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ABSTRACT

Background: This study was aimed to differentiate two forms of CTLA-4 (CD152) in
activated peripheral blood lymphocyte and clarify the mechanism how cytoplasmic form
of this molecule is targeted to cell surface. Methods: For this purpose we generated
2 different anti-human CD152 peptide antibodies and 5 different N'-terminal deletion
mutant CTLA4Ig fusion proteins and carried out a series of Western blot and ELISA
analyses. Antipeptide antibodies made in this study were anti-CTLA4pB and anti-
CTLA4pN. The former recognized a region on extracellular single V-like domain and
the latter recognized N'-terminal sequence of leader domain of human CD152. Results:
In Western blot, the former antibody recognized recombinant human CTLA4lg fusion
protein as an antigen. And this recognition was completely blocked by preincubating
antipeptide antibody with the peptide used for the antibody generation at the peptide
concentration of 200 ug/ml. These antibodies were recognized human CD152 as a
cytoplasmic sequestered- and a membrane bound- forms in phytohemagglutinin (PHA)-
stimulated peripheral blood lymphocyte (PBL). These two forms of CD152 were further
differentiated by using anti-CTLA4pN and anti-CTLA4pB antibodies such that former
recognized cytosolic form only while latter recognized both cytoplasmic- and membrane-
forms of this molecule. Furthermore, in a transfection expression study of 5 different
N'-terminal deletion mutant CTLA4lg, mutated proteins were secteted out from trans-
fected cell sutface only when more than 6 amino acids from N'-terminal were deleted.
Conclusion: Our results implies that cytosolic form of CTLA-4 has leader sequence
while membrane form of this molecule does not. And also suggested is that at least
N'-terminal 6 amino acid residues of human CTLA-4 are required for regulation of
targeting this molecule from cytosolic- to membrane- area of activated human peripheral

blood T lymphocyte. (Immune Network 2002;2(2):102-108)
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CTLA-4% CD287t= | TAIE7} &4 3t ofofut
A= 35), sTEAe 57t ZH(6-8), AlZE
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o ofelitte 2 FAEE o £ A9E 2irh. )
U £ CTLA4 4= 16709 HA5Ao] =2 N-Eeke]
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=
A ZEuloF, 72748 AlollA AF gk FH& RPMI-1640
2|2 1 182 3438k ¥ Ficoll-Hypaque (FH)oll =33
o] 2,000xgE 2047 HEFu FARNABAIL o] & Al
Hsto] A28t 10% S-elol @A 3-f- RPMI-1640
8] 2| (FBS-RPMD E H ZF =55 5x10°/mlE 243}
37°C, 5% COy0ll Al wiekseict. CTLA4 W3 E F =3}
7] $ls}o] phytohemagglutinin-L. (PHA-L, Sigma) 3~10
g/ml 7} wjeksloitl. CHO-k1 A|3E3= DMEMH] A of]
10% FBSE #7}stel 37°C, 5% COllA wiokslit.
g3lelo|= A AZ. A CTLA-4 A9 Az et
o=} AlEe|dof st otvit A FollA
N’-M;ACLGFQRHKAQLNLA (C-C’ A2 Z++ 17 mer
9] #lE}o]E N (CTLA4pN)F} N’-C,;sTGTSSGNQV 1»-C’
A4S Z+= 10 mer®] CTLA-4 SJE}o| = B (CTLA4pB)
5 7FAE peptide synthesizers Ab-g-3slo] A=zt o}-S &
Hickul A o] keyhole limpet hemocyanin (KLH, Calbio-
chem, U.S.A)oll Z%slo] mdof] A-&3191 2™, coupl-
ing HF-5-oll= m-Maleimidobenzyl-N-hydroxysuccinimide ester
(MBS, Pierce)5 A-8-3}2]t}. MBSE- dimethyl formamide
(DMF)el] =91 t}g, 50 mM sodium phosphate bufferol] =
o} 9l 5 mg®| KLH &Holl 1:409] v & & 7}3F b5
A 2ol A 3087 HH-23}99 3 Sephadex G-25 columng
FIAAA 50 mM sodium phosphate buffer (pH 7.5)%&
FAE &, Fu)E JEbo] & 2 mgs 7heke] ARollA] 5
A1 ZF gakek o sk FAsle] HESE Al oF 2 ek
o| =& A|Asl] WAl A2}l

o] 3] A7) Alz¥ sjelo] = KLHE HElo| = 7|+
200 ug® 25 7HA S & New Zealand White E7|(F7, &F
2.0 kg Wehell 25 1l F3} F2Z 43] W3t ¥ vlA]
2 WA A2 RY 27 3 APl A& TelEslch
o] Aol KLHE A A st KLHA| vbg-3l &A1& Al
Asta o}A] protein G B= protein A column (Pierce,
US.A)e FHAA 25 A 005 M glycine &
A(pH 2.7) .8 §Eoto] PBSE F43 ¥ o3 Agd
Agatich o|E A Az dAle A AU A
sEfo] E5-0 Z anti-CTLA4pN ¥ anti-CTLA4pBE ™
slo] Ar-gsloieh
FAA A=Y CTLAdI §8 o Az, B ATolA
7k gh-sleto] = Ao g QA of i Bl SolA A
Ao gdoFZ AE3l7] Hsle] CTLA4 AlE2| ) A
% 1gG9] hinge region ©]3} A F-91E FEEEIUL) o]
&3 F-A A5 chinese hamster ovary A%< CHO-k1 Al
3ol transfectiond}o] wFolH o7 Fu|== FH2F A
23} CTLA4Ig 3 ¥H-& protein-A column© 2 7 A3}
o] gdoz A8y}
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Z A7)9] PHAS A7}sto] wjok®l 2x107Q] A EE
HE] RNAzoIB"E 713t ¥ RNAS £eletgla o]
template = S}3IER(11). o1 7]oll A5 forward primers}
reverse ward primer+ ©}#fje} 7t}

< CTLA4 extracellular domain cloning% PCR primer >

1. CT4L1’: 5°’-ATG GCT TGC CTT GGA TTIT CAG-3’
(CTLA-4 L1 forward primer)

2. CT4L2’: 5’-ATG CGG CAC AAG GCT CAG CTG
AAC-3’" (CTLA-4 L2 forward primer)

3. CT4L3’: 5’-ATG CAG CTG AAC CTG GCT GCC
AGG-3’ (CTLA-4 L3 forward primer)

4. CT4L4’: 5°-ATG AGG ACC TGG CCC TGC ACT
CTC-3* (CTLA-4 L4 forward primer)

5. CT4L5: 5’-ATG CTC CTG TTT TTT CTT CTC
TTC-3* (CTLA-4 L5 forward primer)

6. CT4c’: 5°-CTC TGC AGA ATC TGG GCA CGG
TTC AGG ATC-3" (CTLA-4 reverse ward primer)

% oligonucleotide S 7}8F v} 10 mM KCl, 1.5 mM
MeCl,, 20 mM Tris-HCI (pH 8.0), 6 mM (NH,),SO4, 0.1%
Triton X-100, 100pg/ml BSA 1 mM poly (ANTPs), RNAsin
(Biotec) 200 U, Moloney murine leukemia virus, reverse
transcriptase (Gibco-BRL) 20 U, forward primer 500 ng,
reverse primer 500 ng, RNA template 10 ng, L83l Pfu
DNA polymerase (Stratagene) S=+ 7a2g DNA polymerase
(Perkin-Elmer Cetus) 2.5 UE &3sl9t}. o] &3t vk--&=
5015 WHEIL B FE mineral oilS A3 F 42°Col| A
105 HESA171 T, 94°C 34, 58°C 13, 74°C 1% 30%
2 23], 18]35 94°C 148, 58°C 14, 74°C 14 3024 303]
9] o1& Hk-E-A]7] ¥ DNA thermal cycler (Perkin-Elmer
Cetus)E AF-&3}o] reverse transcription-polymerase chain
reaction (RT-PCR)S(12) AA|s}od extracellular CTLA-4
domain cDNAE <23t}

38 1gG12] hinge-CH2-CH3 domain cloning-= A&+
spalolg wjof glol vk Agstglon o2 PCR &
primer+ forward primer, 5-A TCT GCA GAG CCC AAA
TCT TGT GAC-32} reverse ward primer, 5>-TT CTC GAG
TCA TTT ACC CGG AGA CAG GGA-3’ *+ oligonucleo-
tideE AH-&om olsle] #F L A9t FU3ct. o]
“+ cDNAE- eukaryotic expression vector@] pCR-3 (Invitro-
gen, US.A)oll 24 st 33l th(13). o] & dideoxy
chain termination™§ ©. Z(14) o}l 2] primers& AH-8&3}o]
A7 QA71AdE ISl o] & el AHgsgich

< Sequencing-& primer >
1. T7. 5’-AGT GCT GTG GAA GTC TGT-3’ (T7 pro-

moter sequence primer)

2. SP6. 5’-AGT GCT GTG GAA GTC TGT-3" (SP6
promoter sequence primer)

3. T3. 5°-AGT GCT GTG GAA GTC TGT-3’ (T3 pro-
moter sequence primer)

4. IgCH2. 5’-GGC GTG GAG GTG CAT AAT GC-3’
(IgG1 CH2 domain 7} primer)

ol4e #APE Fstel FUH plasmidE= large-prep
slo] 15ugs 5%10%mle] CHO-k1 A|E&} 343k ohF
electroporater (BTX T820)°1] cuvetteS 3L 480 V, 99 isec,
2 cycle 27104 electroporations A A8t A EES
geneticin G418 (Gibco, 1,500pg/ml) $HF F&A ujz] 2l
CHO-SFM (GIBCO, USA)oll wjokatol(15) uioko] Hg 4=
As}laL o] & t}A] Protein-A sepharose (Pharmacia, Sweden)
columng o] &3lo] =B AE CTLA4lg &3 TS
At
Western blot. %17]%5 10% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE)< A3}t 7+ 2 7] <3
5 Al & laneoll 7hste Al AEF 1x10°0. 2 HE
=5 ool =A| 24wk 7195 F AL pore 7]
02pm 32 0.45im9 nitrocellulose membrane (Scheicher
and Schell, US.A)2. & A7|H o g A o]y} o] uj
25 mM Tris-192 mM glycine (pH 8.3)-20% methanol< <+
Feaon Agadle o Mol % 2-3% SALE
(skim milk) 3 0.1% Tween20 ¥ 10 mM Tris (pH 7.6,
blocking buffer, ©]3} BF)& blockingdt ¥ 5% BFoll ¢
A GAE WA s HheAIF e o] ulf AdE A%t
A= ol o] B Aol A AlzH g-sjele| = dkA|e}
intracellular CD152 protein complex& ™ Js}o] & 3
)| 2] Pharmingenol] 4] A]#+ %91 ¥A|(anti-human CD152,
USA) 5= AH&3isich 4 gANkg & BFZ 33] Al
28t t}2 anti-rabbit goat IgG-peroxidase 2! anti-mouse
goat IgG-peroxidase 55 1:2,00002 3]43lo] 247+
HESAIZA T WhE & o] & thA] BFE 33] Al¥3t vy
oz} ZFrE 13 HZE AlFstAct. Al1AE nitrocellulose
membranes 25 mg diaminobenzidine ¥+ 10 mM Tris
(pH 7.6) 50 mlol] §213 33% H,0, 100 ulE A7}l
A2l A 10~15F7F ABHESAIZA e} o] wll A vhg-
< TxE A¥oE FUAA.
M FA7ZAAY . Rabbit anti-human IgGE  carbonate-
bicarbonate buffer (pH 9.6)Z 2] 41}61100 ug/ml EE &
ZF welloll 50 ul® 7}et 3 4ol A &-5ut g kst
x-N washing buffer (PBS, pH 7.4, 0.05% Tween 20~1%
Bovien serum albumin) 100 ul% AAslo] A 204 14
7F Bt HESAIA v So] Hbg-& JAlEkSich 0.1% BSA
9} 0.05% Tween 20°0] ¢+% PBSE 47|2] CHOAE



aoFo] S ehAME 2 2] 4 50 ul¥ 7hsle] AZellA] 14]
7+ 59k ¥k A7) HE-E- 3 peroxidase labelled rabbit anti-
human IgG (KPL, USA)E PBS-0.1%BSA-0.05%Tween202
4,00080 3] 4 3F 3 50 ulnto] 22 7kato] A2ollA] 30+
7+ ¥b-3-A]7] 3L substrate® OPD (o-Phenylenediamine-Di-
hydrochloride, Sigma, MO, USA)E welld 100 ul% o]
o1& FolA 308 Eb AN L 3 M sulfuric
acids 50 w4 Yol w35 AA A A o] 8 ¥ plate
+ automated ELISA plate reader (Flow Lab., Lugano,
Switzerland)ol] 2 o] 450~492 nm 3} A4 FHEE =
Al SANZE A B+ mok plasmidE
7l CHOAMX wiefol S Ag-slqich

transfectionA|

e o}

A|Z anti-peptide antibody] &U4] EolA AA. A
£k ukef ol o] Aol A& 3 F79 AF CD152 °oL
Lol tigh gk-slefo| = A E el 3, o] 59 &
A o F gl O SelAls 7‘”@ I
o] Aol A& AL AEd W Oi Az g A
A= human CTLA4Ig 5% .}Hl.*f_’_i B 2122 monomer
Aeloll Al 50 kDo) 3L dimer eloll A3 100 kDY o] &
e A5t CD1529] A2y B9 5 dAE = A+
anti-human CTLA4pN$} anti-human CTLA4pB -+ A2
Western blotg AA|8F A3} o]F BEiF °79?<} A =3
human CTLA4Ig 5% %*12] monomer ¥ homodimer
£ gdoz QA ehFig 1). o] &-selo] = ghA) 2

100
100

50 50

Figure 1. Recognition of recombinant CTLA4lg fusion protein
by anti-human CD152 antibodies. Lanes 1, 2 & 3, Western blot
with anti-CTLA4pN, anti-CTLA4pB & anti-CTLA4pB antibodies
respectively. Lanes 1~2, lysate treated in reducing condition; 3,
lysate treated in non-reducing condition.
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g A5l Solol UeAE Ity flste] anti-
human CTLA4pB antibody & W SE o] o] &A1& Al
28 o gYPoZ AL3 human CTLA4pB HEfo] =7}
o] &A1 42 M=% human CTLA4Ig Q141-& A A
St=AE Lol E Sk thFig. 2). Fig. 20114 Hol&= nig}l 2+
o] Hglo]l = FEo H|Hs}o] Western blotdollA] o] &
Z| 2] human CTLA4Ige] &A=, 200 ug/mle] &0l A
S EHA FAAA s AA BT
CD152 £2}¢] Axety g9 AEZAE _1'=_ 033 9]
A EA, AV AR Y oAl 1l Eolio
QlEl -setol| = A E Adsle] 4719 it W
A7 A whxs o) L] A EN Tl A
2t 22]ol|A] CD152 +A4+2] W3S Western bloto- 2 %}
Nk Az} MY ATl Aot FLslA AlEY 2ol A
= 34 kD Y-S A FEaF E3ol|A = 30 kDO dLFS 9l
Aol o] Bzl AEA ek AE x4 dolt
T 7HA ¥ o 2 i E ckFig. 3A). o] F 7 T
22 2o & FHolsly] 9slo] A<= A CD152 ¢l
9] leader sequences 914} &}+= anti-CTLA4pN antibody2}
o] ghule] Alxelog J@* = anti-CTLA4pB antibody
E AHgsto] AlEN 23] gl AEnt 225 Western blot
3F A Az F29 34 kD FUL F A ol
ofsto] QA =, AlZE|t £%]¢] 30 kD 32 &3] Al
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Figure 2. Inhibition of antibody binding by soluble peptide.
Recognition of recombinant CTLA4Ig fusion protein by anti-
CTLA4pB was blocked with soluble CTLA4pB. Lane 1, mem-
brane transferred CTLA4lg onto were incubated with anti-
CTLA4pB (1 : 100) antibody only. Lane 2, same concentration
of antibody were preincubated with CTLA4pB peptide at 50pg/
ml of concentration at 37°C for 1 hr and then incubated with
the CTLA4lg-transfered membrane. Lane 3, same concentration
of antibody were preincubated with CTLA4pB peptide at 2001g/
ml of concentration at 37°C for 1 hr and then incubated with
the CTLA4Ig-transfered membrane.
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-5 914E 4= 9= anti-CTLA4pB antibodyol] <] 3]
ot Q1A= 9l chFig. 3B).
CHO A ¥4 CTLA4 leader A9 Aol w2 AL
o W =4, oy 4 ZP'E‘ E33A] %+ pCl-neo
vector?H-S transfectiond}od ¢3-S Mock transfectant®] #j %k
o Holl A= o g4 7;401]11 39 urslo] As 7
Z5) A &gl CTLA4/L-1gG, %g oARE o
pCl-neo vectorE transfectiond}o] 912 CHO-kl A|EFE
E01‘6‘]- H]—bq o7 74/04-5]- 733]. o]— /K].E]— CTLA-4 o]—j(_“i
g Axzxd wdo] v oAl AEE Ak
(Fig. 4). CTLA4/L,-1gG, " E] CTLA4/Ls-IgG7HA ©] g3t

2
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34
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Figure 3. A. Presence of two different forms of CD152 protein
in cytosolic an membrane fractions of PHA-activated human
peripheral blood lymphocyte (PBL). Lanes 1 and 2, aqueous and
detergent phase of PHA-stimulated PBL lysate blotted with anti-
CTLA4pB antibody. B. Differential recognition of cytosolic and
membrane forms of CD152 by anti-CTLA4pN antibody. Lanes
1 & 2, aqueous fraction, lanes 3 & 4 membrane fraction of PBL.
Lanes 1 & 3, Western blotting with anti-CTLA4pN antibody: 2
& 4, Western blotting with anti-CTLA4pB antibody.
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mACLGFQRHKAQLNLAARTWPCTLLFFLLFIPVFCKARIE 1T
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© o oko] g3tciuio] mjoko]No Z Hu|x=
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E9] Eu]go] =93 I thF o Z CTLA4/L,-
19G,¢}.0.™, CTLA4/L,1gG, CTLA4/LsIgG 502 13l
£o| =A ettt

T &

o] dFoll A= CTLA4 #219] 7t = Ao 9l AlZ
2] (extracellular domain)ol] T3l 2%-2] o]l &=
ol YA E A|lzBlo] o] FAF A HWx Fol gL

ol A o] Ex7} ol 7|H o2 AMEA WHollA] AlEet o
dog =3 4 JEAE ol szt s

" o] Aol AzH 25| Agt CTLA4 <ol
gtk a-sllebo] = A1) 3FdQlA o gl I Sol4l 9
A& Sl CTLA4lg & whils Alzesict o] A

ollA] CTLA4pB FElo] == FXol v]#Hs}o] Western
blot’goll A o] ¢x|2] human CTLA4Ig Q14]& Eold o
2 AAlEelem, 200 ugml®] FEoA HHslA gL
A4S AAZo] FRIEIQ I o] & AzH g-Fepo|=
A7} human CTLA-45 J o 24 o] QA 24
st g Tl 2o E A7 oH3t 3 &
o]4o] el gh-sleto]l = YAl AEH FHofA =
34 kD A& AlZE= F2ollA &= 30 kDO = A
slo] o] Exb7h A2 Heh A ZErH A o Aol F
7HA] R oE HEEE & F Uk o] F /¥
EAEF Abol 4 kD= BEslAl CTLA49] | =5 A9
FRE = 36709 N-dek opu| i Abe] Fapekat x|y
Uth. = CTLA4S] AEHE L o] vt £ Ads &
BA gkas STHET] Slsle] A3 WHoeE As
CTLA-4 ©Hl2] leader sequenceS o1 Asl = anti-CTLA4pN
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Figure 4. Extracellular secretion of 5 different N-terminal deletion mutant CTLA4Ig. L1, 2, 3, 4 & 5 gene contructs with variable
N-terminal leader sequence were transfected into SP-2/0 cells by electroporation. Proteins wete collected from culture supernatant of
each transformants and then quantified by ELISA with anti-human CTLA4 monoclonal antibody and anti-human IgG antibody

conjudated with forseradish peroxidase (HRP).



antibody2} CTLA-4 whe] A|E£e]-& A3+ anti-
CTLA4pB antibody & A+-8-3}0] Western blotgt Z 3= Al
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MowA ATERA Ao LA R ot
A2 HolAl tol Mslw el sk U ¥ )
Wb 7 ohulo] A 7] (targeting motif, TM)ol] 2
slo] AAE A == ol 1 whie] ofu|ithe] 9)
g S 9, AZEATRG g FE gev, 3 37
2ol I ek whujo] F7HEQlo TME 2+

l
B pr

chil 2 oyl A ZA A uhEelZ] 3 AWE o] 53l
WA s 3 7 5g b AR AAZA o9l R (trans-
cription factor)7} t3EZ 2l |24 o] F2] TME nuclear
localization signal (NLS)2} F-Z 31 o] & 9l Alslo] Z3}s}
£ %Y AxN4Y JAAE(NLS-binding pro-
teins)®] =i WobA AR =28 = QA Hok17).
72 5 Aol TME 2+ w2 ti7l lysosomeol] &
dato] WHAEAY Axgte g felEe 45t
o]9] of| 2= lysosome?] =H Al whulel LAMP-12}H(18) ly-
sosomal membrane glycoprotein 120 (19) ag|lz A T
A|E2] A 3E DNA fragmentations F-2sl= o2
<234l 2 polyadenylate binding protein®] %21 TIA-1
20) solth o] 52 I FFERAUTh] AGYXTY] 35
TME Zt3L 93l o] motif7} o] &2 lysosome =
= AARsE Ao g dA gt ol 2l i) AlE
Frol] WE = gl T o=l TM 3 L
A5 Bishe 2o g 4EA Qirh B ol A
9572 CTLA4 FALS] A3 HH EAA Y vl s &
A3t o Zbe odl7F BaEl whrt 94=d insulin &]<E
3 glucose?] A|E W FY-S FE3F= glucose transporter
ol GLUT-4 (217} = dlo|eh. &5 8l AzZ A
glucose?] A|E U] o]F& FE3}+= t3EH 2 transporter
Z GLUT-13} GLUT-47} <214 Qle}. Az A9-& A
Z ] ribosomeol| A o] ghuo] 3HFH FA| A EEH ol
W ] = Hb 32}+= ribosomeol| 4] EAIE Zof] AlEW
ol ZAstchr} insulinAbFo] L A Eell 7Fei%ES w
2Himol s = 54 2 ek & 329 A9
T ekl AEZH o] E o §EA AlI(tar-
geting induction signal)oll 2|s}e] ZA == Zlo|™ Piper
9 AF@el oshH o]H3k whule] uF = AA T
(membrane targeting motif)= ©] TH o] ofu| iz Wrtol] &

L=
- =
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