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Characterization of CTLA-4 Antigen Expression:
Identification of Molecules Composing Intracellular CTLA-4
Multiprotein Complex
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ABSTRACT

Background: CTLA-4 (Cytotoxic T Lymphocyte associated Antigen 4, CD152) has been
known as a homologue of CD28, an accessory molecule providing a key costimulatory
signal for successful antigen-driven activations of T' lymphocyte. Most of biochemical
and cell biological characteristics of the CD152 protein remain unknown while those
of CD28 have been charactenzed in detail. Methods: In this study CD152 expression
in both CD4" and CD8" PBLs was studied by using flow cytometry. And intracellular
CD152 multiprotein complex was purified and used for generating antibodies recognizing
proteins composing of intracellular CTLA-4 multi protein complex. Results: Level of
surface expression of this molecule was peaked at 2 days of PHA stimulation in flow
cytometric analysis. 40~45% of PHA blast cells were CD152" in both of two subsets
at this stage and the level of expression were equivalent in both two subsets. Contrary
to this surface expression, 1ntrace]lular expression was peaked at day 3 and it was
preferentially induced in CD8" cells and about 60% of CD8" cells were CD152"
this stage. High molecular weight (>350 kD) intacellular CD152 protein complex
purified by using preparative electrophoresis were immunized into rabbits and then 3
different anti-P34PC4, anti-P34PC7 and anti-P34PC8 antibodies were obtained. Using
these 3 antibodies two unknown antigens associated with intracellular CD152 multi-
protein complex were found and their molecular weights were 54 kD and 75 kD,
respectively. Among these, the former was present as 110 kD homodimer in non-
reducing condition. Conclusion: It seemed that 34 kD intracellular CD152 molecule
forms high molecular weight multiprotein complex at least with 2 proteins of 75 kD
monomer and 110 kD homodimer. (Immune Netwotk 2002;2(1):35-40)
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A FEufeE. 7173k A ellA] AF g F A3 RPMI-1640
A2 1 12 3] 48 & Ficoll-Hypaque (FH)oll 5%
o] 2,000xg% 2047 BT YARAY F HZFE
AR o % AHeto] Agellet. 10% Selo} WA
 RPMI-1640 ¥HA|(FBS-RPMDE HZ T FEE 5x10°
cells/mlE ZAs}o] 37°C, 5% COllA wikslgic). H=
FEA3E 234 CTLA4 W8S $53817] 9e)o]
phytohemagglutinin-L. (PHA-L, Sigma) 3~ 10pg/ml& 4
7beto] ekl AY e whfZollA] fEiE OKT-3
hybridoma cell-& 4718 A uljA]of| A kst & RPMI-
164080 A Z AH3F thg 6,000 rad 2 ZAFsto] 773 A
ozne Pelg BEUNYTTG 224 A EFE}
1x10° cells/ml=| Al E3tsto] 7)o} S =704
uf skt

galelo| = A A=z, AY CTLA4EALS] Al Z 2]
obu| Ak F N'-CisTGTSSGNQV »-C' A L& Z+ 10
mer?] FE}lo] = B (CTLA4pB)E peptide synthesizer& A}
gojo] Alzelgih of el =F 27k gubehulAe)
keyhole limpet hemocyanin (KLH, Calbiochem, U.S.A.)°l|
Aol Er1mod ol A-geigieh of wl coupling -5l

= 7 #lelo] =9 N Bk == C Wt cysteine] SH-7]
o} FHbhlA obw|:=A4ke] NH, 715 AZAIA F+ m-
Maleimidobenzyl-N-hydroxysuccinimide ester (MBS, Pierce)
2 Agsigleh AgnEL eokshd o3t k. MBS
£ dimethyl formamide (DMF)oll 25 mg/mlE =91 o},
50 mM sodium phosphate buffer (SPB, pH 6.0) 0.25 mlol|
o} gl 5 mge] KLH §ol 1:409] u] &2 7}% o
o AZollA 3027 gHbskgirt. o] FHA ste] FAH
KLH-MBZ- Sephadex G-25 columns A7 25| %]
ok MBS} el A1 A 3]3kgitk. KLH-MBE 50 mM
SPB (pH 7.5)% FA43%F ¥, FU3t shxdfow Frd
Meto]l =5 2 mgH 7HE 3 A-ZollA] 3A17F o] gt
gF oh shE FAslo] WEGE A 952 slEte] =& Al
Akt

mf| 3] 4719 Az Jebo] EKLHE Ebo| = 7]+
200 ug® 25+ 7H4 0 2 New Zealand White E7|(FA, <F
20 kg ool =% ® TJok A2 43 WAR F ulA
o wlelal 2 e 05 F AASsle] ¥R Relsigi
ok A1 3] Mo AJofl:= Freund’s complete adjuvant (Difco,
Detroit, Michigan, USA)oll 3tA|A Fofdt t}-g 25 &
Uk g2Fe] M YS Freund’s incomplete adjuvant
(Difco, Detroit, Michigan, USA)ll +3}A]# boosters}$
3, thA] 25 ZHH 0 2 adjuvant §lo] 23] ©] W st}
4719] @<= PBS EFE 34 ¥ KLHE "Ho| &
erell A wi7bA] AR v 1,000xg 2 3027 DA
slo] KLHell RE33le AlE AlA Gt ol & thA
protein G =+ protein A column (Pierce, U.S.A.)= 534
7 B2E FAZ 005 M glycinehE=EH(pH 2.7) 0.2
&&3to] PBSE FAZ ¥ o3 Al Agsisict
AE WAE cD152 2 E¢AS EelgAl ° &5
A A Az, 773 ARle] Fl oF 300 mZFE B
28 =255 A" Yo R Felekgleh of 7]l
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Eoh AES 1019 W EE EG wjopeleleh. wok 39
ol AEE 3|5l AE =57} 5x10cells/ml A =
Aslo] 3HCD14 (Leu-M3), HCD4 (OKT-4), &CD56 (Leu-
19) ¥ ¥CD20 (Leu-20) (Becton-Dickinson) T+9 &2 &
AEs 272 1/ml =A] 3743 o5 1% FBS-RPMIel
Bgoto] acold 3087 AHSARL. e &
RPMI-1640 #iA| 2 33] A3 oh-& AEFEE 2x10°
cellsymlZ &}, A|ES} bead?] H]ELS 1:4F @l
goat anti-mouse IgGZ conjugates! magnetic bead (Dynabead”
M-450)5 713F thg 4°CollA] 30427F RIREG- % bead
of B4R AEE AHoE AAREEA £FER
CD8 ¥4 AEE At el AEE vl 54171
05% Tx-114&H5 Adsto] Gallsta 9dLelsto]
cytosolic fractions A tH(17). o] A|ELMHS At &
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t}& ammonium sulfate Z3}E5 AZ=3slo] CD1S2E
23S Bty o] & preparative native SDS-
PAGEE A A8t th5 gel®] YH-E slices}o] Western blot
HogE 54 CD152E3% band®] 9145 Fsl3ict. &
Q1% bandE A7|H o2 &F3le] FalA B8 AE
intracellular CD152 complex& Q3L o] & 7)< Hb
O Z kAP Abol] A&s}Sict

Western blot. Z7]d5 10% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE)< A--&3}$ict. 2+ 7]
2 A 3 laneol] 7hlE A EE A|ESF 1x10°02HE] 2
=3 ool A =A-sgch A719F F AL pore 7]
021m =< 0.451me| nitrocellulose membrane (Schlei-
cher and Schuell, U.S.A)SE A 7|H o & wA o]} o).
o] wj] 25 mM Tris-192 mM glycine (pH 8.3)-20% methanol
= SF8do g ALt o do| 3 2~3% SR+
S (skim milk) 2 0.1% Tween20 3§ 10 mM Tris (pH 7.6,
blocking buffer, ©]3} BF)Z blockinggt * 5% BFel ¥
3RS Yo sk AR, of Wl A&7
A= ot ] B odFolA] Az &-Feto]l = A E
Agsteich. GxF GARES & BFE 33] Al¥3h vy
anti-rabbit goat IgG-peroxidase 3! anti-mouse goat IgG-
peroxidase &2 1 :2,0002. & 3]A43s}o] 24| 7F vH-E-A] 7
th BE3- & o] & thA] BFE 33] Al¥3 ohF o] S
T2 13] HE AFsIA AE = nitrocellulose mem-
branes 25 mg diaminobenzidine ¥FF 10 mM Tris (pH
7.6) 50 mloll Y13 33% H,0, 10015 #7}slo] Lo
A 10~ 1527 XGRS A Zek. o] uff HbAy ub3-2- 2
= Ao g FekA A

ANE 5 24 Flow Cytometry). 3712 IJHo g2 F
HlE fZF5 PBSE 33] AX3 obx 4719 anti-

KX
) Y
kg
=

Characterization of Intracellular CTLA-4 Expression 37

sto] 4°CellA] 30&7F RE-a-Al ek o] & vHA] PBSE 33
AlF g & 300l A3k o} goat anti-rabbit IgG-
FITC (Pharmigen USA) 11E 78] t}A] 4°Cell A 30
7 WheAIF T o] & thA] PBSE 33] AH3E thi
FACSCALIBUR flow-cytometer (Beckton and Dickinson,
CA, USA)E o]-&3to] FA33ct.

A FEW & b w2 permeabilization staining ™ 2
2 P o, ol 479 FY3 samples PBSE
A& & permeabilzation buffer (Sug/ml lysolecithin-0.02
M sodium acetate pH 4.5) 1 mlZ 4°Col| 4] 2% X3t o}
5 4% para-formaldehyde 250u1E 47}l Wk-S-& Fxk
Al7]13L o] sle] Fh3t AT F flow cytometryE A

A ge.
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CD152 £219] AEuty 9 AZAY F 39 &
4 54, ool F §99] CDIS} A% Bxde o
Z 79 CD4 %4 9l CD8 A 7+ o} ol 2] 9] A 3}l

2 0y kS AlE -5 E4(flow cytometric analy-
sis) 0. 2 HAslo] Wokeh A|EE ] A ExEH WS
sl 9Jsto] kAol 3 o M (surface staining) B
= A3L(Fig. 1), AZHANY S A2 HF 4 & B
7] $13ked = AEFI Al (permeabilization staining)
He 4 rhFig. 2).
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Figure 1. Flow cytometric analysis of surface expression of CD152 in PHA-activated human PBL showed equivalent induction pattern
in both CD4" and CD8" T lymphocytes. Panels A, day O of stimulation; B, day 2 of stimulation; C, day 3 of stimulation. Numbers

in four quadrants represent percent of cells.

CTLA4pA antibodies (anti-peptide A antibody) 2uE %47}

15~1.7 AXE CD4 %A A|E7} @ AAZ o] 7]
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Figure 23, Pe%ﬁ@a}éﬁ@@otg&gﬁ@ﬂto%@tar@m&@f intheetlimar expression of CD152 in PHA-activated human PBL showed delayed
@thgzotprg@&ﬁec@m]plag@fgéegﬂgh1Qﬁgﬁaqe wa§]a§m&sgdnbl§0gytes Panels A, day O of stimulation; B, day 3 of stimulation; C, day
Profeisimgaton, ugmlery 75y, fquimepadrags Kepreseatnpdragnt of cells.

reducing condition; 4, lysate treated in non-reducing condition;
1, anti-P34PC8 antibody; 2, anti-P34PC4 antibody; 3 & 4, anti-
P34PC7 antibody.

Tog IR B A5 296l 7 ofd] Z-zellA] oF
40~45%0°l == AE7} CD152 FA o] 3l ch(Fig. 1).
ofoll Wkalo] & Fate] Al W2 2b= wlek A3Y
7ol Z 2ol 239l al CD8 A A|EE o] o} A
2] 60% ©]/4ollA CD152 A o2 I s|o] o] <]
A WA F2 CD8 FA T Y Z ol =9l
(Fig. 2).

CD152 &#ke] AEWANF Y p34 4 FA e 74.
AZW CD152 el B3| E A Alls}o] Western blotgh
Ak $Ae oF 350 kD o 4] 3R BT 2l
BAL 7 AN, o]F E7]ol| Hdslo] anti-P34PC4,
anti-P34PC7 12| 2 anti-P34PC8 52] A 2] antibody
= Ak o] & A&3lo] Western blotg AAI3E A3,
anti-P34PC4 antibody= 54 kD 3! 75 kD &9 (Fig. 3, lane
3 & 4)<, anti-P34PC7 antibody+ 75 kD ¥} (Fig. 3, lane
2)<, L2|3 anti-P34PC8 antibody= 34 kD &< (Fig. 3,
lane 1)< ZH7} QlA)slgic). o] 5 & 54kD d-duto] H|3H
<A Ardloll A °F 110 kD band(Fig. 3, lane 4)Z & A3}
homodimerZ &3t Ao 2 == 9o}
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