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/

Del-1°] &3+ atA] nj7/|A] o] AFR Hk-&
Z %

a|
=

Regulation of Antibody-Mediated Rejection in Kidney
Transplantation by Del-1



N

]

o

gie

8

2024

o
o

E

o

<

o 3} 3 ¥

Nfo
oy

—_—

~H



Ton

N

o

o

Nfo
o

!

)

AR A

-

A

AL £

Al
=

o

)

8

2024



=g

ot

a3y A7) ol &A ui/Ad AXF WHE-(Antibody-mediated rejection,
ABMR)<> long-term allograft failures Z|oh= 71¢ & QQlolth. dA] &A|
7R AR wheS o B A mEr] 9l WggAAet 9 gk 5o
A 5S AgstA e, ABMRE] At WA= A7F vk A1 o]2 & skxle}
ol Al¥ S 913l ABMRY oW ¥ A8E e AR FAAA FEol
AAZE Fejoltt. whebA, A o4 F A7IZE o4 H| =& Ao 7

2999 ABMROl Hig e 714 AT T AR As g4e sk

AT} - Ao A= Donor-specific antibody(DSA) w7l 3 W3] Az &4

2

A2, dAE Ao dAA LS} 438 Anti-HLAclass1 A4S 3

st d3 W3 Alxe] A marker’t V1SS T A Z S Del-1 @A S

7hek A5 A3 i AlEelA thFg ABMR markers®] o] ZHASHIT
3}

dxbe] ARES olgsl BAF A3, ABMR Aol wWelAE7}

A

7het A9 AasIth ESE Del-l @2 F3 Uiy AEZ glycocalyx S

Hnom, WAMELA {3 perforinell 2]k 3 V3] MEQ] lysisE
A F T o] Del-1 @& o] acute tissue injurys A 5 Aot A&

o} Al o] 2] 3219 serumOl A total IgG E Del-1 =& 543 2y
2kl T Non-ABMR #Hxjel]l H]&fl, ABMR #4}2] serumol A total IgG
Del-l ¥Ee] AEgo] Z7H AL FARALL o) T ABEE 24 o] 4ol
°]3t ABMR 7}s/d el w2 S 93k marker = 2 ABMR9] tissue injury

A FEe A% Aol 88 5+ 9L Ao sgad,

THEC]: AR oy, A wiAY AR Hks, & WY AE, Del-l
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BoukeS o e X 85317] Y8 rituximab, bortezomib,
cyclosporine 2] WS SAA|L Y wde T2 A5E AlsHA| N, A

W AR wbSols mabA oA @Al FAVE AT ane uy A7)

1% 7] o] Al Donor Specific Antibody(DSA)T °©]2¥ F7]e] Uy
A Zo] EojglE FoA HLA-moleculeo] Eo]x o=z A7 A2 DSAS
HLA-molecule®] Wb F-skx] HbSo] A7|wHA o]z AXF HESo

dojdt}. DSA7F ¥ o] sensitization® A= 7] 54 A wisd AR

S-S FEstal Aat 715 S5old @A(de novo DSA)E F-7] "M @A
WA AR w3 wEo]l Atk DSA EA7E A HivRAd AR RbE=

o| 53}+= biomarker= AF&-3Fil 219 HLAclassI$] HLA-A, B9} HLA class 113!
HLA-DR,DQE &<213lal It} MHC class IS target® 2 3+ denovo DSATE ©]4)
S o wy AR 1gGl1Y 1gG3 subclassY 7FsAl o] ) 9] Al
I

A ARSI x7] olAH &4 Fydo] Qth® MHC class [IE

[

o A
=73

odt

target .2 S de novo DSAE Yol YEIUT 1gG2 & IgG4 subclasst ©]4)
71 #A" FX JAINE o2 F A|gto] Xk FHe o]l d Fx QTR0
a%7] wjiEol MHC class I, I = ©tF A wi7fd AR dbgolx Fash

marker©] TF. MHC class I ©t¥ 2 E3tA| S 9}53l8t= 212 152 HLA class



I(A, B, C)°]™, MHC class I @2 E3 A& dsstete 32 15> HLA

class I(DRB1, DPB1, DQB1, DQA1)°] t}.

rlo
>,
Y
©
>,
N
T

A wj7lAd A FHE-S-(Antibody-mediated rejection, ABMR)
W3 7)s 4o F8 wWRlo|thil2 ABMROIA 4] &4 T2 allograft
endothelium®] antigenic targetl] UJgF alloantibodies®ll ©]3l| oF7]¥ HAo =, o] 2]
Falzte] A Al(humoral system)@F o] 2lE  ZA Fhe]  HdojdrhIF o]
T 27 wHEoldl DSAE EAEH Wy Axd &3S doviw FE

RS

complement €7, Fc receptorol] ] 45 A3 (macrophages, NK cells)®]
T AR WH] Mx Edo] ddle] Hnpde HZ A% o] 274

Wy AX Aol dojys= AL Y o 5ol Ayoe Qe o=
Ay x| gkt wEbd d3 g AlE ZA marker® 2 Z adhesion

ek
o

molecules(E-selectin, P-selectin, VCAM-1, ICAM-1 -5), cytokines(IL-18, TNF-o. )]
e HstE glste] 3 Uy Alx gA48 5T 5 Uk E=3h oE
TAES E835te] 38 Uy Ax 248 FEFoREHA A oA AR
E-ol 2L in vitrool A mimic® = AR A o] 2] AR whg gkate]
2t A% ARelAM 27] DSAZE AEHA & W chemokine(CXCLY,
CXCL10, CCLA%)& 7% % o] ABMR marker® A}&317]% gheh 1920 wgh 1%
AAANA dd Ny AXES glycocalyx W= 3 Uy AX 7]
el mojFEd A o) A% wgo] dojy Al AN el 7%
B o S odv ARE AR ana om oggens o4
glomerulopathy & o5& 4= Qlt} >

s @Az 43 Developmental endothelial locus-1(Del-1)<> neutrophil ]
LFA-1 integrin®} W3] A3 2] ICAM-1 A}o]9] A& 28-S Z43}9] neutrophil
= At Wy AxE #H aedE® g wjyfd A o)A AR
Hhg-oll A Del-1 Al of® &3 g7 A oA ezl vrh gl

olo
i)



olof], B AFo| A= DSAY| o3 @ 3 AE

A% WA Del-1 ol §ate] FA wiAA A% el

A0l gobugivt.
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Materials & Methods

21 AIE 9 AMXE 9

A5+ Primary Human Glomerular Microvascular Endothelial Cel(HGMEC) (cell
systems, #ACBRI 128)5 T 3}9] cell passages 6-10= A}-&3}3it}. Hj ol
EGM -2 MV Microvascular Endothelial Cell Growth Medium-2 Bullet Kit(Lonza, #CC-
3202)5 AHE-51S 2™ 0.2% gelatin(Sigma, #G1393) 2.2 24| 7} 37 °C incubation 2]
71 coating®] ¥ 10cm? dishol] 10ml media®} 7] 2.2x10°cellsE 5% CO,, 37 °C
incubatorol] 4] B F3FSITE. 10cm? disholl A4l vl <1 HGMEC®] Confluency”} 90%
A o Adieids st Al s AASAL 37°C PBS®
wash® 1X TE bufferS F7}38}¢] 134, 5% CO», 37 °C incubator®l| 4] 10cm? dishol] &

o] 2= HGMECE &3l ol A4&2]7](1000rpm, 54)E o] -&ate] 4

¢

Z S A A3 cells countdFe] 2.2x105cellsS Al 22 media 10mlzZ} 7 Al

% s

H

==

22PBMC &3 ¥ T2 REY 5

Agolrb Y e ALel grato) 9] ] 3Fo] volunteer® 3] 8} healthy donor

rj\g

o] dMG A|-&REQkTE PBMC(Peripheral Blood Mononuclear Cell)E 2] 3}7] 23l
g3t 1X DPBS 1:12 34stal 343 dh Imls 7]£O2 3349 ACD
solution(citrate-dextrose solution) (Sigma, #C3821)= <33T AF2olA 30+
incubation$- Ficoll-Paque PLUS(Cytiva, #17144002)2} 4:39] H]&=2 Z+ 4Jo|x] ¢

== 50ml tube ¢F Ficoll-Paque PLUS?IO] E# B H 452 7](400g, 303,



‘4, ACC 3, DEC 0 break offE ©| &3}t 1 $ PBMCTS waElshe] 2%
FBS(in 1X DPBS)E ¢41%#2]7](200g, 10, A2)S o] &3ste] 2 washdt ¥

cells2 countd} St}

w2¥ PBMCE A7 Hasty] fls d4lie]7]400g, 103, &-2)E ©l
25}0] pelleto. 2 THSIL 5% DMSO(Dimethyl Sulfoxide) (Sigma, #317275)(in FBS)
o resuspensiond}ITF. ©] % stock tubedll %1 F Cryo-container B}2:¢] Yo

deep freezer®ll overnight A]7] 3L LN2 tankol| H.#3}$it}

HE PBMCE AH&3t7] 918 37°C water batholl 227F §5A1%1 $ 15ml
tubeoll # %l T RPMI 1640 medium with HEPES, L-glutamine (10% FBS)(Cytiva,
#SH30255.01)5 3ll5A1Z1 PBMC7F £ 15ml tubeol]l ¥ o 472 7](400g,
103, A& o] &3ttt o] ¢ AT dS AASHAL 1X DPBSZE resuspensiond}

o] cellsS countd} St}

23 & 9] AE 47 Del-1 A

2

& ool4 At ARE ARG A odn] AYPS 918 DSAHAl Anti-
HLA Class | Ctri(Invitrogen, hla-c1) &A1& AF831%1a1, A% o] 4] #xe] A sE
A& wj= A9 serum W DSAVF orm =z 3zlo] serums ARE-SFSITH
positive control 2 Anti-HLA Class | CtrlZ} Recombinant Human TNF-a(Thermo Fisher
Scientific, #?HC3015)E #°] A}-83}%th. HGMECE 0.2% gelatin©.= coating®
platee] EMV2 media®} 7 seeding $ 2647}, 5% CO,, 37 °C incubatorol] A vl &F
SR 1 % EA4stE g3 Wy AXE F 73 positive control & ARE-3E A g
ol = TNF-o(100ng/ml)E oAtk F7F= 2241 %F, 5% CO,, 37 °C incubator ]|

A wfekEb A seeding T W Wy AlE oFH3 2 monolayer FAS 9]



F 484 7bel] =3l7] 2413 Aol Del-1(100 nM/5x10%ells)S Y] preincubation
3}8lth. HGMEC seeding $- 48A17Fe] ¥ 1S @ PBMC(HGMEC 9] 3ul)<}
Anti-HLA Class | Ctrl(0.5ug/ml)* H=i= A1 o] 2] 31z}2] serum(DSA) 1000”2
9o 5 HGMECS} 3192417}, 5% CO,, 37°C) 3FATH =L $ HGMEC] £

0] x

Ay

&= PBMCE AlA3SH7] 93l plated] &= medias fresh EMV2 media®

¥

WA 3 5% CO,, 37°C incubatordl| Al F7F4 02 14X 75wk 349l oh.
olF AXEL d Wy &4 <A wd, PBMC H-2 A%, acute tissue injury

240 AHgasieh

2.4 Conventional RT-PCRS} A A7t AF T AL HHHHS-(qRT-PCR)S 53

ABMR markers 233 0|1

RNAE ¢7] #3 "4 TRIzol Reagent(Invitrogen, #15596026) 25005 ©]-& 3}
o] 12 well plated] A= ZF A|EE(HGMEC, DSA 3= Anti-HLA Class | Ctrl §1©]
PBMCSt FHiE HGMEC, &/43t¥l HGMEC, Del-1S A3 &4dste
HGMEC, TNF-oE 23 243" HGMEC)S &3lA1A tubedl KA
Chloroform(Sigma, #C2432) 50uLE 7FgF %, vortexingsto] ¥4 2](12000RCF,
4°C, 15%)3F k. 45N 7045 F 3] isopropanol 70ulE F 7Fslal G4l
(12000RCF, 103, 4°C) ¥ 45 HS AAT 7 75% &S o] &3] Al s}
ok Al H 3l @2 RNA pellet= DEPC water®] -8313}l¢] Nanodrop= 53]
RNAZS At A9 RNAS cDNARE A 317] 98] High capacity cDNA
reverse transcription kit(Sigma, #4368813)= AF&3}3 3l A4 2 1ug RNA, 10X
RT buffer 2.040, 25X dNTP 0.8.0, 10X RT primer 2.0, Reverse transcriptase 1.0 /0]
DEPC water2 20ul7}4] A& % 25°Col A 10%, 37°ColA] 120%, 85°CoA] 5+

© 2 reverse transcription PCR3}4] ¢cDNAE &/d3} U PCR bandE &2135}17] <



& g4 ¥ cDNAZ ©]-83}9] Quick Taq HS dye mix(Toyobo, #DTM-101) 1040, 7}
primer forward, reverse 0.2.0, DW 8.6/, cDNA 145 Y3 PCR=S 3}t PCR %
22 94°Col| A 33, 94°Col Al 12, 60°Col Al 45%, 72°Coll Al 45%, 72°Cll A 3,
35 cycle©]™ 18s rRNAT 25 cycleZ 3}t PCR band+= 1Kbp DNA ladder(Lugen

Sci, #LGM-2201)2} agarose 2% gelS ©]-8-3Fo] 135} T}

AN A FFES AN (QRT-PCR)S #5317] $13] /9% cDNA |
w0l Light cycler 480 2X SYBR Green I Master(Roche, #04887352001) 10,0, Z} primer
forward, reverse 0.1.0, DW 8.805 % ©] PCR(Roche, LC480)= 3}t PCR =71
< preincubation 95°Col| 4] 5%, amplification 95°Col A 20%, 60°Col| A 103, 72°C
o 4] 302, 45 cycle, melting curve 95°Co A 5%, 65°COl A 1+, cooling 40°C 3} S
o A3 Z3= 18s tRNAZE normalizationd} )l .1, A&+ primer sequencest™

obel st 2tk



Product Size

Target Gene Sense Sequence (5'to 3’
9 q ( ) (bp)
Forward TAA TGT ATG GCT GCG ACG TGG
HLA-A 182
Reverse TCT CAA CTG CTC CGC CTC AT
Forward GGA CCA AAC TCA GGA CAC TGA
HLA-B 236
Reverse CTC CGA TGA CCA CAA CTG CTA
Forward TGG CTG TCC TGG TTG TCC TA
HLA-C 155
Reverse GGC TTT ACA AGT GAT GAG AGA CT
Forward TCT ATA ACC AGG AGG AGT CCG T
HLA-DRB1 202
Reverse TTA GGT TGG ACT CGC CGC T
Forward GTC CAC CAA CCTGATCCGTAAT
HLA-DPB1 183
Reverse CCA GCT CCC GTC AAT GTC TTA
Forward CTC CAC CAG CAG GGC TTC
HLA-DQB1 218
Reverse TGC AGG AAG CAG AGT CAC AG
Forward ACG TTG CCT CTT GTG GTG TAA
HLA-DQA1 237
Reverse TAG CAG CGG TAG AGT TGT AGC
Forward TGC CAT TCT GAT TTG CTG CCT
CXCL 10 233
Reverse TGG CCT TCG ATT CTG GAT TCA
Forward GTT CAA GGC TTC CCC ATG TTC
CXCL 11 194
Reverse CTT GCT TGC TTC GAT TTG GGA
Forward TGC AAT CAA TGC CCC AGT CA
CCL?2 219
Reverse GTC TTC GGA GTT TGG GTT TGC
Forward AAG TCT GTG CTG ATC CCA GTG
CCL4 294
Reverse GAG AAG GGA CAG GAA CTG CG
Forward TCT CAG CTC TCA CTT TGG TGC
E-selectin 236
Reverse TCC TAC CCA GAC CCA CAC ATT
Forward CCA ACG TGA TTC TGA CGA AGC
ICAM 1 227
Reverse CCG GGT CTG GTT CTT GTG TAT
Forward GAG GGT CTA CCA GCT CCA GA
VCAM 1 199
Reverse GAT CTC TAG GGA ATG CTT GAA CA
Forward CCT GTG AAA TAA GTG AAG C
hDel-1 268
Reverse GAG CTC GGT GAG TAG AGG
Forward GTT CCG ACC ATA AAC GAT GCC
18s rRNA 147
Reverse ATT GAC GGA AGG GCA CCA
E 1. B 7 AHEE primer 55




2.5 A X FZ B2 (Cell adhesion assay)

Cell adhesion assayS 1 3J3}7] 913l 0.2% gelatin® = coatingdt ¥, HGMECE
seedingdtdth. A3 Wy A¥E 243} Del-1 Ag Y-S FL3HA 4 PBMCE
s 5 FulE HGMECSF Ful%F dt#] @31 BCECF, AM(Thermo Fisher
Scientific, #B1150) solution 3uM, 20+, 37°C incubationA] A & A}t o] %, DSA

T Anti-HLA Class | Ctrl(0.5pg/ml)¥} 34 HGMEC®] #7}she] 2A17F &-uj <ok

SHeIh 2413k B FE T HBSSE AFEdtel ASHOE washdA I

2 A9 percentage(%) = (wash$- 2= o] 9l Azl 3 A7)
3

(washa}7]  F-=tE]o] 9l= Aol &G A]7]) x 100%

2.6 WY AX 33t 2 (Immunocytochemistry)

24 well plate©l] coverslip glassE 23l 0.2% gelatin® 2 coatings} 31 U}. Coating s =
% HGMECE seedingstil d3# Uy Alx &4 HA sdstA Psksict.

o] % 2% PFAZE 104, A-2olA HAIZTE 0.5% Triton X-100(in PBS)E 10,

Ap2o| A A g3l permeabilizationé}?il blocking solution(5% NGS, 1% BSA, 0.1%
Triton X-100 in PBS)S ©]-&3te] 1A1%F Aol A blockingstlth. 13} A+
Mouse anti-human VE-cadherin antibody(R&D systems, #MAB9381), Rabbit anti-human
CD45 antibody(abcam, #ab40763) AF-8-5}51 0.1 4°Col| A overnight 3} Th. 22} &
A& Alexa Fluor 647 goat anti-mouse IgG(H+L)(Invitrogen, #A21236), Glycocalyx,

FITC Lectin from Triticum vulgaris (wheat) (Sigma, #L4895-2MG), Perforin Monoclonal



Antibody (dG9) conjugated Alexa Fluor 647(Thermo Fisher Scientific, #MHPERF21),
Alexa Fluor 532 goat anti-rabbit [gG(H+L)(Invitrogen, #A11009), Alexa Fluor 488 goat
anti mouse IgG(H+L)(Invitrogen, A11001)< -7 3, A4 1A]ZF incubation
39Tl ©]% DAPI(Invitrogen, #NL5995050)2 127+ Aglste] gas 35

=
fluoromount G(Electron microscopy science, #17984-25)E ©]-8-3}%] mounting3} %} T}

A2 samplesS 32H 3 AV A LSM 710) 0.2 A P33T

27 84 A% "9 FF 4 (Enzyme Linked Immunosorbent Assay)

4

g ofrb Y ALl gt ol A Vacutainer®l healthy donore] & M-S A%
Hoktt. Cloto] &% 7] 9138 ol 455t Baativh. d4liE2](1500g,
10, 4T)E &3l serumQ! FSHS AATE A% o2 FAF 16 2] serum>

ol ATl AAM AlFERAT. Healthy donoret 217 o4 &A1) serums ©]

435} serumd] soluble Del-1 5%=2} total IgG =5 Hlu &4317] 98] a4
Ast W Sz BAHS 48313t} Soluble Del-1 5%+ Human EDIL3 DuoSet

ELISAkit(R&D systems, #DY 6046-05)2} DuoSet Ancillary Reagent Kit 2(R&D systems,
#DY008)<, total IgG &=+ Human IgG Total ELISA kit(Invitrogen, #BMS2091)&
ARg3Ele] BAEdnk. 7 kite] manualS A E3le] AES 2o

microplate reader2 ©] 83} 450nm &3 o= FA3}% T}

FE4 AR AP APe Hx 2§ 03 oAolad. EAA

FraA < t-test, One-way ANOVA & AH&SFIT P gho] 0.05 wwkel 7 -g-ofl vt

10



Fast Ao w2 STk (* 5 P < 0.05, ** ; P < 0.01, *** ; P < 0.005, ns ; not

significant)

11



Results

3.1 PBMC¢} DSA-"i/]2 & Y9 AE 43 g2

DSA tA &AQl Anti-HLA class I <4 3o, 3 W3] AXHGMEC)%}
PBMCE sujdstd dd Uy Axzrt @43E e S gRlstaar it
cDNAE o 3 iy Ax Fd €4 AAE] Ed W3S 2% agarose gel

2 A719% I THLE 1). HLA class I (A, B, C) Anti-HLA class ¢} PBMCZ

ol

ek S Sol = d3d Wy &4 markere] W37t $1%1Th Chemokine(CXCL
10, CXCL 11, CCL 2, CCL 4), Adhesion molecule(E-selectin, ICAM1, VCAMI1), HLA
class 1= % U3 AxEZ 24 marker’} S71sle 2ol #S5HAATH CCL2,
ICAMIO| A= FAFol 7} 15 A 9kth. VCAMIZ 3|1 &kA| Anti-HLA class 1
3 PBMCE sulgFate]l @43t d Wy AlzolA Zd At w9 4
A #Z5HAT A7A o2 PBMCS DSA thall &41<] Anti-HLA class [O.2 &

kAl Ao 24 g3 Wy AlEZo &4 markers®] WE WH3IE Felstgith.

32DSA-HIZIE A3t 7 Wy AEeA PBMC #3& F7}

gAstyE g3 Wy AXE= PBMCE U o] RAs=E Aoz odyA
QJT}F2930 o] 2 u}EFO 2 DSA HE Anti-HLA class 1S PBMCS &7 g3 Uy
MEe} FHYAIA EAdstE et A PBMCY F-EA W3kt 9le=HA]

A ettt PBMCO B-&4 S BCECF, AM ol d3E 22 labelingdlo]

k

Al

2+ 721} (cell adhesion assay)= &3l 43}t

¢

)=
]
F3 3 HE9 PBMC 81k 3 Anti-HLAcclass 19] % A& oA =

-

Anti-HLA class 1°] FH5A &2 AP ET ¥ %<& PBMCYF F-35+= As

il

12
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3.3 DSA-ti7lel ol3] dAsd 8 Uy HNEE A3l7] YT Del-1 GiA
A8 7154 AHA

9% i 2% S Adw 9 A F9F @A Del-19] WA

dadtehal BaE ekt olol), o]4 e xke) Aol WMol o3t du

-
A HH-G(QRT-PCR)S. = ol 9kth. HGMEC®} Anti-HLA class 10] Z7}= A
¢r3 PBMCRHF #H7Mel HGMECOI A= Del-19] &dzFo] & o7k fIAth

I3y Anti-HLA class I°] 718 % Del-19] @3 so] ZHAaHE= 43S

B3 270} Del-19] WAS 2A% & Quks AL ¢v]shn, Del-19] DSA-

DSA % PBMCel &3t d¥t Wy A% SA35HA] Del-19] 28 #4as g4l
331 7] wjZoll, Del-1 W A& 7hgk A5, S8 W9 Alx &Adste] Wair 9l
A ol 3kt Del-12 PBMC9} Anti-HLA class & HGMEC®} Ful % 3}7] 2
AlZE Aol preincubations 3} 3L Del-1°0] 37} H o]0+ medias LA SHA| &
< el A PBMCS} Anti-HLA class 15 % 7}stal 2A]7F U] incubationd} 1T

cDNAE do] PCR band®} A7 A= = 2 A WS (gRT-PCR) .2 F ¥

n
pol

3] ¥ 24 markers L@ =] WslS 15kt 2% agarose gel = 7]

d
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S W &<2lgk PCR bandol] A chemokine?! CXCL10, CXCL117} Del-1 * &
Ao A o2 E AA HAash AoR ASZHJTHLY 4-a). HLAcclass [
TE Ao 2 xpol7l BEE A ko™, HLA class 119141 i= HLA-DRBI
S A9]gt Y9} adhesion molecule(E-selectin, ICAM1, VCAM1)o 4] Del-12]
P dd aHE Seo R gl Zlo] gA FUTHLE 4-a). F T
Aot HAFS 1Y) 95 AAE AF FFEL AR (QRT-PCR)S 73
&}tk HLA class 1914 HLA-AS A9] %k HLA-B, C< Del-1°] A 2]¥ ¢

A dbEEo] AE A EE HLAclass oM = W &o] AN = A4S 1

AN
9} S17) adhesion molecule®| 4] VCAMI12] @& o] ZHAwd AS A5 (L
2]
=

4-b). o]# 3t A5 Del-10] 3 Wy AX A markers T YF-=

3.5 Del-10] @439 A U9 M X tig pBMC L 74

Del-10] <X d&# Yy AX X markersE T AA7]+= A &21351%7]
ol Del-19] @& d# ¥ AlEZeF PBMCO #2 AHLE HusHlth
ddstd d9 Wiy AlEolA Del-1o] AHAS wf, FHHA  washol A
BCECF, AMO.2 labeling®l PBMC7} & F-2&H& 3S ERISIAth(1d j5).
ek Del-1o] d¥ Wy Ao £o] 935S fr=shs PBMCO H#F5

Fad 5ot AL grAlg,

3.6 Del-1°] 9|3t acute tissue injury 7+

3 3 MEe] dig HEg WIS FaR2 RN IAES] &/ (acute
[e]

tissue injury)S =38R Glycocalyx= 3 W3] Az Axdrs =4t

Fetm A G goln QA dg &3 AT integrityE AT o]
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24 &4 o8 gHE & vk FFo] dy e FAHE o] &5k

Arnjdow lsiqlth. of AR AP HA &S d¥ Uy
M 3R] negative control?} W]l 1S w] Anti-HLA class 1 + PBMCZ &4 3}¢
g7 Wy Azt F7FE TNF-a & 2o © AstA &4 A7 Aol A
glycocalyx(Z= )7t Adgt A9 7S FA8ke VE-Cadherin(7H4, 9%

Wl AEE Aol wESE ¥ wwAybd % 3 94 gm gol

i
o
o
o

AlE A AYEA G2 ATl glycocalyx®] Fe] ztol&
A Th et Del-12 glycocalyxe] =4S ¢43A7]= A S &35

T T acute tissue injury®] A|3EZMH, perforin(cytotoxic t cell} NK cell®]
Aol A BAEE 7l FA AE &3 @A) og @ Uy A=
lysise Tx3 dAvjAFdoz ®BASAT. 7[EH o2 perforine ¥ Uy
=7
QFell perforin(B7FA)o] = A3 3 W9 AE7F DAdstE o] CD45(= )
Qtol A VE_Cadherin(Z54]) QFo. =2
gdskrl fs 2 Adde ddsloh. =3 Del-1°] PBMCO #¢
AbdstH A Del-10]  AgEo] U= A3

2 _irx 3]_0314_ /\164 73J/}, Anti-

P
Oll

A E o HA @31 PBMCOll =4 oh= Zo2 deA Ut CD45(= )

perforin(B7HA)o] ©@e o]FS =

Y
o

L)

EI

T A= perforin(BFA) o]

[o

VE_Cadherin(Z54) ¢tog2 A7 Soz& A
HLA class [ + PBMCi+¥} TNF-a7} A g]¥ A& oA PBMC7} Zo] F-zhx|of

A= As FAdsglen, Del-1o] A Ho Sl= AFETANA H A
iy

B2l e AL #=FPAL perforin I AHA EIHoYE AL
o1t AtH 2 6-c). Perforin?t T AA3] #=347] 98] perforin o] v A| T
RotA FRlg AIH(TH 6-d), perforin® o] Del-10] AHZl¥E 3 U

AEA AAHoR o A AL B & 5 AAHIH 6d). ANHow
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Del-1> PBMCE ¥ ul¥] MxEeo] & FZAAA perforin®] ©]5S =A%
FSA T,

ol

oAlshe A 349

-

3.7 A% o]4 A9 serum 4

A Fol A W MEQ glycocalyx”t &8l =™ 3| EF A} serum W] Del-1
o] Tkl A vk whebA FIHe] Al o)A A} fwH(Non-ABMR,
ABMR)OI Al 7} 89 9] serum W soluble Del-12] &% =}o]¢} DSA &5
efA oz B@7kslr] 943 total 1G] s=E 7 HluLEto], ABMRY} o] &5 9]

ARG et stk A% o)A 3} Fo|iE= Non-ABMR 3hAln )

|

ABMR3}FA}2]  serum©] A soluble Del-1 %2 HifFzko] o & Fo=
yskAmt fojAe ALY 7-a). Total IgGe &% <Al Non-ABMR
A HETE ABMR 341] serumol A H gkl o %2 3o® gl HUAA|RE
oAk fode gl 3 g YITHE 7-b). weEpA oW A=
E5o A= ABMRY} Non-ABMR #}o]& ¥Hde 4= 9l A3 249 serum U]

soluble Del-19] 5% X+ total IgG &= v #olE #5T = AT

3.8 Del-1 o] AlA o] 3z} PBMC ¢ DSA-FIZ/lE Z719 & Uy AxE

A4 markers EHFES A4

HS

A Age| A DSA thA] A Q! Anti-HLA class 13} healthy donor®] PBMC®l
& =7Fd d3 Wy A¥E A markers= Del-10] 7FAaA7S EolE S

oJF Eul A4 ol #xe] ARE olgd F/hE Fw v AT 2

29
o_>L aup

o

markersE Del-10] A 4= Q=4 Sstelal skglty. 5+ 7o A% o] 2

%)
32} 1H(Non-ABMR, ABMR)oA] 7} 8W 9] serum¥ PBMCE  Al-#%
of A e]3}t A AFRSITHE 2). o] T 2k LFolA 1o S AlRE

dolz A Aste] A Uy AEZ in vio G433} 3TH ABMR $4}9)
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PBMCS¢} serums ©]-&3ste] A3 v AxE @43} st7] olddl, d iy
M3 PBS Y= Del-122 2A]3F preincubationd}$Ith. o] % ABMR $-#}9]
PBMC®} serums FH]SSIITE cDNAE Aol AAF AH FFas
AAV-E(QRT-PCR) .2 A3kl 3t 7] Al ] PBMC - ¢]1 ABMR
marker® ¢H 7 marker5S THAOE #S53SE7] 9@ Adhesion molecule
A2 F235A . 1 23}, Adhesion molecule(E-selectin, ICAM1, VCAMI1) 55
Non-ABMR  #2tHTH ABMR Aol Al o] F7kskglal ABMR
2ol Al Del-1s AH2d& ®W HEE  adhesion moleculeo] A EEFFo]
skl th (2 8). Wb Del-10] &+

markerE A G AT S UHA] E9l

=
=

A E &A marker©] A ABMR

b o,

o

3.9 Del-1 ©] 21 o]4] 3tzte] PBMC ¢ DSA-TI/IE 8A3E a3 Uy A=

o 32

N

Pd

o

ot

217 o] 2] 82H(Non-ABMR, ABMR)9] ¢14HA] £(PBMC, serum)E ©] &3}

o= ozl Del-l1o] g3 Wy AEe wd PBMC I ARES

ﬂl

WA 7] =4 dotr ity A% o4 gkzke] PBMCel BCECF, AMO &
labelingatel d¥ W3] MEF 9o &S#isdrh. 4% 23, Non-ABMR 24}
Y= ABMR $H#te] PBMCE o]&3ato] ¥ Wy Axo] FFEAS o 1
wash ©]F Non-ABMR ¥#} HT} ABMR 3Hato| A4 o] #-2 PBMC7} g3
g Axzed Fad s gl oy fodS IATH(LH9-a). ABMR
el AlZellA Del-1e A#slS # PBMC7F d¥# ulg] Axe] €
2= A FIsilov Folde It ® 9-b). ©l= Del-1o] &
W] MEel g PBMCY I v dses =Y o+ dus A

A et

o

a=)

filo
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3.10 Del-10] A1 o]2] 3z+e] PBMCS DSA-"7)o] 213 acute tissue injuryS

&3}

A7 o4 32 (Non-ABMR, ABMR)2] Al&5& F3 2AAIZ] acute tissue
injury®} Del-1e A alls wl o5 43t AF F A=A 23 FF
An|7d o= #2313 Th Negative control?} H|nl 315 wf Non-ABMR 22}
glycocalyx(Z= )7} VE Cadherin(®7F2) ko]l Aol 2 2} glom & Apo|7}f
e AL FAFATHLE 10-a). ABMR 3HAE CD45(=#HAH)E ztagle
PBMC7} @3 Wy AEe] F2Eol glow #H dy Wy AEo=
glycocalyx7} 2t 2} A4 @il ZaHo] Sl EEs #5T 5 AAHH
10-a). WFH ABMR 32} A7 A Del-1e A 3tAE& 45 glycocalyx s
Ego] &3l = EFol FJAEHAJATKLE  10-a). glycocalyx FF AV|E
AEFstet gz 4= ABMR 2k Aol Al Del-1 A 2Al A2 w4 &
AT HT} glycocalyx®] FF Al7I7F O Aet AS ST 5 AJATHTH 10-
b). °]+= Del-10] A wj7fd 217 o] 2] AR HEZA A9 glycocalyx =4S
ksir 7= AS gleksith

I U2 acute tissue injury®] A]EQ] perforin®l] o]t I Wy AXE lysisE
T2 du|do g HASSIT} Negative control?} Non-ABMR 32} 2 & o] A]

perforin( 7 & FAFA  RFUTH(TH  10-¢). el ABMR x|

A g o A = perforin®] VE Cadherin(ZF4)0to 2 #3908 d3d Uy MEE
gl & 4 AATHZE 10-C). Perforin®t ] AFA8] #5317] 3] perforin

o

2
[P A9k FRATFHTHLE 10-d). perforin®] o] Negative control?} Non-ABMR

i1t

Aot Hrh ABMR A3dToA w5 o B AS g0 & qdien,
ABMR $Fx}oll Al Del-1 AEA Z5 © FidE BES B
AATHZH 10-d). 274 S F Del-12 ABMR SHAtoll A4 PBMC7F g3 W

AFel #ATHE AL FLAA perforing] o5g ol=AE AAT F e
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GAPDH 18s rRNA HLA-A HLA-B  HLA-C  CXCL10 CXCL11 CCL2 CCL4  E-selectin  ICAM1  VCAM1

1t 21 21 2 1 21 2 1 21 21 21 2 1 2 1 2 1 2

500
400 E——

300
200

100 M—
(bp)

HLA-DRB1  HLA-DPB1 HLA-DPB1 HLA-DPB1
1 2 1 2 1 2 1 2

500 NN
400 N

300 NN
200 NN

100 =
(bp)

1 : Negative control, 2 : HGMEC + Anti-HLA class | + PBMC

a9 1. 2439 9 WY MES markers ¢

Anti-HLA class 13} PBMCE 33 W9 A|3EQ] HGMEC(Primary Human
Glomerular Microvascular Endothelial Cell)2} & Fsle] A Z T (152 n=1)
gdste g3 Ulg AlE cDNAE 2% agarose gel F7195S &3 markersE
gtolsl Al AF&3F primeri= GAPDH, 18s rRNA, HLA class I(A, B, C), HLA class
I(DRBI, DPBI, DQBI, DQAI), Chemokine(CXCL10, CXCL11, CCL2, CCL4),

Adhesion molecule(E-selectin, ICAM1, VCAM1)©] t},
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= Anti-HLA class | (-)
* = Anti-HLA class | (+)

®
T

HH

N
T

Percentage of adherent cells
2

o

HGMEC + PBMC
a3 2. DSA-TI/NE EAsE F Uy AN XA PBMC £F Z7}

A3 52 B2 H(Cell adhesion assay)S ©]-831%] Anti-HLA class I(DSA t A
Aol wE PBMC H& F3E v|w3th. PBMCE BCECF, AM(3uM)
2 labelingste] HGMEC®}  #Wl%  A]7]21  microplate reader=
E4(480, 530nm)S SAsIF T dolHy HF£SD (AFY n=3)C=

BEAEH AT (*; P<0.05 ; t-test)
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Del-1

c 1.5 *
S
wn ns
/)]
o
[}
1.0-
) T
S 1L
©
®  0.5-
<
=z
(1'd
€ 0.0
PBMC - + +

Anti-HLA Class| - - -+

29 3.DSA-Tiol o3 EAstE E# U AEo|A Del-1 ¥ B
A 8}
Negative control(HGMEC), HGMEC + PBMC, HGMEC + PBMC + Anti-HLA class

Z}7; 1677Y, 5% CO,, 37 °C incubatorol| A vl Hoi= F-ullFato] RNA prepF

fijo

I
cDNAE FAste] A A FFaL AT (QRT-PCR)C.Z 15}t
HlolEl = H£SD(LE Y n=3)C2 FAF KT (*; P<0.05, ns ; not significant ;

One-way ANOVA)
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HLA class Il

HLA class | HLA-DRB 1
HLA-A R  HLA-DPB1
HLA-B [dddd  HLA-DQB 1 I
HLA- cm HLA- DQA1m

PBMC + o+ PBMC + o+
Anti-HLA Class | - + + + Anti-HLA Class | - - + + +
Del-1 - - + - Del-1 + -
TNF-a - - - + TNF-a - +
Chemokine

oxcL1o S Adhesion molecule
E-selectin

OERE] == - e

P —— — — SN — — —
PR - —— VCAW—

PBMC PBMC - + + o+
Anti HLA Class | - - - + + Anti HLA Class | - - + +
Del-1 - - - + - Del-1 - - + -
TNF-a - - - -+ TNF-a - - -+
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0.5

mRNA relative expression

0.0

HLA-A

PEMC

Anti-HLA
Class |

Del-1
TNF-a

1000

800+

600

400

200

mRNA relative expression

04
PBEMC

Anti-HLA

Class |
Del-1
TNF-a

200

150

100

504

mRNA relative expression

0
PBEMC

Anti-HLA
Class|

Del-1
TNF-a

25+

204

mRNA relative expression

PBMC -

Anti-HLA
Class|1

Del-1 -
TNF-a -

39 4.Del-19] &% & Uy AX &4

HLA-DRB1

.
+ o+ o+

CXCL 10

|
+
+ o+ 4+

E-selectin

|
n

+ o+
+

HLA-C
e 154 HLA-B = 2.5+
2 5]
[ ‘B
s 2 20
2 10+ =3
>
s 3 1.5
2 s
= =
] © 1.04
s 5 E
=< < 0.54
= =z )
o 14
E o E oo
PEMC - + + + PBMC - + + +
Anti-HLA Anti-HLA
Classt -~ -~ + * Class | -t F
Del-1 - = = 4 o= Del-1 - = = &
TNFa - - = - + TNFa - - - -
HLA-DPB1 c 80+ HLA-DQB1
c A S
2 ] b7} ]
L w
S ad 2 804
= o
o =
x @
2 2 2 40
k: 5
E o
< < 20+
=2 =z
£ l 2
E 0 E 0
PEMC - + + + + PBMC - + + + +
Anti-HLA Anti-HLA
Class 1 oot Class| -t ot
Del-1 - - - + - Del-1 - = = 4 =
TNF-a - - - - + TNFa - - - - +
CXCL 11 15 CCL 2
c 200+ £
=] 5
@ 8
o 150 =
g 2 104
@ @
@
S 1004 =
® ®
@ B 99
< 504 <
g -
o
E o E 04
PBMC -+ + PBMC - + + + +
Anti-HLA Anti-HLA
Classl =~ t ot Class | -t
Del-1 = = = 4 - Del-1 - = = o+ -
TNFa - - - - + TNFa - - - - +
c 15+ ICAM1 c 85 VCAM1
=} 2
2 =
0
g 8 ol
=R | [=%
S 10 %
g 4
© L]
T 5 s
3 3
Z t . l0m
E 0- £ 9 O
PBMC - + + + + PBMC - + + +
Anti-HLA Anti-HLA
Classt -~ -t t+ o+ Classt -~ -~ * %
Del-1 - - - 4+ - Del-1 - - -+
TNF-a = = - - + TNF-a - - - =

2 4

markers 43I

500

400

300

200

100+

mRNA relative expression

o=
PBEMC

Anti-HLA
Class |

Del-1
TNF-a

500+

400

300

200

100

mRNA relative expression

0

HLA-DQA1

\
+ + 4+

cCL 4

PBMC

Anti-HLA
Class |

Del-1
TNF-a

+
+
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Del-10] HEH e o 3 g A¥E A markerd] Wsld HFZFS ]

offt
o
IN
'z

W3 T (a)= 2% agarose geloll ZF A3 "2 PCR products 7]

A 43S Fell 2 PCR band Wi o|WAE YERIGL (b= 2 AT

o0
o
]
*

=3 Del-1 ()
=3 Del-1 (+)

—

I
==

N
o
|

Percentage of adherent cells
S
|

o

HGMEC + Anti-HLA Class | + PBMC
a9 5 843tE 28 9 AEA Del-1 9] 2% PBMC F3 A
A F-2 2 (cell adhesion assay)S 1 8)3}o] Del-19] w2 3 3] A
o] PBMC -2 A& 221353t PBMC® Anti-HLA class 2 E¥ W]
MNEE A3} A7]71% Del-12.2 247} preincubationd} S tF. PBMCE- BCECF,
AMQGuM) F3=2 2 labelingsle] HGMECS} 3-8] % A]7] 3L microplate reader =

&3 1=(480, 530nm)S S 43I dolH &= A £SD (LF Y n=3)2 2 FA|H
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Negative control Anti-HLA class | + PBMC

Anti-HLA class | Anti-HLA class |
+ PBMC + TNF-a + PBMC + Del-1

Glycocalyx
ns
* %k
80
* %k
60
L 404
= 40
20
0
PBMC - + + +
Anti-HLA Class | - + + +
Del-1 - - + -
TNF-a - - - +
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Negative control Anti-HLA class | + PBMC

|
@
o
T
(8]
O
L
>

Anti-HLA class | Anti-HLA class |
+ PBMC + TNF-a + PBMC + Del-1

Negative control Anti-HLA class | + PBMC
Anti-HLA class | Anti-HLA class |
+ PBMC + TNF-a + PBMC + Del-1

%Y 6. Del-19] 2]3t acute tissue injury *H 3}
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Del-1 5o w2 d&# W3] ME U glycocalyx 7F4%F perforin® = Q13
g3 Y3 AE lysisEET perforin 0] &S HluEH I ¥ Fo] EH FAE

ojgstel T2 FF AR FRIsTh (a)=  glycocalyx HAE

O
ol
N
do
ol
<)
=
DY
il

o2l e,  S(DAPI), VE cadherin(Alexa 647),
glycocalyx(FITC), CD45(A532)5 ZtZb A&tk dld olv|[ A=  merge
olul A}, (b)= (a)2] °IVM|AE FHOE3Y glycocalyx FF A7IE A}
sttt ZF 2 2709 olm Al e 53tE AASt] F 1039
3 M71E SAs T A om A= o]dl tigh B olm A& YETH
()= perforin®= QI d W3] AE lysisii perforin o] &S H7] 93
olu] %] e]™ &N(DAPI), VE cadherin(Alexa 488), perforin(Alexa 647), CD45(A532)&
Zkzy @Akl B oW A= merge olWIAITE (D)= (0)9 oW Al A
AME  perforintHS  UERATE BT 630H]&°]™  scale bari=  20umo|th.
dolE= HF£SD (LFD n=10)22 FAEJTE (*** ; P < 0.005, ns ; not

significant ; One-way ANOVA)
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a b
ns "E" ns
= 8000~ 35, 80007
£ . 2 "
m S
£ 6000 S 6000 -
[ e
Q [
= 4000- = .
S S 4000 _I_
5 :
g 2000- 5
© 2000-
S o- S ‘3. "1-
N S
o
Q -2000 Q 0 : :
= ¢ &
Q}&\ Q?é\
¥ ¥
& &
¥ A3

I 7. AF o] #A12] serum 4

FHel A1 o] #xF Z1F(Non-ABMR, ABMR)OIA] 2} 82 serum=
A3 o)A Ao A ATkt A3 microplate reader® 450nm
FFoz HAEATE (a) serumd] soluble Del-1 5% 4 ZAyo|w(1F5d
n=8, R? = 0.9994), (b)= serum U total IgG T %= =4 A= Yetlitt (157
n=8, R>=0.9923). ©|o]Elx W #+SD (ZEW n=8)2% XAHUT}L (ns ; not

significant ; t-test)
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E-selectin

MRNA relative expression

a3 8. A% o2 Aol PBMCS DSA-HE 719 @ WY AT

ICAM1

mMRNA relative expression

markers EFdZFE Del-10] =&

H| 129} ABMR E-2Foll Al Del-10] x2S u adhesion molecule

DS A

= 7hel Al
AT A SIE

o ) ¥H-S-(qRT-PCR) 2. & H]

VCAM1

- 50
o —
[
2 404
o
Y 304
b
B 20
o
% 10 |—|
(1
E i e S N
\ N
& (b&@@q' o
FxE O
z° & &
& N
\;Q_,Cb v
24

rRNAE normalizationd}o] A =HEA3Fch (2FF n=1)
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Q
o

Del-1 (-) ABMR
ns =2 ABMR Del-1 (5
=3 ABMR Del-1 (+)

(=]
o
1
(=]
o
|

ns

= Non-ABMR
'|' = ABMR

1

»
o
1

——

IS
o
1

N
o
1
N
o
1

Percentage of adherent cells
]
1
L
Percentage of adherent cells

0 0
HGMEC + DSA + PEMC HGMEC + DSA + PEMC

ad 9, A% o]2 3z PBMCS DSA-Ui/NZ A3ld 3 Uy A Zo A

Del-19] €]3F PBMC ¥-& H 3}

A3 F-= 2 (cell adhesion assay)= 1 3}o] Del-19] w2 3 W3] A
ol A% o)A FAES] PBMC H-2 HEE 2133t PBMCS} serum(DSA)
o=z & WYy AMEE A3 A7]71 A Del-12.2 2417 preincubationd} S T},
PBMCE BCECF, AM(3uM) &3 EZ 2 labelingdlo] HGMECS} FH|¥ Al7]aL
microplate reader = &3 %=(480, 530nm)=S A3t} (a), (b)E 5H HHESlo] =
A7k 5 olol Wig Bwwks YUtk (= d¥ 9] AlEe] Non-ABMR $
ZFel ABMR 3Hx}e] PBMCE H-#sle] vlust ZyE Yebdo (b 22
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Abstract

In solid organ transplantation, antibody-mediated rejection (ABMR) is the most
significant factor contributing to long-term allograft failure. Currently,
immunosuppressive therapy and plasma exchange are employed to prevent and treat
ABMR, but their efficacy in preventing ABMR recurrence is limited. Therefore, there
is an urgent need to identify novel therapeutic targets for the prevention and treatment
of ABMR to improve patient and graft survival rates in kidney transplant recipients.
The aim of this study is to investigate whether donor-specific antibodies (DSAs)-
mediated activation of endothelial cells is controlled to attenuate ABMR. When
immune cells obtained from healthy donors were cultured in the presence of
commercially available anti-HLA class I antibodies, there was an increase in the
activation markers of endothelial cells. However, the addition of recombinant Del-1
protein led to a reduction in the expression of various ABMR markers in endothelial
cells. Analyzing samples from kidney transplant patients, immune cells from ABMR
patients exhibited greater adhesion capability to endothelial cells compared to immune
cells from non-ABMR patients. This adhesion capability in ABMR patients was
reduced when recombinant Del-1 protein was added. Additionally, Del-1 protein
decreased the glycocalyx of endothelial cells and reduced endothelial cell lysis caused
by perforin originating from immune cells. This suggests that Del-1 protein has the
potential to alleviate acute tissue injury. Measuring the concentrations of total IgG and
Del-1 in the serum of kidney transplant patients, the average levels of total IgG and
Del-1 were higher in the serum of ABMR patients compared to healthy donors or non-
ABMR patients. These findings provide insights into the mechanisms of ABMR-
caused tissue injury and help find markers for rapid ABMR diagnosis associated with

tissue transplantation.
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