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E MTLEUHBZ N S VAV 2=y ZJATLRES VA ZHWELRES ) ABEITICL S
ATLRESE O BT

MAERRE : ZT REK FHAZ EER HE

MEEE

ENTHMEAMEY A /VA1E (human T-cell leukemia virus type 1: HTLV-1) (3%, K9 60 &
FEVWEBREMORIZ, —HOX* v U TIZEA THEAMR (adult T-cell leukemia: ATL) Z3[&EZ
T, ZOIZEE, ATLBABEMUOS ) ARESCT Y ) AREDERIC L 2 ZBRMEREPABEICES
XRIET B L BRERLTWS, HILV-1 D<A F Rz 73— F&h 5 HTLV-1 bZIP factor (HBZ) i
ETOATLMBETRR L THBY ., ATL MEOEEIZNETHDI EEZLND, HBZ-TGIET U
EBLULEEORELRET S, APE T ATL OFANY ) AMEFTB L OHBZ - TG 2D Y
VIOMED S ) AT VS ) ABER BB L, HILV-1 B b ATL BIEEELZH LT 5, ATL
O EREAETEE ZEBI(TCFS). EPCl. NDRG2, BCL11B. TSLCI/CADMI % RZE L7, NDRG2 i34 |
K5I A N L AREEBF ThHY PTEN 4 # /32 EE LT PP2A %V 24— b L PBK/AKT &4
{5 % PTEN U VBRI L O ARG T BIEEEED, ATLIZBWTEEERT L TE Y P3K/AKT 1F#
RERDOEFOEMEARDH V. Zhid ATL BEAH L 0 &5 HTLV-1 RSB H OBHKER TR S i,
CADMI BRI 13 NFKB /=21 fk7F U, HTLV-1TAX I2 & ATEMALAR R bvie, H25 4FE,
WRENRBMBATICL Y, HBZ-Tg B8 T MIATIHY b U BT 3 7 {LEEE Activation-induced cytidine
deaminase (AID)% 21— R§ 5 EEF dicda DFRBERTLEL TWVWDH Z & % R Ui, HBZ iX TGF-p/Smad £ %
BN LT dicda D7 e —Z —%{EHL Lz, £, HBZ-Tg iREAE L T U v/ EH RO AL H48 D
T Y — AEH T, G-to-A BLU C-to-T BREMPMDERITHE LEHEEICRD b, AID BHILEDH
EpgEpbhd, TROOFRIZHBZ L5 AID OERERRAAEERETORAEREFEL. BHALCHE
TR EEFERLTND, HBZ IZLAMEIIIS LIy ) A BB OREHERFO—2IZ2>TH
D HTLV-1 7 A )V AREIREN S ATL %;“L BOTEERRBEETAZLPTREIND,

4 L ATLIZBT A4 2 ABRFOBRE L REEEERET
oestE BEDHSREREAT
FEKZET A NVAGRET A Rk —8 DIEFRE A FAALHEAT .

BEEICS %55 %, Tllumina 2 F LT LA fEAT & 5E

A BREH 4
A THIAS B MR ATLIIHTLV-1Se & 0 B HE42 1R
THMFHET D EREAMRTH IR, 7/ LEED
EENE L, BRECEVEEEE 2T, Z0ok
HATLIZ BT B AMFREICIZHTLV-IERER T <
D7) LEE, =5 ARENERLSETICLD
RIENE 2 biLd, & HICHILV-17 4 /L AOHTLV-1

ket L, ATLREICEL A BRETFHLERET D,
Frfmy FFELE LT, AEEATLREE
HILV-1+15BE L, ThEZh2bEes V—hbi/—

| JEVR RNAY—Z U REF, SEAEROR
TE WA T T A ARE - A BRTEORTEITI,
2)F 7 B EE R FEE Din vitro, in vivoZEER

bZIP factor (HBZ) I THATL Hifgd THELL . ATLHE
BRI BHBZD ./ w7 ¥ U I HRASEIEZ HH B,
EBWIIHBZ FF Vv AV x =y 7= 7 ARTHEY v
NEEZRET D EDBHBZIFATLO BB AIMET
HBEEZOND, APETILE I THRAIZATLAG
BIUHBZ N v AV 2=y 7w RARRNTES
A, VT ) MRV EITV, BEQTFAI=A L%
CHALNCT A EERBRE LTINS,
B. WFE5IE

THNETHELABRTHOBELZRALNTTDO
DIEBH R FEBRE4TH, NDRG2 - PTENIZBI L CIiXE
ESWEHC L DBBARE S Y VN BEOBEEZTT
VN, PTENSF—¥ ORIEHFUNPTEN Y B bigED
HEEA %7 5, CADMICE LTI mE—F—7T v
¥ A 2 FDCATLABIC BT 5 EE T REBMEEDORE
A% B9, BCLUIBIZBW CIIRREXORKRET L.

TG~ 7 ADEE, BRIFEZM Rk ORISL & BETFR
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1)HBZ-Tg B3R T U > EMBRRDORINL
HBZ-Tg Hisk T U v/ Bl 2 RERE~ VA TH
% NOD-SCID/IL2Rgamma KO <= 7 A (NSG ¥ U &)
WCRBIE L, RSP CREMN - KERFT 5 2 & S TTREZLAR
MR AR L, & BT, BFAERL CSTBLI6 ~DA
%, invitro TOEE - MR ERAT,

2) HBZ-Tg B3R T U > EHIAIC BT DB TEE
DVERRIIRE
HBZ-Tg DT U o b bz LIk & A C,
T VBT T T, BAREGIZIT Agilent #ED
SureSelect XT Mouse All Exon % 7"Fx 7477
YEFERL, ooy U ERRE, TA47
TV —EAER LI, TA—T V=T 2 ARANI
FHk MiSeq Z AW TEM L, 77— FHATICEA LT
1. BWA 4 Alzw v B2 L, PicardTools ©
EE U — N#RE, Samtoolsmpileup T SNP =1—/L,
77— 3 1% ANNOVAR ZFf L7, S 6I,
non-synonymous SNPs ZHfit} L. EREDA 237 k
BT 5 12D PROVEAN %> TFHIL 72,

3) HBZ T L BRHES v T 7 A VELOMAT
HBZ IC X BEEMETORR e 7 7 A VOEL
%, Affymetrix #0747 07 LA &RV TEIERY
ICH BT L, BfREITIE, BFOY v IvER
U,
- HBZ-TG Hi3 CD4+T U 233k vs BAERIw U R
CD4+T Y L $Ek '

- HBZ-TG HiSR#IHME T U 38k vs BFERIw D X
HIEMET U o SER

(R ERE ~ DR E)
BEBREOERICEL TR, BFXRFEFTEOR
BEESDARGEBES18)E I, HE (17
F—ARarvkEy b OLEREZTo TN, M
H#az DNA EBEIT50Hz0, BilEksE (FER
BE . 268) RUSHKEELETHEAEL FRER
AGEREE  100182)DEAREZIT TEREL TN D,
ERIYICE L CHERREEYERZER DX
28 (2010-509-3¢ 510-3, 525-5, 534-3, 505-3) KU}
R AKEEMEREESOEAR KRES AR
£ :D13-01, DI3-02) #ZIFEAEIToTVD, #
WAERICE L, BFRERREAZRSAER
BAMPREBINEMIAEIN TN D,
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1. ATLIZB T A7 ) L BEORR & RERERET

REDAEARAT

EMRATLICT HARYS ) MATICE Y, AT
LREERZ TR L LT, ZEBI/ICF8, NDRG2,

BCL11B, TSLCI1, EPCU/AXSL2BI &&= TEREL
7o STEINDRG2OBERERENT 21TV, NDRG2ZPTEN
a4y BL LTREL %z, NDRG2IIPP2A
phosphatase® U 77 /L— kL, PTENfL U > BR{LIRARIC

R 5 PTEN D7 5 phosphataselE 1 & FEHE LR REIC

F5E% ZFE L, ATLIZHBV TNDRG2IZREYR
TREEICH Y . FO7 HPTENIZIEHEIC U VB IR
%R HPBK/AKTERRER STEHLRIB & 2o
2o FONDRRIETOER & LT AF VIR
HTLV-1TaxiZ s L TR Y , HTL V-1VEREATE 6 0
AFMEBTRRENT, T TT/ LUA RATFNV
(6T LA B %47 RRROE = T R BAT & DS
#ENTIC & W PTHLHZ & 1ol 2 F /LB REE RT3
38. NDRG2& &1 A F /U LR BB EFH36 % [F
& Lz, NDRG2US CORRERFEREZT> T
%o CADMIZHE—F =7 vEAITLY NF-kBiE %
(ERHBRAEIC B> THY . LABHILV-1Taxiz
I B EERER RN TR S e, TSLCL TG Y
2. BCL1IBTG= 7 A ZBNTH T Y Lo ERTRD
LN TEEDOTE LRI EZEDTND,

2. HBZ-TG WRETA T VSBT3 7 ./ A

BEORR

HBZ-TG 3D T U >/ YEHil % NSG < U RIZH
L. EBEOEERIUBRET o, BRERY
AR, EFE TOMMSEREL, S oIITEEFAE
By 2BV THIEEE R T 5 Z LA

T2 Tr, AHREREIT in vitro THHUESERMNTIETH
DT,

3. HBZ \e X BEH T 0 7 7 A VELOEAT

HBZ ¥HRMETIEI7 A b AFEBERFTHD
Bim & Fasl DFEBRBPETLTWA I L EZRHLT,
Bim 35 £ U FasL, DRFUTITERER T FoxO3a WEE

IR RS T L BB T 0D, Ha i HBZ

28 FoxO3a &AL, MBAREELEZDZ L, &
7= DNA EAHEZEET I LERH L, Zhb
OYERIZ L » HBZ 1% FoxO3a DEREIEHE%FEE L,
Bim B L\ FasL ORREZMEITHLEL DI, &
Bz, ATL #ERa#kD—ED, Turkat-HBZ 213 Bim 712
F—Z BT B H3 ORT 2 F/ALRRD S,
HBZ Dt ) ARE~DEELREE N,
. BT Yy FIZT HBZ HER R
CHRRLEETHI ERRR SN, TDFT,
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AR EEDREATH> B HBZ 13 Aidca DERE#5FE T 5 2
ERBLMNE/2Y | Foxp3 OFEHF & R,
TGF-p/Smad REDOIFEMHE(IZEE L T 5 Z LR
RSz, AID I3EA ZEMEBEIC CRRLEATS
TEBRRESNTRY, Co-AZER, Cto-TERE
ADERE 2B ENFMBNTWS HBZ-Tg KT
U LoNERRAER Htd8 1k BTy — AFEITIC T,
CHODEENEHEECA L THA I ERHBHL
7re THHOFTRITZ HBZ HEWMBEFERELFHE
THMBEEZ R L TWAZ L2TRLTRY . SEM
BNRABBEDO—OTHIARBERH D, 5%,
HBZ-Tg 2> bEbizs / AfEHRE ATL BEOFR
RHBT D22k, BRACEVEERYS /A
BEOBENFTE 5,

HBZ-Tg F3k T MM TIE dicda DFEBLOITTHEL T
7z, HBZ X TGF-B/Smad #&#& %1 L C dicda D712
T B TEMET B & NI L7z, HBZ-Tg H

ST U v ERARE Hd8 T, G-to-A B L N Cto-T
EEMLOERICHE LEEECRDORZZ &
M, HBZ 1255 dicda BB TLERE LTERT DR
EEREFEL, BRACEETDREERTR I
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, SHFRHEE
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Human T-cell leukemia virus type 1: replication, proliferation and
propagation by Tax and HTLV-1 bZIP factor
Masao Matsuoka and Jun—ic_:hirou Yasunaga.

Human T-cell leukemia virus type 1 (HTLV-1) spreads primarily
by cell-to-cell transmission. Therefore, HTLV-1 promotes the
proliferation of infected cells to facilitate transmission. In HTLV-
1 infected individuals, the provirus is present mainly in effector/
memory T cells and Foxp3+ T cells. Recent study suggests that
this immunophenotype is acquired by infected cells through the
function of HTLV-1 bZIP factor (HBZ). Tax, which is encoded by
the plus strand, is crucial for viral replication and de novo
infection, while HBZ, encoded by the minus strand, is important
for proliferation of infected cells. Importantly, HBZ and Tax
have oppesing functions in most transcription pathways. HBZ
and Tax cooperate in elaborate ways to permit viral replication,
proliferation_of infected cells and propagation of the virus.
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Introduction

Transmission of human T-cell leukemia virus type 1
(HTLV-1) is confined to three routes; mother-to-infant,
sexual parenteral transmission, and blood transfusion/.

needle sharing [1]. A striking feature of this virus is that

HTLV-1 is transmitted primarily in a cell-to-cell fashion,
and infectivity of free virions is very poor. By contrast,
another human retrovirus, human immunodeficiency
virus (HIV), transmits by both cell-free and cell-to-cell
contact. The transmission of HTLV-1 requires living
infected cells in breast milk, semen and blood products.
To facilitate its transmission, this virus increases the
number of infected cells 7z vivo by stimulating, their
proliferation.

HTLV-1 was discovered in 1980 as the first human
retrovirus [2,3]. Thereafter, this virus was found to be
linked with a human disease, adult T-cell leukemia
(ATL) [4]. Subsequently it was found that this virus also

causes another disease, HT'LV-1 associated myelopathy/
tropical spastic paraparesis (HAM/TSP), as well as
HTLV-1 uveitls, infective dermatitis, and myopathy
[1]. These diseases are thought to be associated” with
the fact that infected host immune cells proliferate iz
vrvo. In this review, we summarize recent findings on the
replication of HTLV-1, the proliferation of infected cells,
and HTLV-1 propagation — matters which are closely
related for this virus.

Virus entry and cell-to-cell transmission

Unlike HIV, HTLV-1 can infect a variety of cells; its
receptor is thought to be a commonly expressed molecule
[5]. It has been reported that HTLV-1 envelope protein
interacts with three cellular molecules, heparan sulfate
proteoglycan (HSPG) [6], neuropilin-1 [7], and a glucose
transporter, GLUT1 [8], for entry into cells. Confor-
mational -changes of the complex consisting of the

'HTLV-1 virion and these molecules are thought to occur

sequentially during the entry step. First, the HTLV-1
envelope attaches to HSPG, and it then forms complexes
with neuropilin-1, which results in stabilization of the
complex. Thereafter, GLUT1 is associated with the
complex, and finally triggers the fusion process necessary
to viral entry [9°]. '

In vitro experiments showed that free virions had poor |
infectivity, while co-culture of uninfected cells with
HTLV-1 infected cells easily established HTLV-1
infected cells. [10]. It has. been reported that cell-
mediated infection of HTLV-1 is 10,000 times more
efficient than cell-free infection, while cell-to-cell infec-

~tion by HIV-1 is only twice as efficient as cell-free in-

fection [11]. Three models for the mechanism of cell-to-
cell infection by HTLV-1 have been proposed: (1) vir-
ological synapse [12] and (2) biofilm [13*"], and (3)
cellular conduits [14]. HTLV-1 infected cells form a
virological synapse with uninfected cells; ICAM-1 and
LFA-1 are implicated in this synapse formation. Tax is
also implicated, specifically in microtubule reori¢ntation
[15]. Indeed, Tax enhances cell-to-cell infection [11]. On
the other hand, there is evidence to support the biofilm
model as well. HTLV-1-infected T cells retain viral
particles with virally-induced extracellular matrix com-
ponents, including collagen, agrin, tetherin and galectin-3
[£3°°]. By cell contact, these viral assemblies adhere to
other cells, resulting in infection with HTLV-1.

An increased number of infected cell augments the
chances of transmission. Indeed, for mother-to-infant
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transmission, it has been reported that infants have higher
chances of getting infected from mothers with higher
proviral loads [16].

Transmission of HTLV-1
HTLV-1 can be transmitted by breast-feeding, sexual
contact and blood transfusion. This transmission requires
living infected cells, since this virus transmits mainly by
cell-to-cell contact (Figure 1). Therefore HTLV-1
infected cells are hypothesized to have attributes that
promote their entry into breast milk and semen. It has
been reported that breast milk contains T-cells, most of
which are effector/memoty T cells expressing LFA1 and
ICAM-1 [17], and HTLV-1 provirus has been detected in
such effector/memory T cells [18]. These findings suggest
that HTL V-1 may confera phenotype to infected cells that
facilitates their entry into breast milk. What component of
~HTLV-1 confers this effector/memory phenotype to
HTLV-1 infected cells? Transgenic expression of HBZ

in CD4+ T cells increased the number of effector/memory
T cells and regulatory T cells, while transgenic mice
expressing Tax had no change in the phenotype of
CD4+ T cells [19"°]. This clearly demonstrates that the
immunophenotypes of ATL cells and HTLV-1 infected
cells are conferred by HBZ, not by Tax. This conferred
phenotype, which involves high levels of expression of
adhesion molecules, enables HTLV-1 infected cells to
enter into breast milk and semen (Figure 1).

Next, the virus must override epithelial barriers. How
does HTLV-1 cross the alimentary tract? Recently, it has
been shown that free infectious HTLV-1 virions could
cross the epithelial barrier via a transcytosis mechanism
[20°]. HTLV-1 virions could then infect human dendritic
cells (DCs) that exist in the epithelial barrier [21].
Infected DCs likely migrate to draining lymph nodes
and then form virological synapses with T cells (Figure 1).
It is difficult to infect T cells by free virus i vitro.

Figure 1

HTLV-1 infected cells

Transcytosis

Etfector/memory T cells, LFA-1+, ICAM-1+

Clonal proliferation of HTLV-1 infected cells

" Lymphatic organs L

N

Infected dendritic cells
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Transmission and de novo infection with HTLV-1. HTLV-1 is transmitted via breast feeding, sexual intercourse, and blood transfusion. For any of these
routes, living infected cells are essential, HTLV-1 infected cells have the immunophenotypes of effector/memory T cells or regulatory T cells. These
cells tend to enter breast milk. HTLV-1 enters into the alimentary tract by transcytosis, and infects dendritic cells. Infected DCs transmit virus to
_uninfected T cells via virological synapses. Then infected T cells expand clonally in vivo.
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However, free virus can infect DCs, and infected DCs can
propagate HTLV-1 infection, suggesting that DCs are
the spreader of this virus iz wive [21]. Expression of
adhesion and co-stimulatory molecules is crucial for

_ immunological synapses between T cells and DCs
[22]. Thus, the immunophenotypes (effector/memory
T cells, regulatory T cells, and enhanced expression of
adhesion molecules) conferred by HBZ are crucial for the
further spread of this virus éz vive. Thus, using HBZ,
HTLV-1 induces infected cells to acquire certain immu-
nophenotypes that facilitate its entry into the body and its
subsequent spread within the body.

Clonal proliferation of HTLV-1 infected cells
After infection, HTLV-1 spreads by cell-to-cell infection
and DC mediated infection. This 22 novo infection of cells
is thought to form a pool of infected cells at an early phase
of infection. In an experiment using immunodeficient
mice with human lymphocytes, administration of reverse
. transcriptase inhibitors, tenofovir disoproxil fumarate
(TDF) or azidothymidine (AZT) beginning after one
week of infection could neither block nor decrease pro-
viral load of HTLV-1, while TDF or AZT could block
infection when they were injected at the same time of
infection [23]. These results suggest that a pool of
HTLV-1 infected clones is generated dt very early phase
of infection, and after that time, clonal proliferation of
. infected cells is predominant. This notion is also sup-
ported by clinical findings that reverse transcriptase
inhibitors or integrase. inhibitors- did not alter proviral
load in HTLV-1 infected individuals [24,25].

After this early stage of de nove infection, HTLV-1
infected clonés are subject to selection by both host
immunological attack and viral gene expression. In ser-
oconvertors, the clonality of HTLV-1 infected cells was
not stable at an early phase, but then stabilized at the
chronic carrier state phase [26], indicating that HTLV-1
infected clones are selected at early phase of infection,
and then, selected clones survive i vivo.

Since the HTLV-1 provirus integrates at random sites
within the host genome, the clonality of HTLV-1
infected cells can be analyzed by studying these integ~
ration sites. Inverse PCR has been used to identify the
integration sites and determiné the clonality of infected
cells [27,28]. Recently, high-throughput sequencing has
been shown to be capable of detailed analysis of clonality
[29°°1. It is well krown that HAM/TSP patients possess
higher proviral loads compared with asymptomatic
carriers. Analysis of clonality using high-throughput
sequencing revealed that the abundance of each clone
did not differ, but the number of different clones
increased in HAM/TSP patients compared with asymp-
tomatic carriers [29%°]. By contrast, the abundance of
certain clones increased in patients coinfected with
HTLV-1 and strongyloides, and in infective dermatitis

patients with HTLV-1 infection (IDH patients) [30°]. It
is noteworthy that ATL develops relatively frequently in
IDH patients and HTLV-1 carriers coinfected with stron-
gyloides, while the occurrence of ATL is not so frequent
in HAM/TSP patients [31]. Thus the enhanced abun- .
dance of clones and increased cell division might promote
the development of ATL.

What drives cell division of HTLV-1 infected cells? HBZ
is ubiquitously expressed in ATL cells and HTLV-1
infected cells in vivo, and promotes their proliferation
[32]. In addition, Tax enhances mitogenic antigen-re-
ceptor signals [33,34]. The details. of the mechanisms
by which HBZ and Tax stimulate cell proliferation are
complex and fascinating. In fact, HBZ and Tax have
opposite effects on most signaling pathways [35]
(Figure 2). For example, Tax activates the AP-1, NFAT,
and CREB pathways while HBZ suppresses them [36,37].
Conversely, Tax inhibits TGF-B/Smad pathway whereas
HBZ activates it [38]. Tax activates both the canonical
and non-canonical NF-kB pathways [39]. HBZ inhibits
only the canonical NF-kB pathway by interacting with
p65. Expression of Tax promotes cell proliferation and
simultaneously induces cellular senescence by induction
of p2l and p27. HBZ prevents Tax induced cellular
senescence by inhibiting p65 [40]. Thus, the elaborate
interactions of various signaling pathways with Tax and
HBZ control the proliferation of HTLV-1 infected cells.
In addition to this relationship between HBZ and Tax, it
has been reported that HBZ mRNA has growth-promot-
ing activity [32], indicating another complex corinection
of HBZ as RNA and protein.

Furthermore, we have reported that HBZ suppresses the
canonical Wnt pathway by inhibiting DNA binding by
TCF-1/LEF-1 transcription factors, while Tax activates
canonical Wnt signaling [41]. By contrast, HBZ enhances
the transcription of Wnt 5a, which is a ligand for the non-
canonical Wnt pathway. The canonical Wnt pathway is
predominant during the developmént of T cells in the
thymus, while non-canonical Wntsignaling is activated in
peripheral T cells. These findings suggest that HBZ
modulates the intra-cellular environment of peripheral
T cells, which are natural target of this virus.

Control of transcription of viral genes

The HTLV-1 provirus encodes the regulatory genes (fax
and rex) and the accessory genes (p/2, p13, p30,and HBZ)
in pX region; these genes regulate viral replication and
the proliferation of infected cells [1]. For their transcrip-
tion, the L'TRs at each end of the provirus are used as
promoters: the 5L'TR and 3L'TR control the transcrip-
tion of the viral genes encoded in the plus and minus
strands of the provirus, respectively (Figure 3). Since the
plus strand of the provirus encodes all structural proteins
and the viral genomic RNA, YL TR-mediated transcrip-
tion is required for viral replication and transmission. Tax
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Figure 2
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Opposite functions of Tax and HBZ. Tax and HBZ have opposite functions in many signaling pathways. Tax activates the CREB pathway by recruiting
CREB and CBP/p300 to the promoters of target genes, whereas HBZ also interacts with the same proteins, suppressing Tax-mediated transcription.
Tax activates both the classical and the alternative NF-xB pathways, and HBZ selectively suppresses classical signaling by targeting p65. Tax
activates PI3K and induces the transcription of AP-1 target genes. HBZ negatively regulates this pathway by its inhibitory interactions with c-Jun and
JunB through their bZIP domains. Tax forms a complex with DAPLE and DVL, and activates the canonical Wnt pathway. HBZ interacts with LEF-1/
TCF-1 at point further downstream in this pathway and suppresses the transcription of the target genes. Tax has a negative effect on the TGF-B/SMAD
pathway; however, HBZ activates it by interacting with SMAD2/3 and recruiting CBP/p300 to the promoters of the target genes.

is a potent activator of viral transcription through the
5'L'TR. Tax does not bind to DNA, bur activates the
transcription of target genes by recruiting various tran-
scription factors and modifying the epigenetic status of
promoter regions [42]. The association between Tax and
CREB is crucial for viral gene transcription. There are
three 21-bp. repeat elements, called Tax-responsive
elements (TREs), located in 5’L'TR, and the Tax-CREB
complex recruits several histone acetyltransferaeses in-
cluding CREB biding protein (CBP), p300, and p300/
CBP-associated factor (PCAF) to the L'TR, resulting in
induction of viral expression. In addition to Tax, some
cellular signaling machinery can enhance the activity of

the S’L'TR. It has been shown that immune stimulation
via T-cell receptor signaling activates the YLTR [34,43].
Another study showed that apoptotic signals induced viral
transcription [44]. 5L'TR activation by these signals
might be advantagedus to efficient viral transmission
and to viral ‘escape’ from a dying host cell.

Importantly, viral replication is actually suppressed in
vivo [45], while viral antigens including Tax are quickly
expressed in infected cells after they are transferred to ex
vzwo culture [46]. Host.immune surveillance eliminates
infected cells by targeting viral antigens. Among viral
proteins, Tax is a major target of cytotoxic T-cells (CTLs)
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