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Inhibition of Transfer Infection of Epstein-Barr Virus to
Epithelial Cells by Integrin p6 siRNA

Su Yeon Kim and Suk Kyeong Lee

Research Institute of Immunobiology, Department of Biomedical Sciences, College of Medicine, The Catholic University
of Seoul, Korea

Epstein-Barr virus (EBV) establishes a latent infection in greater than 90% of the world's adult population and
associates with various tumors. EBV primarily infects epithelial cells and B cell in vivo. Mechanism of EBV infection in

B cells is known to involve binding of EBV glycoprotein gp350 to CD21 on B cell surface. Epithelial cells are infected
with EBV even though most of epithelial cells do not express CD21. Recently, integrin avp35, avp6 and avp8 on epithelial
cells were reported to facilitate EBV infection by interacting with gHgL. complex. We examined the expression profile
of integrins known to be expressed on epithelial cells. Integrin avB5 and avf36, but not avp8 were detected in a gastric
epithelial cell line, AGS. We then tested whether siRNAs specific to f6 can inhibit EBV infection of epithelial cells.

One among the four tested siRNAs significantly reduced B6

expression and suppressed transfer infection of EBV to

AGS cells. Our data suggest that siRNAs to integrins might be useful to control EBV infection to epithelial cells.
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(integrin) avp6<} avp8e] EBV gHgL¥} Agslo] nlo]#|~
oF AEe 2he] §3s FXehE =io] WRHUL
(10), 1% QUHIL™ avpste 9 82 FXPT= =

o] W E AT (11).

(12, 13). HFE=N= 187H §39 o subunit?} 87}%]
82| B subunito] thFE 23S o] Fo] EA)stH, A
74| 24%2] 21H|Z1™ heterodimer’} & A UTh (14).
71 % OlEZL™ alpl, o2Bl (15), a6p4 (16), avp3, avps,

avp6, avps (10> v A Zoll A wddiviar a4 gk

E Ao A= 9ok Aul Azl ojud st SlE 1ylo]
A¥Ex 2ASaL, e BES ol <lel 1 Bool
&k SIRNAS AFE3ske] EBV #o] 7k¢do] oA|= =4 &
SkiA=

0

M3 HY QS

EBV &4 9% Ay AEF9 AGS AEF (17)%
EBV 74 AHZF<l B95-8 HXEF= 10% S-Eiol I
(Fetal Bovine Serum, Hyclone, Logan, USA), -A3A]
(penicillin 100 units/ml, streptomycin 100 pg/ml, Gibco, Grand
Island, NY, USA) 18] fungizone (250 pg/ml, Gibco)©]
X3 RPMI 1640 9l X](Invitrogen, Carlsbad, CA, USA)=
37C, 5% CO7F FrAl¥]= AlEu 7 el A v at3itt.
Dr. Richard Longnecker (Northwestern University)7} ]33]
& GFPE Wd3dh= EBV A AlE5<] B95-8 EBfav-
GFP MXF= 2 2719 RPMI 1640 vix|oll G418
(700 pg/ml, Gibco) S F7kste] viFatSATt (18).
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A 2}k Al (primary - antibody) % rabbit anti-CD21 &3]
(Abcam, Cambridge, UK), goat anti-al 3}*l|(Santa Cruz
Biotechnology, Santa Cruz, CA, USA), goat anti-o2 &3]
(Santa Cruz), mouse anti-6 3}*||(Santa Cruz), rat anti-p4 &+
Al (Santa Cruz), mouse anti-avp3 A (Millipore, Billerica,
MA, USA), mouse anti-avf5 2?J‘iﬂ(Millipore), mouse anti-
avp6 &A|(Millipore), goat anti-p8 &A|(Santa Cruz), sheep
anti-B6 A (R&D system, Minneapolis, MN, USA)E A}-&
shaiek
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AGS M EFE= 8 well slide chamber (Nunc, Roskilde,
Denmark)°l| W3} phosphate-buffered saline (PBS) &<}
o= AHZ F 20T v YoiE 100% obHlEo®=
174A17]3L PBS &R0 2 Al W AHg & HjHEY ¥4
© 2 blocking AT L TS 4CAlA ZF A9 MEE
a7 WAL - PBS &0 R Al W AlHSITh HF
How M= Cy3m FAE 24 Ao A2elA 14]
ZF WES-A1Z1 &, 4'6-diamino-2-phenylinodole (DAPI)7} 3
3o} 21+ mounting &S A E|ste] FFAW|H(AXT0,
TR-62A02, Olympus, Tokyo, JAPAN) S 2 &-¢1&}3it}.

siRNA (small interfering RNA) transfection

Qe 2’ p6oll IS siRNA 4%FFZE siDirect version
20 TIPS o]sto] MIE At FAsATkA
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200 ng®] DNAZS F3 o2 Alg3to] EBNA-1 (EBV
nuclear antigen-1) 5-°] primer (forward 5-GGATGCGATT-
AAGGACCTTGTT-3, reverse 5-AAAGCTGCACACAGT-
CACCCT-3")$} TagMan” probe (5-TGACAAAGCCCGCT-
CCTACCTGCAAT-3)E ©]-83}] 95T oA 58 Hkg &
95TCollA 5%, 55ClA 30x& 453 ¥H&3 PCR
S THsIATh

Western blotting
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peroxidase (HRP)7} Z3}¥ goat anti-sheep A= HHG-A|
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A% AGS AXEF= PBS N0 R ofe] ¥l AF 5}
B95-8 EBfaV-GFP A X7} AAE AL A4 B2
SR1gE & thA] 37CelA 4 b o wiFsisith el
trypsin-EDTA (0.25%, Invitrogen)= *2]3}o] 4~&sla
PBS £9do2 AAH3t & GFPL W3S FAHE £417]
(FACS Calibur, Beckon Dickinson, San Jose, CA, USA)= &+

‘_.
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2 1
AGS MIZO0|AM CD21 e =l

-4 Age] AHg¥ AGS Al EBVE] gp350/220 <
SAZ 2851 cD21o] HHEHEAE WP FANH
o8 ZARIGITE ZIHPE A Zo] P 2T oR
AFE3E B 4|32 BIABY} Daudi Al ¥9lAE CD21°] 7

FJANE )k Ay A EQ AGSOIAE CD21 W& o]

=
A 2 keh(Fig. 1).

AGS M ZO|AM QIE 2 wa 3ol

AGS A¥olA wEwEcty By alfl, o2pl, a6pd,
avB3, avBs, av6, avp8e] WS ALSH] k] WY
FAANE SIATE alfl, a2fl, acpso] FHL ZHHE
238k= Q|28 9] subunite! al, a2, 6, 4ol thak A
& ARgste] 2Abskelvh A3 A3 AGS Aol A= o]
S Qg2 subunite] o] F1EX] @Fdt} Dimer &
glo] olg|1ale] Eo]Aol &A= ALl A&s 4
7}, AGS AIXEANA avB32} avp8 2 SHIE X ek
avpset avpe= 2 wrdH o] E21E U (Fig. 2).

QIE| 12 peoll CHE siRNA 2| Al EBVE| &O| &Y

AGS AZAA w2 IdS Bl el avBe’t
EBV 74l mAl= 93-S AR 918 po Eds o

AAZ 4 =5 siDirect version 2.0 X2 138 Al-8-3}
o] Fig. 3A°] EAIE AAY p6 Lol JrHo=z 4
k= 47HA 9] siRNAE HAklstar =2 A 2ekivt
(Table 1). Z+2+e] siRNAE AGS M 2Eol transfection A]7]
3 QH 29 B 2H-S Western bloto 2 H|ulsh Az}
B6 #2 siRNAZ} 1EH| 13 p62] Ud-E
2\ th(Fig. 3B, 3C).
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Figure 1. Detection of CD21 expression in AGS cells by
immunofluorescence assay. AGS cells were stained with the anti-
CD21 antibody and the Cy3-conjugated secondary antibody. The
cells were then incubated DAPI to stain nuclei. BJAB and Daudi

cells were used as positive controls for CD21 expression (200<
magnification).
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= X+ thAl GFP
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Integrin

DAPI

Integrin

DAPI

Figure 2. Detection of integrin expression in AGS cells by
immunofluorescence assay. The cells were incubated with integrin
al, a2, a6, p4, avp3, or avp8 specific antibodies and then with the
Cy3-conjugated secondary antibody. The cells were then incubated
with DAPI to stain nuclei (200°< magnification).

Table 1. siRNA sequence for integrin 6

siRNA Sense (5'- 3") Antisense (5'- 3")

B6 #1 CCAAGUAGAAAUACUUAAAUU UUUAAGUAUUUCUACUUGGUU
B6 #2 CCAUACUUCUGUUUACCUAUU UAGGUAAACAGAAGUAUGGUU
B6 #3 CAGAAAAUUUCUGCUAAUAUU UAUUAGCAGAAAUUUUCUGUU

po #4 GAAAUGCUCUCACAUGAAAUU

UUUCAUGUGAGAGCAUUUCUU
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A (B)

181 tggegaaagg tgtgatacce cageaaacct tttagetaaa ggatgteaat taaactteate
#1

241 cgaaaaccet gteteccaag tagaaatact taaaagtaag ceteteagtg taggeagaca-
301 gaaaaatagt tetgacattg ttcagattge geetcaaage ttgatectta agttgagace

361 aggtggtgeg cagactetge aggtgeatgt cegecagact gaggactace cggtggattte e _
421 gtattaccte atggacetet ccgectecat ggatgacgac ctecaacacaa taaaggagety B-actin _

481 gggetecegg ctttccaaag agatgtetaa attaaccage aactttagac tgggetteggy

Scramble
BJAB

AGS

B6 #1
B6 #2
B6 #3
B6 #4

541 atettttgtg gaaaaacctg tatccccttt cgtgaaaaca acaccagaag aaattgecaar
#2

0]

601 cccttgeagt agtdttecat acttetgttt acctacajtt ggatt%agc acattttgec 1.2

661 attgacaaat gatgetgaaa gattcaatga aattgtgaag @ _é 11

72 l@acaca cccgaaggtg gatttgatge aattatgeaa getgetgtgt gtaaggaaaa é‘g 0.8 1 T T
781 aattggetgg cggaatgact ccetecacct cetggtettt gtgagtgatg ctgatteteae é 0.6 i

841 ttttggaatg gacageaaac tageaggeat cgteattect aatgacggge tetgteactty % 0.4

901 ggacageaag aatgaatact ccatgtcaac tgtcttggaa tatccaacaa ttggacaacte & o021

961 cattgataaa ctggtacaaa acaacgtgtt attgatettc getgtaacee aagaacaagty 0+

AGS Scramble 36 #1 B6#2 P6#3 36 #4
1021 teatttatat gagaattacg caaaacttat tectggaget acagtaggte tacttcagaa+

1081 ggactecgga aacattetec agetgateat cteagettat gaagaactge ggtetgaggte
1141 ggaactggaa gtattaggag acactgaagg actcaacttg teatttacag ccatctgtaa«
ey

1201 caacggtace ctettecaac accadaagaa atgeteteac atgaaagthg gagacacage

Figure 3. The effect of siRNAs on the expression of 6. (A) Sequence of integrin f6 (NCBI accession no. NM_000888). The sequences
of four siRNAs used to down-regulate integrin 6 are marked with boxes and numbers. (B) Expression of 36 was analyzed by Western blot
in the cells transfected with each siRNA. BJAB cells were used as a negative control. (C) Similar Western blot experiments shown in (B)
were repeated three times. The relative expression levels of 36 following each siRNA treatment compared with that of scrambled control
siRNA treatment are shown as mean = SD. **p <0.01

Al GFPe] edo] 7HAsl3l th(Fig. 4C). EBVell 93l 7= 4 dojA] (22, 17) EBV 7ol &

83 AE FEAE HES oY factorEs AT A

o E o= Aztwo] & A ARl ATk I A

A o] Rarg oY JHI-E T AGS AlEdA =

EBVE Hlo]2] 2 envelope T ARl gp3507}; B A3 ovB5et avpete] WEHES FRIsIIEH o] E& BT

EHO CD21 A%S 3l Aol AFEAINE 20) CD21 EBV gHgL¥}o] Ajts Fate] 9§35 FXIAXIva
% 34 ehe AVAEE B AlEshs U8 A= 47l QI 2otk

4 Z}Q“Oﬂ o]sto] Zhedol 0101‘5 Aow F5H3 °lE F AGS Al¥olAe] Wdo] & o FlshA Bz

B AlxEz9] 3heddte ,AYAERS] EBV ¥ avpe’t EBV 7ol whofsk=A] 2AbeE7] 918 pecl

o o ﬂ

(
é% gé]a% gp350< W EEX 1 S EBVE AR ol Ui 45| sRNAE T Alksto] A3 23t po #2
dol F7hE = Aol FRIEAT (21). 2ol EBVE siRNARFe] B6S] S Fo04 A HaAl7le s
gHgLo] A7) AE9] Q1812 avp6, avps (10), avps (11)  Brelatgich =&k ool that 7} siRNAS AGS Al EF0
o} Agtsto] vt ko] §3He FHRgta IREHUT 2 transfection A1Z1 §- EBVE o] FFIAIZ] Ao A%
EA AT AT A A dEE T B o | B6 #2 siRNAFo] EBV 7S o)A Al A&
5] WS AGS AlXEAA ZARISIEE AGS MXEE o] EBV7} avp6E o83t AFAxete] g3 3
At Az Ao de] AFE-E3 913, recombinant SHob= Chesnokova 5o it W83 dx|gic} (10). 1%
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Figure 4. The effect of $6 siRNA on EBV infection. (A) AGS
cells were co-cultured with lytic cycle induced B95-8 cells for 24 h.
After removing B95-8 cells by PBS wash, the infected AGS cells
were then cultured for 2, 4, and 6 days further. The efficiency of
transfer infection was assayed by QPCR for EBNA-1 sequence as
described in the Methods. siRNA treated AGS cells were transfer
infected with lytic cycle induced B95-8 cells (B) or B95-8 EBfaV-
GEFP cells (C). (B) EBV copy numbers were analyzed by QPCR
for EBNA-1 sequence. (C) EBV infection was measured by FACS
analysis of GFP expressing cells. *p < 0.05, **p < 0.01

<2 EBVE soluble FENS] avp6Lt avp8t H|E] HHS-A]7]
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FEFe T 5 AT
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