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SUMMARY

I. Purpose

1) Analysis on the kinetics of CD99 expression on innate immune cells and T
cells during the development of GVHD

2) Biochemical and molecular biological characterization of CD99

3) Study on the interaction of CD99 with CD9L2 proteins and the effects of
the interaction on CD99 function.

4) Application of CD99 deficeint mouse for GVHD induction to analyze the
effect of CD99 in GVHD pathogenesis.

II. Contents

Analysis on the kinetics of CD99 expression during GVHD

pathogenesis

1) Surface expression of CD99 is regulated by activation of cell

2) In GVHD, surface expression of CD99 on granulocytes was
increased and CD99 positive cells were accumulated in target
organs.

3) While the surface expression of CD99 is increased on activated
cells, the CD99 is also present inside of the cells before the
activation. That is, the transport of CD99 to cell surface is

regulated by cell activation.

Biochemical and molecular characterization of CD99

1) CD99 molecules form homodimer through its extracelluar domain
and this dimer stays in cytosol mainly.

2) CD99 molecule forms heterodimer with two isoforms of CD9IL2 (CD99L2s
& CDY9L2L)

3) CD99L2 molecules cannot form homo- or heterodimer

4) O-glycosylation mutant of CD99 can form homo-dime

5) Wild type CD99 and glycosylation mutants of CD99 form dimer.

6) Glycosylation mutants do not form dimer with CD99L2



7) CD99-CDY homo-dimer and CD99-CD99L2s CD99-CD99ILZ, hetero-dimer
are localized in golgi and cell membrane

8) Cell adhesion is increased when CD99 forms dimer with CDO9L2

9) CD99 helps CD99L2 to move to cell membrane

10) There is no competition between CD99 and CD99L2 when they
form homo- or hetero-dimer which was confirmed by two—color
BiFC

11) CDY9-CD9IL2 heterodimer and CD99 do not form trimer.

12) CDY9-CDYY homodimer and CD99-CD99L2 heterodimer exist on
different part of cell which was analized by confocal microscopy.

Study with CD99 KO mouse

1) CD99L2 is not expressed on the surface of lymphocytes from CD99
KO mouse

2) Expression levels of H-2K and I-A molcules are not affected by
the lack of CD99 expression

3) Development of T cells in CDY99 KO mice @ low percentage of CDS8
T cell population in thymus of CD99 KO mice.

4) In early time of CD99 KO cell-induced GVHD model, there was
quick recovery in weight change.

IIl. Expected Contribution

1) Broadening knowledge on the biochemical and molecular characteristics
of CD99 which is well known proteins related to leukocytes migration
across endothelial lining

2) Enhanced chance for targeting CD99 function for controling cell
migration

3) Increased possibility of defining CD99 function as well as CD99L2 in
vivo and the role of the molecule in pathogenesis of GVHD

4) Establishment of disease model for screening new drugs related to cell
migration or GVHD
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H1g asMgane 48

L a7 A wigst 1 2e4

- wEy 5o ohy¥AANRY T 9 uGHEALBY MBE BHoT 5L
B2 Foo] ATV HNBA TN ZUBAL o4 Tk, F2IAFY
2 POEE BEEE SESe]  o4HREFAR

At
o Ol"‘v‘%ifﬂ %—%LEJ% (Graft-versus-Tumor: GVT)E &4t
3, FHAA &€ =0l HEWY Zﬂ‘%}% AA e FHE et agE
2 GVT &3= fA8HA GVHDE AT & e X84 /Hfge] asir
oy Fakrlo] #, 7t R 23 To] 4% AX AFI o, o
] ARAANHAGAE (innate immune cell)o] 93 22 o7 {2
» gEd, dEA AR 2A45E AANUGAEY oS AdEYAoewn
stE weto® CDYY 99 7% 47 o8 53 GVHD 23 7|&& ¥
I GVHD 24& 93 Ay gAde 93 Alxglol dasit

1) ojdHdsF 48
r o)lAAYEF A (Graft-versus—Host Disease: GVHD)S ZEEAE (Bone Marrow
Stem Cell) ©]4 & wAaly WAooz olag BM W EAske A% A9AE7}

STE &)

v ZERA¥o|AL WEy YIE ChAXNIZSEY 2 oy o4 FAdE APEF
A NE, AAAHEGEY §9 vy EAd3e li’x:a: 95t A gHI 9o H
e 9% u¥Y ARGNE ZERAT ojHee] NBEIH} AL gk 53] F

FojAE Arfol A= g o]4 JFH%“%';E 3} (Graft-versus-Tumor effect:

GVT effect) 7} 1o} oA de] Ai-e gHHoz e ¢ 9t

v Z2YEAFONY ALLHE ZYEAFEI} EBRICREH fYHE TEIEEATY
(allogeneic stem cell transplnatation)& HLA 32 4% FoAAE /tEUdlA & &
E0] 1/4 o] E7sl7]e] o2 FAEL FFLPE o] EQl TAAE FHopA F
k=g

» HEFo M A TRt Alolo] HEE o] FopAm, o] & X FH
ojv} o] AHY wFF sk WAo] AT Ol*—ii“% t WopAAl "t

e} B8y AXE AASe olduHY FUETHE B ojdo] AdAHer ¥ ¢4
ste] WEwo] Ado] FAZF o] o) w]ste] H& o] Slvh whEtA 2R A Eo]4

_‘[1_



9 BEES B Aol oA F FHFY EAE Fole Ao FHo,

o AREQ oA SFARY s YT A|EFEAXH (cyclosporine) ©lY FK506
I 2 "HAAAY AL, oA vlolgia T g 9% Fujolp A WeF
ZEYUY Fo, ) AretEe Bate] AA #EE Fol7] AF A Fo Fo
ol ¥ gHF o WWiEol, zeut ot 2 WHEL AT ZYRAER
FH BGAZ AAHTIAA Y 713ES B HAFPE FEd, GVT 92 44
k4=

s wWehd, GVT &ike $3hHA, GVHD Zith Audos =43 4 gt oko] 2

L3k,

2) GVHD 29 7|4 4 23

*  GVHD 2¥7ide gstetay] 2 AR X5 o 229 sajo] o8] AjFEe
d, TX]"WI}Z 2 B AF7t 24 g o8 "oy U 4 BujHE o
cytokine o =&Ho 2N FAAFV]Fe] SAsth

v FAAF g FEFAEL (allogeneic cel)S UAFE T AX7 BA3H0 S48%

)

target ZHOE o]FI}

v olFE T AXEC] 24 E fidty, sHd 244 93] O T AEr 84465
£ AlolEo] v ET.

» GVHD 23& g3l s 232 T Axe A o3t costimulatory EA-E¢

KX

CDR/BT A5 A& JA 7] Ao}o% CTLA-IgE ol&3stA, ICOS &4& s
PD-1 84& FEsp7I191d =850 AEHT gtk ¢]£9 A3}, GVHDAA T A3
A 47ke] costimulatory A4S G| ol ofs) AAFER 7 B 249 er%k
z¥e] dasithe 228 A%t

« GVHDE zda98 Ax8  CD4+CDB+ Treg MEE  o]gdi7|z g}
CD4+CD25+Treg A& BMT Aol Aol ¥Wol& 2% 459 Al GVHD %
Ho| A 38 s

T

ALY ¢ 20 L 35S A% Az AAXA Wkt

m\o
Ol
rrk '1}4‘

< ]

gy OP“ CD4+CD25+

3) GVHD ¢} AH|x9] o]F @ CD99 #&A

= &gt 7 YRS GVHD target 719 23 5olF guE FEAE (alogeneic
celDZ A8k T AE ©]%E (migrating capacity) 9 #¢ & Rog Fd
(Ferrara et al. N 53] J Med 324: 667, 1991; Hill et al. Blood 95: 2754, 2000).

v 5F AE o) ® dojue T AEY 24 JFE Bioluminescence immugaing (BLI)
719E o] gate] BAlakd, FA frElel CD4 T A%/ =4 9 ul4 payer's patch
T 22} WY 2A7|T)A B4 B FHo] AL F CD8 T AE9 F2 o] 443 Yo
ue o] #EHU o] CD8 T AlE9 4, 74, 3F29 o]Fo] Uojdrh(Nguye et
al. Blood 109: 2649, 2007)



TR Fojatold F2AAF g4 (MHC) & ¥Ash #2AAEEY (minor
histocompatibility antigen) ©] BUXslE GVHD ZdojAM AZbAE FaA ML o
5S s 43 CD4 T Alxe) 84, CD8 T Ax9 &4

monocytes, neutrophil ¢ AW (innage immune) A ¥ Z2o] dofjuh= Zlo] &
154t (Choi et al. Blood 100:4259, 2002)

alxjek GVHD target 3719 2A35t8 Al 93}H, neutrophil R granulocytes®]
23 xloo] N7+e3 o|Eo] o8 24 Tyl dojutiE AL 228 4 Q)
b, AEAIEY 23 WY A9 B4 & A WY AEY §F £ o]
55 Auror 288 & oY, ol GVHDE AaA AAA v 7[5

.5>i
10
ftl
1o

AL 5 & weld & 5 JdATh
WE7o) endothelial cell& #E8te= ME ©]% (transendothelial migraton ) & EF5

So golA W Faod arFdhjolr o] @4 EAH A disjxe gl B

7} A9 gith CD31 (PECAM) & ©87 (monocytes) % neutrophil transmigration ©]
Z03 ZAAFY shboln) CDIY & &7 transmigration o A 22k FAAE

AdH A, (Petri et al. FEBS J 273t 4399, 2006)

Q7 CDYY o thet ATE FE ATEFRAM FAE o4 AX AT HEE FA

olZojgom o]z 1A CDY9 o neutrophil ¢ diapedisisdp ¥

A E E3) 7)%0] AsEH, neutrophil ©] endothelial cell junctiono] A HEAJYE 7

37} 9le} (Oliva et al. J Immuno 178 1136, 2007).

ohe-2 CD9 tieh AFelAe 4S54 IR T Axe ool ##gith: B

7} 90tk (Bixel et al. Blood 104: 3205. 2004)

o
o
.}L
N
]
;9,
o

e

2o} GVED 24 B9 £& AT o5 23 vad2Ae Aokl s4dE ¥
P8, CDW o B9 AAY AEAS A2 2 2AY SN Y 54 %
sk CDOY SIS ol 88 AAl £ ATE0) AP Wi,

mbA, CDOY R4S Aats B 44 AT thes A FEANY 478 5
a1}, CDY ¢ A 715 %7k 2 GVHD 2Aze) 4T Aol B5H0ld ¥ 4 9)

o,

drledde A4

CD99 A AW NFsdTE dAZA o)Fol v §lu, F2 A¥H 2
Tol] o) &3 gk},

GVHD Tde AGAFe g4 9 AEY oF, xHerY HE T& T

g% 5 dE Aladelt o] GVHD RddA CDY9 €9 948 #4& ¥
5104 AGAEY B4 U transmigratione AT £ Y& target 229 AW
ol 71tk

CD99 ¢ Ased A4 dZo] FH5A B

_‘[8_



* CD99 ~v-7<}4 e CDY9 1—";% UH’-Z: (Knock out mouse)E ©]-&3}¢ Q“ &
T o,

o] 4% ue
29| A4 %2@#4@.

2 A7 B} AT W9

<o}~ AAE o] &3 GVHD Rddx CD99 o vy B>

* Minor H antigen YA FF o]4 & HY ukSoAM T
WY AE Fgo B2 CD9 o] Td el

* GVHD 2XF CD99 #do T AXE, A4 99 MFoA & d54g g ¥
T AlZ olF3 CDY9 FALHY A &<

<CD99 @9 A9 EAME Jssts 4>
* CDY9 EAFo] Asiets EAMEdA A4 &<l

= CD99/CDYL2 179 45 244 89l

= CD99 Ex}9] mutant Az 2 71“‘*4 Y g

= CD99 EApo] EAel ot AE 438 4 Fl

<CD99 KO w}$-20) 4 GVHD #4¢l>

= CD99 KO v}-$29] phenotyping

= CD99 KO wh§-2ox e W ukg 39l

= CD9Y KO wh$-2=8 Foixg o83 GVHD 2d A+
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1

7

) @A AL Jled 5
&A% 7] (technology life cycle)-AT7ALEA, AdFHDA, 7148 &4, 7€ 3

3 2A- FoA A8 Y aA siFE

2) =U.9 e A%

7} CD999] & 17

e
i)

CD99 ##ke] AA W 715 AAAA o]Fol7 vt g1, F2 AFAW
Thof] ojEa gt

CD99¢} Aslsa $24 o] FHEA FUH.

CDY97} AE olFo] BARTE Aol RuHogoy 2 JAE 5 EZ
7 A7 U

CD%9 &A=z o g EB=2HHAL W neutrophild  monocytes?
transendotheial migration®] As|ATtE Bart oyt of w3 AA W A7)
oty 1 ulAYFo] ¥AA ¥ Aeelth. wEkA neutrophil o199 HY
AlEZoA o] CDY9S] 83 I wi7IYEE ¥sjord 227t o

. GVHD¢] =4

ZYURA AL WY PuF TSI 2L o o FAAES AWEF
9 N8, AAARGAF T vy AP 58 st ABHI glom, I
T 4R 13y AANME ZERAE °l’4€91 Aganyt %A Uk 53] TF
ZERANTo|AL Astoldde g o|NAYEYET (Graft-versus—Tumor effect:
GVT effect) 7} Qlo] &A1zt Zﬂm'o agFo g ofuE 4= it
ZYURAF| A AMGHE ZERAEI ERICZRE fHYEHE FFXIRAMTC
(allogeneic stem cell transplnatation)}& HLA 37 €3] FAE 7oA 2HS
o] 1/4 o] EH3}7)o] tjitre BB TFLYL Tt gl FARE ZolA g
Ckdl=g

>

ok

MEol e NE DA Feix Aole] WMASHE Fulo] FolAd, oy ¥ 4 ¥a

oIt |48 SFAge) Wol BAL oKe o ok A

JE WPy ALE AASE o4 FREAE WA olNo] JiHLE B $4

ool 999 Aol BT Sl wBel He Bel . G £EL AL
1

SLE O
9 HITEE mo

)
:L,

AL o4 F Pze BAL Fole Rol BAelT

_15_



AR o|HAdsFARe die AT A|E22EY (cyclosporine) ]y FK506
I 2L AQAAAY ALE, ol4F ulolgA TG i 4 PujolezAs} WdF
B
)

E2EYS Fof, Y AdwEs Tt A FEE Eol7] A% TAAY T Tl
ofd F $F dt WHECl, a2y o] %’zl“-—« YHES Ade 2EEAER
FE AGA7E AFHNAAY 71t T A HAARE R, GVT &dE 4

weghd, GVT &de FA818A, GVHD &dw dddoz 288 4 g& Helo] ¥
Q3ity ofo dig] AE o]F9 FFo] EAHY Hxlo F dgol AANEHIR
GVHD 9] 247 target organ®.29 HX o]Fo] @A V& ALg o g 3}

2. A7E79] ¥ YA

FU,9JelA CDY9 THE A7 oA, B d74e 288, =gAre Yx-X
o} th8te] Dr. Bernard Z2&, 59 HA2ZFH A74 9 Dr. Vestweber J1&,

kil

w= o) Ee] Dr. Muller - -gf— ol Ax aFo}, B dFdA 9 ARE
2 Qlete] B A7 2§S A5 2R o doz Yrte AVE rEsg

o

2 A7E Tk CDYY A3 %8S e CDWL2Y JTol disto, 7 <t ¢
A YA 4% V1S wEor, CDY @ ES GVHD dA#Ao] Avsta
e 2Fol glor, CDY AF vhe-s & BAsted 2 7% 7€ s fle
Frdd A7 71Rez d=4 4NE XL A

CD99 #F vh$2 (Knock out mouse)E ©]&3te] CDY9 £#tel 98 #4&
93 olE Fate WM Exe &4 2 transmigrationd ZEE & UE
target2. 29 7 e AT

GVHD Ed-g HoHze 84 2 Axe o, 2Ho29 I 5 FA
w2 F e Aadeld. CDY AT }—?— £ OI%‘&M GVHDE fr=ge
24 CD99el GVHD etAloz e ARG E g8 4 gle 2dS AHsnt
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L

bt

B6 <39 minor H Ag &

o}#A B6 th$-~¢] BALBB #f
SAgEE e HAAE 2 x
10 7 cells/200 WlE BN F

o) %] A A3z ol - -
s M“} IffiLBﬁA} F 79 & 1094 B
strain 2 fﬂ’é’"ﬂiA o] wx oA FY Eo|H
Z;-IH tég :?: t&ﬁ‘%}% %CDS T A_ﬂ_\—j_‘ H}«-Q-OI OT._‘—:_Z]
- ﬁj‘o JiL . O AA
T H60-tetramer /&-CD8 A=
94 FACS analysis
BALBB HIZAE WY ¥ B6
- b2 RE AL EE vkl
%"«5‘ . Olﬂgl":%—'% Qﬂgé}(}% Hl%*ﬂ%% V‘i‘a,
(allozesponse)g v io]z #-CD4/%-CD8/%-CD%, £
2 A7 3 ’ '
B6 sl AT By Gr-1/8 Mac-1/g-CD99 B
uel WA EE Ee2 CD4,|. o 3oz AT dMN &
CD8 T A|¥, granulocyte A =ge I 94
| B OOFACS  #4. 2 3-CDF
macrophage Al X< 3§ E}—CDAI/‘TLCDS z3te ANe ™
o] o ur&E 3o) © v
LRV EAEL g g 2ol a3l A3t
o x3%
HYguke 9 B6 £FEHH
HAMEE HEde (25 x
10°6/ml), WAMAAYHE T
g4std  CD4, CDSBALBB HIAAE (B5 x
granulocyte, macrophageZ(10°6/ml) ¢ 410] AJE FfollA
ZZ37] 93 mixed7¥ o) Hl%T  (mixed

lymphocyte culture (MLC)
2 MLC MXEe Z+ A%
o &X43l & CD99 &¥

dov
2

lymphocyte culture: MLC). ©]
, &5 FHe] Wy MEE
gA4stso] 23k W w3
EHE Ho|HA,

L

2 1

M

X

fr woro




8-MAc-1/3-CD99 A<
Foz AE g4 T FACS
7}

(intracytoplasmic
staining)

k-3

¥ %-CD99 f%‘
Az FAste] FAZ 574

H

BALBB strain & <39
41 GVHD %

7 BALBB strain &5
900 cGy WAMD A F 44]

Aol 4A B6 FAA FH =
2 AHXE

=
=
7

et

54

(bone marrow stem
cell: 5 x 10°6) & ¥MIZAE (2
10072 A =Ruan
(intravenous) FAG O ZH
minor H Ag EYAA ZER
ME oA AN

X

BALB.B strain ¢ <39
A GVHD &4 39

(@)

47 BALBB &3¢ ¢
Fqzr z2¥E AX

(allogeneic) L&}, oo ©j
PrIFOE I4A BE 430

A B6 B ZER A Eo]
(syngeneic) L&A AEE
gl € 712 body weight A
=, 289 10 vg ol EEA
7]

3
)

o

£

BALB. B strain & %]|&
A GVHD ZHE v ¢
Zroll A T A EF,
granulocyte A ETEY
g gl

=)
iy

B6 ¥R AHIX o4 F
BALB.B W‘-‘ril‘?—lﬂ s AIZE
s 5, =137 gAR7d
2 H]zh,} o) Z-E38
2. ngAxze Tt
g AEEAAM CD4,
CD8 T A% % granulocyte &

28 9 CDY TE FAAL 9

3

i

n&nmr_\,‘am

[e) e ==
= =
=7 B
[e)

a3 9

3t FACS analysis.
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ox,

CD9%-vC ¢
CD99-VN o

3 WE 22y

CD9 ¥z GPF ©¥e
C-termainal half o #|F3e=
VC "éle §% dulg wEv)
$38ked, CD99 leader peptide ¢}
extracellular domina 29 A€
Atolo] PCRE ©]&3l4 Myc
tagS AZsl3, CDYY TR
C 293 VCe ol & UESF
codong A AF PCR
Ak o] PCR
product® VC && dEgd &
29, Ze H#HEem  myc
tag-CD99E VN HEd] 249
3 & mammalian expression
vector 2 A €24. N-termal
half VN ©¥iste 22 Wyo
Z CD%9-VN ¥H &2,

stop
product&

=1}
el

=13
=2

CD99-VC
CD99-VN

ol

o
wue 2d

Job e

5

i

B oo 2 fu &

CD99-VC %
CD%9-VN &% ©uo] &g
og H3ted 203 T Ax
transfection § cell lysate®
-Myc @Az W BzE3)
g4

i
2l

CD99
g4 g

@] homo-dimer

CD99-VC HE¢t CDY9-VN 4
HE COS-7 A E o
cotransfection ¥ & 3 vl
BoE #HE, 4 Yo IR
o 3]

= cotransfection
COS-7 N Z& ¥-CD9 FAZ
AE FHe CDYY 3} =4S

%3,

8] gA = FACS analysis
CD99 9 extracellular,
transmembrane, cytosolic
d ing yFs= A7 CD4
CD99-mutant VC gy llomain® A3 e
. domain o= x| 83+
¥ 9 CDhY9 Yyl = o
D99 VN 29 mutant-VC ¥MHE F24% &
I . Ao ghol Z+zyel VvC #HE el CDI-VN
homo-dimer FAF &<l e COS_7 Az
cotransfection ¥ & green

fluorescence A4S H3+ FF
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dAn| 7 @23 FACS analysis

CD99 &
F vhee

A2

CDY A% whez e
A% s Az
A

4 progeny

CD9 a7t #FHE ES cell
s Ry =
injection ¥  chimera

chimeraE B6 »}-$29F wwj
o Fl v} dg. Fl & 2
alleled Zte vp$2E 23E

% Mel3dle] F2 generation A

% blastocyst
AT

t

Ol

of, of)

1
!

L

Il

CD99L2s-VN (VC) o
I CDY9L2,-VN (VC) &
W wEe 9@ uy 22
| B

[=]

A
CD99L2s$F  CD99L2, ©oi&

Venous ¥  N-termainal
half ol sigste VN ¢ &
C-termainal halfol] si%sl=
VC 2] hybrid ¥ 9E7)
98ted, VN vector o] 243}
FAAE myc tagg VC
vector o] EFYsle FAAE
Flag tags 2% F stop
codong A A% PCR product®
AAEE & pGME-T vector ©
o] sequencE o], o]
T VN &2 VC ¥ 284
3 & mammalian expression
vector ] 3 293192,

i
R

CD99L2s-VN  (VC)
I CD9IL2L-VN (VC)

W ogE )

e
o}

R

CD99L2s9t CD99IL2, F A=)
VN vectord]l 24 A myc
tage AFE3EeH, VC vector
of §24A flag tag& AH&-3}
Fom, 293 T AE
transfection & cell lysate® 3
-Myc A =& #-Falg A

E A9E293o 34

CD99-CD99L.2
dimer ¥4
BiFC analysis

3
“

SRR
g 9

-

gl

CD99-VN ¥ ¥ ¢} CD9L2s-VC|
Z& CD99IL2-VCE COS-7 A
¥ cotransfection 3 ¥ 3
o] &3-S confocal microscope
= S8R5 g
co-transfection ¥+ A3 A2

g3 @3 HFTE  FACs
analysis® £3}o &4l
CD999] homo-dimer E-}—} CD99 94 homo-dimer 9}_
CD99L2 ol 319 CDYIL2 Tl 7)o
hetero-dimer 84 o t)sthetero-dimer 7} EAE = slE
competitative  Two-BiFC|A &st7] #Asted, CDY #
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analysis

22 VN & CC vector
i%é}i, CD99L2 w9
AAES CrN vector 9 E
3t VN CC 9 73—?— YFP
3& VN-CrN 4 3¢ CFP 3
3},; hﬂ_}l } —1 0}%\1:1

ofk oft of, o aily

CD99-VN, CDh9S-CC,
CD99L2s-CIN =
CD99-VN, CD99-CC,
CDL2.-CIN o Al FF/

&
vector & co-transfection & ¥

COS7 MEA E@HE= CFP
(VN-CrN) E:Ru s YFP
(VN-CC) 838 24319+

CD99L2s-CDY9L2s

CD99L2s- VN3 CD99L2s-VCE
COS-7 cell ¢ cotransfection %+

homodimer &4 & A% ¥F HFE  confocal
8 BiFC analysis microscopy ¢} FACs analysis&
Eateq <l
CD99L2 CD99L2,-VN# CD9IL2-VCE
@ 7 o) CD99L2L--CDI9L2L % |cOS-7 cell o cotransfection 3
dimer ¥|homodimer ¥4 #FJL H|F FF #FES  confocal
A §F[$ BIFC analysis microscopy & FACs analysis&
ol 53t &<l
CD99L2,-VN#} CD99L2 -VCE
CD99L2s-CD9IL2L 2|C0S-7 cell o cotransfection
hetero-dimer ¥4 #&|F ¥F  IFE confocal
918 BiFC analysis microscopy ¢ FACs analysis®&
5ot 8l
CD99  whuhel  extracellular
domain 45¥1¥ 50 * amino
CD99 ©@uie] glycosylation acid®] Thr& Ala & @72
mutant aae S CD99 T4b5A, CDY99TH0A, CD99
D9 o L T45A50A ¢ Al FF9 mutant
. g utageness £ PCRE ol&stqd A, 2z
= mutant& VN ¥} VC ¥E}
glycosylati o 2zYsue
0 n CD99T45A-CD99T45A,
mutataion . CD99T50A-CD9I9IT50A,
o] zpi|CDF glycosylation mutantcng9T45A50A - CDIIT45A50A
Qe E9 homodimer ¥4 #F|¢ homodimer ¥4 UL 9
° 2 syl $¥ BFCH VN Fg& VC HHE
analysis cotransfectlon s T ¥y ug
< FACs analysis® 53t 3

<l

CDY99 glycosylation mutant

Z} CD99 glycosylation mutant
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¢ CD99 =& CD9IL2 ¢
W el dimer ¥4 #%
& syl A BIFC

E3 CDY9, CDYIL2s, CDYIL2L
o HEFg BAL 9T VN,
VC ¥ cotransfection & 3%
=1 %11 MR

analysis 43S FACS analysis 8 891
e Golgi (BODIPY dve),
Dimer ¢ membrane marker (Dil tracer)
AZW 9 Dimer 9 AEU $A FA|E o]L38d, BIFC d3 w249
2 &9l HAE confocal microscopy =
g
CD99 KO heterozygote 7]# 9]
wHlE  E3sto, CDY9 KO
CD99 A= (homozygote) i ° :,_}O% -
o122 0) A /homozygoteE Ao, Txd
Cpy #H " = Tl Gz el FACS analysis 2
% v phenotyping CD3, BAE, ddFgge =3
o A g
= CD99 KO  or$2o]  H6O
phenotypi congenic BIZAELE HIs &
ng CD99 A= ul-g-2o] Wdduhday 1095 Y2EAogHE
$ fr= BEITE FEst] HE0 SolF
CD8 T Alx §kgo] FEEHUe
A FACS analysis & 3¢l
CD99 thélz} CDO9L2 Tl & o]
CD99-VN D9 dimerg ®AY W BiFC W&ol
CD99L2-VC @] FAEEE construct® E24sti
HHS 93 viral vector F01 A2 FETUH AEFE
24 2498 4+ AEE viral vectord
243
vk T ME AL EL4 A
Ch%9 ¢ T TR :
. » CDY9 E}_mj;j-,/]_ CD99L2 % %_ JI;—Q‘}' /‘]'%" eplthehal cell 7ﬂ %!%
= erzq s gz wgse A HEK 293 AZeA CDYY mx
CD99L2 ;;‘-ﬁ = TICD99L27t HHIIE S
2R E=C x84 transfection & neomycin®.Z
S R A Y Ae ] el g
o] CD99 =& CDWL2 & uf
e £ HEK 293 A|%E& wjsin
i o
CD99 ©ulm cpogLe g °171el CD99 B CDYOL2TH
¢ w8 A¥ 7t adhesio < odsc B4 4x5E o
=0 ER A A Ul o & 5 Az B3
assay JE=E trypan-blue counting®]
1} FACS analysis® %3] &9
g
3 = & A &) 1
CD99  ®CD99-CDYY  homodimers} lomodimers B4 s
: ) . |heterodimerE AT u A=
uy FHCD99-CDIIL2  heterodimer e H3S mEE  BiFC
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¥ A 9] competition assay

molecule® fusion construct Al
243},
COS7 MEd cotransfection &

confocals ©] &3l intensity
274 ¥ competition 95HE =
&

CD99L?2 CD99 ©le] $Ad7 BiFCE
o w9 #A&EE CDY9-CDYIL2 hetero
homo- dimer?] &3YE FA #ZF
’ =] ol % —
heterodin CD% 3 Coor2 g o1 A CDO9-mkate
eterodim Sl trimer HA49 B¢ construct® £2d .
er  FPy[E trmer B el =24 HEK 293 A|Ed] transfection
9] 3 B confocals o] &3t
5 . O — M=
Kinetics E;E;);} mKate®] co-localize®
gl e
33 W AF} fusion® CDI9<}
CD99 w¥j3} CDOIL2 @M |cp9gL2 costruct® HEK 293
59 dimer 84X 94X xHME] transfection ¥ T 174
o] ol 7k, 48217F & confocal 2 ©]&-3f
o g9 9% AolE &UF
CD99 HFvl$2ol Lz
CD99 A ZF(homozygote) THu)®, F4 HIEe d=ZLE
£ 22| phenotyping FACS analysis® T AX, B A
I, G 5o 23 A3
. CD99 A= w29  H6E0
Ch%9 A congenic ¥A AXE 13 WY
F v . o A 3 5 429 F 2z WYY
> A EEO—%E‘} LS - T [ | .
= e ;'g whrel WY ¥ gxddozne Y=
phenotypj o TE 5}1’45}"4 H60 "—';:1—‘0]‘3‘1] CD8
ng T Ax ¥go] FEHAEA

FACS analysis® #<1&H

CD9 A% vh¢+28
2 3 GVHD#%=

donor

CD99 A%F up-28] 59 H

ZALE B3t e Fo
NS S AL B B3 R X
HEEE 39,
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.q

EUAA
Al T AE
AE A4

Ty g4

Minor H antigen %
ol4 & Wy Hke
g4 ¢ HAd §wd

uE CD99 3¢9

u
FFold WY vES Hole AAN T AE
2 Hdd dd A
macrophage oA CD992] && =l MLCE
EE AEZE AEI AS-SA7IE, 438
2} AZFA CDI9 ©Hle] M FHog
o] &dg 3y CDY9 Fdo] & naive
MEZTAXNT 84318 AZTF vAE, A
ZAYd= CDY9 @ao] yiAl=H 1 8913

E¢  granulocyte H

=
»1*1_.

GVHD 9#H3= CD4, CD8 T AHxE %
granulocyte»J g3 gl A1 7helA €]

& 954 U5y, 2439 CDYY ¥4
i«l EHA W Z7F g2l GVHD 7} &g

=

A

=

=
e K3

7l
o) 9% weow AYHE A Ano] wa

Fuly)e] AYE 5 CDYYE
g 71 g913
el CD8 T HEAAE #Hxzb

1Z0] Eole st
& CD99 99E THsle Axe elA #A7]d
M 32 893

granulocyte & -&0]
g3 granulocyte)
gz 9
CD99 o3 AMxe]

CD99 @He] 54 74

CD99 ©¥ 78] 2] homo-dimer 7} EA4ES &
k. CD99 9 &

[e] é
extracellular domaing "I/HE&&

o ro

homo-dimer
sttt
CD99¢] transmembrane ©]v} cytoplamic domain
o] %% ZAfde CDYY ¥z} homo-dimer
HHE Tstd ¥ ERE Sy, FF ol

AxgdXe AZds FUF

CD99 HZF vl$2 (Knock out
mouse)®] heterozygote mH|E
=3 CD99 KO ul-$-2 AA

F1 71219 intercross& %3} F2 generation
3y,

<Result 1.> 0|4 & Wdul-$-& Ho

AXES 954 g9l
C57BL/6 (B6) ®w}-$-2 &3

59 A4, CD9 @

F24 AR dA-F2AHTFL 2IAY
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(MHC matched but minor histocompatibility —antigen-mismatched) Al
(BALB/B  strain 2] splenocytes) WY £ B6 HFFAA dojue
allo-response ¥H5-S 8218l7] ste], o]2] F Azt AFERE A A F 3

CD8 T M ZA H60 tetramer 9 binding 3t AEE FAHX FHo=z Q13
HY T EX A7bEE BAAEE AFHe, CD4 T AE, CD8 T

ME, AH AGAEEY BE9 o509 CDP 2P FHZ FHAYUCE &

Az MAA naive vF2o A B9 CD4, CD8 T AlEo|A<] CDY9 E&
Hlaatel W & day 14914 CD9E &&= CD4, CD8 T A% S0t A&
gag = gJon, T AE WY ukgo] FA7]d 014 day 35 o=
CD99Z 2&sl= CD4, CD8 T AZ7F Eol€ AL &Usie (21 D).
Granulocytes, macrophage 59 A3 WA ETEY A$ wbgo F7]of 7}
30y, CDY9 &S Kol HEo o] Z71ES st (27 2).

o] ABEL, WY wrg X Fubd CD4, CD8 T AIXE &4 gojuta, ]
T AAAGAEES FAo] F718lH, BAEE HAEEL CDPYE AE FH
BHIE AL AALE T a8y dAA A W 1Y gk hgste |y Al
LS50 R3o] 3A| go} Zt HYAEES B3} mE CDI9S Y W}t
A BZtEZA ZPda S&%é}ﬁq

A
w00 21, B6 =30 BALBB HZ 0l
* B-CD4 4 5 HABSAI CD4 THIE,
e CDB T HENIA CDY9 S 28!
75 EN

(W BEOIRA0) 2% 107BALB B
HE 31 5, HIZMEL CD99
2815l CD4 T HIZ 2008 T

% CD99+CD4+ cells
CD9S+CD8+ cells
=
o

2 HES| 28 Q=4 Jf=
= (B) XA %naive B6 OtF29,
e 10 2 n ® A5 142, BUM =T 0IR20
Days A HIZAEO B-CD4 B, B
B 008 81, 81-CD99 BHHIZ M
Day14 Day 35 SHE SFE ZD
’ i 5.19%
o) * lv w oo
2 :
a
O :
3.11%
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»
=

e I 2,86 S5
12.54 ~2Mac-1 BALBB HZ 0]415
Granulocyte 2}

macrophage 0l CD93
CHY ST AL

(A B6 =0 BALBB Al
T 0 5 AlZE 300
. Z granulocyte

5.0 T T y y macrophage 9| H|ZHH =

" ® & &8 = L S Lielhs 2af
Days

B)HY 5 142, 320
Dayla | Day38 e odsasuian
8.01% & 8-Gr-1 2
(granulocyte), Ef-Mac 1
&l (macrophage), &f-
CD99 B2 M= E ]

M2 Sz 288 20

% positive
cells/splenocytes
=
o

IH

CD99

Mac-1
<Result 2> AA AGNEF HIAMNEEQ AN AAFA], 22 4319
A EE4 CD99 %'1‘,‘91 23 g9
o A W

#? AZES Soidste] #2sta CD99Y| Ld o
32 AE o]2 & T ME X granulocyte &% o= AE =713
2 o}, mixed lymphocyte culture ( MLC)E 333}

= o] HiFZIZF sl F fF#l wIFAMEAA CD4, CD8 T HEER
granulocyte, macrophage 59 WM EEo] BALBB AlX A= o&) 23}
gA43lE U2 FJASS CD44 59 A vlA G5 ypregulationo 2 &
M=

* MLC ¥ 7} AXFdA CD9e LHS Ao 2 Q3 Ad, E43tE
T BE HEFAA CDY9 EA7F AEEA %z‘a%% glstde (29 3)

= F 843" 7 "y AEE0] CDY TS AXE EHd dds= AAN AN
= AFdBHAA o AES Aot} .
* A7e] o : G4t T M ¥ ofye}, #431H granulocvte, macrophage

S5 CDY9 ©¥l g A¥ Fwio] Wago

<Result 3> CD99 999 AxxWoze Bd =3 7154

» A W "G w3 vtEete 7 By AETdA AE FHO R CDY9 wHE
7 CD99 Tefo] A kel e FhA v&S FRlstr] fste, CDI Tafo

)3+ intracytoplasmic stainingS A 8+4
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<399

et 2 e 2 by
P St TR TR <2 CY. et TR TH SR S, B TR SRR I S
CosPE COBAPC G pE o

M BALB.B M= 0|45 212H U2 HIZHZS mixed lymphocyte culture (MLC) £
AT A2 2 FAHZ 20 M CDIS 9 %*_JEEM
= Az CDYY ©ule] AA ¥ AE HH Td Folet FARl FF 4BT
oz ZAFTL dolatdtt = AE FHAM AT CDY o L& 7+
Ao AEQl naive CD4, CD8 T A% granulocyte, macrophage 9IA1%= CD99&
WAlste glen, CD9e AE FHozel o] £& E43std day 14 A
T EE AE7l CDYE WXL &S FYdsA (2H 4).
* x_o] Awo| o] : CDI9 Tlo] ¥ FHozo] HEAY o|Fo] HE &
Aglol o8 2AHD YL & £ AU ols, EAsE HMESo] AEXERHOER
CD99 wule] FH3 o 24 endothelial cell ©] Ed3t= CD99 T3] homophilic
interaction®] 7Fs8lA) 3, o] CD99-CDI9 wi7je] HZFo} WM 9ol J32&
2 A27t WA ED (endothelial lining)S wxE3} (transvasation) 3+ H35
A712 o588 = AL Adte FY AxolF AL E AFde AFolt

CD99

4, CDYY THHo| M =]
Dﬂ BALEB HEZZ E“Z‘.
oF B 2t HZZ0IA

es W2, AE o5 AdE g BA ¥AZA DY wule] FoA U
Co 5} Agstis sl Aolsh COm @l AR PAREEA 54 349
o Fa4e Arlst A
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<Result 4> GVHD %4 F< %39 A A9 uhg A CDY9 o] u

%9l

* GVHD Z¥$& BALBB #1928 £32 28R NX9 4% T AZ9 3=
& 9A B6 PI92Z st I+ minor H antigne-mismatched BMT A] 2% o
2 Y3ty gl = HLA banking center® E3}e] A& 02 MHC-Y

A7 B8 FAR e o }_53_‘?_&1]3?1_ o]4¢] case 7} 1 ULH, o] RS

YoM 2EE AE o]4& 2HEHEA ZEd GVHDE fdste Al2"d
AgAstsict. (27 5).

H5 A xe} HFAAE o] & day7, dayl0, day20 & mfAE 3 AlslY
22t B9 71#Q1 HZ# GVHD gA Z7]90 7He —’F%ﬁ}i, oldl F&3

TES ©F BT & Z AE £8 € CD9 24 2 :

st

, CD4 T Az A% WAAZHAN 8o 44 vt a#hA4< CD8

N

A e

Ji?l
nJ[o
1o
e
iy
[
N

o |k X l-N rulo il

|

Weight loss curve Survival curve

=
=]
=]
»
:
’
.

—» BE =---B6

s o
—8-mBALB B <--f86

3

5

weipht loxs{%)
Percent Survival{%}
-]

038858848883

o

=]

T
5 1w 5 @™ 25 @ e " v 0 40
D
Day ad

125 BALB B =FMH M GYHD 22, B6 BM M =2t H|ZE |E§ SEAMM A2l & =
= BALB B MIAl O|&E £, E-’ﬁol Zﬂs et MEE Z1} B6 =F= syngeneic
Hln=,
T Mxe A% day 10914 HHES Rolil granulocyte & A5, °o]&F x40
2 371t ol Azt Aol wet dFA4 wEo] APHI Y5E BHAF
= Aolt}. Al A7l zheld B day 10¥5E o]n] granulocyte?} % ol

ol2w, o] F&F XY hFES AATE ¢ F Uk (2F 6)
53], Azt AHEE 7 AETENA CDYY T ddste AE7} S71EE
FAE F AN

A3A} (effector) AIEQ CD8 T ATAA HHoz CDYY @

ste Az WEHE] B 790 1t vFd A FrlslEeH, &
A#HH granulocyted] M= CD99 H&o] kAl A Eo] WEQ g o]
$ FRb| SolA EVi A7 F43] F71Es st

= o] Ay A Eo]2 & Yol allo-response & 247F thE24, GVHD £ #9
glo] FdS Thte 2Ao|BEE T AEY 4] A&FHI Y& AlAHE
o AIZF A3l whe} granulocyteol A CD99 &AM E2] 7= granulocyted)
o] A o] FAAL UFE AAtste Aot
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A Liver Infitrating
Spleen

o0

o%v &‘,«@ v“gv\

Spleen . Liver hfiltrating
B ERCOBHTOL 1
=BG 0BT 08 H
% ESGDEHGH %:
,n a:
® # 2
FEE FEE P
D2 6, GVHD 2 EQI BALB.B =72| BIZ D UMM ARIE 2t HANED
9| =&t CD9Y9 & )\-||u—71=01 23 (AB6EIZ HE 0|4 & 7, 102,
202 W HIZL 22 73 I?_ 5 o MESE 22l5i0d, FACS analysis 5 2t
HAMZZO HEFE 2=, (B) AIZIE CD99E Yéish=s HANZZEY
HEIE =,
35wl A 23 WY 7@ FAC B FV|2 A&3ve Bus T
Asie s 4+ Ao AB T AE 9 A8 @9 AX grandocyted)
B 719 WY 7|BHY RS AME A S TFoIE Aole A

S A= g
+x ZA3to] 9]o] : GVHD ¥ F FA3H= T AXES 45#d A4d WY A=z
¢l granulocyteo] A A| 7t 74»}01] E}E} CD99 walo] 51 CDY9 44 HE=
&7V 48] FA o] dojdt,

<Result 5> CD99 @4 ] homo-dimer ¥4

= CD99 @& At 43 <2t homophilic binding o W3k 7Hs2do] AlA =gk
KXo, oo gk AFH FHo| o]Foj A EIot.

= CD99 ©¥o] Ax Hd Fd7 #Fd glo] CDY9 T FFo] Eoe AL Al
AW B2 ¢ CDY djo] ARHI YSS AlAMAH. ol wel, CDYY
cralo] A ZW oA homphilic binding 3t FEIE AAHJL ATk}, AE &
Asle wel A2 g FARTE 7]£9 CDY9 Tufo] Axuto g o]Fd
Agte 7S At

= CD99 ©@¥l o] AU homotypic binding ¢F-E 3H213l7] €sle] CDY99-VN H
B¢} CDY9-VC MEZE A Zsle] COS-7 M E co-transfectiong 3+ F FA4|E
243 YFAu) A4S 53l CD9 @ 7] interactiong st VN-VC 7} &
Aot F3s sk AEE SASAD (TH 7).
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]

A3 CD99 @722 homo-dimer 7} F49E 259 22y, CDY9 &
W72 e] Azt o dAH 3ol F= perinuclear vesicular regiond] 34 5
of lom AE FHAME FFo] FEHA LUTh

o] Astel o9 : CDII-T W72 9] homodimer 7} F2 HEA oA A5

A0™, o] homo-dimer 2= HETOZ o] FE A 4 AUS AAL3T

8
MCDA-VN .-
o .-
JunevN --
h -.
C
MCDIGAN « MCDIGVE  mODO%VN « hCDLNVT
4 0y s g .
{ H | | ! mCOFRVN
#4 | | wd | + HCDANE
i | H i
! z
-
|

>

sfc

7. CDYY SHH 9| homo-dimer &4 =21, (A) CDIS THH 9| N-termal 0l myc tagE E
ol & YN Z2 VC HEH 22Y F 293 T MZ0 transfection 501 SHH0| BHEENZEIE O
oA EREO=Z =0l (B) CDI9-VN HIE{QL CDIS-VC HIEIE COS-7 MZEn
cotransfection &t & green fluorescence®| £22 2t 0|22 =21 (C) CDII-VN
BIE{QF CDOI-YC HEIZ COS-7 MZ0 cotransfection 8t & GFP 22D HE EHHO=R
9| CD9Y Cith LBHE RAZSE

<Result 6> CD99 999l homo dimer FAL AHFE2RQ (extracellular
domain)< vW/NZE 3

CD99 @ e] homo-dimer E4°] o= FHE wj/h2 o] Fo|AERE &Ql&}7]
Aste]  AEZe]RY  (extracellular domain), Z#EX$ (transmembrane
domain), & AZAWEY (cytoplamic domain)E Z}7} A7 CD49 &g
domain &2 X33 & VC ¥WEd A2 CDI-VN W E S cotransfection
FREv A ot ¥ 43S #FSAH (29 Q).

A3, CDY9 extracellular domain ©] {1ZF CD4 9] extracellular domain ©.2 3|
e ¢ FF gl o|FoA A gFo] #FEH] CDI9 ¢ homo-dimer A

extracellular domain< 7] 23S &3} Th

{0 rﬂ
2 ro

Ol

flo ri

T

5

gk, CD999] transmembrane ©]4Y cytoplamic domain ©]

CD99 ©¥ 3 homo-dimer ¥4S T3t FF E3S st 3 go] Az
ANz FFEE A7E AU

= extracellular domaine 34 CD9-dimer 7} EA =%, transmembrane

ot} cytosolic domain ©] X 3EE ALoe= AEeoZ dimer JE|E BxH=
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af

transmembrane domain® cytosolic domain <

=
=)

=
T

Ay
P 2

AL HelFE Aol

xx o] Ax}9] o]u : CDIY T ] homo dimer B4 extracellular domaing %
°

MEgtogol olF ZHL
A o]Fold tE S AT
CD99 ©#7)2] ] homo-dimer 84 ¥ AXW #Ed7t, AE 243 o|F ‘:}
Sl 3} o] A} & &}80] transmembrane-cytosolic domaing F3| o] F ] A HA,
W29 retentionol| A Bloju AEuto 2 o]5d 7l5A S A se Aol
o] ZztE CDY9 ©rl o] Asletz EAMEEA EA4S FHHEAM, T4 o] &
o] NEFHO 2 ThE Y9 o]Fdx JTS HI? AeS AlAbstH,
AXY E3 54 23d @ gACEZE 0|82 75 AA g &

o

A o)Fo A, AlEWo|A S retention =
=

2 o
g o

S

=

o 1 o

MCOSWN » Myt V0

mODt IJ-‘N
» My

) 5 L P
e 11b P ve | e |
+Cy ye . | 55 4
Ve £ |
- - - T

mCOIRVN + MLyt C

mCOo0-PE

>
BFC

28, CDY9 SHMof 4=+ 2 2| (extracellular domain) DHIHS| homo-dimer &4 =01,
(A CDYY SHM O extracellular, transmembrane, cytoplasmic domain € 2+2t 9.'?_* CD4 2|
1St domain 22 A|IZEAIZ! mutant HIZF & VC IEIH 225!, CDI9-YN HIEIQt COS-T7 Ml
Z0fl cotransfection & &2 S0|A 2AZ, (B) CDIY mutant-VC HEIE 0t CDIS-VN HE
£ COS-7 M =0l cotransfection &t & GFP 220t HE EHOZ9| CDIS I LEHE &7
HEzSH

At

<Result 7> CD99 A F vw}$~ (Knock out mouse)? ES cell &3 & CD99
KO v}-$-2 A4HS 918 heterozygote 31

CDY9 targeted alleles zre= ES AlE &% & blastocyst injection & Chimeric
progenyS 4L & B vp29F wvisle] F1 generations AT

F1 71219 intercrossE £33} F2 generation 7FA €310, ©}& homozygote
9] KO w27} &R Fdd (28 9).
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£ 7 8 3 10112 13 1415 16 17
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J
4

i

18 18

T

b6 O#

- wf v

E

< Wild Allele

[([Ed SN |65 [EG

—

17

el Bt B R R B B R B

s S a s

1819 s

8

o

< Mutant Allele

02 9, CDY9 KO O~ MAS 2|8 BH0IAM F2 generation screening Zot, (A) F2

generation | OF2AE0| M endogenous exon 22} exon 30| G1Et&H=primer 2 PCR

2t B) KO allele =12 FI8HPCR Z1t
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2) 221dx A+ A3
a F Wy £ a ¢+ Z2 =
CDL2s-VN (VC) g 3}
CD99L2.-VN (VC) i #&8-S(DI9-VN, CDIIL2s-VN/VC, CDPIL2 -VN/VC il
3k Wy Z2Y ¢ guldy Sag 3ol
<l
] _|CD99 @wle CDIL2 i+ (CDIL2s & CD99IL2L)
CD99-CDIL2 ©i9] dimer &

A 891e $13 BIFC analysis

3} hetero-dimer (CD99-CDL2s & CDII-CDIIL2)S
4.

CD99¢] homo-dimer zo
CDIL2 wHil#3te] hetero-dimer
g4 o] o3k competitative

CD99 ©e] homo-dimer ¢  CDIIL2 ©Hlitate]
hetero-dimer 7} AW EAgS 21

Two-BiFC analysis
CD99L2s-CDIL2s homodimer

CD99L2;. -CD99L2 2] homodimer
A 812 93 BIFC analysis

CDYIL2 PMFEL homo-dimerS FA A 23

U=
[e)

CD99L2s-CD99IL2Z.,

hetero-dimer @4 &91& 3

gag 9

BiFC analysis

CDIL2 SMFE7]2] hetero-dimers HA A %4

CD9
mutant

uug]

L
S
=

glycosylation

o
=

o
#2 93 mutagenesis

CD99T45A, CD99TH0A, CD99T45ATH0A 9
glycosylation mutant & A&t VN £& VC ¢
hybrid @9 <] 8-S 89l

CD99 glycosylation mutant )
homodimer &4 %5 &2187]
213+ BiFC analysis

Gl =2 homo-dimerE

O-glycosylation mutant CD99 THih&2
g48 el (CDYT45A homo-dimer,

CD99T50A homo-dimer, CDI9T45AT50A homo-dimer)
=o

S

[JKeN
H =2

AR

CD99 glycosylation mutant <}
CD9 =& (CDYIL2 THul3}o
A gl 9@

[e]

dimer 94 FF%=

BiFC analysis

CD99 ¥yt CDY9 glycosylation mutant 2 dimer
(CD99-CD99T45A, CD99-CD9TS0A,
CD99-CD99T45ATS0A) & ¥4 = Aon
Glycosylation mutantE-& CDIIL2 @¥l#3 dimerE 3

AstA] deS Seh

<Result 1> CD99-VN, CD99L2s
BiFC T845}7]

analysisS

CDOL2-VN/VCE Z249stHon, 2428 293 T M| transfection 3
tago. 2 A3t myc-epitope ¥ flag epitoped] tHa+ S o] &3l WY

~VN/VC, CD99L2,-VN/VC @) 59| utg g9)
93k 7Wkeg@  CDY99-VN, CDL2s-VN/VC ¢}
z} E ol

<)
=] o A
Eiaoe T

g A, 7 g So] AFA0E TS s (2.
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mCD99L2, mcD99L2,

Vec
-myc-VN -myc-VN

mCD99-VN

mCD99L2; mCD99L2,

-Flag-VC -flag-vC Vec
50kDa ~——
40kDa
12 1. CDI9-VN, CDIGL25-VN/VC, CDIIL2 -VN/VC EchetiSof uis
solg 95t piot 22

CDP &2+ A7} extracellulr domaing 53t homo-dimerE dAgo] 1ad= A+
A3} 8] & (Choi et al, 2007), CD99 #A}+9] paralog ¢1 CDIIL2 whul¢l CDYIL2s
(short form) ¥ CDO9L2. ©#o] CDY #Ast dimers FAst=A &lstusl, 74z}
venous FFEMo] N half ¢ C half hybrid ©#g @S2 CDOO-VN =HE 9}
CDPL2s-VC £& CDWL2.-VC HEE 293 T M Eo| co-transfection 3], 48772 hr
o 3 IFe FAE o= ST

Az, CDYY-CDY ¢ homo-dimer ¥ ol CDY9 ©@ule CDWL2T TS}
hetero-dimerE 4% + U< ettt (272

%3t FRET(Foester Resonance Energy Transfer) assayZ ©]-&3}lo] o]2 #elssich
(293) CDY9-YFP #¥E{9} CDOIL2-CFP WEE 293 A|*Eo| co-transfection 3}o], 333
|74 o2 FRET #8445 #=3F3t) positive control2 CDIY-CFPE co-transfectiondt
AEE B389, negative control24] CDIL29} CFP fusion proteing 95 W) T ¢
Wl Alo]o] ZolE &3t vectorE AMHEIIATE (1¥4)

A3} homodimer®#: 7t o}y 2}, heterodimerd] 7Z-$-o1% FRET @4o] dojdS &olg 4=

o]o)
AT

2
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HCeII number

PCl-neo JUN-FOS
j e R N—
/ \'\\ M\m’x“ ‘\"\"’Y"\MW’J‘W.,'..
*’ ' N\ = wt 2 r 10!
mCD99-mCD99 mCD99-mCD99L2 mCD99-mCD99L2,
55.0% 55.7% 74.4%
- ) (1] 1 L]
A o
\- / ‘N Nv\‘,uﬁ‘.w.w«‘w | k "?'th:v‘ﬂwf? N L / i"jw»%‘mwww
—> BiFC . '
2 2. mouse CD99 Ciei} CDY9L2 2 CreHSto| Dimer &AM =012
2|5t BIFC analysis
12l 3. homodimer &4 A| FRET &i4h zH&H

CD99-YFP(AL Q|2 %)
CD99-CFP(5+2|5t)

FRET 14(5t9|25)
12.00
9.00 32 4. heterodimer EAIA| FRET #4to|
6.00 olofLt
3.00 I
i - I — = A: CD99-CDIIL2S
’ b 8 c b e . YFP B: CD99-CDY9L2S (neg. cont. of A)
-3.00 “CFP | ¢ cD99-CD9IL2L
-6.00 D: CD99-CD99L2L (neg. cont. of C)
-9.00 E: CD99-C99 (neg. cont. of exp.)
1200 F: CD99-CD99 (pos. cont. of exp.)
-15.00
<Result 3> CD99L2 S FEL homo dimerS FA81A] #3509, CDIL2 B F+E7]2
hetero-dimer= dA38lA &=t}
* CDL2 Tl Alolo] AwzAES  FQlEly]  9ske], CDIL2s-CDIL2s <}
CDYIL2,-CDML2, 9] homodimer ¥4 2 CDL2s-Cd9L2. <] hetero-dimer ¥4 &
olojRE  3lolgly] Y8l CDYL2-VN 3 CD9L2-VC, CDIL2-VN 3
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CD99L2,-VC B+ CDYL2s-VN & CDIIL2-VCE 293 T MEo| cotransfection 3+ %
A8 hr™72 hr o 333 U34S GAE ZHo7 39 o}odr/}

mCD99L2,-mCD99L2;  mCD99L2s-mCD99L2, mCD99L2,-mCD99L2,

—> Cell number
e
b

o3 |BIFE
8 5. CD99L2F S Atole|l homo-dimer £ hetero-dimer 84 &l 2|8t BIFC
analysis
v A3 CD9IL2
CDIL2 ¥ Eo0
2 3

43R %8

s (2" 5. &

WS Abolo] JEago] dojupr] kS
] WE Aloldl= dimerE 3

CDY9 = dimerES A3}, CDYIL2
o 3= Aot}

rxl o

<Result 4> CD99-CD99 homo-dimer @ CD99-CD99L2s, CD99-CD99L2,. hetero-dimer

+ golgi @ membrane 9 ¢ X3t

*  (CD99-CD homo-dimer ¥ CD99-CDIIL2s, CDII-CDIL2.. hetero-dimerd] AlEW £
£ 8913}7] 3}, confocal microscopy analysisE 4383t

v I3 AXY YRE Q] Yt 3 (DAPID), Golgi (BODIPY dye), membrane
(Dil) staining & W33} confocal microscopyS 43351 tt.

Golgi staining Membrane staining

BiF¢ Mer BiFC Merged
JUN-FOS mCD99-mCD99 JUN-FOS mCD99-mCD99

BiFC Merged

mCDIS-mCDIIL2 mMCD99-mCDIIL2 mCD99-mCDIIL,

8 6. BiFC 2 Golgi, membrane staining ¥ confocal microscopy

» Ay CDY99-CDYY homo-dimer, @ CD9 LD‘QLZ\, CD9-CD9IL2. hetero-dimer 7}
Golgi @ membrane © 923th= AL Felsdg (27 6) |
* H3  FACS  analysislAl  &Qlg  upe} U}%VWE, CD9IL2s-CDY9L2s,



CDL2.-CDY9L2;, ] homodimer 2 CDIL2,-CDYL2s2] hetero-dimer &AJol <3 &
33-S confocal microcopy M= els 4= it (28 7).

o]t AxE £§s1H, CDYY-CDY9 ¢ homo-dimer 2 CDI9-CDIILZs, CDIY-CDIOL2,
hetero-dimer 7} 845 0] Golgi ¥ oluel, membrane 7HA] dimer FElZ EA5}aL o
U, CDOL2 @l FEe 222 dimerE AR Edde 2AS & + UM

* e CDW7F CDY Z-& CDWL2 Telz#e] F5zgel glojA], ojHE Ao|2 dimer
A0 ojq JEUE ulER] T A EAZHY trimers FAE A i s ©
e Ao, T3 7} dimer A A, FEFE AT A e &S A=

Asjolr)

Metged

mCDI8L2.-mCDIL2, mCD99L2 -mCD93L2

Golgi staining

a3 7. CD99L2 G ZE2|
homo-dimer,&& CD99L2
chefl 277(2|2| hetero-dimer &4
golg 2|t BIFC assay?l
mCDIIL2-mCDI9L2 confocal microscopy

<Result 5> CD99 @ ] homo-dimer ¢ CD99L2 T #2] hetero-dimer 7} A Eu)

EAg

* CD99 ©¥lAlole] homo-dimer 9 CDI9-CDIIL2s 22 CDII-CDIIL2. 2] hetero-dimer
7t 842 7 e 7FsA FAA o= Aol o fASAE FRIE] A% competition
analysisg 33}t

' o] $jgt CDR-FAAE VN #HEs}t CC #WEd 2293ty CDICDWIL2s 2
CDYIL2.E CrN (cerulean®] N-half) #Ed| F243t9 VN-CC o 3= YFP &
#o] VN-CIN o 93jxe CFP 3ol o= Al2" wEY, COS-7 AE ]
three-gene cotransfectionS 4=3)8}33ch.

= CD9-CDY ¢ homo-dimer 9+ CD99-CDL2s 32 CDII-CDWIL2. 9] hetero-dimer
7} EAE 4 AeA #957] 913 two BiFC analysis 23, CD99-CDY9 homo-dimer
o 93 F4== YFP 33 CDIY-CDWIL2 THilFAFe] ] heter-dimer o ¢]3] 45
= CFP o] &3S gelslad (278)
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CD99-CDI9-CDIIL 2,

CD99-CDI99-CDIIL 2

Intensity Average

Time (ms) Time (ms)

38 8. CD99 homo-dimer, CD99-CD99L2 ECH#MZE1Io| hetero-dimerd 42|
compeetative Two—-BiFC
& Ato]9] competition o that Ao 9Jshd CDII-CDIIL2THH i Ako] 2] hetero-dimer
Eo] 7t SAEIG2H, YFP-CFP 7} co-localize H& ¥2% loy, Axu 23}
AZ g2 REE s U3
ol (DY homo-dimer ¢ CDOL2 w39  hetero-dimer % ofug},
CD99-CD99-CDIL2 TFAto] 9] three-molecular complex = 7Fsdlths A& AlAKS)

W, E3 2 dimer 9 7150 HE £ 98 AASE Aol

<Result 6> O-glycosylation mutant CD99 ©&¥E-2 homo-dimerS @48 4 Ut

CD99 &) amino acid 45 WA Threonin residue ¢ 50 WA Threonin residue 7}
O-glycosylation site ©]™, ©]Z alanine 22 X33 3¢ glycosylation ©] Asjgo] B
Htt (Wang et al, 2008). o] Rie CD99 ©@¥e] glycosylation ©] CDYY &
CD99L2 Tl 2te] 328 ojujdt FaS v& A7t thet ofFS A7IsAT
CD99 ©le] glycosylation ©] CD9e 45z-gd] male JgS Folsdlr] sl
CDT45A, CDIITS0A, CDSST 45A50A o Al FF mutantE AZetRom, o]
myc-tag &< flag-tats €% & VN ¥g £ VC ¥Eo] 224319, 7} nutant &
o] HEHTER g<lst7] st HAERZH S XA

VN #Eo] F298 FAA = myc tage], VC ¥Ed 298 FHA = flag tag ©|
A0 B2 myc epitope, flag epitope o et FA S o] &3 WA EZEA 3T Tl
so| FEHT gUSS gl (279). .

CD99T45A, CDY9ITS0A, CDIIT45A5A 7+ @¥l50] homodimers: BAE + A=A &
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o

2~ 0Jo.o
T oMT=

skt

B\

A3, CD9Y glycosylation mutant S°] homo-dimerS A&
(28 10).

o= CDY9 extracellular domain o %4E O-glycosylation ©] CDY9 & homo-dimer &
Aol JFE FA FE 78S HoFe Aol

NC  mDAVC T45A-VC TSCA-VC T4SATSO0A-VC

m—"

43kDa

34kDa

43kDa

E

PCl-neo GFP mCD99-mCD99
A ] —
L o AN
109 0t 16 k3 w P w0 ) o oo w6 o I ot

T50A-T50A T45ATS50A-T45ATS0A

M{\wm

ot w w0 1 w

Cell number
T
>
4

:
8
%
%
4
%
s,

#
%

BiFc

a2 10. CD99 glycosylation mutant &2 homo-dimer &

A gtolg 2|t BIFC assay?l FACS Zz}
<Result 7> CD99 €3} CD99 glycosylation mutant S-& dimerS 343 4 AU}
* CD99 ¢ O-glycosylation mutant £°] A& homo-dimerE A& 4 o= 2HE v}

Bog CDYY ©lx CDY9 glycosylation mutant £°| dimerES HAS
14 BiIFC 48$ #3519t

A}, CD9Y-CDIITA5A, CDII-CDIITH0A, CDII-CDIITASATI0A Atole] dimer 7F A
2 5 Adss fAE 2AHS Fesigoen (18 11), confocal microcopy & 2Hle
AT (27 12).

Dimer ¢ #¥%E Gogli, membrane o #23&-g gl = ATt

! :35) =



PClneo mCD99-mCD99

4 i i
/‘ \ 5 M"»
“ \_,_,,,mr_,_,",,,m / M«l‘-/wf wam,,
mCD99-T45A mCD99 T50A . mCD99 T45AT50A

[

i o ,

: AN

¥ - A
'I\L*.‘«..,ww.,-«Mq’m‘u-%—‘wj i ! %(\“"w,\')wmw"-"“w" MM’ £ N petie? A \'W"""'

—=>Cell number

~> BiFc

I8 11, CD992F CD99 glycosylation mutant Dimer & A

CD99-CDI9T45A

CD99-CDIITH0A CDY99-CDI9T45AT50A

18 12. CD99-CD99 glycosylatin mutant At0|2| dimer &M

<Result 8> Glycosylation mutant CD99 ¢} CD99L2 whull ;o =
*  CDY9 ©¥e] homodimer 439l glycosylation ©] 93-S FA e ZAie, ¥ CDY

7 CDOL2 T2 dimer A9 glycosylation ©] G3e 12 4 LA w3t 9

2 2718t

v o]E Zolsly] flste], CDIIT45A, CDIITH0A, CDIITA5ATH0ASH CDIIL2S, CDIIL2L
thilato) o] dimer A 7FsAS &9 0}7] 28t BiFC assayES 4331

» A3 CDY ¢ glycosylation mutant 52 CDIIL2s &2 CDIIL2. T3} dimerE 34
gk 4 glgo] oLt (28 13) .
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JUN-FOS

~" \v,n,»w'b""\ﬂ'w&,:];
mCD99L2-T45A _ mCD99L2-TS0A  mCD99L2-TASATS0A
fi i
, T DS,
A e N
\ i ‘ /1
~
mCD99L2,-T45A mCD99L2,-T50A mCD99L2,-T45AT50A
] [ !
21 A [ | \ |
:E, (2 W o i ,"'. b r i {;‘ k = {
2| N A |
3 1 o, SC® R S ] 1 S 3 .
L’ ~ BiFe

I8 13. CD99L2 cHF3 CDI9 glycosylatin mutant £0| dimers @M E
T glge Eo{F= BFC Z2t
= olE CDY 2 CDWL2 Tieste] FE4-go] 2o} CD9 9| glycosylation °] F£.3}
A A&t S AlAkske Aol

<Result 9> CD99 §AAY] AF wpo20] Wz Ho EXAn T HE9 3 o] Hiol

Hlste] o7k e Holr}

* CD® H3% AT vhp2E A Hglen, o5 22 29 JZTE sy
CD3 T A, CD4 CD8 T AXE 38, B A2 £3%, Granulocyte, macrophage &< &
Q13k= FACS analysisE 4331t}

40
. CD99- 0 CD99 -
e 8 = wWT
. P g 20
x =) o
3. 5
D 413.8 a 10
% : el 0
107 ' 0@ 1d 10f Ty0 jol a2 A3 3ot
A A &
coa & S ¢ &

2 14. CD99 KO olALt B6 HA offAo| Zx EHUo|M BEZFo 2F
H|D
» A3 CDY KO vh$220)A T A|E, B A3, macrophage, granulocyte 59 3= At
Z doihd, AAZHQ B QlojM, CD4 T AIE ¥ CDS T M2 £39] A3t &
AT (2 14). 2, n FE 10 o2 58 A 7945 glslor 4T
Aoz getgd

<Result 10> CD99 AF v}9-20A 3¢9 Eo|& CD8 T A|E w39 Aatzt #FHY
o
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D4 KO mouse: anti-H60 specific Response (DAY 10)

<CD 8 gated>

D4 /- W, ! 1;.1’ ,
ag 16. CD99 KO oL A,
heterozygote O+PA, B6 H4lopfAo
DA —/+ HB0 congenic male BIZAZ oY =
§ 109 W LESEHo|M HE0 S0l% CD8
T Mz 53 3 CD3 T Mz=oflAf CD9I9
o @el stol
o z
B6WI 3 o
03 8

CD11a HTC CD3 APC

* (D9 AR AF vhgzolr CD8 T AE v AEE F9s7] 94ate], CDY KO
homozygote, CDI9 KO heterozygote, & B6 wild type 52389 oA w26 HA)
congenic male MXE W3}t H60 Eo]F CD8 T AE HHe-S fE3gon Wy &
day 10 & A= H60 50]4 CD8 T M¥ HIEE ZH31900 T AEol|Ae CDY
level& 18t (28 15).

* A3 CDPYKO vhe-2oAE H60 5o]& CD8 T AE ¥hgo] == FRom, A4
n}o- 21} heterozygote 9419 CD3 T AlZEoA CDI9 w&o] =7}k whd CDYY KO v}
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CD99 @9} g CDIL2 Tl 2pA A<l

CD9L2  whierel o, [homo-dimer® FAA @& B o,
homo-dimer ¥4 & | 100% CD99L2 ©+¥lF Aboldl hetero-dimer = 3433
d A ee FARALE.
CD99  glycosylation
mutation ©] CD99 <] CD99 ©¥e]l homodimer HAol LA,
homodimer % CDYIL | 1000 glycosylation o] 8.8 ot
F3ke] Az g 7 glycosylation mutant 7} CD99L2 Teiz}=
A Ag ol @A dimer 84& 87 & A S
of B A g8 &gl
ol4] CD99 wia}t p230 whle] dist HE =&
D99 s 45 o] OE.T'.% (Bremgnd eto al.,aBlo?jl 02009.)01(}:) :}E}
Sat o wa w| B b D0 AT GedE AR
2 9% 1% o o e 2] 5% CONA lbrary A4S %
& 99 #7) 9% cDNA library AL 5
ok
CD99 AA7F AFE vl E Ao, o
o dxdd BMow CD4 T AXET] 3
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o A T AT @40l Ad2 ol &g lst
o]
AT .
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* (D999} homodimer ¢t 0}143} heterodimer®] ¥/971%3# ©]& dimer®] ¢
g Ax FRAHd g 98 W ols AE olEAd BT N2
ELlE A olE Ol%if, HY 9hE 24 Je A 2EE 7MAS
AL 2 7lggch

= CDY9 AHF wh$2E ol&% W9urd =9 GVHD & 2dg Y3y
CD999l A W 9dgo] digt AFE 75 3T ol Algd W 4
oA 3 @A mokste]l A UlelAe] HAHZAQ CDY dEge o F
A3l wEbA CDIGE EMZSZE & AloF 7ide] ddd rog Aoz B
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e AL
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HoZ AFALRYAN 2B g7z
1. CD99 EAe uigh A+

» wl$-2 CD99 ¥ o}yl human CD99 Y% extracellular domaing "7} &
g homodimer 7} ¥4 gl Ra= ATt (Lee et al, J. Microbiol Biotechnol.
18472, 2008).

= o9 CDY9 EAbe] 33 (glycosylation)® O-linked glycosylationo] ™, ©}d
extracellular domain®] &x)3le ofr]=ME 45859 Threonin 7]1¢F 50 ¥
)¢ Threonin 7)o glycosylation ©] o]Fo]A, CDY9 ¢ iz 9] 3t
2 &z PILR (paired Ig-like receptor) ¢ AE &8 glolA CDYY ¢
glycosylation ©] Z23%o] ¥aH o (Wang et al, J. Immunol 180: 1686,
2008).

= wp9x CD99 #Ae PILR #9] AEzgd] oA, 2845 =g
PILRa ¢}¢] J&#-&o] &A43} #zt=9l PILRb &¢] Fuz-drut 23
o] Fow T45A Wold TH0A wWolal ztzto] PILR a ¢ #38 4 =
WIE) PILFb ¢b& T45A WolAl7F ¥ 8A] Egho] HuHUT (Tabata et
al, J. Biol. Chem, 283: 8893, 2008). ©] Z#+ CD99 ©je] Bsle} 7+ &zt
= §bgo] fdstn vt 747 wgdve AE A S

= wex, CDY9 homodimer @4l O-linked glycosylation ©] o3 ke
& & vt tiE sigEe BaAo] AHAT

QA (DY d¥st mRZEAE, whes CDY9 o we]  diEg @Al Azt
transendothelial crossingg ¥Wiglo] BaE9E Dufour et al, Cell Commun. &
Adhes. 2008).

» Q17F CDY9 @#o] HLA class [ ©@¥e] AZXHO 29 o]Fo] Fa3 4TE BT
o] HaHth CDY9el o] A3td Jourkat T ME)A HLA-class 1 &
o] Adtew, CDYY vt HLA class I ©Ho] CDY9 ¥ 9] transmembrane domain
el AFALE st o, CDY w#lel trans—golgi ¢ cvtosol Akol9) cylingS
sl p230 @) JaEEEa 9ol BaE IS (Bremond, et. al, Blood 2009).

v QIZF CDYY ©ee] U7 WEF AE7F A FHY endothelium®] crossing o ¥
5980l RuH YL (Schneider, JK, et. al. Transplantation 2009).

2 CDYIL EAo] gk A+
x CDO9 w9 9] paralog ¢l CD99L27} 2003 ¥ 224 H1ow, F719 isoform

o] HXH Y-S (Suh et al, Gene 307: 63, 2003). o]F HZ vpg29 <z
CD99L2 A& ZE93x 2 7]%°] homophilic interaction® %3t
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luekocyte ©] endothelial line® %338 transmigration ¥ @%F FHE9
o3 WHI HAHPo] Lol EIHJUTH (Schenkel et al, Cell
Communication and Adhesion, 13: 220, 2007). o] ZA3E CDL2 ©¥e] A
3std EA3 CD99 wje] A3ty 54 9 B 7 45FEd dd o
T E984g A & ¥ A7IE Aol st

CD99s} CDIL2 o] it &x HeE 93] neutrophil®] transendothelial
migration®] WEE 3 olwl CDO9St CDOLZ7} 2& AXJelA 28313 glgo] Hu
5% (Bixel et. al, Blood. 2010)

3. CD99 ¥} vhe-2 e vl gigh A+

oX
N

=9 (large  arthery) 9 9 Ul S4AsE
(Atherosclerosis) & — #&47} 02 recruit Hol AsE W
(Atherosclerotic plaque) A Poz4 YL E Aoty CDYY ol
leukocyte®} W oAz o] A5 &80 BE o] extravasation o] &3 Al
Ao 71Z8], WA CD99 i) thd vaccinationd AlE=d A
lipoprotein receptor A® ©}-20) A atherogenesis 7} A3 go] BRI
(Wanrooij, Cadiovasc Res. 2008). ©] Z#t= CD99 ©¥-& A E o]Fd gt
EIZlo 2 ol g3t 4% A& 3 Rdolgt & 5 JUth

el
B ag
ol

fs!)

4. A Zol gt o] wFde] wdY AT

w4 oldHYy &5 AL FoAR T AEI 9 AFH, 3L, HEF 9
B 73S FAFoEA AR, oju B ok WAV|AEY T AX
e waatAY, B4 ola WgA7Y AARE F4 oHddl sF4%
< U F glon, Al EE ox AYRAVIZY AYE WasAY, &
EE oA #HIZ#Ee AAste Aed wHol Asfge] RuHJH
(Beilhack. Blood. 2008).

of A%E EE T AXY 54 Wgridd dg AL wafste AL 23
g FodE 2EEATY e H3vt E 5 JL AES YA den
2, 24319 T A=z 32 g4 A2 olFg Walste Aol A¥

dute] o EHHY F US5E A

webA], o] RyE 4% dEEs CDY vl 715 23 F-2 vaccination
o] g4 o4 A &F % 1= 54 Z7=
o o533} CD99 ©Hlel %

& 4 Sl
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