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APOBECT773!)—I(&. DNADEFIZEZASDETIM VNI AMRETRITBRHTHD, —H. RERN. [FHECFEREEZER
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Mechanism of virus induced carcinogenesis by APOBECs
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APOBEC J773!)—(d. DNA DEINEZEZDETHVANIAMRERIBEREHTHS. —4H.B
BFRIDAILRONREO—TIVMIRIE, FEPFEERELECT VMILATHDIN., ED LS
[CEMNELED. FERERN. INOIAILREESHUL TSN L., REATH D, KHZE
Tl B BFRVAILRO/REA—T (L RIZEE15HTRAEEIC APOBEC A 5T o0&~ 1=,
AWHFE TIE. APOBEC H' B BUFF R VAL RIEIEZINH T HI L. /AEO—TIAJLRIZDNTIE
»7adét APOBEC MMERL TSI EZBALMNIIL . AMBIIINLTAMILAD DL IREE
BT 5 L CEELGEBNERLTHSM,ICLI,

(EX):
APOBEC family is a group of enzymes that alter DNA sequences. Recently, APOBEC3 was
reported to restrict the replication of human immunodeficiency virus—1 (HIV-1) by accumulating
mutations in viral DNA. Other viruses, such as human hepatitis B virus (HBV) and papillomavirus
(HPV), are famous for inducing liver and cervical cancers, respectively. However, it is unclear how
the immune system eliminates these viruses and how these viruses initiate tumorigenesis. This
study aims to elucidate the potential involvement of APOBEC proteins in the pathophysiology of
HBV and HPV. This study demonstrated that APOBEC proteins restrict the replication of HBV by
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accumulating vigorous mutations in viral DNA. In particular, reduction in the amount of nuclear
HBV DNA by APOBEC proteins is a novel finding. In addition, this study reveals that APOBEC
proteins have the potential to target HPV16 viral DNA. Our results may contribute to a better
understanding of the pathophysiology of HBV and HPV infections.
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3. HIREBM

AR EZRRIET DLATNZ. IR FRFE (L. Activation—induced cytidine deaminase (AID)&
BT BIEFERRLZOMEEBRTZE H o TE, TO/RERUTOENST M1z, AD [,
DNA/RNA E® C % U IZE# T 5B EIFEHMBHmEELHY . COFEHEIZIYHAIEEFIZ. DNA
UIEREEY AR HEEERL VSRRV FHRBRAZFET S, AD DT/ LBEGFUIELENS
X BEAVICHLEET S, T0®H.NITIL—TOHELY AD (& 11 BOT7IF—EHILERK
9% APOBEC 773!)—D—ETHY. ALIT7I—A2/\—0D APOBECS (&, HIV VA ILRAD T
JLICEHEEREZEATIENBELI STz, —F . H A EHAPOBEC 773 —H BEIFF
AIAHBV) ICBHEEREBATHEVSFHMUHMELER-OT. UTOISIGEEREREILT
T AHRERIRT HFITHo1=,

YERARER : AR HBY AN Y HE R MAIZ APOBECs WREIRFBIN, VAILRYT /L
DNAIZEHELZERINS, APOBECEEN TN LR LB TCIEIEHEEEREVMIILADE
BNHEIZFE R BN TOAILRIEHRREN S, LHAL APOBEC HIRMNFHBLMEE(X. DVAMILRITE
ELrFo-FFEREHEFL, ERMERCERREFTERKRMEONLIRMATES, Chod
EERREIBZo(ARERCBEITAEZNMNKKYEBEFXROBRREBEZMITAIDTHAS, —
. EEEEEFED DNA (FIEEREBERICKYTIEIN, HBY ELFHH O—IR XA
DT/ LIZHAFENT / LATLREREFEITHEEEL TS, Ff- C to U BHIEMD by
stander IR Tp53 BEDY / LBEFICEENRBIVS /LATFREICENS, ChiohNEEL
TR HEENS R Tr—LLEREICES,

AMETITEEZLYAREIZT H1=. APOBEC [TDWTS5DODRBEEHRTEL. TNIZEZE
EIETLREDEXRBRERIIT 5,

(), 74 IVABBRIZIZRIL>TLNDD M ?

(2) AEENEOERROREZTRELTERLEYHLTLDIOMN?
(B) VARG /) LA A EENTHDH ?

(4) D7/ LEGFHIZIL p53 BIZFOEREEHITHDOMN ?
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5) HEXEHITHE2OM?

EFZYUSBEIZHBY ERIBICEEL AU IMILRATH A/ A\ EOA—TIAILAHPV)EBFZRIZEY A
ORETHHEVSIEEES T HPV HH UL R ELT=,

4. WARETE-FHE

HBV & HPV [Zx{9 % APOBECs DtV AILRiEME off-target ;EEZ . SHHDBITR(FHE
ERICRETETHEEMIRR. BERLANILOBINR . IORETIL. BERELZ R T HERKR
AR TIET 5, IHEEMBERETIRETILTIL, HPV16 45 HBV NERIL TL\S MO
AEFREDAIIRAZAH VIR FEYMENIZEYET  CORRE. 154 APOBECs MEM(HIR)
DHYELOZFHFEYHL, JMILREE L off-target ;EMFEET S, APOBECs RIZA A
IWRAEEHEBEITNITIMVMILRFEENHLHEHIET 5, F1- APOBECs HIRMT/ LIBEANLTE
F45/LERY DNA BERERIGERET NIL off-target NRMNBHBLEIMTT D, SHTHEDL
N-FEREHEEHIEL HPV/HBY D RRE M EIOIEMHIZEH1T5H APOBECs DIV M ILRE M
& off-target JEMEZERD . FERFEDOZ LU MHEEL,
M EICVMNNRAERNECSTNSIEEMAIRZRALNT, APOBEC DRBLNHDHEEEELE
DEBEDFEMZNIEY. DMLREY. SHEEEETET 5.
(2), APOBEC DREBENHHHMAAMSFENT=V (LA DNA DEFIEHETLERMEERDOEE
ERHET 5, SLICHMDEENEDEERET 50 HD5. HOEENSFELERLNGWNEE(E.
ZDIAIJLA DNA ZRDHMIAICEB AL, EfEH HBY FIFEE T CHETEOINERET D,
(3),24 LR DNA [ZHEZ 5 DNA t]#i% DNA YT —H—T3H 5 gH2AX THRET T . F=fHA
FNT-VAILR DNA ZHH IOV T T 5, F7-1FA DNA HEM PCREZ VN7 YTTE
nIL, MR ELTRLEL,
DEBFEDEEFED—IIVREITI,
B)ETEDESREBHUOYUTIVEEE YU TILELLEL APOBEC DHRBEDHEEEHAS, 7
DADZ CHMRERBEZHEBTRET 5,

5. AR FERME
(1), APOBEC A2 /371& HBV ° HPV 2L THI I A ILRAFENBHEDH ?
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HBV 28U\ TIXIn A ™A LR DNA BA%, 121 HBV & . jzﬁﬁ;’r;"f L
/ cccDN,

RIENFREECHEICER T D-HODIVRIT7 75— para _ hypermutate >
THAIENHEMIZH MO TS, #€oT APOBEC A F“”‘l"" \'\ W
HBV ISR AV REMEERLIAVARERTSERD sfbnts = [’apoaecss\ /%
ESNERIBHZEL, HBY BRLREFEMTHLETE 2 X

\\

g \ ‘ L.
@° @

EECHE. TOCEMIREREEMBTHBY 2 | VD) — Dl
MENBESICLEERREAVT HOALRERS sl
HoN TS 2—JzOVEZOHMBIZIREL APOBECin#F’q#«szDNA
APOBEC MR IE#FEI -, FDHRE(4—TO [ChypermutationZ#2_7 .

(PNAS 2013, Plos Pathogens 2013, FEBS letter 2013)
VIZKYIAIWART ) LICIEEHEEENERINVMIILABEEMET LTSI HIBAL .
RNA Fi5XIZTHE A D APOBEC AU /NI MERTELGNKIICFHERTEL THEMLIZESA,
APOBEC MA U A— 1O R 5 ICEHELREER I AEREBERTHLILEEZLEDT-,
RIZ APOBEC #HEREIC A THICHKIRIE TOSHEHBY DVAMILRAENMETTEH5ENHH ST,
INBDEKY APOBEC (&, VAL RABEERETHWINS A A—TJ O N R RS E
AT LEEBFESNLBARARENR S FTHY . EFE.HBV I/ ILADDNAIZERAL TV AL
ADEREBET HEZHLMN LIz, BEXRRIELSN TS HBY I/ LA EME— . #iEx
BEEERILAEL CNIE HBY ABRIZRMNELELVABRETH D, COBEEILEICHBY DML
ADHRET DNADERERETT L0, — A ZEDAIILADNAIZIFEANT, COHEEREE
X, AIREDIET DETMILRIERE DA LA DNA DO BUIA IV RAELEZMIAT 5L00555
RBHD, CNFETHEVAILADNA [TEATEIERIOCARBENRN FIEEFLAERREIN TS
Tahot=, 2T APOBEC DER RZFFHICAETLTI-&C A, APOBEC XV ILADFEEER
(TSN HHRREE YA ILADNA DALELTHEIAJLADNA [CLEHEEEREZEALTL
BENHM DTz, EHIZIE APOBEC A #%EIY A LR DNA [ZE--E3EEEED—EE. < B
EREDBEFEERRICKVFvIEILINTEY. VMILADNE LA NERLIBEI AT L
ZHFALTOSENHIBALIz, CRODHT=IZH M o=M R (L. HBY BEIE DREDEREEE
HI=HETHY. £z APOBEC BNINFETFONT Zofz HBV #E DA JLZ DNA [ZHF B
ANREEERTEVOIFHMREAHA WL AR EEE RIS L TEELGEEREZHLNT
51D THD, £f= APOBEC 773 —NDHTH RNA ~DFEMEAEB SN TLVS AID [Z2DUVT,
HBV 0 RNA ~DEAZERETLI=EZ A, AID @ RNA (233 2 EEFM(RNA fREFH)E A0
ELIhERXBELZ(CNhoDMRBIERBEREL),

(2) APOBEC M AIVRYT / LIZEREEAT HAENBHOMNLS-DT, TOLILEEICE
B ERENEENSNRETLTz, APOBEC NEALIVAIILREREMATLIAER . ZEHIm
MEEREIZEHBRELEEDOD ., FDESEIMILRIO—VIXEBIZH QYA IL R EEFREEIC
LEHOEREH DOENS Moz, SEID LLEREHIH APOBEC DR EHETT HRERICZH
LVTI&. APOBEC M EFIitEZE DA AREME I B EMIE o1, §4 . KU RHBE B TOR
BiERMNTEIND,
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(3),APOBEC [£™7 4 JL X DNA QRIS / L~DIBAZENTE2M? IAILAEHUIZEL
T4 LA DNA WNEEMEAD T/ LITHASNDEL, MDA MLEREEDDIEEZ LN
THEY. FITNREA—TVMIILAHPVIZL D FERETIE. TORIBOMBFTHNLEEN TS,
HPV 4 JLX DNA ¥ NI 79 5#iE% ALV T APOBEC N2 M4 )L X DNA EA RIG %
HBEMRELT=. YAILAY / LEADERIBIZ(E. 1 ILZ DNA DY & R4S/ L DNA
DY EZFNIZHLTIE DNA DIES A B IoRIFE5EL, S RIDOHZE Tld APOBEC & 5EE
EREEJALXDNA [THEDZENOMYISICTIE, Th DNA UIREZEN T 5B TH IR EE
EIRFHTHDIELZRBPL-, ZCOZEILX APOBEC A HPV 1 JLZ DNA [Z DNA H1#iE AN 55E
HNHEEETRT, LHOLDNABABRZ Y YL TOVRTHRIELIZA, APOBEC A HUAILR
DNA HAZENTHEWSEHIEEON G o1z, SEEARIGERIIT 5%, BREHMNEL,
SHRIYIVBREAEIEFTENIEL, CORGBRIFAATELIRIITH S, LALABRREIL HPV
JAILA DNA AR RICHEBAICRBUCHEKL . HR THRO THRAREDER S R IETdHS DNA
tN#iE APOBEC AMEAHATREMZIRRLI-ERRVVHIR TH D, ARG DEFEHNED L HPV
HA TR OBREICDLEASEAREEAEFLETFIC, SEBMRIE HPY BHUICEIT5HT=
IEATREMEE IR R LT,

(4) APOBEC E4 &Y/ LBIEFEREAICDNT, HPVI6 ZHRMUEFEEEEEMMTETIL
T.APOBEC D;EM D HHIFLEVEF T, A LOHBMNIEHSN TS P53 & c-Myc BInF
DERERERETLTz, AID/APOBEC DHEIFLVAI/LADNA DEHEERAREEDERGLEHE
B3 . c-Myc & P53 DEHEELERIFRE LGN >fz, VM/LADNA DESEEERLIEEREIC
REEHAR D7/ L DNA [LELEH) APOBEC D IEMMNSFON TS ELRE T HIERELST=,
(5),AID/APOBEC D FEHELDMEM, LIRERY T ILEBRKRE 2 IZH (T, AD il TRESR
BL.AD DRBELERR D EDHEBERELIz. ZOHEREAD OB BOEMEELHEREL.
AID B —h—IZHYS5FE L Hh oz, £ HPVI6 BHEDF EBERTERECIND YT
JLO) DNA ZFARTHER . HPV16 [C APOBEC DEMNERE THIEHMELTEFRB L=,
APOBEC W ETILEEBRDA#LH5T . ERDRERAETE HPV /)L A DNA ITERALTLNVSZE
ZEASHAICLTZ, QDAL A DNA IEADETLEESHLI=H'. APOBEC DESEHELET
DNA YN EH T DA BN HSD T, CINI TORIATIAI/LADNA DEHEELEDEHIT.
L1 EEIAILA DNA FEA RIGD—ERE APOBEC MEMLTWAEEREL-, ChODHE
(& HPV FEFFH(Z APOBEC ' E5TH5ELZRBLTHYERENEEZ S,
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Epstein—Barr virus latent membrane protein 1 induces cancer stem/progenitor-like cells in
nasopharyngeal epithelial cell lines.

Kondo Satoru, Wakisaka N, Muramatsu M, Zen Y, Endo K, Murono S, Sugimoto H, Yamaoka S,
Pagano JS, Yoshizaki T

Journal of Virology. 2011 Nov;85(21):11255-64. Epub 2011 Aug 17.
http://www.ncbi.nlm.nih.gov/pubmed/21849440

RNA editing of hepatitis B virus transcripts by activation—iduced cytidine deaminase

Liang Guoxin, Kitamura K, Wang Z, Liu G, Chowdhury S, Fu W, Koura M, Wakae K, Honjo T,
Muramatsu M

Proceeding of the National Academy of Sciendes U S A. 2013 Feb 5;110(6):2246-51.

Role of Activation—induced Cytidine Deaminase in the Development of Oral Squamous Cell
Carcinoma

Yosuke Nakanishi, Satoru Kondo, Naohiro Wakisaka, Akira Tsuji, Kazuhira Endo, Shigeyuki Murono,
Makoto Ito, Kouichi Kitamura, Masamichi Muramatsu, Tomokazu Yoshizaki

PLOS ONE, 2013, Apr 25;8(4):¢62066

Uracil DNA Glycosylase Counteracts APOBEC3G-Induced Hypermutation of Hepatitis B Viral
Genomes: Excision Repair of Covalently Closed Circular DNA

Kouichi Kitamura, Zhe Wang, Sajeda Chowdhury, Miyuki Simazu, Miki Koura, Masamichi Muramatsu
PLOS Pathogens 2013, May 9(5):e1003361

I[gG and IgE collaboratively accelerate expulsion of Strongyloides venezuelensis in a primary
infection

Makoto Matsumoto, Yuki Sasaki, Koubun Yasuda, Toshiyuki Takai, Masamichi Muramatsu, Tomohiro
Yoshimoto, Kenji Nakanishi

Infection and Immunity 2013,2013 Jul;81(7):2518-27

Concerted action of Activation—induced cytidine deaminase and uracil-DNA glycosylase reduce
covalently closed circular DNA of duck hepatitis B virus

Sajeda Chowdhury, Kouichi Kitamura, Miyuki Simadu, Miki Koura, Masamichi Muramatsu

FEBS letter 2013, Sep 17;587(18):3148-52

Interleukin—1 and tumor necrosis factor—a trigger restriction of hepatitis B virus infection via a
cytidine deaminase AID

Koichi Watashi, Guoxin Liang, Masashi Iwamoto, Hiroyuki Marusawa, Nanako Uchida, Takuji Daito,
Hirofumi Ohashi, Kouichi Kitamura, Masamichi Muramatsu, Tomoko Kiyohara, Ryosuke Suzuki, Jisu
Li, Shuping Tong, Yasuhito Tanaka, Kazumoto Murata, Hideki Aizaki, Takaji Wakita

The Journal of Biological Chemistry 2013, Nov 1;288(44):31715-27.

Low affinity IgM antibodies lacking somatic hypermutations are produced in the secondary
response of C57BL/6 mice to(4—hydroxy—3—nitrophenyl)acetyl hapten

Akikazu Murakami, Hayato Moriyama, Mina Osako—Kabasawa, Kanako Endo, Miyuki Nishimura, Keiko
Udaka, Masamichi Muramatsu, Tasuku Honjo, Takachika Azuma, and Takeyuki Shimizu
International Immunology 2013 Nov 27; 26(4):195-208

APOBEC3 deaminases induce hypermutation in human papillomavirus type 16 DNA upon
Interferon— 8 stimulation




H=X21

Zhe Wang, Kousho Wakae, Kouichi Kitamura, Satoru Aoyama, Guangyan Liu, Miki Koura, Ahasan Md
Monjurul, Iwao Kukimoto, and Masamichi Muramatsu
Journal of Virology 2014 Jan;88(2):1308-17

(fBEFH—EHFREL) &

Zhe Wang, Kouichi Kitamura, Miki Koura, Satoru Kondo, Tomokazu Yoshizaki, and Masamichi
Muramatsu

APOBEC3 deaminates the E2 gene of human papillomavirus—16

The Waksman Foundation of Japan Inc. Report of researches in 2010
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Uracil Excision Repair Pathway in APOBEC3G-edited Hepatitis B virus Genome]. ®&iRT.
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IEEME . FED. 2011.11.27-29, BAREZS

BARSFEMFEESE N RBFZFD RS L/ ZREBNAEYRES RIS L Guoxin Liang,
F'AID suppresses hepatitis B virus replication and induces hypermutation in virus genome]. ;R

. 201152526, BAD FEMER/TRKE

cBARECFELIIEZEBKRZS. Guoxin Liang, TAID suppresses hepatitis B virus replication and
induces hypermutation in virus genome ], $;R 1, 2011.5.28-29, HA St & bETE/ERK

=

-JUMS2011, XV International Congress of Virology.” 5 59 BB A (I AZ 2 HESEER
& . Guoxin Liang. [ AID suppresses hepatitis B virus replication and induces hypermutation in virus
genome . ¥LIRTI. 2011.9.11-16. International Union of Microbiological Societies.” BZA™IAJL A

24 A,
=

-5 40 A A A REZSZMESR. Guoxin Liang, TAID suppresses hepatitis B virus replication and
induces hypermutation in virus genome|. FEmi. 2011.11.27-29, B AR EZE

BARSFEMERE 11 MEFLURDIL/EREEDAEMES VRIS L, Zhe Wang,
APOBEC3 deaminates E2 gene of human papillomavirus 161, &R, 2011.5.25-26, B XS F 4%
MER/ERKE

HIRKZNERFZER VRI DL Zhe Wang, [Deamination of human papillomavirus 16 E2
gene by APOBECS3 proteins ], &R, 2011.1.30, £RKXZF

ERKEMERZERL VRIS L, Guangyan Liu, TAID suppresses HBV replication and
induces hypermutation in virus genome]. &R, 2011.1.30, &R KZE
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*The 4th Japan—Korea Joint Symposium on Recent Advance in Medical Science, Masamichi
Muramatsu

oral : invited TAID/APOBEC DNA deaminases hypermutate viral genomes of papillomavirus—16
(HPV16) and hepatitis B virus (HBV)], Kanazawa, 2012.11.7, Research Center for Child Mental
Development, Kanazawa University

-International Meeting on Molecular Biology of Hepatitis B Viruses, 2% % —,
lUracil-DNA Glycosylase (UNG) Counteracts the Hepadnavirus Hypermutation and Restriction
Induced by APOBEC3G ], Oxford, England, 2012.9.22-25, Hepatitis B Foundation

The 4th Japan—Korea Joint Symposium on Recent Advance in Medical Science, E% 5% —,
[Uracil-DNA Glycosylase (UNG) Counteracts the Hepadnavirus Hypermutation and Restriction
Induced by APOBEC3G], &R, 2012.11.7, Research Center for Child Mental Development,
Kanazawa University

EE0EABARVAILARZEEMER, ESHE—,

MERFREISEMIEX APOBEC3G M EIE#EIT B BF A VML REERFEBBELIAIILRERIC
F595.,

K, 2012.11.13-15, BRI ILRAES

‘E B EBANFEYERESR, ESHRE—,
MEEREBEIEL APOBEC3G MEIEFHEIT B B R IAMILARY /LAEHEELZEEEET
%1, 8/, 2012.12.11-14, BAS FEYES

*The 4th Japan—Korea Joint Symposium on Recent Advance in Medical Science, Satoru Aoyama, a
I APOBEC proteins introduce hypermutation in Human papillomavirus 16(HPV-16) viral DNA
triggered by IFN stimulation], £iRT, 2012.11.7, Research Center for Child Mental Development,
Kanazawa University

BAREILFERILERZEREE 30 BFEE KRS, Zhe Wang,
lHypermuatation of human papillomavirus 16 viral DNA by APOBEC3 proteins], &R, 2012.5.26,
BARLE{EFESIERER

-5 60 B HARVAILRAEREMESR, Zhe Wang,
I Hypermuatation of human papillomavirus 16 viral DNA by APOBEC3 proteins 1, XK,
2012.11.13-15, BRIAIILRZESR

*The 4th Japan—Korea Joint Symposium on Recent Advance in Medical Science, Zhe Wang,
Hypermuatation of human papillomavirus 16 viral DNA by APOBEC3 proteins], &R, 2012.11.7,
Research Center for Child Mental Development, Kanazawa University

FE3RIFENARNASIVERL VRS L KEREENAENEL R L, Zhe Wang,
I Hypermuatation of human papillomavirus 16 viral DNA by APOBEC3 proteins |, € iR 1,
2013.1.24-25, £ RKENAERSIEHBIZAT

* The 4th Japan—Korea Joint Symposium on Recent Advance in Medical Science, Sajeda
Chowdhury,
I Activation— induced cytidine deaminase and base excision pathway induced hepadnavirus cccDNA
degradation], € ;RT, 2012.11.7, Research Center for Child Mental Development, Kanazawa
University
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