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L233P mutation of bovine leukemia virus (BLV) Tax protein

correlated with leukemogenicity.

SUMMARY

Bovine leukemia virus (BLV) can be divided into two categories based on the
amino acid at position 233 in the Tax protein, which probably plays a crucial
role in leukemogenesis. We show here that a rat fibroblast cell line stably
expressing L233-Tax formed significantly larger tumors than P233-Tax-
expressing cells in a murine xenograft study. Although the microvessel
density was comparable in both tumors, visible blood vessel invasion was
observed only on tumors from L233-Tax-expressing cells. Endothelial cell
tube formation assays using human umbilical vein endothelial cells showed
no significant difference in angiogenic activity between conditioned medium
from L233- and P233-Tax-expressing cells, whereas in vitro chemotaxis
assays revealed that only L233-Tax-expressing cells produced a
chemoattractant for endothelial cells. Since pathological neovascularization
can occur from the recruitment of endothelial progenitor cells, these results
suggest that L.233-Tax-expressing cells recruit murine endothelial progenitor
cells and promote neovascularization to support tumor growth. BLV-infected
lymphoma cells may also recruit bovine endothelial progenitor cells to
promote neovascularization. The findings of this study are consistent with
our previous observation that BLV carrying P233-Tax has a significantly
longer incubation period for developing tumors than the virus carrying 1.233-

Tax and provide insight into the function of Tax in leukemogenesis by BLV.
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ATL Adult T-cell leukemia

BLV Bovine leukemia virus

CM Conditioned medium

CT Threshold cycle

DMEM Dulbecco’s modified Eagle’s medium

EBL Enzootic bovine leucosis

EDTA Ethylenediamine-N,N,N*,N*-tetraacetic acid
FCS Fetal calf serum

GAPDH Glyceraldehyde-3-phosphate dehydrogenase
HBZ HTLV-1 basic leucine zipper factor

H-DME Ham’s F12 medium:DMEM (1:1)

HTLV Human T-lymphotropic virus

HUVEC Human umbilical vein endothelial cell

HIF Hypoxia-inducible factor

LTR Long terminal repeat

miRNA Micro-RNA

MVD Microvessel density

NHEJ Non-homologous end joining

PBS Phosphatase-buffered saline

PCR Polymerase chain reaction

RFU Relative firefly luciferase unit

TAE Tris-acetate-EDTA

TEC Tumor endothelial cell

Tris 2-amino-2-(hydroxymethyl1)-1,3,-propanediol

WHO World Health Organization
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EHIMIE 7 A v A (bovine leukemia virus: BLV) 1%, #7795 M 4F B IR
(Enzootic bovine leucosis: EBL) ®JFEKRTHY, L ha v A /L ZAF (Family
Retroviridae) , /v~ b oA )L AHHE (Subfamily Orthoretrovirinae)
FIa L b A )L AE (Genus Deltaretrovirus) \Z/¥E S, v T U
o SERFIME Y 4 L A (human T-lymphotropic virus: HTLV ) (2 s CiFig
RTANVATHD., ANV ML b TAVAERICIE, TAX L FarTA LA
DOMIZ=T F U DOAMKE T A NVARHBE ANV AL G T V7 7 hayA
NV AJ& (Genus Alpharetrovirus) , ¥~V AFLMNA VAN AEGL_X—4 L
a7 A )L AJ@ (Genus Betaretrovirus) , Y/ % G T XL HEIC A MR <2 A fE
PRl T~ brvuA L A)E (Genus Gammaretrovirus) , faDH
fEo A NV A EgGheA 7 vrr b ha vy A ) RA)E (Genus Epsilonretrovirus)
LRI PREAEYA VA EZ GV F U AL RA)E (Genus
Lentivirus) WSS, —F, 27—~ L ra v A L 2HF (Subfamily
Spumavirinae) , 27—~ A )L A& (Genus Spumavirus) \Z/EEN5
A NATHE A OB DHBES LD DY, EALD OfE EITKT DR IEME A
HcH s (Fig. 1).12)

LhroArAE ) i RNA 2 50 F4%2 7 7 58 LTHL, 15 FEMARICK
Quth, BHOWIRGHRIZL > TZD RNA 2882 DNA (Fr v A L R)
EERTH. EORE, Tu A RS ) AOMEEIZIE long terminal repeat
(LTR) &FEIEN LMK LESINERIND. IRWT, 4T 77 —EIZ
Lo T7r v A /L 2DNA 15 LML 7/ & EIZHA L2k, 15 EDO RNA R
VAT —=FBIZLoTUANVAY 7 L RNA B XU mRNA BERE I T 1%
TANZDEBITOND. —J7, EES ) A EOTm T A LA b iR
IZXk o Cav—HEzEeT.
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HTLV2 Delta Orthoretrovirinae
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FMULV
1 |1_ GalLV Gamma
0.78 L keRv
SPUMAhuman
! FeFv Spuma Spumaretrovirina
ﬁE SPUMAequine
SPUMAbovine
0.2
Alpharetrovirus RSV Rous sarcoma virus
Betaretrovirus SRV2 Simian retrovirus type 2
JSRV Jaagsiekte sheep retrovirus
MMTV Mouse mammary tumor virus
Gammaretrovirus FMULV Friend murine lukemia virus
GalLV Gibbon ape leukemia virus
KoRV Koala retrovirus
Deltaretrovirus  BLV Bovine leukemia virus
HTLV1 Human T-lymphotropic virus type 1
HTLV2 Human T-lymphotropic virus type 2
STLV2 Simian T—-lymphotropic virus type 2
Epsilonretrovirus SSSV Atlantic salmon swim bladder sarcoma virus
WDSV Walleye dermal retrovirus
WEHV Walleye epidermal hyperplasia virus
SNRV Snakehead retrovirus
Lentivirus FIV Feline immunodeficiency virus
HIV1 Human immunodeficiency virus typel
EIAV Equine infectious anemia virus
Supmaretrovirus SPUMAhuman Human foamy virus
FeFV Feline leukemia virus
SPUMAequine Equine foamy virus
SPUMAbovine Bovine foamy virus

Fig. 1. Phylogenetic reconstruction of retroviruses using

reverse transcriptase sequences. 3)
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WA 2L v oA NV AD T T A )VAY ) AL BLTR — gag— pro— pol
— env — 3'LTR OJE TEFIT 5. Misid LTR (X7 7 v 4 )L A2 DNA D15 £
fal 7 ) D~OFFARFICEE 2% E 2 £7- L, 5LTR 1LV A VA BIE T ORE
TrE——L LU THET . gag BI5FIXU A VAR DONEIREE Z /8
78, pro BInIiZ7 w77 —E, pol Bl IIWREGEHELLIOA T 77
—Y, env BFlEo o "o -T2 L RV a— KT TAT7 7B X
OHr~L b UuALAO—HIXEZMEONAR (cond BET-IZH
k425 vone Bl FEAL, TNLDOUAVANRFEEHWICEET 5L, A
R TEDOERIZ L > THWERI CAEEZ KT 5. —J, voncBis 1
EHLRWTANLRE, BREBVIRL, 7a A L ANEEMBO conc
BT ERICHEASNTIZSGAEICOR, T2bb, MBEHEWEBERHIO%IC
3'LTR OIEAIZ L » TEOEENIEMAL Sh, Mlao B EM 25 i 2
(Fig. 2).

BLV B L OB A T MdAMmE  (adult T-cell leukemia: ATL)  DJEA T
HHHTIN-1 2 &GieT VAL ha A LV ADTa oA )VAY ) A EIZIX, env
B & 3'LTR ORI pX & FETH 5 Ik FE T 5 (Fig. 3). ARfEEIZIH W
T RKROA—FT LV —=F 477 —aRna— K425 Tax ¥ /N7 'HT,
5LTR OO A NVABBTIED hT VAT 7 F_X—4—L L THRE
5 .48 5T, KE N7 BITMIE AR F & & Tk & il B AR - DR
T EnmbNn WA (Fig. 3) . 910 7=, BLV 3 X O HTLV-1 ®
Tax I% Ha-Ras % > /X7 H & OHLRBUZ L o TT » bR VEERME I 2 JE 5
b4 %1213 L L |2, B TK 4~ by Y BAllaks L O + T Ml 4RI
THZENHESNL TG, 149



Sarcoma virus

Onc protein
Host genome
5 _‘ LTR | gag ~ pro ~ pol ~ env ~ v-onc | LTR : 3
Proviral genome
Leukemia virus cis-activation
1

Host genome
5 =—— TR | gag~pro~pol~env | LTR |—@ 3

Proviral genome

HTLV-1, BLV
trans-activation

l Tax

—| LTR | gag ~ pro ~ pol ~ env "~ tax | LTR }% % }— 3’

Proviral genome

growth factor growth factor
gene receptor gene

Fig. 2. Mechanism of canceration by retrovirus.

pX

a pol | tax
pro env

Fig. 3. Genome structure of BLV provirus.

HTLV-1 @ Tax IZMifafEME T Ml (CTL) O EHERERTH D728
Tax FEHMMITE EOREEEIC L > TESHICHEREND. 1D ZTD70,
FERRD ATL B3 O EF Ml <> ATL Motk Tl tax Bin F DA RS 57 LTR
DRKH DT AT NAIZ L5 T Tax OFBBUIRD LI WEENR LW, —
¥, 8 LTR ORERA F AL O BT HE S LTV, 1619 DIFTN S,
HTLV-1 ® (=) #8475 3LTR 0o #in & V' nE— % —IHFHIC L o> TIRE S
% RNA OFENRE SN TEY, 20 2002 42 Tax D b T VAT 7 F_—
va viEMAEME T 55 F & L C HTLV-1 basic leucine zipper factor



(HBZ) 23[RE & 417z, 2V Tax & 13720, HBZ 1% ATL Mifafks X Ot
JEE M Z & de HTLV-1 JEEDOFT R CTO AT —JICB W THRANRED b
% .22)

HTLV-1 13&Y 0 Z K HIHNZ 7 A )V 2R T DFEAENED D0, KEBS
[T YA A FE R IR IS T D Z L IC K o T A LR BRIET 5 .29 &
D%, Tax BEL HBZ ODIERHICE > T A VARG T Ml AR Y 7 a—F
VIZHIE L, KA TO U A VA a B —HE T, ZOWMBTY A /L ARG
FREIZ Tax I2 L 557 ) 285 DNA O A F AL ENEFEL, 7R h—v
AEPIESC A AL 53D, RNT, Tax BEL O HBZ IZ L5 U A VA

Juii i o FEFEAE I & 15 T O R E B IZ K D Tax BB O PERR & D [#] T A
WD T 5. ZTD X5 7RI T, R LT AV RGO H Iz
Tax (THRAF L7\ WEFEAEZ 43 L7 THIfR 7 o — U BT 2 &, faEic &
YRR 2 [EhE L CRE R ARE T RO b. 20X DI, ATL OFRIE
IZBWTIE, 7A VARG Tax 23, Tax ORBADBRBO LN 2D
LI CIE HBZ RO EIZH 5 0 LB H TN 5 .29

BLV X HTLV-1 (2 Tiltfx/e 7 A VA TH 55, ATL ORI 50-60
ETHDZ LT L, BLV IZ X 5 AR OLFHFln T 5-8 & & £ ORI
. F£72, ATL EEMAAN Tk HTLV-1 @ Tax (3% < K - RiEfbsh
TWAHDIZxF L, BLV B EIMBEAR CIERBIFIZEALERO LR, &
512, BLV T HBZ & "7 B0 # & 1372 <, FLTR Oifin & 7 n & —4
—IEMHIZ L D~ A T AEN DO miRNA OEERREINTWVWDIOHTH
%5.29 L7=h > T, BLV Tax OMEEAMEIT T2 L1E7 L1420 a2
O A IMIFERIEEE BT D Tax OBEIZ BT 59 ZOEBERETNVERD.

JEFIEA = —a v (5 2AORZEN, MIBE~DOEGM), 7uE
—Yay (HEMED RAEAL - B85S 7V OffERE), 7u /Ly gy (I
EHE - R EEEE) O3 BEEERTHERET .20 RIFEOF —F TiX, BLV
Tax ZFRAICHBLT 2 7 » MRAGHRMES M 2 B2 L TR Z 7 B3 E
EHMfa S ) DTG 2 D RN ONT RIS IR A ME R ERE IC 5 2 D B A T,
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Tax DA = T—YaryBLOR7FoE—a B3 %EEZHBILE. K
W T, Tax RBEMALEZ X — R~ 7 A FICBAHE L CHEB K EE
FARTCTaxBEHE O T 7 Ly va VBV TR THREZHNTLE
(2, Tax FEBLHIL A 23 W63 2 WRPER 7 DTEPEIZ DV TR L 72,



ZA
[1jii]

¥ 13 Tax @ in vitro \Z BT 5 JEEE M

1) =

FAEL B TANLADT T T A NALS ) A EICIE, env Bi5F & SLTR
DOFNCEFEORE 2 N7 E & a— N1 5% pX &I 2 S FEET 5. 27
FNHDIGL, I KOX LRI E Tax 137 v A /VAD BLTRICEFH L TY
A NABRTOEEFZEMEALT 5.48 I BT, cfos 78 & D1 EHBE A RE
BT R b — T ZAEE R OIRFICRE LY JF .91 7o, HTLV-1 B
L OBLV @ Tax [T HM THE LM DNAKRY A 5 —F¥I2X 5%/ 5 DNA D
HBEEEKEELILET S 2 L 29 Ha-Ras & OILFEHIT L > TT v MR ILHRHE
TR 2 SRR ER L9 5 2 L1218 X 5|2, Invitro TELENLE R T Hildk &
WYYy Bz R T 25 ERHREINTND. 19

UHFZEE TIEL, BLV I X 5 BlJRFEIEDOHEE LA LT 5720, 2EO
BWHEAERAET OW %1% T EBL OE P4 s I L T&72.29 ZDRE,
OBLV (% Tax @ 233 iz 7 X / f£lZ £ - T Leu233 (1.233) -Tax & & Pro233
(P233) -Tax iz 2 7y & (Fig. 4), @L233-Tax ¥ A /b A &G4 D EBL RIiE
Ao Ai L P233-Tax VA NV ADENITH 2B ERDAMAT DL
(Fig. 5), @P233-Tax 7 A /L A J&EY:4= 0 EBL %48 H 13 L233-Tax D%
MICHAREREICE W E2HR/E L8390 2 b oL, P233-Tax VA /L
212X % EBL OFERMIT L233-Tax U A /L AIZHANFEREICEWD & &Rk
LTW5%. T74bb, P233-Tax 7 A /L A1 L233-Tax 7 A /L AT b~ @I
PEAME W ATREMEZ R LT 5.

ARETIE, Tax ® L233P Z# & BLV OEEFEMENBEET H A =X L%
52023 5729, 1.233-Tax 88 L O P233-Tax & Fit I BT 5 7 v Mk
LR AE ML 2 BN L7, S b 2 H—n 7 L EBXIKENEICHE L, W Tax
X BMEES 7 Mt DS REE Lk L, Tax A BLV (2 X % A fLFE 5 IE O

7



A == a VIR T RE ZF AN, 61T, ERN = v =—JBa
BRI L0 7 Tax FEH L O &5 IEKAFVEHAAE &2 9, Tax 2RO~ 7 £
— ¥ a VTR EENC OV TRE LTz,

L233-Tax

P233-Tax ”‘“;3":

\JpFua 2
Caliit™

0.002

Fig. 4. Phylogenetic tree of the tax gene of BLV.3?
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2) MEHR LUk

(1) U pPIfERR A

2008 4 6 H KRR L O 2009 F 8 ARER RO RAWEAEMREITICE VT,

SHMEEO T OEEINT- Y O FREmB L OBREY > REICEKR S

T MRS A AN T2 SRR L AR R G A (WHO) o S W E  ian 0= HLf

IZHEV, TIRB LN 2 IRAESHICHRE U7z, sk #%, dLUmE R KPR D 1
R E R R BB IR L, A E T80 CTIRIFL .

(2) FEZMIZK DNA O

U VIR 5 O % DNA flitH 213 Kapa Express Extract Kit (Kapa
Biosystems) M7=, ¥ 72b b, EETK 10mg 2810 H L, PCR-grade
water 44ul, 10 X KAPA Express Extract Buffer 5ul, 1U/ul KAPA Express
Extract 1ul ([C% ¥ L 7=. B ¥% K % Heat block fastgene™ (NIPPON
Genetics) H1C 75°C, 10 /3 MIE L7=. WWT, 95CT 5 rRIME L, 55
Mg L7-%, EiE2E7~. Zhic, TE [10mM Tris-HCl (pH 8.0), 1mM
EDTA (pH 8.0) ] 200ul Z /1 %, MK E T—20C THRAF L.

(3) 774 ~—

BLV tax BI5 15 2 =7 Y O 5K 15 HIEITHMO 2B SN = R
> ATG 3 X O REESE BamH 1 §85kACH) 2 10 L 72 rTax Fw 38 X O 3K
30 M FLITARM A 72 RSN Xho 1 #BFELY Z N L 7= rTax Rv Z&itL, &
&7 7 A~y 7ICEFE LT (Table 1).

10



Table 1. Primers used in this chapter

Primer Nucleotide sequence
rTax Fw  5'-GGATCCGCCACCATGGCAAGTGTTGTTGGT-3'
BamH 1

rTax Rv. 5'-CTCGAGTCAAAAAAGGCGGGAGAGCCATTCATTTTC-3'
Xhol

(4) tax Bin1 DOHEIE
PCR %1% 10 X AccuPrime™ reaction mix (Invitrogen) 5ul, 10uM rTax
Fw 5 X O rTax Rv % 1.5pl, AccuPrime™ Pfx DNA polymerase (Invitrogen)
1.25U (0.5ul), VU > 7YPfER DNA 5ul ZiEA L, ek CE2E% 50ul
& L7z. iCycler (Bio-Rad) T 94°C 1 Zrfijim#tz, 94°C 15 %, 60°C 30 #,
68°C 30 OLUG%E 35 IV IK L7z, £ Dk, 72°C 5 3 THEMISZITV,
L233-Tax £ 7213 P233-Tax & = — R 282 M@ L 7=,

(5) 7Hu—RATF LBERIKE)

PREN AR IZ X 0. 1pg/m]l BAL=F T 7 & (Fk#iZk) % & T 1 XTAE %
E% [40mM Tris-HCI (pH 8.0) , 20mM EEfZ, 1 mM EDTA]% 7=, Fk @)
FA#EE# 12 NE-AGO1 (FastGene) % 1% (w/v) I8 K5I L CT
— 27L& ERLL 7= PCR PE# 5ul 12 6 X1oading buffer (TaKaRa) [30mM
EDTA, 36%2 V&V, 005%7 0E7 =/ —/7/—, 0.06%F LT
J =& 1l nx, KENHRE S Lz, kBB ERICR LT T —3A 47
SV DFEHE IR RIEUE 2 7 L, Mupid-2x 7kEh3 & (ADVANCE) %\ ¢
100V EHEET 30 mMkEI L. T U AA NI Rx—F— LIZFVEEE,
LAS-1000 UV mini® (FUJIFILM) % i\ Tt L=,

(6) DNA W o il
T Hua— AT )VEKUKEN T L BLV tax Bis WA % Wizard® SV

11



and PCR clean-up system (Promega) W CHR L=, 372obb, 7Hnm
— 2% A—sS—LED £ 2 —7 — (BioSpeed) -IZ{#X, £ 0.9kb 03>
REAATHYVHLZ. IV LV EFEL, 10 mg 2% LT 10ul OF|
£ C membrane binding solution % /1 X, 60°C CH /L3 @fiE+ 5 & THEE L
72. SV minicolumn assembly (27 /VEMRIE &2 RN, IR T 1 /7 MFHE L
.2 & 15000Xg T 1 fED L, DNA 24 7 AW E S 7=,
membrane wash solution 700ul T 1 [A], 500ul T 1 [FIPE#H T4, nuclease-free

N

water % 50ul Iz 7=. 1 pMI=IRICEE L7, 15,000Xg, 1 4o LT
K DNA IS = s L 7=,

(7) Tax FELT 7 A I ROHE

(6) TH B DNA IR 1pl 12, 10 XK buffer (TaKaRa) 1ul, BamH I
(15U/ul) 0.4ul, Xho 1 (10 U/pul) 0.4pl 5 K O ERE K 2 I 2 CT4e& % 10ul
& L,30CT 1HEMRIER, 3STCT—BiH{k L7=. FEEMEARE (5) BLV (6)
IZHEL, 7 e —AEXIKENCAE L T 0.9kb @ DNA #R L=, Zh b
% 1.233-Tax 35 £ (0 P233-Tax DNA & LU7=. BamH I /Xho I {E{LFBLT T A
2 F pcDNA3.1 (+) (Invitrogen) 84ng |24 Tax DNA %/l z, KRk T4o
B4 10pl IS L7=, Z11Z DNA Ligation Kit<Mighty Mix > (TaKaRa)
B2, 16°C T 30 4y MHEAS SUG 21TV, pcA95/1.233 35 X 1Y pcA95/P233
ZiFTz.

(8) KW D IEE i
KIGE JM109 ¥k > 7 > Riid (TOYOBO) 100ul (1 Tax FHL 7 7 &
2 R 5ul 22 OKHIT 1 FFE, 42°C T 30 B, & Sk T 10 4 BkiE %,
S.0.C. Medium [2% tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM
KCl, 10 mM MgCls, 10 mM MgSO4, 20 mM glucose] (Thermo Fisher) 100ul
N Z,37°CT1HERERESE L7z, 50pg/ml 7 > v ) & H LB RKEH[1.5%
(w/v) Bacto agar (Difco), 1% (w/v) NaCl, 1% (w/v) tryptone (Difco), 0.5%

12



(w/v) yeast extract (Fnje#is) [Ic¥&A L, 37°C T 16 Rifil55#E L TR E i
AR L7,

(9) 7723 ROKsH

TUEVY UM LB #REEM Foan =—%28E L, 50ug/ml 7 E Y
U Ui LB B:#i[1% (w/v) NaCl, 1% (w/v) tryptone (Difco), 0.5% (w/v)
yeast extract (FIYEHMEK) | 2ml (288 L 7=1%, 37°C16 FEffR% L 7=. 2,500 X
g T 4°C, 10 yfzE.0 L, Ik % Resuspension buffer [50 mM Tris-HC1 (pH
8.0), 10mM EDTA, 100ug/ul RNase A] 100pl (2% L7=. Z #uLiZ Lysis
buffer [200mM NaOH, 1% (w/v) SDSI% 100ul i1 L @Rtk ,=RIE T 5
rREERE L7z, SM FEfe v v A (pH5.5) Z 100ul #sin L CHRERFI%,
20,000 X g T 4°C, 10 Zrf#li.0 Lz, BiEIZ TE SR fafn 7 = / — /L % 300ul
Az THE#EA%, 20,000X g T4C ,10 pfE L L7 LW 1b6ml A 7 v
2—TWKEEB LAY 7Te ) —LEBXO 3M EiEET N Y v A (pH5.2)
ZENER 210u] I LT 30ul Nz THEREEFI#, -80°CIZ 30 4yl L 7-.
20,000 X g T 4°C, 30 4.0 L TR IEEIZ T0% =% / —/L% 50ul Il %,
20,000 X g, 4°C, 5 =0 LT, thfi 2 B2 g%, TE 10pl 2002 T=EIR
T 1 BFRSE L, SRR SER. 2D 2HIREEHE BamH 1 5 L O
Xhol T L L7=#%, Af B) [c#¥EL CT7 Hu—2ABKIKENICHE L, HIBRMH
BLIZ X 549 0.9kb O tax AR T DIFIE A fifEd8 L7z,

(10) HERINORE
BigDye Terminators v1.1 cycle sequencing kit (Applied Biosystems) ¥
X OV ABI PRISM® 310 Genetic Analyzer (Applied Biosystems) % f\ T
FBYN 2 RE L. HBHR~7 7 23 K DNA (150~300 ng), rTax Fw & %\ %
rTax Rv (IR E 3.2ng), 5 Xsequencing buffer 2ul, premix solution 4pl
IZRE R ROKZ N %, 2% 20ul IZFHE L 7. iCycler Z W\ T 96°C T 5%
[AIEAZEVE S H721%, 96°C 30 ), 50°C 5, 60°C 4 70 DA 25 Al Y K L

13



.

FOSEIZ 1256 mM EDTA B3 X 99.5% % / — /L& E 4 bul B
60ul Nz THEAENE A%, 306 T 15 /R E L 72. 15,000 X g, 30 47 ML L T
Bk E 710% =% J —/V Ol L, B4 72, Hi-Di™ formamide
(Applied Biosystems) % 20ul iz C95°C T2 /RIMMEN L 7=. K CTH AL,
ABI PRISM® 310 Genetic Analyzer Z H\\ /=% v &7 U —ESIKENTHE L
7=. DNA O HEd 5113 ABI PRISM310 OfHE Y 7 b & W THRE L 7.

(11) #uAa

7 v MRERMEDF  Rat-1) MIAIZEALFZFET AL A V=2 & —
MHIEALT., MIEOEEIZIE 10% 7 iR MiE (FCS) #iRmL -
Dulbecco’s modified Eagle’s medium (DMEM) (H/K) Z##iH L7=. Mo
i1 37°C, 5%C02 F TITo 72,

(12) Tax £5#5i36 Bl e o 8 37

pL233-Tax, pP233-Tax 3 L %t & LT pcDNA3.1 (+) % Rat-1 fifigiz
N7 A7/ LT, T 725, Lipofectamine® 3000 (Invitrogen)
1.5ul £ LTV Opti-MEM® Medium (Gibco™) 51.5ul Z#iRE LT =2 —7 %
HEL, 9 —FHDOF 2—7I121F Opti-MEM® Medium 50pl 12 77 A I R
WRIR 1pg/pl 3 X OV P3000 Reagent 2ul ZiRA L7- DNA®KEHE L. 2
N EEAL, |RIC 5 FkE Lz, IRAaTK 100ul 2 12-well culture
plate Nunc) I[ZRTH$EFE L, 70-90% = > 7 /L b & 72 - 7= Rat-1 ML
T L7z, 24 FEEIEE 3%, 10%FCS, 500pug/ml G418 &4 DMEM [ZE#: L C
5~6 MR L7z, b % L233-Tax B, P233-Tax FE M X
Ol & Lz, (EDRICKDHEEDRY 28T 5720, hF 27
=7 B bDFT =V LT ORBRICH L.

14



(13) V7% A 5 PCR

Trizol Reagent (Invitrogen) % T Tax Frfe 3 EHAMM H# RNA %
flitH L, Recombinant RNase Inhibitor (TaKaRa) 1pl (40U/ul) O{FLE
< DNasel (TaKaRa) 2ul (GU/pl) B ZITo7-. NEERE L L T
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) &+ % HAWi-.
Mgk RNA 20ul # GAPDH-Rv  (5-GAAGACGCCAGTAGACTCCA-3’)
B X O tax7808R  (5-GGACCATACGTGTAACCGGTC-3) i 0
SuperScriptll RT (Invitrogen) 1pl (200units/pl ) % H\\ 72855 K
ez fit L7~ (50°C, 1hr) . UV 7% A4 & PCR I%, CFX Connect Real-
TimeSystem (Bio-Rad) Z W TC~== 7 VM IZHEWVWFEHE L 7=. Sso
Advanced Universal SYBR Green Supermix (Bio-Rad) % > T Tax
cDNA OHIEIXM tax Bix 238 5 EERSNIHAN R 7 7 4 ~—xt
taxFw3 (5-GCCCAGCTACTTGTATTCTACCC-3) ¥ LU tax7808R %
WTHENE L 7. GAPDH ¢cDNA g o~ 7 A ~—121% GAPDH-Rv (5
CAACGACCCCTTCATTGACC-3) 5 L1 GAPDH-Rv % H 7o, &g
S DR BN A 2D D 7200, PCR EM T AAF M FR 34T I2 2 7. JEE 3 [
TV, A 7 VEfERE: (CT) 1% 3D 2 HW T Tax B QR E L~
% PR LTz

(14) LAR—=F2—=T v&A

L233-Tax & Bi/le, P233-Tax & BLilfa F6 & O %f Bl e & 45 ~ 5x10*
cell/well & 725 X 912 24-well culture plate (Nunc) (Z#f& L 7=. BLVLTR
DFWICARENNT T 2T —BBRFEFALEZL VR —F—_27 % —pGL-
LTRluc3® 0.45ug, WEfEHEL LTy I v A #1727 —E (Rlue) &
39 5 pRL-TK (Promega) 0.05ug ¥ £ O* FugeneHD® (Promega) 1.25ul
ZMMz, DMEM T 25ul & L7c. BMiZ, RIS 156 pRkE L, 80% =~
N kb7 ol Tax FHEMEIS L O RMRICHE T L., 7L — o z—
N—7T1oHiEGH%, 37CT 48 RFHEF &= L7z, 58 AR, U Wi
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AR (PBS; 137mM NaCl, 10mM NapHPO,, 2.7mM KCl, 1.8 mM
KH2PO4, pH 7.4) T 2 [FEIJE# L7=. Dual-Glo® Luciferase Assay System
(Promega) (ZIRft STV 5 Passive Lysis Buffer # 5 fFIZ#HR L, 1 XH
720 100pl ToMz 7z, FL—F v = —H—"T 15 MR L, #liuiE % A i
L7z, EWEZ 6O 96-well assay plate Nunc) (Z 75ul §° 2437 L, ¥ b
\Zf1 B @ Luciferase Assay ReagentIl %2 75ul 9 251 %, Tecan Infinite
M1000 (TECAN) # MW TR EELME L. TD%, 100 HARL L
Stop&Glo ## % 75ul MMZx T 10 oA Fa— KL, WEEHEL LTY
SVAL TN T 2T —BICLDREABLZIWE L. ok, LR—F—0DfE
PR E L TCHRINN T T =27 —BEEBEFOATTrE—F —% /K< pGL3
(Promega) # MW\ 7o, EBRIX 3 KT 2To7. KMl TROLNTEALT T =
—PBICLDBNELZ VI A X ITNT T2 T7—BIZLAREETEHRLTH
TUAT 2 v a VIREMIEL, VYT =T —BIEEE i LT,

(15) 7/ 2B GOk

Tax FEMILIZ I T 2 ZARE S /7 LHE T Trevigen 0 Comet assay kit
#4250-050-K) & H\W 7o B — a7 VERIKENE (2 Xy N7 v&Aa)
WEDVFME L2, T7bb, 4 Tax BIMIAEZ 0.25% kY 72 7-0.02%
EDTA T4# L, 10% FCS /il DMEM Ty L 7%, 3.0X 103 i % 37°CIZf#
FFL72% v b LMAgarosel50ul (25 L7=. Z vz mEKE T v FMIEN
—AA 7 Ta—hrLE1I0RATA KT Z7 X (6m¢) (Matsunami Glass
Ind. Ltd.) ([Z#E7-. T e —2X&@E Lk, AT7A4 RTF7XA%Fy hD
Lysis Solution (Z{ L, AT T 4C 1 RfEfiE L7z, 2T 4°C T TAE #%7#
HRIT 15 43iR{E TR, 21V T 30 o MESKBEI 21T o 72, IRVWNT, 2 [\ D K B
KiRiE (5 43fE) Lz, 70% =% 7 —)LT 30 /ofliAK L7z, 7 H e —AR
Tk &S 2 & &R L7721, SYBR™ Gold Nucleic Acid Gel Stain
(ThermoFisher) TYefa L, @ HMEE F T L7-. Imaged Z H\TA—

7 =AY 7 b =7 (OpenComet: http://cometbio.org/index.html) (ZHX
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DiATr, BB 7 vV EEZEFM L. 1 2T 4 RicoE 150 AR EH#H
EL, aXy NRHOEY I BALEEZRE 7 BLETHRL, 2ok Lz
tail DNA %% k¥ 7= (Fig. 6).

Fig. 6. Typical damaged DNA in comet. The DNA damage is quantified by
measuring the displacement between the genetic material of the nucleus
(‘comet head') and the resulting 'tail'. Tail Moment and Tail DNA% are
the two most common parameters to analyze Comet assay results. At least
50-100 cells should be analyzed per sample. In this experiment, Tail
DNA % was used. Tail DNA%= (No. of tail pixel/no. of total pixel) x100.

(16) IR 21 =—JBaEER

Tax FEHLM NGO 2 5 IR AAEMERTHRE 2~ 5 720, MERN 2 1 =—JEHk
AR 24T o 7o, Tax FELMIAL IS I OV HHEIL 3 X 105 i 2 0.3% agarose, 15%
FCS, 500ug/ml G418 Z&¢e 1ml ® DMEM (Z/%# L, T 0.5% agarose,
15% FCS, 500ug/ml G418 %/ DMEM % [f{lL & 7= 6cm ¥ v — LICHEFE L
7. 6 ML E%, MR CEMAROBEME T RE L, BRI /Tcan=—D
Wr i f& 2 Imaged (2 L 0 HIE L 7=,
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(17) #EFHENT

VIR—=F =T v A BLRaRXy N7 vieA DT —ZIX, FHHEEHER
TR LI, &7 — % OlIL one-way ANOVA IZX V1T, p<0.05 #H
BB LTz, BER 2w =— B RGEER O B ITNEA FRR E 1S L 0 Hlg L7z,
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3) FER

(1) Tax ©7 X/ FEELHI O RS
L233-Tax ¥ L ' P233-Tax & ¥ 8l 3 %<7 # —pL233-Tax 5 L O
pP233-Tax DAL 2 FH T #5 2R, M 1L Tax D 23317 I /a2 FRE
TR —OSZ 2 — 952 BRI,

(2) L233-Tax ¥ & " P233-Tax £7#¢ 3 Bl o fif 37
Tax233 L7 X / D Leu—Pro (1.233P) £ H 3% OFEHEIC KT T 5%
ERARDT0, Ty MRCERMESEMIIEIC L233-Tax £ 72 1% P233-Tax % %l
THTIAIRE NT U AT =7 Mk, G418 TR L, FAIMHMEH ok %
M tax B FICIR@R T I A ~—2 WU 72 A4 5 PCRICZEDY
ZNENOWEEZ 7. ZORR, pL233-Tax IBEIESIEMILIC I T 5
GAPDH mRNA £ XU tax mRNA @ CT fEIZZ N Z 4 14.19£0.119 B &
' 30.79+0.069 Th - 7=. FEEIC, pP233-Tax F T v A7 4 —~ > hTH
FAHENGIL, N1 15.48+0.639 35 L0 32.18+£0.255 Toh - 7= (Fig.
7). M EERMEICE T A NHIEER R OB & L tax B T ORT &
DFEACT IE, 16.60 3L 16.70 ThoTo. Lo o> T, W EEHEMIE T
FIZIFHEED tax mRNA NG INTWDH Z &MV ER SN, tax BI5 1%
GERVWNRIEZ—TO NI AT 27 v a il G418 Mt & 72 - 7= xR
AL ClX, GAPDH &5 178 X O tax #815 FIZRHGET D 7T A ~— THIME
ENTEWO CTHIZZENZH 17.38£0.394 B L ¥ 830.41£0.111 TH -
7z,
LInL22N D, tax BIR T 7 T 4 ~—\Z X 2 EMOfFEEdARIE, B 52N ”
RHDANIME—=T R LICZ EMOHRREM TH L Z LRI
(Fig. 8).
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Amplification

RFU (10"3)

L233
P233 :
&
Control :
2 A:GAPDH
B:Tax
_l; 16 E:E)ycles 3‘0 4i0 _ L233
— P233
— Control

Fig. 7. Quantitation of Tax mRNA transcription in the transformant cells.
In the present study, we carried out real time RT-PCR to estimate Tax
expression in the cells. A Ct value, which indicates difference of threshold
cycle number between internal control gene and Tax gene, in LL233 -Tax-
expressing cells was 16.7 and that of P233-Tax was 16.6. Since there was
little difference between the cells, these cells seemed to produce

comparable amount of Tax.
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Melt Peak
T

GAPDH 2000 |- __________ __________ __________ _________ E: _________ __________ ]

o
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-d{RFU)/dT
=
(=4
=

......................................................................

-d{RFU)dT

Tax

Temperature, Celzsius

— L233
- P233

— Control
Fig. 8. Melt peak of PCR products in the transformant cells. Although
some amplicons were observed in control cells using Tax gene specific
primers, their melting curves were different from those from Tax mRNA,

indicating non specific amplification.
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(3) L233-Tax $ L O* P233-Tax ® BLV-LTR (Z#$ 2 F T > AT 7 F_—
voa IR

Tax OFERENFEBL % fEFE L, L233-Tax 3 £ O P233-Tax @ LTR 2%} 5 5%
NI AT I TFR—=2a UEREARKRT D700, Vo7 2T —BEBIsFE M
Wl LIR—2—T vt A Z1To 7. fiFR% Fig. 912~ 7 . pL233-Tax B LW
pP233-Tax |2 & 0 B s L 7o Ml TR S e BRI, Thth
712.984+313.172 33 L 1} 1665.017+425.161 T - 7=. —J7,pcDNA3.1(+)
2 & B IO Z 1T 128.340£69.603 T - 7=. i Tax B E sk
AR IR A BICEWERZ R LT Z &0 D, 251 3HRERY 7 Tax
RIS BL L T D 2 E R S uiz. — 7, P233-Tax & BUAIAL I,
L233-Tax HIMILIZLEA_REEICH VY 7 = 7 —BiEME%Z 77~ L72. mRNA
DEFENMIFEFRETHS I OLT, LTRICHTH N T AT 7 F
N— g EMIT P233-Tax D BAEICEN-7-Z Linb, L233P AR
FV Tax DV A NVABEFICHT D NT AT 7 F_N—2 9 AEHEITIEKR
THZEBghol.
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p<0.01

2500

200 p<0.01 | | pe001

1500

RLU

1000

500

I

L233 P233 Control

Fig. 9. Transactivation of transcription from LTR. A luciferase reporter
gene assay was carried out to assess the transactivation activity of the Tax
protein directed to the BLV LTR. Rat fibroblast cell lines transformed by
pcA95/1.233, pcA95/P233, or pcDNAS3.1(+) were transfected with the
reporter plasmid pGL-LTRluc and the reference plasmid phRL-TK. Cells
were harvested 48 h later, and firefly luciferase activity was measured and
normalized to Renilla luciferase activity. Data are presented as the

average and standard deviation from three independent transfections.
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(4) Tax BHMIZBIT 547 7 208EE

DNA O#EIZITEIE DAL, [F—8# Ldb D WX M 04846, $Ho bk
BNHY, ZHUOITHEANIZET 2 AEBOEE T THLEFMICEL TS, A
ECEM LTS TTOa Xy M7 v A TiE, DNA O AU 23
5. Fig. 10 (2 Tax BEMEEL L O EMLZ =2 A > 7 v I L
Tk @ A R 9. W Tax FEELMIAG, <AL & © 12 DNA 24~ LT
W2 e, T AIROFEAICLY & 7 4 DNA O “ARKSEYIM N FHE X
NTWDRREMENN /R 7. OpenComet (2 K 2 @ & OFE R, M Tax 7 340
&b M L~ Tail DNA%DAEICKE 2fiz " LTz (Table 2).
L7eR 5T, Tax 177 A AL K D1E EMALS 2 25 DNA O ZR$H)
Wra e+ 5 2 L HER Sz, & 512, L233-Tax RIMALE L O P233-
Tax FEIMAL D) Tail DNABIZHE AR /- Z L5, L233-Tax
DI HEEML D 7 7 2 DNA IZ AREYIW2FRE LT VWD EEZ LN
7.
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P233

L233

Control

Fig. 10. Tax-induced DNA damage was measured by a comet assay. The
experiments were repeated three times. To obtain enough cell counts for
statistical analysis, at least 600 cells in each sample were counted. The

bar indicates 100um.
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Table 2. DNA damage in Tax-expressing cells

Tax Tail DNA %

P233 58.96+6.25 (n=639) ji
*
1.233 59.74+6.09 (n=687) *
s
Control 57.96+6.19 (n=646) —
* p<0.05
** p<0.01
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(5) Tax & B 0 & 45 FE AR A7 1 14 5l

MERAAAL Z bR < T _XToIEFMRIE, Mast~ Y v 7 2% 2512 LT
HGHS 5.3 LavL, DDAARIZHEWMIIRIZ R S 70 LICHTE S DRe 2 845 L,
RN AR L 70 D, ARB T Tax FBMIL O ML 2 5143 2 72 D IZHRFE X
NTOar=—JEleEL 7. £OFRE, WIho Tax FHBMILE K Ut
b ERN CTan=—%Fl Lz (Fig. 11) . i Tax HIHEME CIX
an=—HBBEEICKRERETRO N o7, —F, *HRME TIRER
20pm (1200pm?) 22 %5av =—0HIIA LD otz IRNT, =
n=—OWHEEERE L E Z A, P233-Tax % HMAE O KM IT 4,000-
8,000um?2 ToH » 7= DIk L, L233-Tax FHAME TiZ 2,000-4,000 F-F um?
WIEHEE CTH - 7=, —J7, M TIZ 1,000-2,000um?2 23 A TH - 7=
(Fig. 12). MEAZFO#R & DO fE 5, L233-Tax 3 BAMN & P233-Tax & BLHIE o [
THEBENRBOD LN, LR -> T, P233-Tax #E ML IE L233-Tax F& HLAl
BT HE TR IGIF KA MEETHRE S MWW 2 & b o T2,
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L233

P233

pcDNA

Fig. 11. Anchorage independent growth of Tax expressing cells. Tax-
expressing cells or control cells were seeded in soft agar to evaluate
anchorage-independent growth ability. Five weeks after seeding, the cross-
section areas of colonies were analyzed using Imaged. The assay was
carried out in quadruplicate, and the data presented are total numbers of
well-defined colonies in the four individual plates. The bar indicates

100pm.
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M p233 : 2
Control Cross section area (um-?)

Fig. 12. Frequency distribution of colony cross-sectional area in Tax-
expressing cells. The results show that P233-Tax-expressing cells formed
larger colonies (peak between 4,000 and 8,000 pm2 in cross-section areas)
compared with L233-Tax-expressing cells (peak between 2,000 and 4,000

nm2), although both formed colonies at a similar frequency.
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(4) B

ARETIE, BLV IZ X 25 ALK OFIEMNE 2B 57029 5729, L233-Tax
F O P233-Tax ZFifcAIICHBLT 2 7 v MRMEFFMARZ BN L7, £/, %t
A & U CTEDOIREBLN T X4 —T G418 itk & 7o -l a2 Wz, b
EaAAy N7 vbEABIOHER 20 =—BREBRICH L, FEMIS 7 A
~OEEGIE I L O R B O )& 5 IR AP A RE 4 Pl R L 7.

Tax OEREMI A 2 MR T 572, BLVLTR © Figicvy 7 = 7 — P i#Eis
FEFFALTC VR —F —_7 X — 2 HZMIZEAN LT, ZOREE, W Tax 3§
Bl 2 — TP E R U 7o IR 300 ORI Z B N BT @ WIS GO H 1
. LER-T, 2RO OMIETIE Tax ARSI L TW5D 2 & 2SR
STe. Fiz,P233-Tax #BUMEIE, L233-Tax R ELAILIZ LA REIZE VIV
V77 —BiEMEE R L, —J7, UTAF A A PCR TIX, M Tax 30
il T mRNA ODEE&EIZIZE AL EZITHEDO LN oT2. LIz~ T, P233-
Tax 1T L233-Tax IZHA_RTV A NV ABIBTFICHTDH T AT 7 FXN—v g v
BAEmNbLDEBEXOND. 5k, NTUVAT 7 TFX—a &MWL EfHIC
i 5728, @bt Tax JriAZ2ERL L TH 4720 OIEMEZ T~ 2 M2
N 5.

Ay T vlEATIE, FEMEICEWTL Y 20BER RS,
77 A K DNA OFFANIZ L > TIEFEMIBO T /) LR RLEEIZRY, ZAH
OB AECTEbDEEZ NS, Tax BT 7 X I R A S L7oMil Tl

% < @ DNA ORI D vz, HTLV-1 @ Tax 1315 EMiIE 0 5y 2k

LT N RBEOIN R T D Z Ll SN TS .30 BLV @ Tax bl
RICEES /7 LA ZAEHUZAELLSETWLIboEEIOLND. £,
L233-Tax 8Ll P233-Tax FHEMILICLL~NFGEICT /) LOBREH K E
Mol LN -> T, L233-Tax (X T VAT 7 F_X— g UIEHENMEWL—T7,
P233-Tax L0 LMY/ 2T 2 BERN/ RS W LRI LT,
TR OEEIZMHEEE D D W ITIEME R RS A (non-homologous
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end joining: NHEJ) (2 &> Tt d. LoxL722d5H, NHEJ TiE LI LI
WEDORBAEMEI Iod, BENERORINE 252 L13H 5. DNA HEOE
BICKRB UM CIET A N = ARFEINDL D, —EBIE bk iy e &
HERRBEICERT2EEX DN TNS. 35 L o> T, L233-Tax 13EE
fboA = — a3 2B WT P233-Tax ICHARKRE e Z# 2R -4 &n
R E .

BRI K =1 1 = — B AR R A il 0D S 35 IR A PR M B BB & B A 3~ & akBRE T
HY, in vivo \ZEIT DG AEE & X <HHBIT 5 in vitro DFEHRF L L TR
HDHILTWN A, 30 KUFIE T, W Tax BRI X OSHHIEOWT LS
S IERAF IR ERE 2 G L7 2 bR &Rz, L LAand s, RN C
[FEA 20pm X 5 &9 2 a v =—OFRBUBEE I Tax FEAMALIZ LT
O PICE o, MR T, 7 A~D T T AI ROFAICLD c-
onc BAnF OIEMAL, & 2 WIE AMEEIRF O REIC K0 25 IERAFNE
WAERE A S Lo b LivRv, —J7, Tax BH 7 7 A3 NI X 2 EER
PO CTIE 7 7 2 FRAIL K2 EITN A, Tax OEREHFIIZL > T=
n=—HBBENEMLZbD LB X bD. & 5IZ, P233-Tax B IX
L233-Tax HHEAMAPICHE_RFEICKREhan=—%Fl L. LT,
P233-Tax LML in vitro TiX L233-Tax F&ELAMITIZ Mo~ A3 &
bo LB ONS. P233-Tax i, HHO 7 2E— 2 2Tk L233-Tax LY
RERERZRTTREERD D.

ARFETIX, BLV @ Tax M8 EMIL 7 /) A ORRENRE L OE S IFER T
FHEED AT 512 < = &L Z/r L7, 1L233-Tax & P233-Tax # ik L7-& 2 A,
7 DOREENTILL233-Tax 7%, BHIFRAFMEIETERE AT 5- Tl P233-Tax
MEYDREBREE RS ERRBINT.
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¥ 2% Tax @ Iin vivo (2B 5 BERME & Tax FEEHIE A PEAE 3 5 R
T+ DOAEYIEM

1) f=

JEEIA =2 —2 gy, 7aE—ay, Yallbyiaro 3 BEs
RCHEST D, BiETIE BLV O U A )L ABGEMK 1 TH 5 Tax 2318 Ll
fan s, 5B X OV GIKEMEETER O B W T HEER&H 2 K-
T EERLE. EbIT, 7/ LA0EETIIL233-Tax 25, & 5K VEHTE
REfT 5Tl P233-Tax N LV RERE.RZFT L LRI NTZ. T7b
b, E DA == —2 3 LICBWTIE L233-Tax 23, Y RE— 3 T
BT P233-Tax N LV REREKEFEZRZTHDOLEZ LN, Inoue H
1%, L233-Tax % =— K4 % BLV I% P233-Tax Z 2 — R4 2% 7 A L AT~
EBL DO RINE O AIEEMEZ R L72. 30 BLV G40 % < I3 BEME IR
T 5, K13 T BMRAKRY 7 a—F VT LTV 2 BRI E % &
L, B%n»E/ 7 a—F /7 BHMRMEY R EE2FES 5. EBL O K55 T
X, £/ 70 —F V7B U U EMIIC KD SRERNELE L TREIND.

AR AR, B & RIER, RERB L OBFE O, &5 VITERE
MEB L O @mAbRFOP L AENEL T L. ZTOD, ZhOEIFT L8
RIMEREWET OLLEND D, £, 2O X5 2B ITEEOEEIZE
THEEREE Z2 RT3, 20 M R OIRZEIZEAF O ME D68 7= 72 L8 DTE
% (angiogenesis:M& H L) 12 x T, WEMIRD/UIZ X 5 H7- 7% o
JE ik (vasculogenesis JRE L) & 51030 LvL7an 5, ZubIZAERRE
WECAEBARETIIREZORONEHHICB N ToOARBD LD, —F,
G BCIRE L 8 38T AR R L TE M b S, BB OB A Fife 3 2 72
D72 70 M E N RS 2 FEGER IS8 2 S 5 200 R CUE, BLV B U o3
FE AR D AE R NI F 1T 2 B85 L OEIB T Ak & Tax OHEEED BIHE 4 B & 2
T 570, W Tax BEMIAZ X — F~ U AR TICBME L, £ L233P &£ 5&)
FAE T 5B 2 i~
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2) ik

(1) #Hha

% 1 % 2)-(6) THIL L7z L233-Tax ¥ L O P233-Tax %8l Rat-1 Mifa7s &
Nk HEAM I 2 10%FCS 8 X O 500pug/mL G418 ¥/l DMEM Thi# L 7-.
b b RPN EAIE (HUVEC) X PromoCell 72 S & A L, Endothelial Cell
Growth Medium 2 (PromoCell) TH;ZE L7, FEBRIZIT 5-6 fLAMR L7 H D
-,

(2) X— R~ A FBHER

4 > BALB/ C (nu/nu) v 7 A% CLEAJAPAN 2»5HHEA L, 13
[FlOBIE %, EBRICH L. R ToBYERIT, LiiEER K% FERE
BEOHARTA Db L TITole UKFBEFERHK 27T HE 55 083 7). 80%
a7y @ L233-Tax 3 L Y P233-Tax FEBLMIE A2 & ON &} R IE %
0.25% h YU 72 -0.02%EDTA T4 L, 10%FCS it DMEM Titif L 7.
DMEM (Zi&i# L 7=, 5X 106 45 4 10 LD~ 7 A DERIER B FIZHEHRE L 7-.
6 1%, 400pg/body weight g LL LD~ ho\)L X — L) R U 7 AR &
JEERNIZE G L T~ AELRF L. g Efitb%, ToEEZE L.
—{IE LA T DR MR LY s it LT

(3) Skt

JESE N O/ IS &2 5 720, mENEHil~— 7 —T&% CD31
xR E D E R b R B 2 T oo, T b b, B E
10% AL~V T 1LHRBEEL, 8T 7 ¢ A%, 3um 12 Y) U CREAY)
Fe Lz, fRX7 7 0%, Uhad 0.0IM 7 = U EEfEE R (pH6.0) H1 T
121°C10 S fEIINZEL L 7. 8% H02 & B e A & 7 — /11T 30 43 [HiZ{E L CNIKIME
SN F XU —BERIERE LT, 3% U IiET VT X U EETe PBS T
307 my s Lz, v~ X CD31 Hulk(# R, 1:50; Abcam) % {E
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A&, | TRRKRE L. iR, "= 77 4 v va -t F vy
— BRI Y % IgG fifk (Dako) % 30 /yM{EH S 7=, )W\ T, DAB +
Substrate Chromogen System (Dako) Z MW THE %17\, CD31 Hilk % i
ML UhE~AY— ~v bF U UK Cxe et Lz, ki
FYE TR AR BRI SE T IC RRE Lo, P BEMBI T T L, B—F
i% CD31 BBt D 7 T 2 5 — Z g & A 7p LTe. 40 {5 THlE OHET 5 AL
L% 3 » FNE&E L, 400 % F CHEBK 270 LT, BrhiE&EE (HohmE/
mm2, MVD) ZREL7=.

(4) M NEMIT = — 7 a5

HUVEC % Ao AR EBRIT 0 5 AR 55 8K 1 O in vitro## i % & L THEM
ENnb. 3D 80% =2 7T b L233-Tax ¥ 7-1% P233-Tax B E &
O REA I 2 PBS € 3 Bk L, Ham’s F12 (Gibco™) & DMEM % % &R
AL7-# (H-DME) ([C@E#: L7-. 48 FEfEs#% %, % (Conditioned
medium:CM) % [ ¥ L, i H % ¥ T-80°C T f# L 7= . p-Slide
Angiogenesis (ibidi) ® 4% ¥ = /L% 10ul ® Matrigel (# ¥ v 7% 5 356231;
BD Biosciences) Tliti7z L, 37°C T 60 s IE L TH b L7z, ZHhiZ, 50ul
D% CM IZHEE L7 2X 104D HUVEC 2% L 7. 20 BefE58%%, 5
BE%EE F TR L, Image J # i\ C HUVEC IC X W B ENZF 2 —7 D
REEWELE.

(5) EfbrERER

Endothelial cell Growth Medium 2 T HUVEC % 8 105 cells/ml |Z 7%
L, u-Slide Chemotaxis 3D (ibidi) DEZRFEMIC (4% S 7-. H-DME T 2
FYeH L=, %1 V¥ —"—% H-DME Tii7=L7=. RW\T, % 2 U &—
N—1T CM Tiiizz L, 37°CIcf8+: L7=(Fig. 13). fadff 25 LU= 8 mE ;2
JEFBMEE T C 60 43I 10 R E Tesg L, SMfaofiiEs hL—A LTz,
EALPERREOE, 10 R OB BS54 2 U B — S — i~ R Bl g
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D& LTHEEB L.

Conditioned medium H-DME
\ A —> C1oo Co
. A—)) Cross . 1mm__Bogum
s ~ section | PV
| , ‘ /blectlve lens 7
p-Slide Chemotaxis (ibidi) HUVEC

Fig. 13. Chemotaxis chamber used in this chapter.

(6) #tat

~ U AR BAEER R KOV e g, s N B T 2 — T A
BT — 2%, VFHEIEERE TR L. 7 — % OlEIL one-way
ANOVA Z MW TITWY, p<0.05 2 E & A7 Lz, EftEilior — 2137
A v ¥ — O IEMERFEREZ W THE L.
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3) FER

(1) X— R~ U RAE FBMHER

L233-Tax £ 7213 P233-Tax 5. 7 v M RAGIEHE ZF IO 3 X O i 5 X
1068 %, X— R~ U ZOHEME TICHME L7z, 6 %, W Tax FBLMILG
F O M 2 Al L 72T R T o~ v A THE B S 72 (Fig. 14). L233-
Tax FHMI L BE SNz~ 7 ADEL < TIE, REIZME Z M- 2 ABAIT
KEREENER S . —F, P233-Tax 3 EMa L O Mg L v B
A S AT O RN MAE LR b o7z, £, P233-Tax FEBLM A
KOEFIABRANZRTE DO DONRL o728, *HGHIE O Z VX IR I
LONRENoTz, JEEBEREZE L & 2 A, L233-Tax 5B B K E 5 o
Y E R 3.8320.77g (n=10) Th o7z DiZxf L, P233-Tax ZHLfldis &
U G Z = L€ 4 0.84£0.20g  (n=10) L1 0.33£0.13g (n=10)
Th o7 (P<0.01) . F7=,P233-Tax F&BUM A F A FEH & sk FEGH A B sfe e 35
DZ DM TIX P<0.05 THEZ%Z L7 (Fig. 15).
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Fig. 14. Appearance of tumor derived from BLV-Tax expressing cells. Five-
week-old athymic nude mice were inoculated subcutaneously with either
of the Tax-expressing cells or control cells. Images of animals at six weeks
after inoculation. The arrow indicates invasion of blood vessels. Six weeks

later the mice were euthanized and the tumor extraction.
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Fig. 15. Comparison of weight of the tumors. Tumors were excised and

weighed, and the data presented are the average and standard deviation

of 10 tumors.
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(2) SRk

RX— P~ U AR TIZIBR S NG NORUNLE 2 B3 5720, 1E W
BHIfA D~ —H — T 5 CD3L T D HUil & v 7o o ik b P e ta A 47
STz, FERmITH L MEOF I 5T, ] Tax FBHHREE L O
FEAM B TIX 2 B O /NS 28T X T O EBIC B W THLE &S iz (Fig. 16.).
L.233-Tax %8 Bl f > 35 PN O 30 1. 35 $e o0 SEEIE 1L 1100+ 190.8 (n=10),
P233-Tax F BN L O MR IZZ 24 1300+81.6 (n=10)3 L Y
1113.4%+63.4 (n=10)TH > 7=. L7223 > T, L233-Tax FE M, P233-Tax %
ELAM R I8 L O BRI A SR ESS ORI MVD OF B R Z TR b o Tz

(Fig. 17) .

L233

Fig. 16. CD31-positive cells in the tumors. Immunohistochemistry using
anti-CD31 antibodies was performed in tumors derived from Tax-
expressing cells or control cells. Representative images of three individual

sections are shown. The bar indicates 50 pm.
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Fig. 17. Comparison of microvessel density in the tumors. Single cells or
clusters of cells positive for CD31 were considered a vessel. MVD
(microvessels/ mm?2) was determined from three hot spots, and the data

presented are the average and standard deviation
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(3) F=a— 7B

X — R~ ARG 2 TR U 7o a8 45 8 A2 55 BIK 1 2 70 W LT
DN ERRD 20, b OMEE 48 FEfEG & L C#372 CM Z HUVEC
WL DT a—T7HARBRICHE Lz, ZO/E, W Tax IR D 2 Wikt
fR 57572 CM F1 Tl HUVEC 1% Matrigel BiIc X< S LizF 2 —7%
R L, M8 H RO EE & Lz, —J7, #Hifif7e H-DME # o HUVEC %1% &
WEF 2a—TRE Lol (Fig. 18). F 2 — 7 RO Y fEIL L233-Tax
FEHLM B BE, P233-Tax ZEBLMIIaRE, I MG oHE, H-DME # T2 £ 158.5
+15.32mm (n=6), 143.83+28.89mm (n=6), 94.33+16.79mm (n=6), 24.83
+4.8mm (n=6)Th>7-. HHDME HFTCTEKINTZT =2—7 I, WTho
CM FITERINET 2—T7RIVAEICEN >, W Tax FEMIMH I X
O P233-Tax F LM RE & <t AR 5157 CM O TlEF 2 —7 RICH
BEEIIRO DN o7, —F, L233-Tax FIMAREE & <t BAIIARE & o T
FHREEPRO LN (Fig. 19) .
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Fig. 18. Vascular endothelial cell tube formation assay. Endothelial cell
tube formation assays were performed using HUVEC and CM from Tax-
expressing cells or control cells. The cells were suspended in CM and
placed onto Matrigel in a well of a p-Slide Angiogenesis chamber slide, and
cell morphology was examined under a light microscope 20 h later. The

bar indicates 1 mm.
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Fig. 19. Comparison of total length of tube derived from HUVEC. The total
tube length in each well was measured, and the data presented are the

average and standard deviation of four individual wells.
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(4) EfLPERER

M Tax B L ORI E HIZX— R~ U AR FIZEEZ R L,
ZONEBOM/NE R R ERZITRO bR o7z. —J7, L233-Tax %
B e RIS D 7 C H B RTRE 2R ILE OFRA NGRSO bz, Z D72, &K
fud> CM Z HUVEC (2%t % b tEalBRic it U, s NGRS E o f
M2 G- 1 BRI BRdk L 72 HUVEC o %2 Fig. 20 (2779, L233-Tax
B B CM 2%t LTl 32 {80 HUVEC # 21 f# (65.6%) M IED &L
PEZ R L7z D2k L, P233-Tax FBAMILOZ A3 LTix 35 fEH 14 &
(42%) OHTH Y, HERENBD DT, S 51T, L223-Tax F& B LD
CM ffil~» HUVEC OB &) EOF-XIEIX 51.06117.64 pm T > 7= DITxt
L, P233-Tax B MO CM 1% L CTiX—8.16*-13.85 um Th o> 7=
(p<0.01). EALPEFEER O ik T, L233-Tax X HAIM CM Tl HUVEC 013
EAEDEFRICBE L TV DIZx L, P233-Tax FBLM a3 & UV B Az
» CM TlE£ < ® HUVEC B AFHTIC E & F > Tz (Fig. 21).
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Fig. 21. Comparison of specific mobility of HUVEC. Chemotaxis assays
were performed using HUVEC and CM from Tax-expressing cells or
control cells. Box plots showing the distribution of the chemotactic index
of the cells. Upper horizontal line of the box, 75th percentile; lower
horizontal line of the box, 25th percentile; horizontal bar within the box,
median; notch, 95% confidence interval for the actual mean; upper
horizontal bar outside the box, the highest datum still within the
interquartile range (IQR) X 1.5 of the upper quartile; lower horizontal bar
outside the box, the lowest datum still within 1.5 IQR of the lower quartile.

Triangles represent outliers not included between the whiskers.
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3) B

BLV @ Tax (X A MIAFHIEICEHERER 2 RT-TLEZLNTVWDLR, £0D
ATV E M S LTV, Mg TIELLLAT, Tax @ L233P Z 73
BLV OJF M & 3R < BE LT 5 2 & & i L7230 i C©id Tax O EHR
Pz fE B 7 LRGSR L OMER a o =— BRI L VFMEL, 1 =
vIE— g ICEBWTIEL233-Tax 28, 7 aE—3 3 2B W TIE P233-Tax
DIV REEL RTAREEL R L., KETITEREO v /Ly ra iZ
BiF 5 Tax OEENZH BT D72, M Tax FEHIAE I I O R AR 2 X
— R~UAEFIZBM L. E5i2, HUVEC #HWi=F = — 7 R E
K OEILMERBRIZ KX > THMRAEAT D RMER FOIEEZFMO L7, £ D
fiti B, 1L233-Tax R HLAALIX P233-Tax FELMIIE XL 0 2 L < K& 22 EE % Ak
THZEngmrole. MY Z < /NS REBEZIER L2, WO
SRS 2 BN IS DT HMUNLE R D ZITRBO b hoTc. —
Iz, BN CIRERE 75 SR+ (HIF) & & e e R B 19 72 SOGIZ K 5 il
5 1 N A (TEC) O & FiAE 3 #h 8 Sh 5 .39 7=, HUVEC # /= 5
2 — 7 IERGRBRIZ BV T, ) Tax FEBLM L F L OV Gl o CM T B Ik
DIEEZZL, T 2—T7REOAFEZEIT L233-Tax HILMIE & xHREME & D
MTROONTEDOATHoT. LEER->T, X— v URAKTFICERINTE
FE 5 HELEE PN O N LS BR B DRESR T 13 Tax D HE G130 VWb D L EZ ST,
F 7z, L233-Tax & P233-Tax M CIEENHEO N>, LTEeRn-T, Z
o O CRD b mEFH AT HIF 70 & OFEREAKRF23MEH L 7k
REEBIOND.

MEFEFLERE TITEZDNRD GNR N> T )i 577, L233-Tax #
e R U B 22 8 B O IRE TE R 2358 00 B LT TR B9 72 IR A2 T
BEFOMAE DD DRI BT Kb D VILE O IME N AT Z %53 5
ZEICL o THAL .39 HUVEC & W7 B bR Ofs 2R, L233-Tax %
BAIRL D BB G NZFESIME Z W LTS Z e RSNz, L7edis T,
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X— R~ 7 R S v7e L233-Tax FHMALIL, ~ 7 A O I8 PN Fi SR
fa % F1H OB e FEBSIC B 95 Z LI L o THHOIRE 2 Bl & &, K&
DRBRBLOMEOERBKAMHEL, BEZRESELbOEBZ26ND.

BLV @ Tax |%, 2N AJFEIE T cfos DIEMEALE X OT R b — 3 2Rz
1 bel-2 D 01D ZE LS OMER T ORI AT L, v Y Bk
% IL-4 FERIFPEICRIEAL T 5 .40 Tax I3 £ 72, DNA " ARSI D51 %2 fLE
L, T L > THilE DNA IZEERZEEIEL 2 ENRINTNDS.28 L
L7 5, Tax @ mRNA 13V RERAZIE A 595 BLV Y4 Clrdfid
T/H# (1/20,000 ) @ B il TR SN D DHTH D 4D JEFFIZH VT
HHRE L~V 3R 4249 Z D79, BLV &G U X ERIEIC K D BEE AL,
Thbb, 7as by vaiiiitsd Tax OFREIFIAHATH 7. RUFSET
B & 2T 7 o T2 i N EGIREE 51 IR 113 & < A oM s /34 5 721 ¢+
BTHY, Tax DFRBELEDDIRNE WS HE LT H LRV,

X— R~ A TR ERO S & EBL BRI S HEE Sz BLV O
RIEMHEIE L —HLTW, L7 -> T, L233-Tax VA VARGt B Y v
RJEFAE S 72 i E NI S I E & W L, T o o I PN B TR AR I &
FHolT D LIC ko TIRE TR Z 8 L TS O RR &2 L T % aTREME
NFRVY, P233-Tax I T v MEHEEFMIIG & [FIER, P233-Tax WA /L AEY Y
CoREMARIE, 1FE A S IENBMIATES I ME i L T L N HERI S
. DIz, PRETEEILHIR S 4L CHEE Ok X, EBL OBRBI
2 FLU PRS2 bDEEZOND. S BIT, HEMEME~OME DR A ILE
Bl O Rk~ OB 2 R 5127 5. EBL O8I, £/ 7 r—F L7
R X B2 MY RWIETH 5. L233-Tax FEEMAL A 239~ 5 I 5 PN 2
FoWEIEE O, Thbb s Ly a VICREREE A RS
EMRBEIND.
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ARFGETIE, EFRIIZ BLV ¥R & OBE N RIE I LTV 2 Tax @
L233P 2 A Tax FHH L O JEEFE M KT T 22 % in vitro¥ X O in vivo
WCEBWTHNT Le., ZO8%, LTOMmRE5T7.

1. Tax FEEMIAIIRBAIIIZEE RS ) AOBENPKRE o7, £, L233-
Tax (% P233-Tax (2t~ fE £ 2 ABEED &>, LIz - T, BLV
LD AMBERIEDA = = —3 3 > Tl L233-Tax 28K 0 K& 2 E|
ERETLDOLEEZ SN,

2. P233-Tax ZFEEHAMMIL, BKIE R P IZB W T L233-Tax EHMMW L KX 72
on=—%FR L. LN -o T, BEO7oE®—2 3 LIZBWTIE
P233-Tax DN K& kB2 R7-TZ LN REBINT-.

3. L233-Tax FEMIIL, X— K~ AL FICRKERME %Lk 2B %
Ak U7z, P233-Tax FE B HORIEIZ 1T A B/ S <, &2 EbRdo
7=. 1233-Tax ¥F#M1Z HUVEC IZx4 2% ME 25w L Tz Z &
5, L233-Tax (IMEBFAHAR~DIRETE R IZ B W TRE o &El 2 Rz b
DEEZEZ LN, Tbb, 1233-Tax [FEHEOT /Ly v a iz
THEREHNEZR TR INT.

BLV @ Tax i3V BHilREDC A = =—v a3y, 7rE—V 3 VICKE
PEEERZL, VRNEBEO T e S Ly v g L EEREEAE S Z L
PR ENT, ZNHOMBIZT AVE L b a v A VR XD E 5 E S
FEET 5 9 2 TR THM & B 2 b, ATL OIRFEIEFRFE~OIH b W
Eha.

49



o R

AMFFECER LT, WSROI 52K TRE, ZHiEZB Y £ LcduiE
EERRR LR G EITER Rl se 120 &L 0 PR G s L £

AL e FEEAE, BxOITYE L THREZHY £ Lo AbmEERRERT:
BedRoEmrZeRt  RENEER, NESLEEER, IR IR L B R

KWL ZITT DD, AR THERZH Y £ U dbimE ER K5
i RIERE AR 72 b NS TR S e B R IR S G L £ 77

ARHFFED A B 22 ZHRA N T2 & £ LRI R R A A AT, (R
RS IREREIZE TS OBRICE S BILH L LT £

AL DOHREL IR DML OBEICHIZVLEFEZ L L TIHOEBY, Ais
IRDMLDFRENTRGE L CWeZE L LIEBRZELE, WS ARLD

(CIRABE T S AR ERHE L £ 7.

Kim LT 2127y, THRETHNDETHTEILZAETOH XL X

VLA L BT ET

50



51 FH STk

1)

2)

3)

4)

5)

6)

7)

8)

9)

Weiss RA, The discovery of endogenous retroviruses, Retrovirology, 3, 67
(2006).

Sommerfelt MA, Retrovirus receptors, J Gen Virol, 80, 3049-3064 (1999).

Goff SP, Retroviridae, in: Fields Virology, 6th ed, Wolters Kluwer, 1424-
1473 (2013).

Cann AJ, Rosenblatt JD, Wachsman W, Shah NP, Chen IS, Identification
of the gene responsible for human T-cell leukaemia virus transcriptional
regulation, Nature, 318, 571-574 (1985).

Fujisawa J, Seiki M, Kiyokawa T, Yoshida M, Functional activation of the
long terminal repeat of human T-cell leukemia virus type I by a trans-
acting factor. Proc Natl Acad Sci USA, 82, 2277-2281 (1985).

Fujisawa J, Seiki M, Sato M, Yoshida M, A transcriptional enhancer
sequence of HTLV-1 is responsible for transactivation mediated by p40x
HTLV-1, EMBO J, 5, 713-718 (1986).

Sodroski J, Rosen C, Goh WC, Haseltine W, A transcriptional activator
protein encoded by the x-/or region of the human T-cell leukemia virus.
Science, 228, 1430-1434 (1985).

Sodroski JG, Goh WC, Rosen CA, Salahuddin SZ, Aldovini A, Franchini
G, Wong-Staal F, Gallo RC, Sugamura K, Hinuma Y, Trans activation of
the human T-cell leukemia virus long terminal repeat correlates with
expression of the x-lor protein. J Virol, 55, 831-835 (1985).

Arainga M, Takeda E, Aida Y, Identification of bovine leukemia virus tax
function associated with host cell transcription, signaling, stress response
and immune response pathway by microarray-based gene expression
analysis, BMC Genomics, 13, 121 (2012).

51



10) Currer R, Van Duyne R, Jaworski E, Guendel I, Sampey G, Das R,
Narayanan A, Kashanchi F, HTLV tax: a fascinating multifunctional co-
regulator of viral and cellular pathways, Front Microbiol, 3, 406 (2012).

11) Klener P, Szynal M, Cleuter Y, Merimi M, Duvillier H, Lallemand F,
Bagnis C, Griebel P, Sotiriou C, Burny A, Martiat P, Van den Broeke A,
Insights into gene expression changes impacting B-cell transformation:
cross-species microarray analysis of bovine leukemia virus Tax-
responsive genes in ovine B cells. J Virol, 80, 1922—-1938 (2006).

12) Willems L, Heremans H, Chen G, Portetelle D, Billiau A, Burny A,
Kettmann R, Cooperation between bovine leukaemia virus transactivator

protein and Ha-ras oncogene product in cellular transformation, EMBO
J, 9, 1577-1581 (1990).

13) Pozzatti R, Vogel J, Jay G, The human T-lymphotropic virus type I tax
gene can cooperate with the ras oncogene to induce neoplastic
transformation of cells, Mol Cell Biol, 10, 413-417 (1990).

14) Szynal M, Cleuter Y, Beskorwayne T, Bagnis C, Van Lint C, Kerkhofs P,
Burny A, Martiat P, Griebel P, Van den Broeke A, Disruption of B-cell
homeostatic mediated by the BLV-Tax oncoprotein: association with
upregulation of Bcl-2 and signaling through NF-kB. Oncogene, 22, 4531—
4542 (2003).

15) Kannagi M, Ohashi T, Harashima N, Hanabuchi S, Hasegawa A,
Immunological risks of adult T-cell leukemia at primary HTLV-I infection,
Trends Microbiol, 12, 346-352 (2004).

16) Taniguchi Y, Nosaka K, Yasunaga J, Maeda M, Mueller N, Okayama A,
Matsuoka M, Silencing of human T-cell leukemia virus type I gene
transcription by epigenetic mechanisms, Retrovirology, 2, 64 (2005).

17) Takeda S, Maeda M, Morikawa S, Taniguchi Y, Yasunaga J, Nosaka K,
Tanaka Y, Matsuoka M, Genetic and epigenetic inactivation of tax gene
in adult T-cell leukemia cells, Int J Cancer, 109, 559-567 (2004).

52



18) Koiwa T, Hamano-Usami A, Ishida T, Okayama A, Yamaguchi K,
Kamihira S, Watanabe T, 5'-long terminal repeat-selective CpG

methylation of latent human T-cell leukemia virus type 1 provirus in vitro
and in vivo, J Virol, 76, 9389-9397 (2002).

19) Tamiya S, Matsuoka M, Etoh K, Watanabe T, Kamihira S, Yamaguchi K,
Takatsuki K, Two types of defective human T-lymphotropic virus type I
provirus in adult T-cell leukemia, Blood, 88, 3065-3073 (1996).

20) Larocca D, Chao LA, Seto MH, Brunck TK, Human T-cell leukemia virus
minus strand transcription in infected T-cells, Biochem Biophys Res
Commun, 163, 1006-1013 (1989).

21) Gaudray G, Gachon F, Basbous J, Biard-Piechaczyk M, Devaux C,
Mesnard JM, The complementary strand of the human T-cell leukemia
virus type 1 RNA genome encodes a bZIP transcription factor that down-
regulates viral transcription, J Virol, 76, 12813-12822 (2002).

22) Satou Y, Yasunaga J, Yoshida M, Matsuoka M, HTLV-I basic leucine
zipper factor gene mRNA supports proliferation of adult T cell leukemia
cells, Proc Natl Acad Sci USA, 103, 720-725 (20086).

23) Igakura T, Stinchcombe JC, Goon PK, Taylor GP, Weber JN, Griffiths GM,
Tanaka Y, Osame M, Bangham CRM, Spread of HTLV-I between
lymphocytes by virus-induced polarization of the cytoskeleton, Science,
299, 1713-1716 (2003).

24) LAHM—BH, FafHERE. HTLV-I &R A, A VA, 56, 241-250 (2006).

25) Durkin K, Rosewick N, Artesi M, Hahaut V, Griebel P, Arsic N, Burny A,
Georges M, Van den Broeke A, Characterization of novel Bovine
Leukemia Virus (BLV) antisense transcripts by deep sequencing reveals
constitutive expression in tumors and transcriptional interaction with
viral microRNAs, Retrovirology, 13, 33 (2016).

53



26) Douglas H, Robert AW, Hallmarks of cancer: The next generation, Cell,
144, 646-674 (2011).

27) Sagata N, Yasunaga T, Ohishi K, Tsuzuku-Kawamura J, Onuma M,
Ikawa Y, Comparison of the entire genomes of bovine leukemia virus and
human T-cell leukemia virus and characterization of their unidentified
open reading frames, EMBO J, 3, 3231-3237 (1984).

28) Philpott SM, Buehring GC, Defective DNA repair in cells with human T-
cell leukemia/bovine leukemia viruses: role of tax gene, J Natl Cancer Inst,
91, 933-942 (1999).

29) Matsumura K, Inoue E, Osawa Y, Okazaki K, Molecular epidemiology of
bovine leukemia virus associated with enzootic bovine leukosis in Japan,
Virus Res, 155, 343-348 (2010).

30) Inoue E, Matsumura K, Soma N, Hirasawa S, Wakimoto M, Arakaki Y,
Yoshida T, Osawa Y, Okazaki K, L233P mutation of the Tax protein
strongly correlated with leukemogenicity of bovine leukemia virus, Vet
Microbiol, 167, 364-371 (2013).

31) Aruga H, The principle and applications of real-time PCR, Nippon Suisan
Gakkaishi, 73, 292-295 (2007).

32) Yin MJ, Gaynor RB, Complex formation between CREB and Tax enhances
the binding affinity of CREB for the human T-cell leukemia virus type 1
21-base-pairrepeats, Mol Cell Biol, 16, 3156—3168 (1996).

33) A=, MLHEIE S 7 F v D R G IR AEM I B 59 2 B i i k% & o %
7 B\ 5 WFZE. Nippon Nogeikagaku Kaishi, 77, 968-973 (2003).

34) Baydoun HH, Bai XT, Shelton S, Nicot C, HTLV-I Tax increases genetic

instability by inducing DNA double strand breaks during DNA replication
and switching repair to NHEJ, PLoS One, 7, e42226 (2012).

54



35) Matsumoto Y, Biological defense mechanisms against DNA double-strand
break and their possible medical applications, Hyomen kagaku, 32, 569-
574 (2011).

36) Gupta V, Knshan A, Zubrod CG, Correlation of in vitro clonogenic assay
data with in vivo growth delays and cell cycle changes of a human
melanoma xenograft, Canser Res, 43, 2560-2564 (1983).

37) LARERK, T, VEEFAH 1, AR, I RAE & i A - FrE s ek
2B AHFFE D -, J UOEH, 25, 409-417 (2003).

38) Pugh WC, Ratcliffe JP, Regulation of angiogenesis by hypoxia: role of the
HIF system, Nature Med, 9, 677—684 (2003).

39) Furuya Y, Okazaki Y, Kaji K, Sato S, Takehara K, Kuwana M,
Mobilization of endothelial progenitor cells by intravenous
cyclophosphamide in patients with systemic sclerosis, Rheumatology
(Oxford),49, 2375-2380 (2010).

40) Frie MC, Coussens PM, Bovine leukemia virus: A major silent threat to
proper immune responses in cattle, Vet Immun Immunopathol, 163,103-
114 (2015).

41) Gaynor EM, Mirsky ML, Lewin HA, Use of flow cytometry and RT-PCR
for detecting gene expression by single cells, Biotechniques, 21, 286-291
(1996).

42) Kettmann R, Deschamps J, Cleuter Y, Couez D, Burny A, Marbaix G,
Leukemogenesis by bovine leukemia virus: proviral DNA integration and
lack of RNA expression of viral long terminal repeat and 3’ proximate
cellular sequences, Proc Natl Acad Sci USA, 79, 2465—2469 (1982).

43) Tajima S, Tsukamoto M, Aida Y, Latency of viral expression in vivo is not
related to CpG methylation in the U3 region and part of the R region of
the long terminal repeat of bovine leukemia virus, J Virol, 77, 4423-4430
(2003).

55



44) Tajima S, Aida Y, Induction of expression of bovine leukemia virus (BLV)
in blood taken from BLV-infected cows without removal of plasma,
Microbes Infect, 7, 1211-1216 (2005).

56



