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FEmIRNA S %15 iki%
(PR R S EAR 2 Be A2 R, KD 410013)

fZE  H)RNA(microRNA, miRNA)Z —FIE % 449 s 5 FRNA, KE—fRAE22 ntx 4, 18
£ 5mRNA 3UTR&Y 4 F M4SN F e A2, NELF B mRNAEE T AP IR
oA, FAETATAK. RE. ATHFZAEGES. RELIN, DNARK &L E L
Be% 0 A miRNA, T ERFLRLLTHREAETEAE, REBRELZ-NEILHGIE, RETE
LRI F T fert 5 £ 7 AR, 7oA FmiRNAGLIRERE 40 B & KB A, W 8h k&%
Frm i, AR LR EA LB RN, MR A mpl B R EAEE L L d e THs R
T o . E IR RFmIRNAY TRz 9% A & 5 18 2L H #AT R LR e LA A — 424

KEEIA W TEmIRNA; BEPRI 45, e ikif

/NRNA(microRNA, miRNA) & —FfiK 4224
AR P AESm i /N 73 FRNA, 1l 13 JE sRNA Y T 31
R & 4 W(RNA-induced silencing complex, RISC)5
mRNA[J3'UTR B A&, HAT sk 5 T Hig S
mRNAF{J3'UTR B A X 56 4 VL IS JU) B g 50 73 DG 7
DU 360 P 52 B B/ C T L 1] ) miRNA
$ 4 FE miRBase(www.mirbase.org), H fiymiRBase
CLyE B T 1527 cmiRNAJT 41, R 5 T 16043 )
Fle miRNAYED — R EEZ RS T2 5 T 20
FE DR s Ja R, s 4 ) ARG R T b T B
AR G S SR M | ML NG i NS~ VA T
miRNA )i #5135,

1 f&EmIRNASHIK G IE

T =N FE B IR AT 3 A T A e I
I i, b [T S 2 B BRI 2R — B BT £k, TR
BEAAR T 50 T Wk 4 T 0 0 L DR 1, A AR 5
Z )5, HR A 40 i (natural killer cell, NK cell)-55 #
B 25 TR B0, A NK A Al B S A B e A
JHo [RIIRF, NKAH 58 R 54 i b5 TP 25 &2 1
R A PR BRAE H, 38 RSO At G 9% 40 i R 45 Py
[ Poms e E . 1 3208w it pe Jst i 2 AE s ih
I B g, 7 AR VL TR SR 40 K 40 i EE T 2 40 i
(cytotoxic T lymphocyte, CTL), 2% 41 J o] 7= A 9 2
S PR AR T R B RORE, CTLAH i w83 531 Jek 4L 4
W T PR IR(MHC 1289y TR A VNI 5 2 454,

TR EEfLEE . WURLE J 5 K 15 FasL(Fas ligand)
S5 AN M AR B T

TER B S 18 AR T, 774 T s g
[JmiRNA(viral miRNA), [20044 It 1295 By W AR
A AP T -2 7R 9% B3 (Epstein-Barr virus, EBV)H &
LT EEmiRNABILLK, 21 H#iA 1k, fEmiR-
Base " L sk T 42300450 #FmiRNA. i 7 A\ {215
F 405, Wi FEmiRNA G s B T 16 40 i &
ARG, HmiRNARJE RS DI RE R A B2 AT
T . BRI FEmiRNA A 90% (1) [y
FIk B =AN992 5 R s By y)e T miRNA
(108 kS 46 T4 A, H A7 40 B s b b AT S
DNAJGK B i R & ILAF 1 7% FmiRNA . 7ERNAJR
Hr, HUE TSN IS B %8 Bl [F3 999 7% (human immunodefi-
ciency virus type-1, HIV-1)®1_ 74 J& B[ 9 2 (West
Nile virus, WNV)' R4 [ 1fiL 9599 7 (bovine leukemia
virus, BLV)H &l T miRNA,

I3 B ) I8 A miRNAT-PL1E 32 40 i R0 75 70
I 5 A A I RO S A 4 PR TR A L A
P AR, 5 41 DR 1R KT, 5 e g S IR f e 1k
R, TE R AR el

WOk H : 2012-05-18 52 H 1 2012-06-18

KRR 34 (N0.30800476) FIII FE 44 11 3K R 2 3L 4 (No.
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2 REMRNASS5RFHFRERIZOS T
ML
2.1 fFEmIRNATFH RZIR 5]

NKAH g 55 CTLXS 5 B J&& 4% 411 B 1) o4 15 & 1
20T 2 11 B A A ST, A K R g A o R
oh 0 B O A tH T AR IR SR . BT R IR, MR
B40(simian virus 40, SV40)7E JE 4t J5 1] 4 B RISV
miRNA, HHImRNA L 5 75 5 30 I K 2 i 1 THT S,
MTHUEECTLRZ AR YU EC K. SV miRNASETL
JRAKSE R, AT B T CTLXH S G 40 i () skt
FISV miRNAGR 2K [R5 B AL A S G 4l Jifd A 9L CTL
X TG A0 0 PR BRI AT AR, B SVAOSi = A FHSV
miRNARE 3% 24", WFb R, S oMt £
I8 993 BE——JC N £ % 9% #3:(JC human polyomavirus,
JCV)HIBK A % % % #:(BK human polyomavirus,
BKV)%i 5 [RmiRNAH A3 2 L) Dy ge™. b4, A
Fr 41|} 995 B (human cytomegalovirus, HCM V)% it} [
miRNA(miR-US4-1)fE F i 2 Ik BEERAP1 [ /K P20,
20 T MHC I(major histocompatibility complex class
D)idks KB, FEAC T CTLI U, 50 75 18 4 4 il
W3k Ho 5 AL

NKG2D(natural-killer group 2, member D)4 [11E
Z I G e AN rh Rk, 2 5 0 W S 2 I R [ A
PEGRE N, HTTNKAN M. TAIM . EmEan . #
SR A0 I 1R Dy fiE, A — B PO B 2 AR, A
e A I 0 TP A R AR Y, JCVAIBRVA] = A
miRNAHIHINKG2DF) it /A ULBP3(UL16 binding pro-
tein 3)FJ &L K-, T RE I NKG2D U A E 1) 4
AP MEBW#E. R IET IR AH G 2 0 B (Ka-
posi's sarcoma herpesvirus, KSHV). A E. 41l o 75 4
f (miRNA T 1 ] FNKG2Df) %5 — AN it AMICB,
KSHVH HCMV )95 7 miRNA 1] 4 MICB & & 14
40%, EBV &1 MICB i 60%. i # miRNAX}
MICBI 46 T 5 5 4 B v Ak, A 459 3 26 ik
G WA, [ R A A NKG2DRL 44 [IMICA(MHC
class I chain-related A) 5 MICB490% [{JORF |5, {H
Jpi BEMIRNAXIMICAH] G B ./ H . EBV. HCMV

AN G5 G A T AL 1 47 B 5 miRNAFIMICB ) 45 45 47
SRRk AR, MICA (156 3 25 5 47 1 5 MICBAH
LI AR 52 4 ULIE, KEMICA 3'UTRFI] WA 55 e 4% B
EBV miRNAZ; &7 s, HILTMICA T i, HA

WIMICBH# & . MICBAT 7% T"MICA[1J3'UTR(1 213 nt
55174 nt), B M3 UTR W] Rl — @ I1ERT .
FmiRNAGMICBAHIMICA 45 i) 75 57, $#&7~MICBH]
REAEIZ L B e e 2R Y, U mRNA
L miRNA [ O 55 Bl o X, 7T 6 A2 1 32 40 M0 i 25
miRNA [ —Ff ot 77 =X, (HAE AR 7 #EmiRNA
R B IEAA IR, 3X AL 1E 5 40 il 22 3'UTR
LT miRNAPC XS IR 55 17 51 AN BE 7] I 6 22 R 23 A
M.
2.2 fHEmMIRNAFZAEE F T ek

20 L DAL -~ A A g e e op R A E SR T,
Jpi FEMIRNAR] DL 40 i PR 1~ 1) 1F 5 2R3k, $RELAL
PRIR IE 1 S Dfie, 5 Wi 5 S e ki . KSHVRELE
N B AZ A IR /) B ) B R 40 i 6 miR-K 12-3
FImiR-K12-7, & A7 40 1 #% 5% [K] 7 C/EBPB(CCAAT/
enhancer-binding protein )] 7 #J A LIP(C/EBP p20)
EIE K, T2 1 4 i A1 22 -6(interleukin-6, IL-6)F11
[ 48 Jfil /) Z5-10(interleukin- 10, TL-10)#) %% 5% 71 44
T, FAHIL-6FIIL-104 15 [ 24, IL-6FIIL-10AE 41
TR IR 41 B 1 1l 2, TL-1038 AT LLFARITAN . NK
M. B M A AR kA, KSHY
I8 18 3 9 FFmiRNA R i TWEAKR(TNF-like weak in-
ducer of apoptosis receptor)fi jt& 1k, [X] T-8(interleukin-8/
CXCL8)HI N FAZ 41 it 4k 2 [1-1(monocyte chemoat-
tractant protein-1, MCP-1/CCL2)% ik T[4, CXCLS
AR T PR 20 o AR S AL b ORI . T AR AR )
YEHIBY, TiMCP-171] 5 CCR2(CD192)45 £ %t Fuig/ E
1 B R BRORE 20 A A A SO A P, i FEmiRNA
IR I e W2 11 M) T J G 40 () A7 . EBV & fith (1)
T BEMIRNALE i 5 1 bk EL8F rp a8 55 3 1 T
i &L Rl (IFN-inducible T-cell attracting chemokine
o, -TAC/CXCL-11) & 35 7 A f i, 1MCXCLITA &
ATEA TR TAR M o PR 20 e R A 4 B 1 Tl el
miRNAE i 875 LA 40 i DA (1) 7K 135 s 5 S0
IR, AH 0 R A 52 HAR AN P PR 7 PR 4, A7 1
2.
2.3 frEmiRNAT BN R AR R
23.1 JAEmMRNAKL mpe B iEss T
NS O Rl BUR e D D Y N e 9t
FEFE AR T, A A S A2 =, 1 XAEIR
205k, DL S R g WP, ATk g 4 i
A7 w116 20074F, SamolsZEB4R i T 4R KSHV
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Zi A A miRNA B K B¢ 111 B0 25 1 (thrombospondin 1,
THBS1) 4% . THBS1AT il i Je7 4% G il %
JIEE, © BN B FEKTGF-BRTE 1, 5% TGF-B
TH %, XK SR (Kaposi's sarcoma tumors) ) il Al &
JEHE T EEAE . KSHVZi i f)miRNA(miR-K12-11)
I REAE ] T TGF-BfE 5 il i h = 22 1) 8 FISMADS, 5%
Wi TGF-BA5 5 10 8% 145 5 A% 3, M1 52 i) 20 i 38 5 07
ToAE R FERY . A, 4 v ) B s DR
p217& 47K -t 5%ZKSHV miRNA [ #5829, T 3iF 512,
p21 fiE i 1L HICDK 1 5 CDK 2111y $#3% £ 4 i ik 42,
It 2 Hp53i& 12 MITGF-Bi& 12, 52 Wi 4i iy 5% 5E 07,
Cyclin E5 5.GJJJCDK24} & G Al 40 Jf ik NS, 7r
HMCVI& G (140 g, I 78 18 i 2 fhmiR-US25- 11
40 B 5 B £ 1 Cyelin E2[1) 3R 1%, fiiCyclin E2iA 2|
— GG KT, A Mgk ASHAPSP, g w n i 45
SR, B 060 s R G 4 ) 1R N, A
Wy T e s yse 6t . AR PG BEmIRINA A 45 4 Jfa J&] 3
598 2 (A0 ¢ RIEA AL, AH IS0 1A
JrPeft 7 —ANE R A

232 @ EmieA T e R RIE R
PEGRe b, 755 UL 4 Hi A A 8 T A Tk S B
PEUW — RN . (EEBVAIKSHVH R IL T8 125
FIAH O AUmiRNAJE PR, 5 #:miRNA W] 8 2 47  E D
FIA LY I T BRI 1 1 (latent membrane
protien 1, LMP1)Z: 5 £ 515 5 5% T &1, Wiz
S NF-xB 5p33 ) &8 /K, fEEBV ] () 55
e A EEAEH . LMP U1 A 8 m) 447 I
JKAF BILMPLRE (& 14 48 1 1) 19 38, #0ilp53 95 5 1 4
2R AR, 2k FILMP LR b Rz 4 i B AT 35 A H,
AP ST R AR, JEEBVIBGL 4 M b,
BART miRNAFfE i LMP1 /K- ¥41, LMP13Z
B H 5 FImiRNA J5, FR WS 5 @ A2 532 204,
{FEBV I JL (1) 41 a5 1) i g8 K Jig . b ok, EBV 4 it
FJmiRNAJE 7] T ffPUMA(p53 upregulated modulator
of apoptosis) 7K F-. PUMAJ& T~ Bel-2% % BH3-only
WKW, A VIRA F R A (o By vy 8), Horp
PUMA-0Z: 5 &Rl iid5 2 (1) pS3HOiig A A A (O
BRI R T R, R TR O e M,
EBV miRNAA 1] L%} Bel-2 5 % BH3-only WV 58 ik 1) ¥
— AN BimEg AT SO A Bim g1~ Rl LA
18 3 5 Bel-2/Bax A B AF H RS Bax 5 | &K ki fAi& 11
()20 Mo g T2, A, i ikt (RIP-Chip) 73§t %5 &

i Baxr 4R 44 L 1) %2 AATOM22 45 5ZEBV miRNA I
5, BediiIBaxs [ T, LIAEIA K, FEEBVI& G
JEBHRF 1 [ 7K V42 i fig LA HIE T 142 5 Burkitt
WRELJRF (Burkitt's lymphoma, BL)ZH A 14735 U540 1
I T R IR, ZEEBVIE G [F1Jijoye-BLAN iy & 1, 01
HmiR-175 % . miR-142-3pEk miR-BART10-3pfg i
BHRF 1 33k Fifd, fedt 140 -5, BHRF14
FI S I T AN LHIE 5 2 — P 5T

TEKSHVIE G (1N JBF i J0k P B2 40 B v & B0 173
o #EmiRNA, ‘& A7 LLBcl-24H 5% X FBCLAF1(Bcl-
2-associated transcription factor 1) 4 #f! 5, BCLAF1
A T U T s A el i 4R TR, BIF ST R I, EBV
miRNA(BART17-5p)F115 =+ 1) miRNA(miR-142-3p)
WAEH]T BCLAF1®Y, b4k, KSHVH LRI T 35
miRNA(miR-K12-1, -3, -4-3p)r] H. % 1F T8 1=
caspase 3 AT T, FPHIZX =FrmiRNAR] A& 4
4l A I caspase 3714 Fif, A I B 12 18 e,

PIBR1E 2 A8 CH #MEH 1(excision repair cross
complementing group 1, ERCCI4mi% & 1feS 5
DNA# R UME &, b pS3isitids ST
Feo HIEL 2 WA 9 3(immediate early response 3, IER3)
TEAA A I 25 A= 1], JLERIE R R A SR T2
YEH, 2RISR ATDNAS 75 3 (0 T b A 2
R0, BF 50U B, HIV-1 58 s b B il 1 KR g 22
H J¥%(long terminal repeat, LTR), H: 5z 2005 s v oo
{f (trans-activation responsive element, TAR element) fig
% % FmiRNA, TAR miRNAfg )1 #5] ERCC1FIIER3
(22 7K, NI T HIV-1% 5 F b HDN A
i R, b4k, HIV-11# 53—/ >"miRNA(hiv1-
mir-H1, miRH1)7F I 5A% 40 i 8 PR R T 5 P s
“f~(apoptosis antagonizing transcription factor, AAFT)
A, 5mBcl-2. C-myc. Par-4Ff1Dicerfiif /K -, fi¢
Hran g T, miRHIZEKILH T 5 TAR miRNAH
PIAE R, P95 AT~ o 1 DR 40 R b A [R] T
RILHAF R D Re s 5 1t — 25T
233 WHEIBRIE| LM AEH® iTEmiRNA
T ) AR R S0 45 A 708 R A R v AR T AN 2R,
HERE G ARG AT . BALFSIEEBV L & 1 & |
AT IIIDNAZE & i, 7EFEBVY 25 1 & FimiR-BART2
A NABALFS Ik MHIEBVIE N R 1 Fr &t
EWE AR, k4, EBVESi i 1) miR-BART6-5pHE 4l
filDicerfiF 1A, 5200 4 MU AN 25 [ miRNAZKIA, JUER
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ZmiRNAfF /9EBNA2. LMP145%E (/K F i, 7]
A8 4 BE N ORI 2 A 3], 2 B Dicer i i) 2 ik
FHIE AR T 4E R AR TR

XTHCMV S J I AT 50 A B0, 3L 4 6% ) miR -
NA-UL12-1 ) i 32 4 T o2& 2 48 /i1, 1 H5MICB.
IE#: 56305 47 4 1(UL123, IE72/IE1)FIUL114, Hrp,
IE17E R A 3 2 ik, e 1 N SRR 0T ) b 7 e
FUREIR T W T A 7 0E N R ) 405 UL 1145
A PRI WEDNAREFE NG P, 75 2EDNAKZ HlELE T
A HEAEH], ULL14 R 3 AT Bext o 28 A A7 A A, X4
T 90 7 PR 20 5% A 10 E 2R B0 AN 52 W 5 TE DNA
E%IJ[M-%]O

{EHEK293 41 g F1 30 B Sl I Bz 40 g v &
B, KSHV % A (miRNA ] 4 2 fif L P v 52 1) 5 5%
14035 A F(replication and transcription activator, Rta)
() 7K HY B R 75, Reate: 5 75 M IE AR 300 3 24 it
W i S B R A D 7, LR TR A i AR A U1 R A
FAK TR, R BEE MR AR AR T AR
DX B 2 it J3 B 2K 11 2(retinoblastoma-like protein 2,
RbI12)J DNA LK S8 5. EKSHV T K
L, miRNA R HRbI2{ 7K 7> T 20 T DNA H 3L Ak i1
3a. 3bff LU, B0 T DNA AL, F) T 5 EE A
1 T IDNAKE RIS, AT 00 s 753 08 N SR8 52
il ] 3931080

KSHV % fi5h ((jmiRNA(miR-K 1)i& 2 5 T NF-«xB
@&AE, R IkBaZK P K S NF-xB, M i fi
vFLIP(viral FLICE inhibitory protein)& PR 7%, 114
2R ST WO P AL 5 I AP-13& 4217, KSHV % 5
fRImiRNA(miR-K12-11) 1) 1 ] 7 NF-«Bi& 4% L7 1]
IKKeFiA, M55 T TR0, AT 40 dom a4
P SN, A T KSHV 2T B [R10E 1 11

3 fFEmIRNAFFRREE

M20044ELEEBV A & Yk B #FmiRNAE] H 1
Jy ik, TR BT 3004 9 #EmiRNA, TLi 59 K i
ERTE [ B FEPREIE T 6 AEmiRNATE R 75
G ME I PR T LA 5, 15 4R 11T EE, miRNA
1 gl AT S SR /NGy 7, £ FROHGE, 38 i A
I Y 21 32 2 AT IF AT IR i IL DD T, 9
FEmiRNA [ 1E I 7 N2 R BR 53 UTRES &AM RE A
JHF-S'UTREY, H 358 m] AR T4 T miRNACY,
A SR T4 EmRNA, 568 5 H AL R miRNA)

IR, HLANSE 2% 0] P& 25N R ST e Ak, s w5
miRNAZEAN 7] 40 A RAEANF)TS, AN FR i S0
IEWANRTS, 17 32 20 AR B miRNAE % 9 2% (1 224k
HUATRES R 2 Az, HALIE NS ) 255 T 2 b
AR Re, WIBANMTIRE. WA e TR
PR IR I, B #EmiRNAL 1
miRNAF AT [T, IX LK 158 B9 #EmiRN AT 2
e AR RE, B BEmiRNAXS 17 323 A e
KSR RFENTIURIRN, LURCE 54 2 AR LA H (1 e
W, A AT 3RATHE— 20 T W0 RE S AR S, 18 LA
T #EmIRNAA HE 1 IR YT 0 7 RE -

S % 3k (References)

1 Doench JG, Petersen CP, Sharp PA. SiRNAs can function as
miRNAs. Genes Dev 2003; 17(4): 438-42.

2 Zeng Y, Yi R, Cullen BR. MicroRNAs and small interfering
RNAs can inhibit mRNA expression by similar mechanisms.
Proc Natl Acad Sci USA 2003; 100(17): 9779-4.

3 Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian
mRNAs are conserved targets of microRNAs. Genome Res 2009;
19(1): 92-105.

4 Chi SW, Zang JB, Mele A, Darnell RB. Argonaute HITS-CLIP
decodes microRNA-mRNA interaction maps. Nature 2009;
460(7254): 479-86.

5 Lim LP, Lau NC, Garrett-Engele P, Grimson A, Schelter JM,
Castle J, et al. Microarray analysis shows that some microRNAs
downregulate large numbers of target mRNAs. Nature 2005;
433(7027): 769-73.

6 French AR, Yokoyama WM. Natural killer cells and viral infec-
tions. Curr Opin Immunol 2003; 15(1): 45-51.

7 Edwards KM, Davis JE, Browne KA, Sutton VR, Trapani JA.
Anti-viral strategies of cytotoxic T lymphocytes are manifested
through a variety of granule-bound pathways of apoptosis induc-
tion. Immunol Cell Biol 1999; 77(1): 76-89.

8 Pfeffer S, Zavolan M, Grasser FA, Chien M, Russo JJ, Ju J, et
al. Identification of virus-encoded microRNAs. Science 2004;
304(5671): 734-6.

9 Ouellet DL, Plante I, Landry P, Barat C, Janelle ME, Flamand L,
et al. ldentification of dunctional microRNAs released through
asymmetrical processing of HIV-1 TAR element. Nucleic Acids
Res 2008; 36(7): 2353-65.

10 Bennasser Y, Le SY, Benkirane M, Jeang KT. Evidence that
HIV-1 encodes an siRNA and a suppressor of RNA silencing. Im-
munity 2005; 22(5): 607-19.

11 Omoto S, Ito M, Tsutsumi Y, Ichikawa Y, Okuyama H, Brisibe
EA. HIV-1 nef suppression by virally encoded microRNA. Ret-
rovirology 2004; 1(15): 44.

12 Hussain M, Torres S, Schnettler E, Funk A, Grundhoff A, Pijlman
GP, et al. West Nile virus encodes a microRNA-like small RNA
in the 3' untranslated region which upregulates GATA4 mRNA
and facilitates virus replication in mosquito cells. Nucleic Acids
Res 2012; 40(5): 2210-23.

13 Kincaid RP, Burke JM, Sullivan CS. RNA virus microRNA that



928

20

21

22

23

24

25

26

27

28

29

30

mimics a B-cell oncomiR. Proc Natl Acad Sci USA 2012; 109(8):
3077-82.

Boss IW, Renne R. Viral miRNAs and immune evasion. Curr
Opin Microbiol 2010; 13(4): 540-5.

Grundhoff A, Sullivan CS. Virus-encoded microRNAs. Virology
2011; 411(2): 325-43.

Takane K, Kanai A.Vertebrate virus-encoded microRNAs and
their sequence conservation. Jpn J Infect Dis 2011; 64(5): 357-66.
Hall LJ, Clare S, Dougan G. NK cells influence both innate and
adaptive immune responses after mucosal immunization with an-
tigen and mucosal adjuvant. J Immunol 2010; 184(8): 4327-37.
Sullivan CS, Grundhoff AT, Tevethia S, Pipas JM, Ganem D.
SV40-encoded microRNAs regulate viral gene expression and re-
duce susceptibility to cytotoxic T cells. Nature 2008; 435(7042):
682-6.

Seo GJ, Fink LH, O'Hara B, Atwood WJ, Sullivan CS. Evolu-
tionarily conserved function of a viral microRNA. J Virol 2008;
82(20): 9823-8.

Kim S, Lee S, Shin J, Kim Y, Evnouchidou I, Kim D, et al. Hu-
man cytomegalovirus microRNA miR-US4-1 inhibits CD8(+) T
cell responses by targeting the aminopeptidase ERAP1. Nat Im-
munol 2011; 12(10): 984-91.

Zafirova B, Wensveen FM, Gulin M, Poli¢ B. Regulation of im-
mune cell function and differentiation by the NKG2D receptor.
Cell Mol Life Sci 2011; 68(21): 3519-29.

Bauman Y, Nachmani D, Vitenshtein A, Tsukerman P, Drayman
N, Stern-Ginossar N, ef al. An identical miRNA of the human JC
and BK polyoma viruses targets the stress-induced ligand ULBP3
to escape immune elimination. Cell Host & Microbe 2011; 9(2):
93-102.

Nachmani D, Stern-Ginossar N, Sarid R, Mandelboim O. Diverse
herpesvirus microRNAs target the stressinduced immune ligand
MICB to escape recognition by natural killer cells. Cell Host Mi-
crobe 2009; 5(4): 376-85.

Qin Z, Kearney P, Plaisance K, Parsons CH. Pivotal advance:
Kaposi's sarcoma associated herpesvirus (KS-HV)-encoded
microRNA specifically induce IL-6 and IL-10 secretion bymac-
rophages and monocytes. J Leukoc Biol 2010; 87(1): 9-12.
Cirone M, Lucania G, Aleandri S, Borgia G, Trivedi P, Cuomo L,
et al. Suppression of dendritic cell differentiation through cytok-
ines released by primary effusion lymphoma cells. Immunol Lett
2008; 120(1/2): 37-41

Samarasinghe R, Tailor P, Tamura T, Kaisho T, Akira S, Ozato K.
Induction of an anti-inflammatory cytokine, IL-10, in dendritic
cells after Toll-like receptor signaling. J Interferon Cytokine Res
2006; 26(12): 893-900.

Corinti S, Albanesi C, la Sala A, Pastore S, Girolomoni G. Regu-
latory activity of autocrine IL-10 on dendritic cell functions. J
Immunol 2001; 166(7): 4312-8.

Mosmann TR. Properties and functions of interleukin-10. Adv
Immunol 1994; 56: 1-26.

Moore KW, de Waal Malefyt R, Coffman RL, O'Garra A. Inter-
leukin-10 and the interleukin-10 receptor. Annu Rev Immunol
2001; 19: 683-765.

Abend JR, Uldrick T, Ziegelbauer JM. Regulation of tumor
necrosis factor likeweak inducer of apoptosis receptor protein
(TWEAKR) expression by Kaposi's sarcoma-associated herpesvi-
rus microRNA prevents TWEAK-induced apoptosis and inflam-

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

matory cytokine expression. J Virol 2010; 84(23): 12139-51.
Ghasemi H, Ghazanfari T, Yaraee R, Faghihzadeh S, Hassan ZM.
Roles of IL-8 in ocular inflammations: A review. Ocul Immunol
Inflamm 2011; 19(6): 401-12.

Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte
chemoattractant protein-1 (MCP-1): An overview. J Interferon
Cytokine Res 2009; 29(6): 313-26.

Xia T, O'Hara A, Araujo I, Barreto J, Carvalho E, Sapucaia JB,
et al. EBV microRNAs in primary lymphomas and targeting of
CXCL-11 by ebvmir-BHRF1-3. Cancer Res 2008; 68(5): 1436~
42.

Samols MA, Skalsky RL, Maldonado AM, Riva A, Lopez MC.
Identification of cellular genes targeted by KSHV-encoded mi-
croRNAs. PLoS Pathog 2007; 3(5): e65.

Liu Y, Sun R, Lin X, Liang D, Deng Q, Lan K. KSHV-encoded
miR-K12-11 attenuates transforming growth factor beta signaling
through suppression of SMADS. J Virol 2012; 86(3): 1372-81.
Gottwein E, Cullen BR. A human herpesvirus microRNA inhibits
p21 expression and attenuates p21-mediated cell cycle arrest. J
Virol 2010; 84(10): 5229-37.

Abbas T, Dutta A. p21 in cancer: Intricate networks and multiple
activities. Nat Rev Cancer 2009; 9(6): 400-14.

Grey F, Tirabassi R, Meyers H, Wu G, McWeeney S, Hook L, et
al. A viral microRNA down-regulates multiple cell cycle genes
through mRNA 5'UTRs. PLoS Pathog 2010; 6(6): €1000967.
Jault FM, Jault JM, Ruchti F, Fortunato EA, Clark C, Corbeil J,
et al. Cytomegalovirus infection induces high levels of cyclins,
phosphorylated Rb, and p53, leading to cell cycle arrest. J Virol
1995; 69(11): 6697-704.

Dirmeier U, Hoffmann R, Kilger E, Schultheiss U, Brisefo C,
Gires O, et al. Latent membrane protein 1 of Epstein-Barr virus
coordinately regulates proliferation with control of apoptosis.
Oncogene 2005; 24(10): 1711-7.

Hatzivassiliou EG, Tsichritzis T, Mosialos G. Induction of apoptosis
by rewiring the signal transduction of Epstein-Barr virus oncopro-
tein LMP1 toward caspase activation. J Virol 2005; 79(8): 5215-9.
Lo AK, To KF, Lo KW, Lung RW, Hui JW, Liao G, et al. Modu-
lation of LMP1 protein expression by EBV encoded microRNAs.
Proc Natl Acad Sci USA 2007; 104(41): 16164-9.

Ramakrishnan R, Donahue H, Garcia D, Tan J, Shimizu N, Rice
AP, et al. Epstein-Barr virus BART9 miRNA modulates LMP1
levelsand affects growth rate of nasal NK T cell lymphomas.
PLoS One 2011; 6(11): €27271.

Choy EY, Siu KL, Kok KH, Lung RW, Tsang CM, To KF, et al.
An Epstein-Barr virus-encoded microRNA targets PUMA to pro-
mote host cell survival. J Exp Med 2008; 205(11): 2551-60.
Nakano K, Vousden KH. PUMA, a novel proapoptotic gene, is
induced by p53. Mol Cell 2001; 7(3): 683-94.

Marquitz AR, Mathur A, Nam CS, Raab-Traub N. The Epstein-
Barr virus BART microRNAs target the pro-apoptotic protein
Bim. Virology 2011; 412(2): 392-400.

Doélken L, Malterer G, Erhard F, Kothe S, Friedel CC, Suffert G,
et al. Systematic analysis of viral and cellular microRNA targets
in cells latently infected with human gamma-herpesviruses by
RISC immunoprecipitation assay. Cell Host Microbe 2010; 7(4):
324-34.

Kelly GL, Long HM, Stylianou J, Thomas WA, Leese A, Bell Al,
et al. An Epstein-Barr virus anti-apoptotic protein constitutively



T

S/ i TEmiRNA L S

929

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

expressed in transformed cells and implicated in burkitt lym-
phomagenesis: the Wp/BHRF1 link. PLoS Pathog 2009; 5(3):
¢1000341.

Altmann M, Hammerschmidt W. Epstein-Barr virus provides a
new paradigm: A requirement for the immediate inhibition of
apoptosis. PLoS Biol 2005; 3(12): e404.

Riley KJ, Rabinowitz GS, Yario TA, Luna JM, Darnell RB, Steitz
JA. EBV and human microRNAs co-target oncogenic and apop-
totic viral and human genes during latency. EMBO J 2012; 31(9):
2207-21.

Ziegelbauer JM, Sullivan CS, Ganem D. Tandem array-based
expression screens identify host mRNA targets of virus-encoded
microRNAs. Nat Genet 2009; 41(1): 130-4.

Sarras H, Alizadeh Azami S, McPherson JP. In search of a func-
tion for BCLAFI1. ScientificWorldJournal 2010; 10: 1450-61.
Suffert G, Malterer G, Hausser J, Viilidinen J, Fender A, Contrant
M, et al. Kaposi's sarcoma herpesvirus microRNAs target caspase
3 and regulate apoptosis. PLoS Pathog 2011; 7(12): €¢1002405.
Cummings M, Higginbottom K, McGurk CJ, Wong OG, Koberle
B, Oliver RT, et al. XPA versus ERCCI1 as chemosensitising
agents to cisplatin and mitomycin C in prostate cancer cells: Role
of ERCCI in homologous recombination repair. Biochem Phar-
macol 2006; 72(2): 166-75.

Al-Minawi AZ, Saleh-Gohari N, Helleday T. The ERCC1/XPF
endonuclease is required for efficient single-strand annealing and
gene conversion in mammalian cells. Nucleic Acids Res 2008;
36(1): 1-9.

Chang 1Y, Kim MH, Kim HB, Lee DY, Kim SH, Kim HY, et al.
Small interfering RNA-induced suppression of ERCCI1 enhances
sensitivity of human cancer cells to cisplatin. Biochem Biophys
Res Commun 2005; 327(1): 225-33.

Kumar R, Lutz W, Frank E, Im HJ. Immediate early gene X-1 in-
teracts with proteins that modulate apoptosis. Biochem Biophys
Res Commun 2004; 323(4): 1293-8.

Schilling D, Pittelkow MR, Kumar R. IEX-1, an immediate early
gene, increases the rate of apoptosis in keratinocytes. Oncogene
2001; 20(55): 7992-7.

Arlt A, Grobe O, Sicke A, Kruse ML, Folsch UR, Schmidt WE,
et al. Expression of the NF-kappa B target gene IEX-1 (p22/
PRG1) does not prevent cell death but instead triggers apoptosis
in Hela cells. Oncogene 2001; 20(1): 69-76.

Klase Z, Winograd R, Davis J, Carpio L, Hildreth R, Heydarian
M, et al. HIV-1 TAR miRNA protects against apoptosis by alter-
ing cellular gene expression. Retrovirology 2009; 6: 18.

Kaul D, Ahlawat A, Gupta SD. HIV-1 genome-encoded hiv1-mir-
H1 impairs cellular responses to infection. Mol Cell Biochem
2009; 323(1/2): 143-8.

Barth S, Pfuhl T, Mamiani A, Ehses C,Roemer K, Kremmer E, et
al. Epstein-Barr virus-encoded microRNA miR-BART2 down-
regulates the viral DNA polymerase BALFS. Nucleic Acids Res
2008; 36(2): 666-75.

lizasa H, Wulff BE, Alla NR, Maragkakis M, Megraw M, Hatzi-
georgiou A, et al. Editing of Epstein-Barr virus-encoded BART6
microRNAs controls their dicer targeting and consequently af-
fects viral latency. J Biol Chem 2010; 285(43): 33358-70.
Prichard MN, Duke GM, Mocarski ES. Human cytomegalovirus
uracil DNA glycosylase is required for the normal temporal regu-

65

66

67

68

69

70

71

72

73

74

75

76

71

78

79

lation of both DNA synthesis and viral replication.Human cyto-
megalovirus uracil DNA glyc-osylase is required for the normal
temporal regulationof both DNA synthesis and viral replication. J
Virol 1996; 70(5): 3018-25.

Murphy E, Vanicek J, Robins H, Shenk T, Levine AJ. Suppres-
sion of immediate-early viral gene expression by herpesvirus-
coded microRNAs: Implications for latency. Proc Natl Acad Sci
USA 2008; 105(14): 5453-8.

Stern-Ginossar N, Saleh N, Goldberg MD, Prichard M, Wolf DG,
Mandelboim O. Analysis of human cytomegalo virus-encoded mi-
croRNA activity during infection. J Virol 2009; 83(20): 10684-93.
Lei X, Bai Z, Ye F, Xie J, Kim CG, Huang Y, et al. Regulation
of NF-kappaB inhibitor IkappaBalpha and viral replication by a
KSHV microRNA. Nat Cell Biol 2010; 12(2): 193-9.

Lu F, Stedman W, Yousef M, Renne R, Lieberman PM. Epigenet-
ic regulation of Kaposi's sarcoma-associated herpesvirus latency
by virus-encoded microRNAs that target Rta and the cellular
RbI2-DNMT pathway. J Virol 2010; 84(6): 2697-706.

Lin X, Liang D, He Z, Deng Q, Robertson ES, Lan K. miR-K12-
7-5p encoded by Kaposi's sarcoma-associated herpesvirus stabi-
lizes the latent state by targeting viral ORF50/RTA. PLoS One
2011; 6(1): e16224.

Sun R, Lin SF, Gradoville L, Yuan Y, Zhu F, Miller G. A viral
gene that activates lytic cycle expression of Kaposi's sarcoma-
associated herpesvirus. Proc Natl Acad Sci USA 1998; 95(18):
10866-71.

Liang D, Gao Y, Lin X, He Z, Zhao Q, Deng Q, ef al. A human
herpesvirus miRNA attenuates interferon signaling and contrib-
utes to maintenance of viral latency by targeting IKKe. Cell Res
2011; 21(5): 793-806.

Pegtel DM, Cosmopoulos K, Thorley-Lawson DA, van Eijnd-
hoven MA, Hopmans ES, Lindenberg JL, ef al. Functional de-
livery of viral miRNAs via exosomes. Proc Natl Acad Sci USA
2010; 107(14): 6328-33.

Gourzones C, Gelin A, Bombik I, Klibi J, Vérillaud B, Guigay
J, et al. Extra-cellular release and blood diffusion of BART viral
micro-RNAs produced by EBV-infected nasopharyngeal carci-
noma cells. J Virol 2010; 7: 271.

Tirabassi R, Hook L, Landais I, Grey F, Meyers H, Hewitt H,
et al. Human cytomegalovirus US7 is regulated synergistically
by two virally encoded microRNAs and by two distinct mecha-
nisms. J Virol 2011; 85(22): 11938-44.

Qiu J, Cosmopoulos K, Pegtel M, Hopmans E, Murray P, Mid-
deldorp J, et al. A novel persistence associated EBV miRNA
expression profile is disrupted in neoplasia. PLoS Pathog 2011;
7(8): €1002193.

Amoroso R, Fitzsimmons L, Thomas WA, Kelly GL, Rowe
M, Bell Al Quantitative studies of Epstein-Barr virus-encoded
microRNAs provide novel insights into their regulation. J Virol
2011; 85(2): 996-1010.

Gracias DT, Katsikis PD. MicroRNAs: Key components of im-
mune regulation. Adv Exp Med Biol 2011; 780: 15-26.
Abdellatif M. Differential expression of microRNAs in different
disease states. Circ Res 2012; 110(4): 638-50.

Gottwein E, Mukherjee N, Sachse C, Frenzel C, Majoros WH,
Chi JT, et al. A viral microRNA functions as an orthologue of
cellular miR-155. Nature 2007; 450(7172): 1096-9.



930 CGRIR -

Viral miRNAs and Immune Avasion

Xiang Rong, Liang Long, Liu Yanping*
(Department of Cell Biology, School of Biological Science and Technology, Central South University, Changsha 410013, China)

Abstract MicroRNAs (miRNAs) are non-coding RNA molecules with ~22 nucleotides in length that
post-transcriptionally regulate gene expression by complementary binding to 3'UTR of the target mRNAs. MiRNAs
have been identified in lots of species from plant to human. MiRNAs modulate multiple cellular processes includ-
ing development, immunity and apoptosis. Recently, DNA viruses were found to express miRNAs which play an
important role in immune evasion during host infection. Viral infection is a complex process requiring immune eva-
sion in order to establish persistent infection of the host. During this process, viruses express non-coding miRNAs,
which help modulate cellular and viral gene expression making it more favorable for infection. These viral miRNAs
are nonimmunogenic and therefore are important tools used to evade immune responses. However, the function of
most viral miRNAs are not well understood. We summarized our current knowledge of virus-encoded miRNAs, and
how they contribute to immune evasion by targeting viral and host cellular genes.
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