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Studies on Epstein—-Barr virus-encoded small
RNAs (EBERs) modulating the innate
immunity in Burkitt's lymphoma cells
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Background: The Epstein-Barr virus (EBV), a member of B lymphotropic y-herpesvirus, is
the causative agent of infectious mononucleosis (IM), and is associated with Burkitt’s
lymphoma (BL), Hodgkin lymphoma, nasopharyngeal carcinoma (NPC) and other
lympfoproliferative diseases. In these cancer cells EBV maintains latent infections, and in all
types of latentcy (type-I, II and IlII), EBERs (EBER1 and EBER?2) are the most abundant viral
transcripts (10’copies/cell). EBERs induce IL-10 in B cells, IGF-1 in epithelial cells, IL-9 in T
cells and all of these induced cytokines function as an autocrine growth factor. EBERs confer
resistance to IFN-a mediated apoptosis and play a significant role in EBV-associated
carcinogenesis. EBERs are un-capped, polyA’, non-coding, non-translated RNAs of 167 and
173 nucleotides, respectively, and form double stranded RNA-like secondary structures with
short stem-loops. Retinoic acid-inducible gene I (RIG-I) is a cytosolic protein that plays a key
role in innate immunity by sensoring viral double-stranded RNA (dsRNA) inside the cell, and
thereby activating signaling pathways to induce type-I interferons (IFNs) and cytokines leading
to the antiviral responses. We hypothesized that as dSSRNA, EBER could be recognized by RIG-
I and can activate the RIG-I signaling pathway in BL cells.

Materials and methods: We used BL-derived EBV-negative Daudi cells, EBV-
positive and EBV-negative Akata and Mutu cells, Akata cells infected with EBER-knockout
EBV or EBER-reintroduced EBV, Akata cells stably transfected with EBER plasmid or control
plasmid. RIG-I expression was knocked down by transfecting RIG-I siRNA by using
Lipofectamine RNAiMax. To express RIG-I, we transfected GFP-tagged RIG-I plasmid by
electroporation. RIG-I plasmid with deleted CARD domains functioned as dominant-negative
RIG-I, and was transfected by electroporation. Purified EBERs were synthesized by in-vitro
transcription. RT-PCR was used for semi-quantitative estimation of IFN-o/p, IFN-stimulated
genes (ISGs), IL-10, IRF-3, RIG-I, EBER and GAPDH gene expressions. Reporter assay was
employed to measure NF-xB and IL-10 promoter activation. ELISA was used to measure IL-10
in the cell culture supernatants.

Results: Transfection of RIG-I plasmid induced type-I IFNs and ISGs in EBV-positive BL
cells, but not in their EBV-negative counterparts or EBER-knockout EBV-infected BL cells.
Silencing of RIG-I by siRNA resulted in down-regulation of type-I IFNs in EBER-positive BL
cells. Transfection of EBER-expression plasmid or in vitro-synthesized EBERs induced type- 1
IFNs and ISGs in RIG-I-expressing EBV-negative BL cells, but not in RIG-I-minus
counterparts. EBERs activated RIG-I’s substrates, NF-kB and IFN regulatory factor 3 (IRF-3),



which were necessary for the induction of type-1 IFN. Co-iimunoprecipitation assay revealed
that EBER formed complexes with RIG-I in BL cells. These results together, demonstrated that
EBERs were recognized by RIG-I, and activated the down-stream signaling pathway to induce
type-1 IFNs and ISGs in EBV-infected BL cells. Previously it was reported that in BL cells,
EBER induced IL-10 which functioned as an autocrine growth factor. We investigated whether
EBER could induce IL-10 through the activation of RIG-I signaling. Our results demonstrated
that knocked down of RIG-I by RIG-I siRNA and blocking RIG-I by dominant-negative RIG-I
plasmid resulted in down-regulation of IL-10 expression in EBER-positive EBV-infected, and
EBER plasmid stably transfected BL cells, but not in their EBER-negative counterparts.
Transfection of EBER-expressing plasmid or in vitro-synthesized EBER induced IL-10 in RIG-
I-expressing cell clones, and activation of IL-10 promoter by EBER was blocked by dominant-
negative RIG-1. Blocking of NF-xB by dominant-negative IkB-a plasmid did not block IL-10
expression, whereas knocked down of IRF-3 by siRNA resulted in down-regulation of IL-10 in
EBER-positive BL cells. Thus EBER induced IL-10 through RIG-I mediated IRF-3 signaling.

Discussion: It was established previously that RIG-I could be activated by dsRNA , which was
synthesized as a replicative intermediate during replication of RNA viruses like NDV and VSV.
We demonstrated that DNA virus like EBV, which expressed EBER in all forms of latency
could also be recognized by RIG-I and thereby could activate RIG-I1 mediated downstream
signaling. In EBV-positive BL cells, EBER induced type-I IFNs which could activate the
interferon inducible gene PKR. However, EBER bound PKR, inhibited its phosphorylation and
thereby preventd IFN-o-mediated apoptosis. Moreover, EBER induced IL-10 through RIG-I
signaling, which functioned as an autocrine growth factor in BL cells. EBER induced IL-9 in T
cells and IGF-1 in epithelial cells and these cytokines functioned as an autocrine growth factor.
It may be possible that EBER induced these cytokines through the activation of RIG-I signaling.
Further studies will be needed to elucidate the overall picture of the interaction of EBERs and
RIG-I and to uncover strategies by which EBV evades and/or utilizes this surveillance
mechanism to establish stable infection not only in BL cells, but also in other EBV-associated
malignancies.

Conclusion: We demonstrated that in EBV-infected BL cells, EBV-encoded small RNAs were
recognized by RIG-I and activated signaling to induce type-I IFNs. We further demonstrated
that EBER induced an anti-inflammatory and growth promoting cytokine IL-10, through RIG-I-
mediated IRF-3 but not NF-«xB signaling. These findings suggested a new mechanism of dsRNA
signaling pathway, where viral small RNA promoted tumor growth through interaction with the
host immune system..
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ANRATAINWADA 2 IN—TH 5 EB 71 JLX (EBV) IZ. N—F v k1) 2/\f@E (BL).
RIOFU NE, EWERIA (NPC) REEDBEEVHALNERO>TVNS. TNEON
AR TIX, EBV B RBIVIREE THERF S, EBV 20— R9 %/ RNA 437 EBER 4%
I/~ 0B K107 —ERBICHEAELTWS, EBERIZBLIZBWTIL-10 &L,
— R 7S UBEEYR—bTS, £/2, EBER I3 > —T7 202X B7R— R
NOEFEEME L., BPACBWTEERREZR/ZL TW5, EBER 13K 170 HE»
57325FR) AXAFADRNA T, ZERBICIRBRINT, EROEVWAT LI —Th 5
LA RNABEEZE 2D ETFRIEHN TV S, retinoic acid-inducible gene I (RIG-I)
FHIREERT MIBNTUYAINAOZEERNA ZRAIL, I#1 5 —TJx02 (IFN)
DYA ML UREDHIANARIEEEREL., BREZIBWTEELREHEZRIZLT
W3, HEHEIZ, EBER 'BLIZBWT, RIG 1L D —&#E RNA & L TRAI N, RIGI
LB T FNVRERZEHCT 2PN ZHRGE L /2.

%£9 . EBVEEYED BLAR TIXRIGI S5 A3 K28 A9 5 & IR IFN S IFN-stimulated
gene ISG)DHBNFHE I NS EBVEEEO BLAR TIFEEINWI L2 RH L.
F7/-. EBER B ® BL#il2 Ti3 siRNA ZHWT RIG-1 Z2f#HI75 & I B IFN OFRD
P X N7z, RIG-I ZFIK X 87~ EBV &t BL #ifi~ EBER 75 X X RXid in vitro T
& L7 EBER 28 A3 5 & IR IFN, ISG OFEBAFEIN/LH. RIGIEZREHELTY
WM TIIFESE aNaho7/-. EBERIZ I & IFN HERIZHE/: RIG-I OEE. NF-« B,
interferon regulatory factor 3 (IRF-3)DiEH b2 F#FH L7z, X512, EBER 2 RIG-1 &#
BITBHIEERERILEICLOEERE L. ULEO#ESRE. EBER A EBV B BL #ilgicB
TRIGIIZESL. TOTFTHI I NEEMHLETEZI LKLV IHIFN D ISG 2587 2
ZEMHALMER D, RWT. EBER 28 RIG-I OfFEMHALZEMNL TIL-10 25FET 520 E
MOWET 21T > /2. siRNA 7213 dominant-negative RIG-I1 I & ¥ RIG-1 D % HIH3
% &, EBER B EBV B BLMIER° EBER # L& ¥ /= EBV 2t BL#IR TIZIL-10
DRENHHEE Z 2 Z LR XN RIGI #5EFFHR = ¥/ EBVRY BL#IlR~EBER
7S5 A3 KXW in vitro TAM L7~ EBER 2# A9 5 & IL-10 ORBEIFHEIN,
dominant-negative RIG-1 Z B 32 & IL-10 QIFEHAT Oy Ve iz, AL ERR
T, IkB-a 7RI REMAWTNF-kBOERLELEZTOY 7 LTHIL10 DERICKEE



BOZM oA, siRNA 2T IRF-3 ORBEEMH T2 & IL-10 DRE L E X 17,
UEDHKR. RIGI 2N SRENED A M1 > 5%%IE NF-kB 247528 5NT
W2A, EBERIZL S IL-10 % %i3 RIG-T I & 0 ML = 17~ IRF-3 ZHRLTRIBZE
ZBHSM L.

RIG-IAY Za—hvZIVRTAIVA, KEHORNK T A I A ED RNA TAINVADE
PR E L TERINA2 A RNA L DB LI NS Z LB XN TW5, B
#A&EIZ. DNA U1 )L A TH% EBV H1E T, TXTH EBV BEEMAIZRIE L TW3 EBER
MRIGTIZEDRAIN, TOFTRI T FNEERLT DI EEHSNIC L.

RBARRIITA 7TH 1BRXDH 25 BOBMODL LiciThhiz, %7 HEEINY 20
A TWXNBEDHAZT V. RO THERR SN2 SN/ BEOBEEHEN 5T b F IL-10
ETAINVKXIL-10 DRJIMNE N TS5, EBER 2% RIG-I & @t =48 RNA ZRAd
% toll-like receptor 3 ZIEMIL T 2 0MRET L7= . /NEFLEIEHM 513, EBER #%in vivo T
RIG-I Z{EM{Ld 20, RIGI DED K AA > 5 EBER B3SICHEN, I EDEMMNH -
7Zo BEIZ, EFEOEHBIEN S, RIG-I OFEM(IZIEZ EBER O & OEE W EN. EBER
W EB U1 IV ABENADERIEN D T 2T D 20, 2 EICODVWTEBMS > 7=,
INSOEMIZHLT, HEHEI, INETOABREERER 2D L ICBNIYTELE %
fro’z.

F# XL [DNA T4 NVANT— RT2/8 RNA BT HRGEROERZN L TR A
KEBMLTWS] EVWSRBAANZXLRBIBT L= 2N —22%BTHD, k
v 7P % —F )L THS EMBO Journal, Oncogene iZ3B# X /-,
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