t &a|A17]+= &A (1);

|32 DDAB H 25-HC & &38te] 70 TollA 3 A7 5o A7 @A (2); 2

| I P AP ES oF golg (DNHE 7Hetx = Agste] A 7= DA(3)E E¥s)

thiesto] B g = (Nanohybrids, NHs) A=Wl ofste] Alzxd 1Y 5 Art.
=

ke
=)

a

Y = (Nanohybrids, NHs)& 25-3lo] =& A]F 8| 28| & (25-hydroxycholesterol, 25-HC) ¥ tT]W€dr]
Setuld s B EZuto]=(Dimethyldioctadecylammonium bromide, DDAB)o] F3H] 1 : 2~69 <= T}, FTn]
1: 28t W3S A9 Ay 25-HC2 Fo] Ho] vlmg&o|AY YwslolBal=el A7|7F U AF &= o
= 16wt & 45, yiestolBne|=e] gyt v ol w#stol wpelshA] odth. nhghzskA
= =3to]H g = (Nanohybrids, NHs)E 25-8Fo] =S A] 2| 28 & (25-hydroxycholesterol, 25-HC) % tiWdo%
el d g s B Erto]=(Dimethyldioctadecylammonium bromide, DDAB)S] F#H|+= 1 : 40|t},

#47) Vheshol B E (Nanohybrids, NHs)& gk, M1, A1, 44 % A= olFolx FozPE AuH 1 o]

A7lel AgAow wasets A% 540 @rh. 53 A7 thesholHe) = (Nanohybrids, Mis)t 1k, A%

%A B% dugow Fasieln, 47] theshel el (Nanohybrids, Mis)E el Aeldom was) ).
=]

h =y
mEha] B g2 B3] 9 degdor sAglete S BEAHOoR sk y=sto] B = (Nanohybrids, NHs)E Al
Fgoh. a8y old A EE A2 ofYt).
2] = (Nanohybrids, NHs)E E3tsls Alo]EFIe]l 32 oz mE og AES A
o] ¥I}EE 25-HCE ~HE x4 @4 A% oed 2 (SREBP2) w7l AlolE7H¢]
ANE APEe Fas AAARZ 2§ 7 glow, o]d e} SREBP2 EA3E FE FUtE 5T <
= 59 A% F v}, B8] B 2o vnslo]HE] = (Nanohybrids, NHs)E #Ho] Aeid oz 33
3]
=

SREBP2 &A1& A= SREBP29} ## % Nox2, Nrlp3, IL1b, Mcpl, Icaml % Srebp2¢] =& T &4 A=
2 ] Alo]EFR] EHF oA EE dW§
A

=
HO S =astee A7je ddste 2e 540 i),

B ool A Aol ETRl ZEL S Ro|A AR AF E: wloleizd diaely] A% A U A B
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& Rkgol A AEA FAske] doju= diatR dT weE ovEt AlelE7kRl WE S5 (cytokine
=z

release syndrome) %=+ Aol E7F1E = (hypercytoinemia) &2 ST, &, QY- nlolgl s 5o T o35
o] A9 EZQ Aol ) BH|Z Qs #do] HESA dojuh= wkgolu. 2 A, FAAET HY
Aol o8] TAWE 4+ Qov], AolEA EFEoR WA} B WS oA WAxHE sshs 2}

KR
oA AR 22 23k deirp 24 5 o
7] Al ETIR] FEE Alat B wpolE s el o3 ATl oste] AT = Qv

A7) AtolEFIl ZES fEslE uvlolg]AE (OVID-19(coronavirus disease 2019, SARS-CoV-2), 2 #|¢l&=7+
(HIN1), ZF=57(H5N1), #H 22~ (Middle East Respiratory Syndrome, MERS-CoV), Ab=-FZUF(SARS-CoV)Y 4=
o old AgH= AL ofYr),

7] Aol EFRSl £FE fFEdle Al FAME YT (Staphylococcus aureus), 3| H-# (Streptococcus
pneumoniae), JEIEFA SZZ A} (Haemophilus influenzae), F+9<37(Neisseria meningitidis), ==t

7 (Klebsiella pneumoniae), t & (Escherichia coli) % B3| A-4 (group B streptococci) &.& o] Fof
A TOoRHE 1 oY § o} o AFEE AL ol ).

47 Al EFRQ E3F oA T g 2AELS AX W IL-6, (RP, TNF-alpha, IL-1 beta, IFN-gamma, IL-
8, CCL2, BDNF, CCL7, IL-4, IL-3, GM-CSF, M-CSF, IL-10, IL-5, CXCL9, G-CSF , IL-15, IL-16, IL-22, IL-
27, 1L-17A, MMP-9, CXCL 10, IL-11, CCL3, PF4, Cystatin C, IL-13, TARC, TGF-alpha, HGF, IL-1 alpha,
FGF-19, IL-31, PDGF-AA, GRO-alpha, IL-12, MPO, RBP4, Chitinase 3-like 1, EMMPRIN, CD14, DPPIV, Cripto-
1, Angiopoetin-2, Kallikrein 3, MIF, MIP-3 beta, PDGF-AB/BB, Leptin, Endoglin, Lipocalin-2, uPAR, IL-
19, TFF3, Resistin, % Complement Factor DE ©o]FoF F o ZHE AEH 1 o]dS A= ASE 5

2 3}
Boage ) g4 25-8lo| A FeAHE YkmslolHe| =g Zabet: (OVID-19 #E Aol ETR £33 oA
2R=E AT

o

Bodgo] Aol ETRQl EF oAl i oWE ZAES 9% o RS A § Qo

ES @y AlolEstel FF oAl Ei algg RABE (U WA (CRP), AN Wik Ed (LDH),
e obmli o] Ea (ALT), ofAM=E A ofuli Ho] fA (AST) % AdlolEdom ofFoldl Eomy
B A 1 olgel 24 £ WA ZaN2 & A

o] AbolEFRQL EF A EE g 2AES Nox2, Nrlp3, IL1b, Mcpl, Icaml % Srebp2® o] Folxl
E A4 Ao

etz ER ATd & vk, 7] A=Kl FF oA &

A] 2t

(e}
~
Al 0.001~505F%, o vrgdstAE 0.001~40%%%, 7 vk

71 oFehA 2Ee, A B8 el wek kA, A, AA, e, dEe, odAd, AR, 9,
oE2E o A7E AY, A8Al, A R ddFAE e R Agstete] AHed o o A7) oy =
Aedd 23dd ¢ = B4, FEA R ARs HE=, diER= FaRA SHE, WHYE, AdeE,
dexelE, TEE, A, obpAel aF, AUClE, Atd, AgIEAdolE, Za HyioE, AER=,
He dEgez= v dd dgr= Zud 958, &, WHIEFSA M olE, 223 =IZA o] E,
=2, vtadls SHoolE 2 FERE 5 du. AlASE Ffoles BE ARgske SA, SEA, 29
A, FwE&A, SalA, AMDAGA, AuA, AmA So] MA = FEAE AREste] AlEn. v Fo
S S AAlel= ddd FE, nsAd8A, dgA, A ZAA, A7 2gdE. vedeA, d
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Foli ahe] Wl FolF Fx 9la, 43 whre] Fold $x gith. Y] FolHe ojud WonE B ouy
o WelE FAsHs AL o,
B odge) ofsby 2B A, 7bE, A o THER Y AR Fod £ dd. Folo mE W4
o oAt = 9=g, o= 5w, AT, A wm= AW 28 98, AF W A s H38d g 324 2 5
B Exe] o3 Fold & gk 2

A=)

Wi o] gL ey ARy B 2ulo] = (Dimethyldioctadecylammonium
bromide, DDAB) % 25-3}o]|=ZA]Zd ~H| & (25-hydroxycholesterol, 25-HC)& X33}+= UYdlolH =
(Nanohybrids, NHs) H& o]& X§she AFEFR] 33 Al e oAU§ ZAHES 54 2 F280] A gl

omz dy BHow 4V BEAE U AH$E 5 i oAl

ygo] g7

B e m@ %3 25-3lo|E2A] ZEAHE Ywdlo|HIES E3stE (OVID-19 & Ao E Alo]EFLSl =
ZT 9A ZAE A3 oz SARS-CoV-2 #hel 23 ¥ HF e} Al|EIIQl EF ] 93 F53te] A} 4
wo g olghg % AMES e Fod 98 & 4 Q.

% 12 25-HCEDDAB NHs9] #H %A stE UElH Ao, a. Cy5.5-loaded 25-HC@EPC (negatively-charged), 25-
HC@DDAB/EPC (less positively-charged), and 25-HC@DDAB (high positively-charged) NHs®| E2]3}stz] E4.
b. NHs®] Z7] &3 tholo]is. c. ZF NHO| AHWFAL 6 AJZF % Cys5.5-2T ¥ NHs®| 7+ 7]13he] A 9] oln
A.d. 2 718 FFEE. e HEF B np-2dA Cys5.5-2FH NHse HAl o=, f. sidF =g v}
F-22ol A Cys5.5-2 9% NHso| 2t 7]l 4] AJA| 9 on]=].

= 2 =

S

| %7 25-HCEDDAB Y=stelHgl=e] FH] 2 PFriE JeRd Iylelty.  a. 25—
Hydroxycholesterol@Didodecyldimethylammonium bromide (25-HC@DDAB) ‘}i-slelH el=9] #|Z /NZF=, b. 25-
HC@DDAB “t=3folH =9l F3} 2k Aw4 (TEM) o] A]. (=AY Hke] dol&= 100nm), c. 25-HCEDDABS]
o FA A A, vk, 2 AR A9 o] Yiestolrel=e] 545 yreEbd 3. d. 25-HC@DDAB b
stolpgl=e] 7] BXE tholoja#l, e. Cy5.57F ZE=% 25-HCEDDABS] A= Fo] & H&3 7+, v, A%, 4
&8 Ho AIZPE ex vivo oWAL (n=5). f. Z 7] Ad HAF &&. g. (yv5.57F =% 25-HCEDDABS]

2 Cy5.5 A&

oI MRk 2,

% 32 wl9-2 d Ao A 25-HCEDDABY] M E=A-S &RIst Axolty, a. AX U Z2HES AlZstE
3t 25-HC@DDAB A &]d wh-$-2 ¥ Wy A|*EQ Filipin 9¥4. b ZF %% 25-HCEDDAB A2 m}-$~ ¥ W

ML) FrAlE A At

= 4

rr

HUVECs 2 MRC5 M| ZFoll A 25-HC@DDABS] AT =4S H¢lst Zujolr},

% 5% B wgo] 25-HCEDDABS] A A W 54 HAE ZAdolt;. a. 25-HCEDDABE vl$-2 Lol Foldta Fof
48 AIZF ¥ A7) &4 vkA ¥ b, @5 7 Wk

T 62 CLP #E3E wh$x mdoa] 25-HC 2 25-HC@DDABS] wh$-~ mdd mAE 32 gl Aot a.
25-HC 2 25-HC@DDAB (n = 10 / 7} 1H)e] A2l F Azt Ao wp& W 2z 2 AA (CLP) w92 Bde]
AEE. b (P vhes ol o 229 Z2Aehs 24, c. (LP A7 F 257HC 3 25-HCEDDAB ] whe-2~ &
dox 9% #d AJayxe W3} (84 25-HC % (n = 10), & T34 (n = 5), ¥ 229 ICA-1 (n =
5) &, 718A #HE MAHABAL) oA WIS (n=5) F IFF ol (n=5 P 7 FZA SREBP2 &4
(n=10)). d. W= n}#2 W3} (n =5). e. SREBP2 & mRNA 23 9] W3l f. Alo|EFIQl 59 W3},

T 78 Boubgol 25-HC@DDABO] S5 COVID-19 $HAFe] PBMCOlA] Abo]E7FQl ZFo that a3tE yebd Aolt),
a. 4% 2 Z3F COVID-19 &} PBMCOlA CH25H F++<] fl2=®l £% #4] (n = 5). b. CH25H mRNA 2
aRT-PCR #41 (n =10) c¢. 0.5 uM 2 1.0 uM »%9 25-HC 2 25-HC@DDAB = &]o] <]38t 25-HC 4% (n = 10).
d. &% COVID-19 3A=5H F2jgk PRMCS AEEo| digh 25-HC 3 25-HCE@DDABS] & ¥ (n = 10). e. ELISAC
ols] A3l ® IL-18 E TNF-a 2 A Ao thdh 25-0C 2 25-HC @ DDABS] &3 (n = 5). f. 25-HC &%
25-HC @ DDAB =&l 2|3t Alo]&E7}el ofgo] &4 (n = 3) #+ P <0.01. f. T3 COVID-19 32 HE E]3
PBMell A} 25-HC H=+= 25-HC @ DDAB 1 pM #2] % SREBP29] &4 .
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T 82 T35 COVID-19 #x=F¥ FaE PBMCAIAl 1uMe 25-HC H& 25-HCE@DDAB A ¥ IL-1B, TNF-a,
NOX2, NRLP3, MCP1 %! SREBP2 Ate]l®E 7F1 A Bl 453 ¥ d nRNA T 52 vebd g zolt,

COVID-19 A= FE 2% PBMCAlA 1uMe] 25-HC HE+= 25-HCE@DDAB 2] § Alo]E 7}l o o]

s At e FAFLL &

25-MC= »HE 2d a4 A9 9 2 (SREBP2) i/l Abo]E7kel A4 B Al AbPE ] Fast JAAR By
i otk 53] ZHl=HEe] stol=sdstE Fulste] 25-stol=sA FH=HE (25-H0& AYshs Ea
CH25H7F A wh-22z AP &del oid Aokds vehdle Ao defA ol

7] F 12 W ot B Aol SARS-CoV-2 7 Fehe whe oyt tfdtw
(Mild) @ ZZ(Severe) COVID-19 #x}o] &% W] 7z FH2HZE $£35 Yehd Aol
2ol, £ COVID-19 x}e] oM 25-HC, LDL, HDL 2 & ZU2HE £X7} 7 A
FozEEe] Hadte 4¥S B, 53] 25-Hydroxycholesterol® 4% T35 4o I3 W
Aol 16%= FAerlth. Egk T35 o] Ag, BE SAAAA HF3 =

e
¥ 1

Cholesterol level in COVID-19 patient Blood

Mild COVID-19 Severe COVID-19 (n= p-value
(n=10) 10)

Age 453+ 198 76.5 £ 12.1 0.001
Sepsis 0 10 <0.001
25-Hydroxycholesterol 17.5 £ 10.5 28+49 <0.01
20-24 pg/ml
LDL-Cholesterol 98.6 + 14.2 65.7 = 8.8 <0.01
(Normal: 100-129 mg/dL)
HDL-Cholesterol 578 £ 134 408 £6.3 <0.01
(Normal: 60 mg/dL )
Total Cholesterol 188.5 £ 15.7 137.1 £ 14.5 <0.01

(Normal: 200-239 mg/dL)

B EAES 25-CHY] HEZF 9 Aol EFRIFS] #AE ntgoR, FFO0VID-19 o] # A o2 25-CHE
A4 EEFgozM, COVID-19 #H&H AlEIR EFE A8 Ex oW &%E T/ Z A Aoz Y
shal & s ehdskolth

olat & wHo] uigr g AAE FAE] sty dvh. e B aue of7|x] AWEHE AAlde] ¢4
HA g3 bgE Uz FASE S 3 038, 971 2AEE Yo A AMA L, Gl A
oo Adg FEE AEsh] 9l Alesks Aol

<AAd 1 ¥ ¥ 25-HCEDDAB Yi=3}o]He =9 A|zh>

1.1. 25-HC@DDAB, 25-HC@DDAB/EPC ¥ 25-HCEEPC A|=

25-HCE W& F&3% (T 224 ng/ml) = <13f A Eroﬂ f\l, A48k galf A4
73_ u}]/ﬂ ;(] A 7. "k o}-xéﬂ %gﬂ/\gﬂii :rL/n—]g

=

71E
e 45 3k WS Sal 25-HC @ DDABE JF A o= ﬂZo}sziB}.

¢

(3

WA 25-HCE ¥ FR oz FAIEY] sk X*%ﬂ% X3l tt. Dimethyldioctadecylammonium bromide
(DDAB) % egg phosphatidylcholine (EPC)E Z+Zz; , 25-HCE olek=2o] 83 A]Z1 &, DDAB/EPC/25-
HCSl S=H|7F 0/4/1, 2/2/1 = 4/0/10] H=% E3s)

714 E5 (Eyela MG-
2200, Tokyo, Japan)S& AF&3te] 70Tl 3 A7t

rL‘l

offf
©



[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

SIHS31 10-2023-0009623

mg/mL 7} FEE o]F "ol (DDW)ES 7}stal 20% amplitude, BAF7] 25 on ® 3s off 270 E %23 A
2] (VC-750; Sonics & Materials, Inc. Newtown, CT, USA)3}e] AEHELA]#A 25-HCEDDAB Y:3slo]H e =
(Nanohybrid, NHs)E A|Z3tAth. o]%F RUHHS Y3dlo] (y5.58 =Y 33,

AAAE YrstelHEl= (NHs)S 4&F A7), thiat A5 2 AlEt d9e A2fA ] Z2EFo) we} Zetasizer
Ultra (Malvern Panalytical, Malvern, UK)®=A3d}le] & 1a @ 1bo] YEFAAT. & la L 1bolA B+ upe}
o] NHs®] §§xbA 7]+ 25-HC@DDAB/EPC7}F 71 Zhgkow | thiibd& Al /9] NisolA ®lsatA vetwtt. o
Hu, E9 Aste] A%, 25-HCEEPCE Hi -32.15 mVe] SA&E uwl:= WA | 25-HC@DDABE Ht 94.37 mVE
%A 3tE w ATk, 25-HCE@DDAB/EPC = 25-HC@DDAB ®.th= zHe kA 3H(66.73 mV) S JERHITT.

1.2. 25-HC@DDAB, 25-HC@DDAB/EPC ¥ 25-HCGEPC ¢| #H ¥ 33}

A7) AAd 1,14 A Z8 Cy5.5 29 25-HCEDDAB, 25-HC@DDAB/EPC 2 25-HCEEPCe] ¥ ZASE 1359
=

WA A @ AR} (Cecal ligation and puncture, CLP) S T & Rre9 &1

6-7 3, YA 18-20g2] % C57BL/6 vF$-2+ Orient Bio Co. (3= A¥H)olA FA3TH. 4 F3, A% 21-
24g9] 7 ICR m}$-2~9 5 F8, FA 18-22g9] ¢H BALB/c FE wh-2AE et vlo] o8 (3 AL)elA T
gt EEE 12:12 A7ke] ®WetEr] dhol] 20-25TC 2 40% - 45%= Alo]® &% @D HF% oA ZT]FtRy)
o]E Aolx & 5 ntgls &ty AAHe AXF ALY ARE FFEa 28 Q7 FFHUL. RE B2
< 12 ke =& 13§ A Agakglon FddistadA sk A9 w5 e 2 AR A3 (IRB
No.; CNU-01050)l wat A& at3ict.

-2 A8 2E AES HEl vheel] B A4 9 HA(CLP)E Aldsdt. £33 v~ E Ay AXF

7k~ m&E 71Al (RC2, Vetequip, Pleasanton, CA)E &3 dAg® Abkel 2% o|A~EF3 (Forane, JV

Pharmaceutical, South Korea)& EFste] WA S FHoA, thgoge <A mladE Fi SYst=S ot

AT, wh-2E Ale Foll AR & d AT, CLPE F=¥ #HFF RIS Rittirsch

(2009)¢] AmF = F=ujHAT. FEFs] Adst =
I

P

o
b

F, W Zo2NEH 5.0mm €Eolzl 3ol 3. A4z39la, =& 5 3}7)
el 22 AolA HpES AFE3Ele] 3 W BT, o]F HET EYolA Az WS dol Uz HTH & 57
o2 E¥ ¥ 5, NEE FYE 4.0 232 ST, A gz TEAA B =E2AF oY AFEA
U HAFAZIA @3 5o Ee Fodtt

25-HCGDDABS] = ®& 3} AA | o|u]A

[e}
sl kv, A, AR F HE AEste]l ARl 9 @dstel AREsHITE. VISQUEE® InVivo Smart
(Vieworks, Anyang, Korea)& Al&3sle] 7oA 4L A7 dFF A=E A = 1cd Yepa 7 73
o HFFaES AXsY = 1dl YERIAUY. E 1c A He wkel o], 25-HCEDDAB, 25-
HC@DDAB/EPC % 25-HC@EPC EF 7k, 21 & #Ho] 48w on, 53] 25-HCADDAB7} Hol A&z o=z =43}

HAEE Fshsnh,

e
ki
—
o,
2 o

Nis®] = =ast= A 714 43 482 53 A4d5 RBOS] A48 S o8 d¥E & Ao, v

A B
w, ole ¥ #Fog AFHCG. JA AV & 4
AlA SRA = o EAg X5 = & Atk 53] &dstE gAY Fdsr 2
g thZ&+t NHe= 25-HCEDDABO Hlsf # 37} dA3] Astel Ao yekwed, ol NIY # =437t ddst
A Aol 719018 & AeS . mhe2= 9 22 &ES g 25-0C Y Eth 25-HCEDDABS] AEAl T
Ee 59 25-HCE YERe] 2 o] 25-HCEDDAB ti=3lo] B2 = (Nis) 7| 25-HCe] = Ado] o< a&2<l

HojErh, whebA] ol 25-HCS] EHA Q1 # wAashe 2 o] 25-HCEDDABZE &57] A3 Az &8

7718 5 9es A,

25-HCGDDABS] =] E& 3} A W) o|nA

2 i
ro o r

AR W olmAE &l CLP BALB/c = wh$-2of Cy5.5 29 ¥ 25-HCE@DDABE 35 ng/kgel Cy5.5 &0 =

i
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ofstal, FAF F 30, 90 ¥ 120 Hol HA A& Sk, FH Fo EAL 82 CleVue™ AZE 9
(Vieworks)& AM&3lo] S743te] & ledl YeplATh. Fg 3F, 8], 24, A% 2 #E HE3sto] AA 4
Astatel & 1fo] JEMATE. & le @ % 1foA EE ule} o] 25-HCEDDAB7} ¥ Eo|Hog Zi3les

S o=
1.2. ¥ ¥3 25-HCEDDABS] A 3}
25-HC@DDAB = = 3}

7] Ao 11004 5 A8 7Y a3dQ] oz &1k 25-HCEDDABS] A std Yislo| B =g A%t
ST,

W o] 25-HC@DDAB Wi=slolHElee] Ax MEFEE T 2a0] JEMATH. DDAB @ 25— 7} =
e&ol 83AIZ] $, DDAB/25-HC |7} 2, 4 & 69 HEF EFsglu. A7 389 &u& 71
% (Eyela MG-2200, Tokyo, Japan)S AR&3le] 70ColA 3 Alzh E¢F Z=4A7 v}S, d& 13 ES 25-HC

0O

i

O‘I
:I:‘
(‘)
i
N
N
N
=)
(U
filo
g

o}

Z % 1 mg/nL7} HEE o]F "ol (DDW)E 7Fstal 20% amplitude, B2AF7] 2s on ¥ 3s off o
Z53 A7 (VC-750; Sonics & Materials, Inc. Newtown, CT, USA)3}o] A &HEA|#A 25-HCE@DDAB U i-3}o] B
2] = (Nanohybrid, NHs)E A|Z3}A T},

B e 2 riz

g1l AZzE 25-HCEDDAB hi-slolBgl=eo] HEelE Felstr] fte] FA2oA £ Azt Av]F (Talos
L120C; FEI, Hillsboro, OR, USA)& Apg3Sle] #zslar o= boll JepIAEr. ME (5 )& F¥X 493
o ® vk IEE e agl=e ¥wd Ea A dAi

2 37 oA oS Abgate] fEstgrt. o %
MES B4 I T8 =] ZWe] Fa SEid ofdEHoER AR R AT, & 2bollA] R np
o} zFo], 25-HCEDDAB ui-dlolBal=r} 94 ez Axd AL 3Helstdn).

X

W o] 25-HCE@DDAB YicslelB | =9] Qx} A7), thtil A4 2 Aet Ae AxPAe T2 e wa}
Zetasizer Ultra (Malvern Panalytical, Malvern, UK)® 43t 1 A4S = 2¢ % 2do] YEAT.

okE MEsl g8 (EE)S =437 st A7) A% NHs &N 25-HC 552 Kinetex C18 A (4.6mm X
250mm, 5um; Phenomenex, Torrance, CA, USA)= st 145 Mx| m=ZwlE ey (HPLC) Al2® (Agilent
1260 infinity; Agilent Technologies, Palo Alto, CA, USA)S Al&3te] HAsSdY. AZnEy] e
&M &5 RE (5 ¢ 1.8 al/E)olA FRHAeH, o)A oS obANEUEZLI DDV (80:20, v/v)E
TAE AT, 25-HC2 745 g2 205 mmolAth, A AMEL oS (40 x §-7))E 25-HC @ DDABE ¥}¥] 5}
FHE AT, FYF 2 A% okgk (LL0Q) > Z7F 20 uL B 1 pg/mLolAaL, 25-HCY wF-& A7t F A3 Al
7he Z47F 7.8 #3 10.0 #oldvh. 25-HCY FEdt 582 A7) 14T AA aERE a#y] E4& F9

101.7 + 1.3 %2 =AU}, Cy5.58 F3F T2 HE JxslolBgtd ZrHgon Hi AL 204.2 +
4.1 nm ¥t}
T 2¢ @ 2dolA] B ule}l ol TF Fakek 22 Azl DDAB/25-HC SFH|7F 4 ¢ YxdlolBEl= (NHs)E

HHe] Hy 2 7Ho] 126.5 £ 2.3 nm (v} &4 #4= [PDI] 0.26 £ 0.01)o]ar kdst Ael A¢7F 93.81 +
3.76 mVel Ao ® YEFYTH DDAB/25-HC ZH|7} 2 = 6 ¢ NHE AR =717F o AW (179.3 + 8.6 nm)
o §& A7) ¥¥ (PDI 0.72 + 0.10)5 WeEbRlch. =3, 25-HCo] A8 G&(EE)2 1% A4 ARnE
aels BAe Ba 1017 + 1.3 92 SFEATH (v5.5% Y TRHE w sojnese eHgon, 3
7+ AL 204.2 £ 4.1 It (£ 2¢ 2 2d).

Nﬂ@

r—{u:

-HC@DDAB =) &2 5}

27 ICR u}$-2o §8 Cy5.5 = Cy5.57F 29 ¥ 25-HCEDDABS 35 pg/kg?d €802 7y WS B3 FA}
ST, 8] Cyb.5 FAME AYstae 47 AAY olvy Wiy s YHE F

DMSOl 1 mg/mLe] =2 &al¥ Cy5.5 A% &9 7 uls 29 993 plLet &3, FAate] ] Cy5.5 FAF
|ANE Azt FAF 3, 6, 9, 12, 24 B 48 A7He] 7+ A]ﬂoﬂﬂ 247} wpe-2~5 YA 7)aL 159 1,
A7 v, AF F HE dUske] A 9 o A}, VISQUE® InVivo Smart (Vieworks, Anyang,
Korea)& ARg3te]l d7lelA e A7le 3 Ars STz {2 (vb.b T (vb.5 2FH 25-
HC@DDABS] XA x5 HUE P = 2ed] YERAATHn=5). g AZPE Al HAF 288 54319 =

of e, olw 3k, HA, A%, A% F #He] 3 Azt djgh
T 2¢ @ X 2foA Wi upel o] 25-HCEDDABE A®ZF o= #H F

A EE gk

(13
H
spahe= As &9l

2 100 %= A4 O]—OﬂD}
A9k, (v5.58 =Y @

-2 _ll-n:

=2
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onl

NH A g)ate] oA Hi EAF a8 % Fo] & A} Algte] wel f2 Cyb.5 M ¥ Hlaske] & 2go] UE}
Ak, = 2golA ®E ulel o], 25-HCEDDABO Cy5.58 EWd A%, 8 Cy5.5HT BAF 80 =& A
gelst 4= i),

o

<A 2 H FH3} 25-HCEDDABS] A EZ5A E2l>
2.1 9h9-2 3] W AZAA AEEA 8
SRR R E R E D

3F-CD31 @] % Dynal Magnetic =tjo] 1Z2% DynabeadsE Al&3le] A|ZHA (Dynal Biotec, Lake Success,
NY)e] A el wat 3] AxE Egdct. WA, yWIHAE E8E 8 4 ~ 6 v vk~ (6 ~ 10 FE)E
A Oy dE AEsdo. AEE dHE RPN vl ¥a e 23S AlAG o, PBSOlAM @ W Al S}
Ak, o] ¥, 1.0 mg/mLe] FEpAIGtolA] A9k A 1 AIRF &F 37 CellA 5w wigsiltt. o] v &<k 5
Ut FEES B 2 ot FEHA EEAT. vs, dESS 70 um =HA (BD Falcon)E S 7]aL A=
50 mL FHZ SAT. oy AX IS 1000 rpmol A 10 B Fok A BElste] A NS AAS T, AE
AYLS N2 15 mL FrA 27FE PRSE 1 3] A= alt).

Dynabead®} Z3¥ anti-mouse (D31 &A|E 4|3}7] $18] Dynabeads (60 pL)E vF2ul€l =9 (Invitrogen)
o A1 MACS ®# (PBS, 0.5 % BSA, 2mM EDTA)= A 3lt}. Dynabeads& MACS €& (600 nL)o = A& E3taL
FE ®h9-2 (D31 (M= 10 ul B 5 ng)s H7tetr EFES 4 ColA 12 A7F s Wi, Axs AL
o|4 10 # &<t Dynabead A3 @-vwh-2= (D31 Ao A v g o3 AA Ede EA. Alx dAE

15mL RO AAs] Hriete] 5 B Bk wldst F, PBSE A2 HA AA Y. Dynabead-AEH &F-vf$-~

[> o

(D31 AZ 271s PBSoNA 3 3] Mz, AL EBM-2 A wix|o] AAErs T} $3sle] 98 Yo =
ZokAl JAA ZHH Y (Roche) S EF3H= RIPA 5ol Sa|A AT

- 2o A WS A Z A w5 A3} 25-HCEDDABY] A|EEA &<l

Filipin & ZdzdHEd= ZAFSAT dxHEsd 2HEode= AdsH Ze Hd F3F4d =84
gAA etk Ay B3 vkg-2 3 WA ES Nunc Lab-Tek II 8-Chamber Slideol #&3}al PBS(WhZ+t),
25-HC % 25-HC@DDABZ 0, 0.1, 1 ¥ 10 uMA FERE 24 AZF ot APt AXEE A2 A 1 A7 EoF
4% FEEEdgE =2 DA TS, 10 < 0.5% Triton X-100 o2 T2 golsA] grh. o]%, 3% A&
g2 &89 (bovine serum albumin, BSA) 0.1% Tween-20¢] ¥3}% PBSe| gt k=8N o 7 12 A|ZF ot =

b

o T1—
AT, At ekFel] Filipin statining 55 Wal 4Tl WAl AZE wigsiint. o5, Al£E5 PBS®
A3 & Immu-mount & F2Felar, 33 dAujF oz 200x PlE&E A ZH3}E}e] (Leica microsystem, Germany) =
3acll YERATE.
w3 A7) Bydk vgA H IAEE 0, 0.1, 1 @ 10 pM %9 25-HCEDDABE 24 A7+ =
LIVE/DEAD™ Fixable Far Red Dead Cell Stain Kit (L34973, Invitrogen™)ZE A}&3}o] GAFTE., 1 T A3
2 PBSE 2 3 MH3IYTE. GAE AEE 1 mLe] PBSY A|HEFS}I FACScan SAXE 2417]) (BD)E sle] 3
39 Aestste & 3bol] YERY T
T 32 % % 3peA] K ule} o], 25-HCEDDAB el o3te] WA #H UFAE ue 25-HCT}
Z7tsls o | AEEALS YEhA gkt
2.2 HUVECs ¥ MRC5 A|EFoA AEEA 9
Algd o wigE Q1zF #H I A (HUVEC) 2 QIZF Efjo} & AfobAlsE AESF (MRC5) A 25-HC@DDABS] A3

=4 G732 Frranh. HUVEC 2 MRCS MEE 0, 0.1 2 1.0 pMe] %2 25-0C ¥ 25-HCEDDABO] +=ZA]7]aL,
WST-1 Al2ke 99 10 ulE #H7bstar 37ColA 5% CO,= di%gict. A¥E FAHAEE SAH3le] = 49
YERIATE. & 404 B ko) o] HUVEC 2 MRC5 A|Eo A% 25-HCEDDABS] A EEAS 2w A ekgtt).
2.3 AA W AESA FA

25-HC@DDAB®] A4 A LH 574 HAEE QST 25-HCEDABE phe-2~ KLRlo] fFojshal Fof 48 Al § A7
=4 v 9 H3rE gEsignt. Aske 7]|E (MyBioSource Inc., San Diego, Inc.)E AFg3te] A7) @ %
2 EgmtAd Ak E‘TM@Li(LDH), deld oju|y AolE A (ALT), olATfe|o]E olu]yw Hol&A (AST), &
A g4 Aa (BIN) 2 ZdotEdE S48t o, nf9-2 Bdo] widES (WBC), 5T (ANC), H2ZF (ALO)
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5a 2 5bell UEFNRITE. = Sa B SbollA B mpe} o], 25-

\"

3.1 CLP 52 »adA ¥ ¥3Z3} 25-HCEDDABY] M=& 9 HzF | "X= a7
CLP Z& rdo NE&ES

(lP2 =g HdT5 B2 7] dAle 13 sdsiA a3 AHT Fe =321 § 27, dAste] st
gom, 4 dEzw sEdA BES mI3AFou ARATIAY AeA7IA da BFoR 9t (P A
= Xé

& 6 Az Sl 25-HC ¥ 25-HC@DDAB (1 pM)E

o

AE Oz, CLP A X, AAZ e AXF A8 Al5E2 3338ty 55 J9=2 FFey #2dsn AE d9E &
6aol eI, = 6acllA] HE mie} o], CLP A +, 96 AIZF Ao 100% #HAFSFATE (n=10). 231} 25~
HC X2l CLP mexo] AEES 30% Z7MAA 0™, 25-HCE@DDABE 50% Z=7A171 AL 813k},

oS dd B e g4

70 C57BL/6 AF$-2Z CLP A& 6 A7 3o 25-HC 2 25-HC@DDAB (1 pM)E AW J& FAFct (n=5). 4
7] wh9-2== CLP Als) 96 AIZF 5 QFERAAIZ|AL, ZF mh9-ZolA # AES AEsgitt. A& #A= PBS (pH
7.4)olA 3 F A3} ‘/LOF%E Gl AASFL 4% X2 LH )= 8 (Junsei, Tokyo, Japan) O 2 4TolA
20 AIZF B A9, 18 &, AE g AlY=E B @eeta el miystal 4-um MR A
T3le] Eefol =9 HH%]E“EP & C 2EolA gaetastelan Arstste] SutE47 (Signa) 22 ¢
Ak, =3k AN A AT 93 0.3% A4 d3:Eof 3 3] WA g F e (Signa)oz
AA T v, AME 8o B &

gx G, o F, dske Alezs AAUo 22 S o w5 P
s gny B Saete W 1z, 24 % 2 9% Axe 18 WS o2 bl VeI =
]

6boll Al = Hhsh o], CLPe] ojate]
Ao Aot 9 2H9] Eye] daw A

upgslglon] | ®oubyd o) 25-HCEDDAB A 2l¥ Al

3.2 ¥ ¥3 5} 25-HCEDDABY] (LP 5& 2d ¥ AR vx& 943 g
JFekSd R 9F

371 Aol 3.19] CLP S F 25-HC HEi= 25-HC@DDABE A e]d 4, CLP k-2 d4e] dSuheS A
o, g 25-HC F=% 25-HC ELISA 71E (MyBioSource, MBS7254215)% AF&3le] AZPA el ZREFH u}
ot Akl AA W FHELS ok B OﬂEA EF T4 wet HFuior wEH ¢ g
FEAEAT. CRP wh$-2of 25-AC H= 25-HCEDDABE AW FAlalal 6 Az 3, 1% owkx B3 4
A Ada &HE ZF mhg-zo] A ) T/%}am. 30 & F vk E dEAAR 5

o o5 dAREE F AN FHEE 650 mmoll A FG33ATt.

Ulo

o ZZAo|A AME 7+ HEZEA-1 (intercellular adhesion molecule-1, ICAM-1)¢] 232 ELISAR ZAAs}IATE.
23" # 223 Nunc-Immuno™ MicroWell™ 96 4 Z#|o]Eo] ZY 3} 4CoA FA] vjFgict. Az 3, -
ul9-2~ @ Z2 ICAN-1 34 (Millipore Corporation, Billerica, MA, Z+ZF 1:50)8 #7letx, 1 A7 ¥

(37 T, 5% C0y), AMEZ 3 3] AlF 3 oS 1:2000 H2A|thA] Ag d-vp9-2~ 1g6 FA (100 pL; Sigma,
Saint Louis, MO)E H7Fetar 1 Al &9t WA AT, AEXE U4 MHstal o-dHddtoelwl 714
(Sigma, Saint Louis, MO)< AF&3Sle] AANAIZL B, 490 mmollA] &3 = Asto] v FAE YY)t B
E 542 3 42 358l

A o

MU o

WL/ SET ol BAS 935le] (LP 4 6 AlZF & (LP % 7}9~2 25-HCODDAB 1 uM=E A g g, o)%
3 73R HE AAFN (bronchoalveolar lavage, BAL)S 0.8 mLe] A A= A&
o}, BAL A (200 plL)E= A= dol B417] (Mindray, BC 5000 Vet)ol 93] AlF=Act. Ax= BAL F-A4 &
ML/ EET X 102 BAYC
5 ZZA oA SREBP-29] A} S-S AZAA ] ZREF] whEl Abcam (abl33111, Abcam)®] 71EE AM&-3ho]
ELISA W o=z aﬂﬂcﬂﬁ} 7 C57BL/6 wl$-225 CLP A& 6 A]ZF $of 25-HC % 25-HC@DDAB (1 pl)E A
W g2 T (n = 5). 7] vF-2=% CLP A3 96 AVJ < QAR &, 7 mpg-olA ] AES AE
sttt A&3 wlliTEi 8 FEFES FEI T, dF ggF 30 pgol oH”oP ZAA A2 SREBP A3 A4
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

(the consensus SRE, ZH& %
o] &% SREBP 23 A4
REBP-2¢] w3t 57

A e =, dE 5

BT raste] AF gxzad fAbe gie JeERd Sl
Septic markerd] H|X& J3F

F7] CLP 7%= ¥ 25-HC &

Inc.)E AF&3le] C-vb-& Gul(CRP), X €
" HoldgA (AST), ol

B npep o], WA WA (CRP), A &
E oluyx HoldA (AST), M a9
glol olsle] AAF| FAFTE.
SREBP2-## mRNA @& o] vX&= A4

g2 a4 (LDH),

47] CLP & $ 25-HC HE+ 2
Srebp29] mRNA L@ ®sHE #Rlste] =
Zo| A cDNAZ BA37] 98,
AT, A2
Green 1S ARE3Fe] A AIZF PCRE
95Ol 10 - <t 45 AfolF WA, 60ToA 5 &
ARy Zetolw|= 317

DI
AAZ
4 12F FAek IRPell A & 22F FAE H7bsko] 450 nmell 4 w17+

84 44 (BUN) % ZdolEHdE
T2 &4 (LDH),

ZIHSd 10-2023-0009623

NA A o]
olf- &zt

AET A5 AXE = 6col YERHAT. vhe2o] A 412 25-HC@DDABS] 737 A Mol A w2 25-
S Ho ] oA 25-HC7F B ol FEdeS vt (= 6e).

WA o F

25-HC@DDAB A& ¥ w}$-2 Ao A3lst 7|E (MyBioSource Inc.,

depd o A 1§_* (ALT),

I-H

Ay #AHE A E
A, H 2F o] Al
A HE AFN (BAL)AM Y W = FF o], E|al ¥ FH A SREBP2 &

& B

IYE 96 Ao F7tsiglvh. 4] 9
SREBP ZA}QIA} &3
H| A gmo g 7

o?.: Mok

San Diego,
o}zl o] £ o}
dell YERH AT
et ofH d olga (ALT),
A4 (BUN) 2 AdotE S X3hek AT digh vAR

5 6dol A
of 2~ T ¢| o]

25-HC@DDAB A

5-HC@DDAB A 2]¥ v}$-2~9] SREBP2 & Nox2, Nrip3, ILIb, Mcpl ITcaml 2
6eoll YFEMAATE. SN50/Fatostatin A7F FoJ¥ CLP w}$-
AA RNA 1 pege 338 Q44 53 &4 (Roche)E A}&3}4]
Aol 2T Fo| upg} Roche Diagnostics GmbHe] LightCycler FastStart DNA Master SYBR
Tt ”’\]7} PCR 2712 o33 #r}

Fot A3 & 72T 15 & Tt A%
3 20 YERAT. HEA E‘Xé mRNAS] 2 a FrAxt oA xF

*] z;d A0
=

Z)—_A 6 El:xﬂ

95ColA 10 ¥ FoF %7] WA,

=
>
ofo
s}
AN o

A= AT
x 2
Gene symbol Forward primer Reverse primer
Srebf2 TGTGGCTGGTAAATGGTGTGA AGCACGGATAAGCAGGTTTGT
Nox2 ACTCCTTGGAGCACTGG GTTCCTGTCCAGTTGTCTTCG
Nlrp3 TCGCCCAAGGAGGAAGAAGAA TGAGAAGAGACCACGGCAGAA
I11-18 GGTGTGTGACGTTCCCATTAG TCGTTGCTTGGTTCTCCTTGT
Icam-1 GCTACCATCACCGTGTATTCG TAGCCAGCACCGTGAATGTG
Mcp-1 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT
B-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT
T 6eoll Al HE wie}l ol Nox2, Nirp3, I11-1b, Mcpl, Icaml 2 Srebp2Z 33+ SREBP2 & mRNA W& n}
9-2x Relo A 25-HCEDDABES A 2loll ¢]dte] 7FAwt}.
B Al EF] 3ol vX e 9

A7) CLP 7% ¥ 25-HC T+ 25-HC@DDAB A &¥ wh$-29] IL-18, IL-6,
protein-1 (MCP-1) % TNF-a 9 =5 ZASH] Yo AzPAe] ZZEF (R&D Systems)oll wha}
2]6] (Tecan, Austria GmbH, Austria)E AF&3sle] S

ELISA 7IES AHE-3lth. ELISA EdlolE
£ = 6fo] YA

T 6folA] BRE upe} o], IL-18, IL-6, IL-8 2 TNF-a <}
oA FAB| 7FA3t] 25-HCE@DDABZ} A}o]EFhel

<A Ao 4 COVID-19 #x} FHofA] 25-HC@DDABS] &3} &>
4.1 COVID-19 A} EMoj|A| CH25H 2dF &<l
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e @y Aol e

pis
3lo

IL-10, monocyte chemoattractant

A 9]

=483, ol

G2 5= 25-HC@DDAB = &)
3
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

SIHS31 10-2023-0009623

¥ Hs

Rl oot Bd4ol A SARS-CoV-2 4 Xehe W 7, dddista W ddd i d8s

HAH. COVID-19 HEF SAb= DS ol oAl Aed 7]ES

HE wd S GeEvista ofwde] 44 :

AWE]‘”E} 435 MES] BE el tid g dolE 3G, 9 A&
< AFHTF T 12 AR ool 5 & F2F 2000 gl A Al st FHlElT).

I e
= o %%EHQE He 73 A993] (YUH 2020-03-057, 2020-05-031-001)¢] <<1& wkgtow] ko] A}
LI E FdE F FAZHE AFS FHIL. oA W dH AE BHe wuy uxo=z

ZaiEglon, B & 3zt ARl uuste] BAE9c),

COVID-19 &zfo] dH o= uiolejxrt HEEHYoH A ISE ATE VR R FF 357 23 &=
HPFoZ HPHATE. COVID-19 HEZF 3xte= HEF 3o 3|9 d3dA AFe 7S At A=A
ok i) 3 2% 38T oo 4, ii) HA 7 94, iii) SIRS (systemic inflammatory response
syndrome) 7|5 27} 1”«] A4l Oé% e ST, iv) —’F% ] ﬁol 90 mmHg ©]ste] A @Sk, H/EE v) &l

%, st ool F4

w0 e Z3l= Ao AA e HZFeU. A
e A hA7F hRTFoRE /\]'“3‘5]93\

Kol =

= -

e 4 dHeolHE A
k

COVID-19 #xt&= AW Foko] wel S/, "EE"S Ak HEoA Ay A5E v 3 B A
A2 Ao, "FF"e FAH T T ST (Acute resplratory distress syndrome, ARDS) ¥ #jd=
o] IdAY HF X& HX (intensive care unit, ICHAA HF ABE U= A2 AYHT). o7]dE= Aa
Qo7 NgWe sy ¢y F7|9 28 JAA S50 FEstE A EoE Y.

COVID-19 &=+ dqelA] CH25H &2

A7 A ¥, COVID-19 ¢ AF 2 55 o g S 9 T=

A MES I diga oA AA3 ST, =
H A9 73 AELAI ) &LVt sA. dH iﬂ% =2 4 AIZE oyl ARE- ]94 H,
Ficoll-Hypaquek X3 NycoPrepkE AF&3te] Al zd A< /\]—f%}oﬂ mEl Zx g9 odl MEZ (and
peripheral blood mononuclear cells, PBMC)S & oA T':E]S]'%‘\E}‘. 71 % MACSprep™ PBMC Isolation KitE
=3] Bt} AAFE PBMCES &9 RPMI—1640°ﬂ ImM Sodium pyruvate, 2mM L-glutamine, 4.5 mg/L X%9, 10mM
HEPES % 2 mg/L S8 YEFES BEgh six|olA wjggrt.

)

["_x_4

A7) BElE A4S TE T3 0VID-19 AR RE FEE PRMCOlA WY EEHS S8 ZuUsHE 25-51tsa
2 (cholesterol 25-hydroxylase, CH25H)¥ AZEstgitt. JEF ZoaAAdolE Zgolmdolne 2 AH7|A%F
(SDS-PAGE) %, @< &2 n}$-x 3F-CH25H &4 (CH25H @< 22 3k4 (M01), 22 168, H00009023-MO1,
Abnova)2 WY EEY BA& Fd3ta o]& ® 7adl YERSIY.

T 7204 ®E mpel o], CH25H &4 58 23 COVID-19 ArHtl 3 COVID-19 SAtoll A E]= PBMCel
A Y Skt

w3 AE i FF OVID-19 AR EE 22 PBMCAIA qRT-PCR 2418 8] CH25HO] mRNA 38 2413
of % 7boll YEMUTE. & 7hollA] B uHpe} o] CH25HO] mRNA F°& W3 A= COVID-19 xRt 3%
COVID-19 #xfol A dAA 3] Sk},

4.2 25-HC@DDAB®] COVID-19 &%} PBMCY| W]X&= &

COVID-19 #x}e] PBMC W CH25H F=d] n| X+ &3}

=2 COVID-19 H4}¢] PBMCOlA] 25-HCE@DDABS] ] 7} 25-HCE] 43S Z7AZ ¢ 9=x AT, Ay =
= (OVID-19 #x}=HE] 225 PBMC Aol 25-HC T 25-HC@DDABS 0.5 T 1.0 pM 2 A28k PBMC
el 25-IC 525 At = 7col YERHALE.

T 7col A BE npe} o], FZ (OVID-19 3HzFe] PBMCOlA] &3 o)&d wlAlo=z 25-HC %< A Z7/MA
=

COVID-19 x}¢] PBMC AE&&d nA& &7

%% COVID-19 3+#}9] PBMCollA 25-HC@DDABS] A =7} %% COVID-19 #Hx}9] PBMCY A&g9 v A= ax= I
QR . A % COVID-19 A2 FE #2l¥ PBMCE RPMI-1640°] 1mM Sodium pyruvate, 2mM L-glutamine,

ol

_15_



[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]
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A

a0
>,

¢

UEFS HF3 vj]o A vjstar] wjdgd Ao 25-1C £+
3lo] = 7doll YERHSITH.

T 7del A BE upe} o], Hlek 24 @ 48A17F 3 25-HC HEE 25-HCEDDAB X €]+ COVID-19 3tz 4HE 2ad

PBMCY] AEES Z7IA o™, ujek 48A17F 3 25-HCE@DDAB €]+ COVID-19 3A=H-E 2ag PRMCe A&

< 100% 7}7ke]l F7FAIH .

4.5 mg/L EE%, 10mM HEPES ¥ 2 mg/L =
25-HC@DDABE 1.0 uM & AHgsta AE=&<

=
e

COVID-19 3x}9] A}o|EFIQ Zrte mXe &%
25-HC@DDABS] A&7} &5 COVID-19 3tAte] 7 Ul Alo]EFIQl el W A& dFE AT, 7oA &
3k A3k A YA(Normal) 2 F5 COVID-19 #x}9] PBMCE 2 x 10 /%] FTER 12 A
RPMI ®i#]elA PBS, 1 uM 25-HC % 25-HC@DDABZ 2]t &, IL-1B8 % TNF-a 9 F+5 ]
(Quantikine ELISA, R & D Systems, Minneapolis, MN, USA)E A}&3le] A|ZxFA 2 X wel FAstar o]
= 7edl YERNSIT.

% 7eolld HE uwie} o] Aol (Normal)¥ H|nsle] 5 COVID-19 3kx}e] PBMC (PBS)= 954 AlolEF
[L-1B8 % TNF-a 9] F<0o] dAA3 =71etR e, 1 uM 25-HC F=+= 25-HC@DDABe] 2o]&te] A=A}, E3] 25-
HC@DDABS 2]3led g7l (Normal) o2 I&5EHE 3& &lssit).

COVID-19 #}e] SREBP2 A4 WX &= &

25-HC@DDAB2] COVID-19 #x}ellA] SREBP2 &/ mix& adsE EQlsiglvt. AWy C0VID-19 22} PBMCE
g e ASSL 7] A 325k FAE PHo R WAL 1 7

O AYE & 719 YERGT).
% 7folA B uhe} o], FF (OVID-19 $HAolA Z743h SREBP2 g2 25-HC HEi= 25-HCEDDABS! o]ae] ¢
Aoy, E3 25—HC@DDAB°ﬂ oJste] #A 3| A ATE.

COVID-19 &/}te] Alo|EF}el AL B ¢4FHH mRNA 23 mx= 53

25-HC@DDABS] COVID-19 BA}ell Al Alo]EFEQl A4 Hx AF Y nRNA & vX&= a5 RIsgltt. 47
oA ®&e S35 COVID-19 #hx}e] PBMCol 25-HC X+ 25-HCE@DDAB 2} 1 uM <, IL-18, TNF-a,
NOX-2, NRLPS, MCP1 % SREBP29] mRNAE Z7] AAle] 3.29F £ Wyo= =Hstn 1 A%E = 8o e
otk &, olm) AHgE Eeteloit= 87) & 33} k.

#£ 3
Gene symbol |Forward primer Reverse primer
SREBF2 CCTTCCTGTGCCTCTCCTTTA AGGCATCATCCAGTCAAACCA
IL1B TACCTGTCCTGCGTGTTGAAA CTGCTTGAGAGGTGCTGATGT
TINF TGGCGTGGAGCTGAGAGATAA TTGATGGCAGAGAGGAGGTTGA
NLRP3 TGCCGGGGCCTCTTTTCAGT CCACAGCGCCCCAACCACAA
NOX AACGAATTGTACGTGGGCAGA GAGGGTTTCCAGCAAACTGAG
MCP-1 CGCTCAGCCAGATGCAATCAATGC GGTTTGCTTGTCCAGGTGGTCCA
B-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT

T golAl B upse} o], IL-18, TNF-a, NOX-2, NRLPS, MCP1 2 SREBP29] mRNAE %2 (OVID-19 3xjolA]
A F7Fsll e, 25-IC B+ 25-HCE@DDABO <oJsle] A= a1, 25-HCE@DDABO <lste] &AA 3| A= SATt.

4,3 25-HC@DDABo| 23+ COVID-19 $A}e] Alo|EF)Ql Ze2uddy W3]

95-HC@DDAB®] COVID-19 $hate] AlolEslel ZEo] wx= o3k Fhelsigict. 189 2 x 10/99] AES 12
Al7F =<k FBS7F 9= RPMI siA|ollA 1 uM 25-HC 2 25-HC@DDABE A g]s}ir, ©]3, Human XL Cytokine Array
Kit (R & D Systems)ol] ZAE thE A dta, dAE FES A8t A& ]U]X]% Image] WA 1.43& A&
slo] A5k & 9o eI,

T 994 BE ute} o], 53 (OVID-19 3A+= IL-6, CRP, TNF-alpha, IL-1 beta, IFN-gamma, IL-8, CCL2,
BDNF, CCL7, IL-4, IL-3, GM-CSF, M-CSF, IL-10, IL-5, CXCL9, G-CSF7} wi¢- %o $&o2 yeiyton | IL-
15, IL-16, IL-22, IL-27, IL-17A, MMP-9, CXCL 10, IL-11, CCL3, PF4, Cystatin C, IL-13, TARC, TGF-alpha,
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[0134]

ZIHS3d 10-2023-0009623

HGF, IL-1 alpha, FGF-19, IL-31, PDGF-AA, GRO-alpha, IL-12, MPO &2 Ale]EFSle] & < 2
vebskth, Zrefy 25-0C B 25-HC@DDAB A E]ell ofate] 7] F7be Atel& 7kl mig- AlHA o™, 53
25-HC@DDAB A =]l <Jsle] #AA3] AAFHUY. L3k, RBP4, Chitinase 3-like 1, EMMPRIN, (D14, DPPIV,
Cripto-1, Angiopoetin-2, Kallikrein 3, MIF, MIP-3 beta, PDGF-AB/BB, Leptin, Endoglin, Lipocalin-2,
uPAR, IL-19, TFF3, Resistin, Complement Factor D] &%= 3l & A3 JA|H AT}

=
RS

M |o

SARS-CoV-2 wHlole 29 A U HY COVID-19 #HES FEste] Azsh ¥ 24 &43% 455 xH4s. &
W o] 25-HCEDDAB M & 74719t o] thEe] Bt Afo]E7IRIS JAlste S stgien, 1x=2 73t
¥ 43S E3] 2 Wy o] 25-HCEDDAB7} % COVID-19 Aol A Alo]EFel Z2& 8 T: oud

30 i

&g Fas.

1
g

k1
N
[y

b 10 25-HC@EPC
— 25-HC@DDAB/EPC

= e : Z s
Composition Mean diameter Polydispersity ; 2 = 25-HC@D0AB

(weight ratio of DDAB/EPC/25-HC) (nm) index Zeta potential (mV) $ s

Cy5.5-loaded 25-HC@EPC (0/4/1) 168.5 £ 10.3 0.39 £ 0.08 -32.15 £ 0.57 =,
3

Cy5.5-loaded 25-HC@DDAB/EPC (2/2/1) 1266 + 5.4 039 + 0.02 66.73 + 2.53 5,
Cy5.5-loaded 25-HC@DDAB (4/0/1) 2042 + 4.1 0.37 + 0.05 94.37 + 3.96 =

1 10 100 1000
c d Size (d.nm)

Liver Spleen Kidney Heart Lung
Radiant ”
25-HC@EPC efficiency 4%10 W 25-HC@EPC
. B 25-HC@DDAB/EPC
3x10™ B 25-HC@DDAB

25-HC@BDAB/EPC

Radiant Efficiency

25-HC@DDAB

18A

usads

Aaupy
HeaH ju
Bun
uieig

Radiant
officioncy
80x104 %

7.5 x 104
7.0 x 104
|u.= x10%

Radiant
sificioncy
8.0 x 10"

b [ ] 40 x 104

i2.0 = 10"

Livet  Splesn Kidney Meat Lung
=3 ek = 2
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k1
g
[\

AATATAVAV V

“.‘rf ++°w\muv

25-HC DDAB

Composition

25-HC@DDAB

(weight ratio of DDABI25-HC) Mean diameter (nm) Polydispersity index Zeta potential (mV)
25-HC@DDAB (2) 179.3 £ 86 0.24 + 0.04 49.47 + 1.12
25-HC@DDAB (4) 126.5 £ 2.3 0.26 + 0.01 93.81 + 3.76
25-HC@DDAB (6) 121.3 £ 9.9 0.72 + 0.10 86.50 + 3.06

Cy5.5-loaded 25-HC@DDAB (4) 204.2 + 4.1 0.37 + 0.05 94.37 + 3.96
d
159 25.HC@DDAB (2) 151 25.Hc@DDAB {4) 151 25.HC@DDAB (6) 109 cys.540aded 25-HC@DDAB (4)
£ 10 £ 10 £ 10 g
> z z >
] B 2} 2 5
5 5 g 5
0 v o - . o . . . o v . .
10 100 1000 10 100 1000 10 100 1000 10 100 1000
Size (nm} Size (nm) Size (nm) Size (nm)
e f g
Liver Spleen Kidney Heart Lung -
Radia ] 501
5 !;ci.:;y . — gn ® FroeGys.5
R e @ Cy5.5-Joaded 25-HC@DDAB
Box104 T = 12h z *
I : > ™ 24h g 491
6h | 6ox1on .5 40 | ™ 48R - '0}‘
o o
| £ £ 301
soxtov @ 2
12h 2 & m 2
x 10" 4
2.0 x 10 ‘g 20 4 | .s- % % *
24h 2 5 <= .
5 & 104 :.{‘ s =
@ e
e 0 - 01— - - - T
wet ee® e eat |09 3 6 12 24 48
W et e e Time (h)
ZH3
a Mouse Lung Endothelial Cells (Cholesterol staining)
PBS 25-HC 25-HC DDAB

-

" L LA
Laquggg;
-
. Bl = L,
—

Mouse Lung Endothelial Cells

Non-Treat 25-HC@DDAB (0.1 pM)

25-HC@DDAB (1 pM) 25-HC@DDAB (10 pM)

Count

Live/Dead stain

\ e
L
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5

=

=

o

e
=)

. .T.-m. 25.HC@DDAB
e C M : ot PBS
Lo I —
1 S —
Ol 0O 5 5 3 B
m O | N @ (1p/Bw) euiuneain
= - | Q _.m. 25-HC@DDAB % _ 25-HC@DDAB
- | I §| - 4
o ITs) $H- PBS - PBS
5|4 - -
8 & & o g & @ °
T T T T T T T — (p/Bw) NNG (0L %) serkoouop
$2888%R 3% —
- = - [ Y TT Tu.:oﬁuubm Jr+ .um.:n@uu»m
< I_M PBS s e PBS
(%) AWligen (|90 aanejey R —
g 8888 ° §88%8 8 °
(n) Lsv (P01 %) 9%
& H muv m ) Lm 25-HC@DDAB . LH_ Tm.:n@aes
£ . < 1 T
” o o —h_v a 4 PBS Tl. PBS
O o|NQE g ¢8R e °
M S ,,,,,,, m* ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 16 G
T < oTrn m w . ,.i. 25.HC@DDAB 25.HC@DDAB
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