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Regulation of microRNA-7-5p and LRP6 by Epstein-Barr
Virus-Encoded RNAs in Burkitt's Lymphoma Cell Line Akata

Ji Won Son, Ho Yun Choi, Han Na Lee, Min Koo Seo and Suk Kyeong Lee'

Department of Medical Lifescience, College of Medicine, The Catholic University Seoul, Korea

Epstein-Barr virus (EBV)-encoded small non-coding RNAs (EBERs) are abundantly expressed in various EBV-
associated malignancies, and play critical roles in cell proliferation, tumorigenesis, and apoptosis resistance. However,
the mechanism how EBERs regulate cell function awaits further clarification. In this study, we investigated the effect of
EBERSs on the expression of cellular microRNA (miRNA) and mRNA expression. To test the effect of EBERs while
unaffected by other EBV genes, we used EBERs-deleted recombinant EBV infected Burkitt's lymphoma cell line
(Akata(+)EBERs(-)) as well as EBV-infected (Akata(+)) and EBV uninfected (Akata(-)) cell lines. They all have the
same genetic backgrounds. First, 15 different cellular miRNAs which have reverse complementary sequences to EBERs
and have reported targets were selected by bioinformatics analysis. When RT-PCR was carried out for the 16 miRNAs
using RNAs from Akata(+), Akata(-), and Akata(+)EBERs(-) cells, hsa-miR-7-5p was the only one showing down-
regulated expression in Akata(+) than in Akata(-) and Akata(+)EBERSs(-) cells. Bioinformatics and mRNA microarray
analyses for Akata(+), Akata(-), and Akata(+)EBERs(-) cell lines were then carried out to predict putative targets of
hsa-miR-7-5p. Among the 6 predicted targets of hsa-miR-7-5p, only low density lipoprotein receptor-related protein 6
(LRP6) was up-regulated in EBERs-expressing cells when tested by RT-PCR and Western blot. However, luciferase
reporter assay showed that the 3'-UTR of LRP6 was not directly targeted by hsa-miR-7-5p. Our data suggest that both
hsa-miR-7-5p and LRP6 are regulated by EBERs in Akata cells, and these genes may partly mediate the tumorigenic
function of EBERs in Burkitt's lymphoma.
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el 93 THEolA]= doj® 32 non-translated RNA
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Aol B S FIHAT=
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o] PAAZ = FFAo)A] e ZoR Bt
ok, A A Ao v we s o A do)
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(18, 19). ©]#¢F HSURS] 542 EBERS 543} uf$-
frAbeE o= ERIHAT (3~5).
ATl M= EBV A3 TG AEolA B vkl
i EBERQ] & ofFo] w2 M ¥ miRNA
sk& ZAbete], EBERO &l alo] Asfy+=

miRNA sponge 7]%5& S} (17).

miRNAS} 1 &4t el %XJXP% ﬂil, EBER & o] A
ol A E A }Ué-%
£ 7145 olasta

tﬂﬂé YZF AEQ Akata(-)SF EBV %4
F AZS] Akata(+) (20)= 10% $-Eo} &3
(Fetal Bovine Serum, Hyclon, Logan, USA), &AA(100 unit
/ml penicillin 2 100 pg/ml streptomycin, Gibco BRL, Grand
Island, NY, USA), fungizone (250 pg/ml, Gibco BRL)®] 3
StEl RPMI 1640 ¥iX](Gibco BRL)E, 37°C, 5% CO,7} +r
A= A E7lel A vttt A 59t AlER]
HeLa (ATCC CCL-2):= DMEM Hj#|(Gibco BRL)Z HJ %
stk & Aol M= EBVZE Wk thE dhulEol)
RNAS] 98 ¢lo] EBER® 2|3 miRNA 4 742
ZA817] 913, EBER A AR A&EEo] 9= A|&3 EBV
& Akata(-) AM2Zol] A A ABAdE Akata(+)EBERs(-)=
st o]&3l3tt (21). Akata(+)EBERs(-): Akata(+) Al
Eo} 2 7] RPMI 1640 vl Aol G418 (900 pg/ml,
Gibco BRL)S 37}sle] nleFa}i .

Quantitative RT—PCR

Akata(-)¢} Akata(+), Akata(H)EBERs(-) A|£ZS G831 &
RNAzol™ B reagent (Tel-Test, Friendswood, TX, USA)E
ARg8te] RNAS T30 tE. miRNA gelell Za gk
c¢DNAT Mir-X miRNA First Strand Synthesis Kit (Takara,
Tokyo, Japan)& AH&-3to] /3311 al, mRNA gelel 2
2.3+ cDNAT oligo (dT) (Ahram Biosystems, Seoul, Korea)
9} M-MLV reverse transcriptase (Invitrogen, Carlsbad, CA,
USA)E AHg3te]l 3HdskGlth Real-time PCRE SYBR
green Premix Ex Taq" II (Takara)$} Mx3000P™ Real-Time
PCR System (Stratagene, La Jolla, CA, USA)S- ©]-8-3]4] &
13FATE. miRNA 23l 2213 913k PCR 742 95C
A 10% HES §- 95ColA 5%, 60CollA 2025 353]
WHESla, 3l 2] 2F A (dissociation curve) 218 $138l] 95T

oA 132, 55CellA 30%, 95CollA 3022 W3 X3
5}tk EBV DNAS &ALt Al mRNA 33 gl
913 PCR 72 95TColA] 5 "EG- 5 95TColA 30
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Table 1. Primer sequences. Table 1. Continued
Gene Primer sequence (5' - 3") Gene Primer sequence (5' - 3")
EBERI (TFT)TGCTAGGGAGGAGACGTGTGT hsa-miR-365a-5p  AGGGACUUUUGGGGGCAGAUGUG
AAGCAGAGTCTGGGAAGACAACCA hsa-miR-365b-5p AGGGACUUUCAGGGGCAGCUGU
(R) hsa-miR-378a-5p CUCCUGACUCCAGGUCCUGUGU
EBER2 AGGACAGCCGTTGCCCTAGTGGTT hsa-miR-449b-3p CAGCCACAACUACCCUGCCACU
TCGGA (F) hsa-miR-497-3p CAAACCACACUGUGGUGUUAGA
AAAACAGCGGACAAGCCGAATACC
R) hsa-miR-629-3p GUUCUCCCAACGUAAGCCCAGC
EBNA2 AAAACAGCGGACAAGCCGAATACC hsa—miR-885-3p AGGCAGCGGGGUGUAGUGGAUA
®) hsa-miR-1226-3p UCACCAGCCCUGUGUUCCCUAG
GCCACCTGGCAGCCCTAAAG (R)
EBNA3B CCCTTGCGGATGCAGCCAAT (F)
GGCTGATATGGAATGTGCCC (R) A B 9l 95TollA 13, 55Tl A 30, 95Tl
FBNASC Y 3022 W WA POR ol A primer
CGGCTCGTTTTTGACGTC (R) ANASL Table 19] Ael5t% om, A2 2l miRNAS}H
ARLIS &—;‘TGCTAGGGAGGAGACGTGTGT mRNA 2 ) 1‘%]: 7_]'—7_} ué6 (rmRN A)-ﬂ' GAPDH (mRN A) g]
AAGCAGAGTCTGGGAAGACAACCA Ct 2t vl ggstel Axtatai.
R .
®) Northern blotting
EXOSC2 TTGCACACGAGGAGCCTGAAA (F)
GAGGCACCACATGGCAAATCA (R) Akata(+)EBERs(-)*| 4] EBER®| A3 glslr] 91sf
LRP6 GCTTGGGCTCAACCGTGAAGT (F) °], Akata(-), Akata(+), Akata(H)EBERs(-)°1*] RNAE &
TGAATGATGGTGCGGTTT (R) 3k o] 1 ug RNAE 15% polyacrylamide-urea 2ol 7]
oI i . . .
TAPBP GCTGCAACTCCTGGGCTGAAT (F) J-53}3L Zeta-Probe blotting membrane (Bio-Rad Laboratories,
AGAAGGTCCCATTTCCGGTCC (R) Hercules, CA, USA)C. 2 transferd}i v} #218}aix} &=
TMEM48 AATGGGAATGGTGATGGCCTG (F) probe 51 kol [y-7P] ATP: IS, Expresstlyd
AATGGGAATGGTGATGGCCTG (R) hybridization solution (Clontech, Palo Alto, CA, USA)S A}
VPS13D ATATGGAAATGTCGGGGGCCT (F) St ybridmtiont PHUSKL Xy VIl 8
CCGATTGTCCATCGTCTTOCC (R dAgstadet. Aol A3 probe A1¥-2 EBERI: 5-
®) CCAGCTGGTACTTGACCCAAGAC-3', EBER2: 5'-ATTA-
GAPDH ATGCCATCACTGCCACCCAG (F
® GAGAATCCTGACTTGCAAATGCTCT-3', U6: 5-GCAGG-
GTCGTTGAGGGCAATGCCAC ®) GGCCATGCTAATCTTCTCTGTATCG-30] ¥, U3 it
miRNA Primer sequence (5' - 3") O U6snRNAZ A3k}
hsa-miR-7-5p UGGAAGACUAGUGAUUUUGUUGU

hsa-miR-92b-5p
hsa-miR-106b-3p
hsa-miR-140-3p
hsa-miR-197-3p
hsa-miR-204-3p
hsa-miR-337-5p

AGGGACGGGACGCGGUGCAGUG
CCGCACUGUGGGUACUUGCUGC
UACCACAGGGUAGAACCACGG
UUCACCACCUUCUCCACCCAGC
GCUGGGAAGGCAAAGGGACGU
GAACGGCUUCAUACAGGAGUU

Western blotting

Low density lipoprotein receptor-related protein 6 (LRP6)
o9 dS HE37] 98N, Akata(-)9} Akata(+), Akata(+)-
EBERs(-) M5 8¢ § A3 8319420 mM Tris [pH
8.0], 137 mM NaCl, 10% glycerol, 2 mM EDTA, 1% Triton
X-100)7} protease inhibitorS AF-8-3}o] whilA S FE35)
ok i AS 50 pg® 8% polyacrylamide 2o 7]
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Figure 1. Verification of EBER deletion in Akata(+)EBERs(-)
cell line. (A) PCR analysis was carried out to examine the absence
of EBER (EBERI, 2) sequences in the EBV genome of Akata(+)-
EBERSs(-). For comparison, Akata(-) and Akata(+) cells were used.
The presence of EBV latent genes (EBNA2, 3B, and 3C) was also
examined. GAPDH was used as an internal control. (B) Expression
of EBERs and two EBV BART miRNAs in Akata(-), Akata(+),
and Akata(+)EBERs(-) cells were analyzed by Northern blot
analysis. The expression of human miR-16 (hsa-miR-16) was also
assessed as a reference. The quality and quantity of the loaded
RNA were examined by reprobing the blot for U6 snRNA.

53k 5 nitrocellulose membrane (Invitrogen) 22 transfers}
3 5% skim milk= blocking 3}t Al X 2] rabbit
anti-LRP6 (1:1,000, Cell Signaling Technologies, Danvers,
MA, USA)E 4TCollA] 2443t REEAIZ oW, 23} A=
horseradish peroxidase (HRP)7} 23+ goat anti-rabbit (1:
3,000, Santa Cruz Biotechnology)S AF8-3}o] =20l A] 24]
2 9RSAIZTE Tl 8918 913 ECL Western blotting
analysis system -£<4(Amersham Life Sciences, Bucking-
hamshire, UK)& A 2|3} Xray Z&° 73A17]2 &
Aatith. o] dlzo] Aol loading ¥ A=A 241
317] $18] 5 membraneS- anti-B-actin 3HA)(1:2,000, Cell
Signaling Technology, Danvers, MA, USA)$}= HF-Z-A]A
Aeretglon, 7gste]l & A= FUIIFILM Multi
Gauge Z =195 o]gsto] AF FA8I30T (22).

Plasmid construction

Akata(+) A4 DNAE F%3%+ ¥ hsa-miR-7-5p seed
Ed3} AH 22l LRP6 3-UTR (5,104 base pairs)2] A 5
A =, 3 AR T HA 29 52 T A Al jiA

97 ZRE R A7t FEEGIT 1 v olES
psiCHECK-2 reporter ™ E](Promega, Madison, WI)°ll 91
Renilla luciferase 7 A1 7} poly(A) AFo]9] Xhol/Nof 9
2ol ZF2Y3Fe] psiC-LRP6(1-2)7} psiC-LRP6(2-3)S A2}
sl THFig. 4A). S0l AH&-3F primer A E- LRP6(1-2):
5-TCGACTCGAGAGCTCCATTCCCCAGTAGGCTT-3"; 5'-
GGCCGCGGCCGCCCATTTTGTCTGACACTGTGGGC-3',
LRP6(2-3): 5-TCGACTCGAGTGTTGGAGACTGTAAGA-
ATCAGGTGC-3'; 5-GGCCGCGGCCGCTGGCAGAAAGT-
GCCAAAGGC-3'°]t},

Luciferase reporter assay

HEK293T A2 96-well plate©] 5 < 10° cells/well =
24717t ¥jF 3 hsa-miR-7-5p mimic¥} 7 psiC-LRP6
(1-2)4} psiC-LRP6(2-3)Z co-transtection 3} T}, Renilla
luciferase ZHd-S 48417 -9l Dual-Glo luciferase reporter
assay system (Promega)s ©]-8-3}o] =43l om, &
202 psiC-LRP6(1-2)4 psic-LRP6(2-3)° A&
firefly luciferase 2735 S7sto] AH&-33lTh

RESULTS
Akata(+)EBERs(—) MIZ0A EBER & &0l

230 A-8-3) Akata(+)EBERs(-) A%l EBERYF A&
%o} gli=A] 2135}7] $138ll, EBERI, EBER2 ¥ EBV %
= A ZHEBNA2, EBNA3B, EBNA3C)2] &4 o=
PCRE ZAFEFITE A3 A3} Akata(+)EBERs(-)oll A=
Akata(-)¢} Y34 EBER1Z EBER2 727} 57
EAEHA] ko, EBV Erx2ket GAPDH -f-31 4}
o EAl= Wes] lEATHFig. 1A). H3h Akata(+)-
EBERs(-)° 4] EBERI, EBER2 ¥ % EBV miRNA (ebv-
miR-BART1-3p, ebv-miR-BART7-3p)2] &% Northern
bloto. 2 ZA}3FATHFig. 1B). 218 A3}, Akata(+)EBERs(-)
oA oAt EBERI¥} EBER2: W& H %] egkom
EBV miRNAE-S Akata(+) AlFEo A9} FALSE 0=
& vl Akata(-)9t Akata(+), Akata(+)EBERs(-)°ll 4]
cellular miRNA2] hsa-miR-16%= Aol = z}fo] §lo] =+
W& ) Qieh. o] 24 Akata(+)EBERs(-) A ¥+ EBERI1}
EBER29] ZA0] e AL AQstaL Akata(+H)9} A

=
=29 ES B918 4 ASITkFig. 1B)
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Table 2. Cellular miRNAs which are expected to be targeted by EBERs.

EBERs microRNA Position” Seed” AdGduplex®

EBER 1 hsa-miR-7-5p 91 7:0:0 -15.40
hsa-miR-92b-5p 47 7:0:0 -32.90
hsa-miR-140-3p 83 7:0:0 -18.90
hsa-miR-197-3p 67 8:0:0 -22.00
hsa-miR-204-3p 93 8:0:0 -31.00
hsa-miR-365a-5p 38 7:0:0 -28.30
hsa-miR-365b-5p 46 7:0:0 -29.30
hsa-miR-449b-3p 20 7:0:0 -27.60
hsa-miR-885-3p 1 7:0:0 -24.40
hsa-miR-1226-3p 131 7:0:0 -14.20

EBER 2 hsa-miR-105-5p 75 8:0:0 -25.20
hsa-miR-106b-3p 4 8:0:0 -24.90
hsa-miR-337-5p 2 7:0:0 -16.60
hsa-miR-378a-5p 104 8:0:0 -22.00
hsa-miR-497-3p 2 7:0:0 -18.50
hsa-miR-629-3p 139 7:0:0 -18.70

“Distance in base pairs from the beginning of EBER1 or EBER2.

bPITA's "X:Y:Z" notation for describing the seed represents the size of the seed (X), the number of mismatches (Y) and the number of

G:U wobble pairs (Z).
“The binding energy of the microRNA-EBER duplex.

EBER2t A&

= HAoZ of&E=
human cellular miRNA 13

tlo

EBER”} cellular miRNA®|| sponge® 2}-8-3}o] whg]
AAAZA 7ol A=A PITA ¢S5 Z= 13 (http:
bibiserv.techfak.uni-bielefeld.de/mahybrid/))S AF&-3Fo] =
A}ERAT B Ao A= EBERV} cellular miRNA®] 2
o =M miRNAS] 758 AT Aoz 7HAsta,
EBER1°]1} EBER2%} 2% 7F5/d 0] =2 cellular miRNA
(Version 11.00& 7}7} 257014 22 & Z3XALE S5
o5 T Eplo] Halg vl 3= 15%° miRNAE A

3} tHTable 2).

<

N

EBER2} Z& 7H540| U= cellular miRNAS| &

A
1

Ho

AHEE 1559 human cellular miRNA (Table 2)E9]
EBER®] oJ3) w&o] 7had 7HeAds E<lsty] S,
Akata(-)®} Akata(+), Akata(+)EBERs(-) Aol A A A3k

RNAE Al8-3}9] quantitative real-time PCR (qRT-PCR)<-
AA ST W 2F 02 U6 snRNAS AHE-811al,
SHAQl 3] ARS At A3 A, 1559
miRNA % 3%2] miRNA (hsa-miR-7-5p, hsa-miR-92b-5p,
and hsa-miR-365b-5p)7} Akata(+)oll 4] Akata(-)oll |3 2t
do] Fadh= Ao = eSO Hp < 0.05), ©] 5 hsa-
miR-7-5pTFe] Akata(+)EBERs(-)ol 4] Akata(+)oll B]3l]
ojHom o] FUHE s HAFATHp < 0.01).
<, EBER9} A€ dHAJo] = 1552 miRNA F hsa-
miR-7-5p7} EBER®] £]3} sponge 28-S WS 7FsAlo]
ATk A= A THFig. 2).

Hsa—miR—7-5p0f 2lsff Z=EE A= odE=
EFZl mRNA T2 3

EBER ©&loh nhilgste] whglo] wsteold
miR-7-5p7} BPAS 7HsAde] e FiAES
program (Version 6.0)5 ©|-&3to] s3It

2

\J
)
415712 FHAE 5 mRNA vlo]|F2ojgo] 23 Ay}
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Figure 2. Down-regulated hsa-miR-7-5p expression by EBERs in Akata cells. Real-time RT-PCR was performed for 15 different
cellular miRNAs to test whether EBERs can affect the expression of them. Total RNA was extracted from Akata(-), Akata(+), and
Akata(+)EBERs(-) cells, and miRNA qRT-PCR was conducted using Mir-X miRNA First Strand Synthesis and SYBR qRT-PCR Kit.
Relative gene expression was calculated according to the comparative CT method using U6 snRNA as a loading control. The ratio of each
miRNA to U6 in Akata(+) cells was arbitrarily set as 1. (n=3, ; p <0.01, *; p <0.05)

Akata(+) AIESIA Akata(-)L} Akata(H)EBERs(-) A Zol|A]
Wo] Sk RS AR, F 63 LRP6, (ADP-
ribosylation factor-like 15 (ARL15), exosome component 2
(EXOSC2), TAP binding protein (TAPBP), transmembrane
protein 48 (TMEM48), vacuolar protein sorting 13 homolog D
(VPS13D))¢] hsa-miR-7-5p FH. FAAS HZE AHeS
TH(Table 3).

EBER2 &0l hsa—miR—7-5p2 EHl FEFH
A gelof Xl

EBER7} &l ] AH¥ 6%2] hsa-miR-7-5p A Ef
71 mRNAS] o] 5718 754 S Akata(-)2}F Akata(+),
Akata(H)EBERs(-)2] RNAE gRT-PCRS A A|&lo] FA}sh
Atk W =T OE GAPDHE AH8-atgion] 5%
2l 3] AHE A A, 659 FHA 5 LRP6%:
TMEM48 mRNA7} Akata(+)o 4 Akata(-)oll H]3l] #-2]%4
o2 Z71F o U(p < 0.01), LRP6 mRNAYFO] Akata(+)°l]
*| Akata(+)EBERs(-)°ll Hlall frel# o S7he= 4
< B YtKp < 0.01) (Fig. 3A). LRP67} il =50 A

Table 3. Putative target genes of hsa-miR-7-5p

miRNA microarray
Gene Akata(+)/Akata(-) Akata(+)/Akata(+)EBERs(-)
01]::1126 P-value cll::l)tge P-value
ARLI15 1.842 0.013 1.838 0.029
EXOSC2 1.522 0.017 1.168 0.062
LRP6 3.745 0.025 3.649 0.032
TAPBP 1.339 0.068 1.376 0.055
TMEM48 3.236 0.001 1.589 0.036
VPS13D 1.264 0.026 1.193 0.063

(]

EBER & Al S7lehs S Hol=A dotrr] 9
3] Western blotS 5=8J3}31 Tt} LRP6 Aol gk 4 o
Zar o R ARG AL HeLas AH8-31%1 AL loading
control 2 B-acting AFE-3FITE A3 23, mRNAS] 2
o} wpz7EA| 2, Akata(-)L} Akata(+)EBERs(-)oll H] 3|
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Figure 3. Up-regulated LRP6 expression by EBERs in Akata cells. (A) Real-tizme RT-PCR was performed for six different genes to
test whether EBERSs can affect the expression of them. Total RNA was extracted from Akata(-), Akata(+), and Akata(+)EBERs(-) cells and
quantitative real-time RT-PCR were carried out using SYBR Premix Ex Taq. Relative gene expression was calculated according to the
comparative Cr method using GAPDH as a loading control. The ratio of each mRNA to GAPDH in Akata(+) cells was arbitrarily set as 1.
(B) The effect of EBERS on the expression of LRP6 at protein level was analyzed. Western blot analysis was carried out using cell lysate
from in Akata(-), Akata(+), and Akata(+)EBERs(-) cells. B-actin was used as a loading control and HeLa cell line was used as a positive
control for LRP6 expression. (C) Results similar to those in panel B were obtained in two more independent experiments, and the means
and standard deviation (SD) from all three independent experiments are plotted. (n=3, 1; p <0.01)
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Figure 4. No direct targeting of has-miR-7 for the 3'-UTR of
LRP6. (A) Three seed-matched regions in the 3'-UTR of LRP6
for the has-miR-7 are shown. To test whether LRP6 expression is
directly regulated by has-miR-7, the 3'-UTR fragments containing
the first two or last two seed matched regions were cloned into a
luciferase reporter (psiCHECK-2) vector to product psiC-LRP6
(1-2) and psiC-LRP6(2-3), respectively. (B) HEK293T cells were
co-transfected with has-miR-7-5p mimic, and psiC-LRP6(1-2) or
psiC-LRP6(2-3). Renillar luciferase activity was analyzed 48 h
after transfection and normalized using firefly luciferase activity.
Error bars indicate SD. (n=3, {; p <0.01, *; p <0.05).
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Figure 5. Validation of selected mRNA from microarray data.
Microarray analysis was performed for Akata(-), Akata(+), and
Akata(+)EBERSs(-) cells. Relative mRNA intensity was normalized
by the average intensity of Akata(+) cell.
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