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Role of a Novel Protein, CAR-like Soluble Protein (CLSP), in Adenovirus Infection
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Coxsackievirus and adenovirus receptor (CAR) is a member of the immunoglobulin superfamily and a component
of epithelial tight junction. CAR also functions as a primary receptor for coxsackievirus B and adenovirus (Ad) infec-
tion. Recently, we have identified a novel protein, CAR-like soluble protein (CLSP), which is closely related to CAR.
Mouse CLSP (mCLSP) was composed of 390 amino acids, including three Ig domains, and showed strong homology to
the IgV domain of CAR. Interestingly, mCLSP lacks a transmembrane domain, indicating that this is a soluble protein.
When mCLSP ¢cDNA was introduced into CAR-positive cells, the infection with Ad vector was severely inhibited. On
the other hand, mCLSP promoted the infection with Ad vector in CAR-negative cells. Furthermore, recombinant CLSP
directly bound to Ad and inhibited the Ad vector-mediated transduction in CAR-positive cells. Computational analysis
for a genome database showed that the CLSP gene is rodent-specific, and that human and bovine lack this gene. Here, I

discuss the function of CLSP for Ad infection.
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2. CLSP D[RE & EDHE

CARIZA v 7 AT v F =T )L A KT Ad D3
BRAKEL T 1997 FEICAE I /2.9 CAR 1T Ig
A=N=T77 IV —IET 2 —RKEBEMD Y 2N
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F ) Ko 3 i 0D 18 BB 400 ) S 1040 T E R 4 D AR B
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MITIEO TS B [g Z—)N\—T 73 —IZ@7
25 NI BEFIHENVCHAEZRE TS0 NE
<, W {5 21¥ CAR 1% CAR-like membrane protein
(CLMP) 19> brain- and testis-specific immunoglob-
ulin superfamily (BT-IgSF), !9 endothelial cell-selec-
tive adhesion molecule (ESAM) 1773 & & R 144
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By >N EEEFEL CLSP #[A@ L7z, CLSP
cDNA 3 & E 1567 K TH D, 3907 I /BN S
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Fig. 1. The Structure of mCAR and mCLSP

Both proteins have the signal sequence (SS) at the amino-terminal.
mCAR has an extracellular portion containing an immunoglobulin V- and
C2-type domain (IgV and IgC2, respectively), a transmembrane region
(TM), and a cytoplasmic tail. On the other hand, mCLSP has three IgV
domains and no transmembrane region. Thick lines indicate the regions
showing significant homology. Ad binds to IgV (D1) domain of CAR for in-
fection.

FRAEEII AN ITHEMEZ/RL, CAR @ N KM Ig
BRAEER, 97205 AdfEAEBEE BbHFEEERL T
W7z (Fig. 1). XUADYT ) LT —F R—A %
KUHER, CLSPEMETIE 9 FERAMITAEL T
B, 16 BRAKITHFEET 2 CAR BIET L3O
BIZTTHDIIEMHENERS-. £/2, IV b
H CLSP iz FZ2ALTHD, 7 v  CLSP
(rCLSP) &< ™ Z CLSP (mCLSP) 373 /L
NIV THI 85% DHIFEIMEZ R L 7=

3. CLSP OFIBERMI

X7 A BT S CLSP & CAR mRNA O ¥ 5 #F
fif 2 RT-PCR IZ THiGt L 7= %5, CAR mRNA 73
ILEF O THRENA S NDITH L, CLSP
mRNA [ZHARR RICHEBL TH0, HTHIKE
JHEL THRWH BN A SNz (Table 1), E7z, i
mCLSP JifkZ w24 70y hMzkD
CLSP ®% > /N7 E L X)L TORBEMA b L /-
2, FARTZNTNOMMBICBNTHRBIIHR I N
T, @R~ 212 BI1F S CLSP OBz H T
MTHBH, b2V DT < —EHOMAuEEZ
1378 CLSP Z 3B L TS alREMEAURIB S N /-,
4. CLSP @O Ad BRE(CREFTHE

mCLSP |3 CAR O Ad #E G EHEAEZET
DN 3 hFIEEL THB0, AdBRREITME DD
EEERITAEENEZ SN, £ T,
mCLSP ¢cDNA Z @ ®IF B =Ml z HWT,
Ad X7 & —BPIZ KT T CLSP OFEIZDOWTH
#t U7, SK HEP-1 Mgl b i fe i ek oot i
HKThD, CARZEHEBHLTWS D AdNY
=M RESERTE I ENHMENT NS, 2329
Z DM mCLSP cDNA 2R EHBEH, L
T I—YHIHAIXNIH— (Ad-L) ZEHAIHE
7z 4% %, mCLSP % 7 Bl & ¥ /= SK HEP-1 #i iz
(SK HEP-1-mCLSP #fifid) T3> 7 =7 —E%
HENAZITHKFL, mCLSP i3 Ad N7 ¥ — D&
LREETLZENHS M LR (Fig. 2(A)).

Table 1. Expression of mCLSP and mCAR mRNA in Adult Female Mouse

Brain Thymus Lung Heart Liver Spleen Kidney Uterus Ovary
mCLSP + - + + — - + + +
mCAR + + + + + + + + +

— ! not detected. + : low or medium level of expression. 4 : high level of expression.



No. 7

1093

>
w

[ NusA (control)
[ NusA-mCLSP
[ thrombin-digested NusA-mCLSP

Kk
[Onone

- ~ 120
€ 100 T B
g 5
Q o
S kS
s & 80F
= s
-9 S
2 @
£ 307 g
5 5 40}
2 2
g g
& &
Q Q
E B

0 & &, 0

%, %,
% )
2, A
K
B2

Fig. 2. mCLSP Inhibits the Infection with Ad Vector

10 pg/ml 30 pg/ml

(A) SK HEP-1 cells and SK HEP-1-mCLSP cells were infected with 100 VP /cell of Ad-L. Twenty-four hours later, the luciferase activities in the cells were
measured. The luciferase activity in SK HEP-1 cells infected with Ad-L was taken as 100%. (B) Recombinant proteins synthesized in E. coli, i.e., NusA, NusA-
mCLSP fusion protein, and thrombin-digested NusA-mCLSP, were added to the medium of wild-type SK HEP-1 cells. The white bar indicates cell medium with no
added recombinant proteins. The cells were then infected with 300 VP/cell of Ad-L, and the luciferase activity in the cells was measured two days later. * p<{0.05,

*p<0.01.
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FD 58 Ad X7 H— (Ad-L) OREPEIIHET 2
7%, 358 Ad X7 & — (Ad35-L) DERFIIHEL
BWZ EMAHLMNERS T2, Ld>T, CLSP X
CAR EHEMIZHAEL TS Ad DREPEZEHEL
TWDA[EEMA R I Nz,

CLSP I N RIZ> 7 FIVEFZH L DIEEE
RN ENSREY NV BETHh D EH
A HN=DT, SK HEP-1-mCLSP #ilfiil @ 5% 3% 3%
O Ad B EEMEIC DO W THE L7~ SK HEP-
1-mCLSP #fifd D 554 13 % B 45 SK HEP-1 #i i
WML Z0% Ad-L Z2{EllsE/&I A, LT
T —ERHEENEREICHD Lz, LiLads,
SK HEP-1-mCLSP ffifel 52 FigH @ Ad &S HF
7% 113 SK HEP-1-mCLSP i il 12 E# Ad N7 & —
BERIEEGEEEBELENBDOTH . 2D
JRIR 2B 5 )MI2d 5729, SK HEP-1-mCLSP #ifid

THEAZIN CLSP O/{IEIT DN THEF L . B
A4 #1 SK HEP-1 #f i & OF SK HEP-1-mCLSP #ffl i
IZxt L, $TmCLSP fiifka W T 70—+ KAk

U —IZ TN L 72 %55, SK HEP-1-mCLSP #ifig T
PEA S Nz CLSP O K& MMl R I /AL L T
WaZENHLENERSTZ. T2 H, CLSPILHE
e I NZDOBEMSMND AT Z X LK DM
EHEHITHBELTHBD, ZOIREET Ad DERZHE
LTWBZEDUREIN/. CLSP A% Ad DG ZH
EFTHIELEZISITHET LD, RBEZHANWT
B THAHA CLSP Z2{E® L, fAH# 2 CLSP
DAdNRY Y —ERIZKITTEEICDONTHRHFL
7z. fl A1 %x CLSP % SK HEP-1 Ml fd i % im L
Ad-L Z2{Efix /=& 25, CLSP OIFINEKEN
WKy 7 2o —tCoRARBIM/TL, HAMZ
CLSP |3 Ad DB ZHEL TWB Z EpREN
(Fig. 2(B)).

RIZCLSP IZ&L % Ad ERHEO A=A L EH
S5MNCT 570, AdNT 4 — LA Z CLSP &
NEEHEETDE2NEDINITDOWVWTELISAIC L 5K
MEfTok AdRXJ Y —%Z2d—FLEETL—KE
IZ CLSP Z A $1 CLSP fifkic Tii L7z & 2 A,
CLSP ZHRMU BB ICEBEREANBEZEIN,
Ad N7 % —& CLSP MWBRRICEHERE G L Thd
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B DO RS ERRIT A ) AR EEET S
ZEMHENTNS, 2 fi| 21X, NIVRATA)
Z13 nectin 1 Z2ZBKE L TRERET 20, n]iaH
nectin 1 Z2iMA 5 Z EITKOANINRZATA)IV A
nectin 1 [EPEMIfI N ® BRI REEL /25,29 T I TH
H 51, CAR BEHEMEAND Ad EHRITB T 5
CLSP O &Iz D W THFE L. <™ X NIH3T3
FRMESE A CARBEETH D, Ad ERICH LT
P Tdb %. 39 NIH3T3 fliid IZ mCLSP ¢cDNA %%
EFRBEE, LD Ad-L BGERETTS -
S, B4R NIH3T3 fMifd & bh#k L, mCLSP FEEIHE
(NIH3T3-mCLSP #fifid) TlI)N 77 —tHH
BEOHEER EENEEINE (Fig. 3). £/, %+
TN Ad N7 ¥ — DNA OBV AA B HHEIC
FRLUTWE, L5 T, CAR BEHIEOSE
LH72 0, CLSP X CAR ML T3 Ad ©
e m T D 2 EAURI Nz, CAR ML T
WIHIfERMm O CLSP &fEE Lz AdIT > Ry
N= A EDANZALIZEKD, BHRTIEH S
MHENIZIRDAEND EZEZ NS, —H,
CAR MM Tl CAR BRI 05 & &[RRI
Ad DEHETRAT DI — NIBFEETDHOD,
AKDEFI — K TdH D CAR 241 L IR B HE
IND7DIT, EROEPDRIIELTTEHDLE
Zzohiz (Fig. 4).
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Z v b~ CLSP A Fl3 8 HFHAK LITHFEET 5.
LLBns, XUAKRUT v ~ CLSP #{zT D
HEICHFET 2BETEEREELTE RO ST
FIGT DRAREFNZE A, TS OEFEIC
& CLSP iz F& Rz &igTElno/- (Fig.
5). ¥7z, e NEST 55— X—ZAHZ%H CLSP
cDNA [ZH} 9 % cDNA Wil &2 RO 5 Z &N T
&7, CLSP#EIETIIT > RN ELRTFTH
BRI NI,
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Fig. 3. Stably Expressed mCLSP Promotes the Infection with
Ad Vector in NIH3T3 Cells
NIH3T3 cells and NIH3T3-mCLSP cells were infected with 300 VP /cell
of Ad-L. Twenty-four hours later, the luciferase activities in the cells were
measured. The luciferase activity in NIH3T3 cells infected with Ad-L is indi-
cated as 100% .
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Fig. 4. Effect of CLSP on Ad Infection
CLSP promotes the infection with Ad in CAR-negative cells, whereas
CLSP inhibits the infection with Ad in CAR-positive cells.
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Fig. 5. Genomic Structures of the mCLSP Locus in Mammals

Horizontal lines, arrow-shaped boxes, and open circles indicate the intergenic regions, genic regions, and centromeres of the mouse, rat, human, and bovine ge-

nomes, respectively. The direction of the arrows corresponds to the direction of transcription. There were no gene-like sequences in the intergenic region of FAIM
and PIK3CB of the human and bovine genomes. Note that the length of genic and intergenic regions in the figure is not proportional to the actual genomic distances.
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