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Abstract: Human T-cell Leukemia Virus Type 1 (HTLV-1) is the first reported human retrovirus. While most of the
HTLV-1 infected individuals remain lifelong asymptomatic, a small number of those will develop a malignancy named
adult T-cell leukemia (ATL). T-cell biomarkers define distinct T-cell subsets and also reflect their functions and
differentiation. Because ATL cells express Treg and Th2 associated biomarkers, they are considered to have a Treg/Thl
phenotype. However, recently it has been discovered that ATL cells express a broad array of genes related to T cell
phenotype differentiation, and HTLV-1 oncogenes are deeply implicated in the regulation of ATL phenotype. ATL
exhibits significant heterogeneity, and a detailed distinction of ATL phenotypes is extremely important for studying this
malignancy. This review introduces the biomarkers of four common CD4+ T cell subtypes, summarizes the regulation of
these biomarkers by HTLV-1 viral proteins, and their expression and function in ATL, and discusses the possible reasons
for the high heterogeneity observed in ATL.
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1 58

NZET 4 A L% 2 1 24 Chuman T cell leukemia
virus type 1, HTLV-1) &5 —/ Mo i AR 5%
JRER[1], FEREGLAN CDAT T 4Hfu[2], o REE LS
T2 FERE H A, AT AFEAE T AR ) 592 20 i 25 Y
W3] SR 4K 2 B R R TR R G

(asymptomatic carrier, AC) , {HF 5%-10%I1 4 &
SR FEIEYEM I, BV T 40 i Cadult T cell
leukemia, ATL) [2]. ATL A LA43 AEHERL (18 RYAN
FIBARY) AR CTPERURIMR R YD [4], HETK
JHLHITIAN IR . ATL 40 % CD25 Al C-C Y
LA 75244 4 (C-C chemokine receptor 4, CCR4) 4§
ZAR, DL XSKHEEE [ P3 (forkhead box P3, FOXP3)
I GATA 454 5 1 3(GATA binding protein 3, GATA3)
SRR, BBy ATL 0 BA T T 4
o Cregulatory T cell, Treg) Fl4#Eh T 4Hff 2 Y (type 2
T helper cell, Th2) FAI[5-9]. {H & Treg Al Th2 R A
PARRRE ATL S B G, thlnn ATL BB AR REE %
A 9RE H ATL 40 B AN BE 4316 Th2 4 g AH 5 ¥ 4 o [X]
FE5[10]. H AN XA T 4t M 32 2L (1 A= b (e
ATL I DhRedEAT TS, HERZ LS. A 0H
HENAEAFHI T 4irbr SR HE ATL R HRIE
TH UL HAE ATL KRR T s R FE M DhRE, FE0 T
HTLV-1 MIBANESER Tax Al HTLV-1 Bk fisE 5 A

(HTLV-1 bzip factor, HBZ) X} EiRFERfiAHzE, LA
JHE— B B ATL 507

2 HHBh T 4 FEREY

YIHE CDA+ T ZH M LEA [0 R ORI e 23
WRNANFIZRB 4B T A0 [11], = EEFEHEN T 40
1% (type 1 T helper cell, Thl) . Th2. Th17. ¥tk
T 40 Cregulatory T cell, Treg) %%, HAEGXIT Tho.
Th22, Th3 &“JE& MV R FOAHRT RN [11], A0
AT,

Thl 4HHFN Th2 2402 s R ORI AN T 40
#[12-14]. Thl gHfdEt = T4H K v Cinterferon v,
IFNy, gaf 3 A IFNG ), /% 2 (interleukin, 1L-2)
FIR A AEIR F o (tumor necrosis factor o, TNFa) %5
RAEGUREE NG R A SR E I [12], HoR 42 TFNy
PLBE BN R A AN iR SR i /2 Thl g E 203
AE[15]. Thi A2 i 1L-12 FEIAE T 408 404k ok
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[16], 155 ¥ S AL B K+ 4 (signal transducer and
activator of transcription 4, STAT4)7E 1L-12 HI%I¥ 3=
IR INFFAE Thl 4R 7046 bk #8 3 24E FH [17] -
T-box #5%[HF (T box transcription factor, T-bet,
TBIER N TBX21) 1F Thl 4l bk ie ik, BEW I
FUBE TFNy (1329 [18], /2 Th 4 (1) 5 AR E4

Th2 ZpERL 1L-4. IL-5. IL-13 SRAFEFE R4
AN RN ZF AR S D) RE[1L, 12, 19]. HAH IL-4 fE
5% B 4iffu g Bk E 1 (immunoglobulin, 1g) #4745
9 1gG1 F1 IgE; IL-5 [ AE RS 5% A Mg W Mk 4 i
IL-4 F1 IL-13 BERE A S I0m B4 e [20]. b4h,
Th2 BB T IL-4 % STAT6 FIi0H[21],
GATA3 1t Th2 s it fErh ik mi[22], B 7 idk—#
WS IL-4/STAT6 15 SIEER(EHF Th2 401k, iLRefeit
IL-5 Al 1L-13 [5E5%[12, 23], Thl Fl Th2 f534b &4
SR, GATAI Re g s 24 Th1 4B 431k [24],
T-bet AEf5F1 GATA3 B 454 U] Th2 40K 41k
[25]. TEMPRE G diek, Th2 20 J 3 & 4 A & 35 S
i T EE[26]

Th17 ZHA 2 —28 LA 1L-17 NERAE R 4HBh T 40
MINEARL[27]0 IL-17 2330 2 At ™= A S RE R 7, [A]
i Thi7 4 /W) 1L-22 ReRE B IA] IL-17 o™= A {1
REF BT PUs RS 7 DUR HEPigE A E
fIThRE[28], X2 Thi7 40 5] & A& Fh E &
G e (BIER SRS R E[29]. 1L-6 AT IL-23
B STAT3 IEER (2 Thi7 404, STAT3 i)
P FR AR SS9 LAZ 4K yt Cretinoic acid receptor-related
orphan receptor gt, RORyt, Zwfid3E Ry RORC) /& Th17
S A4 P = LR R 1 [30]

Treg #H0 A ThBE 32 B2 S o I B, U0t
(1) 38 I S T T J S i 52 [31] » ARLAEAR 22 1t g o,
Treg 4AES P00 HL & S 2 40 f ek e iR, FE e
32 FUV ) DT A1 328 ek T 4 1) A KRR 22 [32], 3K 2 i
SRS T B Treg 4H i SR MR . Treg 4081 5>
23] IL-2/STATS 155 1% FR%E[33, 34], Tl 5%
[KlF FOXP3 /& Treg 4o 4 A147 5 Th e i 25 ELIE [A]
[35].

HEh T A FDERE 2 AR, e —2k
TERE AR A R X 5 — R 4 . B B SCiR R
[ty Thl 5 Th2 HAHFEGUELLAN, IL-6 HAEHE T Thl7
UM A Treg 4BMLEI 53 10[36]. [RINF4HE T
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Y A A AR, Hop Thl 4088, Th2 4 AR F2
FE[12], Thl7 4Hfu RIS R IA T-bet /=4 IFNy [37], 1E
FRETHIB R4 Treg 4HAR[38], 1M Treg Ui th G

Thl ®e
- ® ® 1L-12
B~ 9 IFNy
T-bet
STAT4 |\, . A IFNy
| STAN1 _W\“‘AAA IL-2
\ ' A® TNFq
®e
@
% o @ IL-6+TGFp
Th17 ﬂ%

RORC B

\ T3 A AA IL-6
@ j—’ A,a 17

Th2

SN e B T GRS 11[12] 1X 5 F A KT
LR Thl, Thi7. Treg 20 f%E 52k HA AL
PE—%[39].

®e
. ® @ warcrp

‘i%ﬁ‘i/Q

Treg f

Foxp3

| STATS ., w AA  IL-10
" ar
@4’ > A, A TGFp

K1 ARG T 400 A DR BB SR AR IR o IR T B RESSIE A0 T 2000 A0 B 4 L DXL 5 A0 e 4 = 4 e A

T DA SR BY T 400 53 Wk (40 A R -

3 HBZ X} ATL ERIK

HTLV-1 T E ISP AEE A : Tax f1 HBZ, Wi 2 fin. HBZ AR T ATL w6, 1 Tax 78 ATL H
TR AEYE ARSI ] [40]. PIETE T ANPA0EGE . ARSI RIEAFRIRIER, AR 22 xH . HBZ & HTLV-1
ROUBERASHR R R A, EATE R ATL ARG, I HAERBI AT LR, Hit HBZ A N2 S

B ATL [0 B4 4]

U3|R|us| 3'LTR

S'LTR Us

AR Y HBZ REW i ¥ b AE KT

(transforming growth factor B, TGFp) il % {i¢ i#f FOXP3.

GATA3 il CCR4 3Rk LMERE T 49 14 [5-8, 41].
FOXP3 7 2/3 1] ATL 55 F gl A 21, FOXP3 1531
LR R AE ATL kB, #iltn GITR.

CTLA4 %[7, 42]. Th2 b5 4 GATAS fefi% 15 5 CCR4
DM HE ATL 4 AT [7, 43], BRI WA
9 ATL 205 Treg 4iffifl Th2 KA, H HBZ
RIEFEREMER[6]. HBZ il CD4+ T 4UEMEfL T
ZHMuA% Kl F (nuclear factor of activated T-cells, NFAT)

j R

%A 1 Cactivator protein, AP1) EE&HIH] IFNG
B E S, e Thl 405 1L[44]. 1 Thi7
H B R RORyt M3R1A 5 HBZ 2 AAHK[45], i
B HBZ 5 v RE4MH] Thi7 01k EEF UL LS, i
A ATL 4if 2881 T Treg 4HHAT Th2 4ijHi[5-8], E
B AREIH R, XA R AL, il
PR B L% [46]. 53— TJ71H, HBZ W] [RIN 45& NFAT
1 FOXP3, il FOXP3 BhE, (15 e 4 i AN gE &
PG INHI I ThRE[4T]. M4, HBZ #E3ER/N R EIHE 7T
WEH, HBZ {E3E5E R Treg 400 N5 S Treg 4000,
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Ja B AL B SR Treg 40— FEfe e Rk FOXP3, /&
i TiEd DNA FIE R FOXP3 H HItiERiA
IFNy, 2R Thl FERIE R 40 HE[48], —EfEE LR T
ATL B3 17 IFNy /K°F_EFH[10].

Zi b, HBZ R EHLAEAR T Treg. Th2 KA,
R IE . EAR HBZ 4 Thl SRAUH SRR IX,
{HEIATE S H ] FOXP3 I ThAefE A5 4 f % 4k Thl #f
R RAMM. T Th17 RAHCEF M HBZ X RIEH
Rritt— B 55

4 Tax %t ATL RE W

Tax HHE HTLV-1 IE XEER IS EEH, £E

LI B SRS R 7 [49], [RII t0E 2 5615 5 1 %,

TE T 40 B3 GE AN % A 55 7 T R 45 21 A R [50] . AT
HRPER LN HBZ, (R4 K 2501 ATL il b Joists
M2 Tax MFRIL[51]. ITFRA B 7T ER A Tax 7] GEAENH
N A SR EPERRIA[52],  [EI A B ATL 40 A ik iy
3 B RSN R G L E Tax (9K IA[53]. Ik, Tax
EEZRDE S ATL IR A RIEATT ZAHER .

Tax FARESIFRMEEA 1 (SPL) 45412 T-bet
FKIA[B4], WATLAE S =4 IFNy [65], FfH Tax REW
2 GATA3 15 2l LA HERIA[56], $iEH 1 Tax X7
Thl gL AT BEAFAE IE M5 . Tax AEW6 i IL-6R %
LIS STAT3, HATUASE A IL-17 ZERT)E sh 7 LA
HRIA[57, 58], BiHH Tax BA(EHE Thi7 /- Lrng /. @
IR IR RS2 AR S R 7 4 (tumor necrosis
factor receptor superfamily, member 4, TNFRSF4) [{j %14,
Tax AEMSHIH] Treg 4HAE 4059, 60]. S— 71, Tax
Retp et Z g R 150, B TOIL-17 LAk, i aLtE
IL-2. IL-4. IL-6. IL-10. IL-13 %561, 62], ZIhAEMHHS
T Tax 54015 201 LRI - «B  (Nuclear Factor
Kappa B, NFkB) 4G s A B AEF[62].

5 ATL HHIRE LM

HBZ A LMEHE Th2 #1 Treg F# AU SCIL R KA,

1M Tax & [ W AR Thl F1 Thi7 & BAE S HL R [ A .

HBZ {4 it ik F1 FOXP3. GATA3 25 3L A 11 ik
KIS WAL NATTE ATL 4 fa B4k S 30 Th2/Treg AL Fik
R, (HAEFAL Th2 F1 Treg 73 LR ATL I
N LI 2T FN R JHk 32 RS 0L, JFH ATL it
FOXP3 MR A 2K T FE A Treg 4HAR[6], 1M1 H il
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WL R B, ik FOXP3 [t ATL o 40 o5 b A s [9] -
L, EAR ATL 4 M5 ik Th2 s A AH ¢ ) 2
ABFEARL AU 1L-4 25 Th2 2 s S0k 40 i X7 [10],
RIff ATL 400 LA 1L-4 324k, FFHILIEHEZE] 1L-4
(A4 [63] -

Th17 MHIRFERAE ATL H IR SO 2D, 2EAE 4
Fr iz RORyt J8 i 1) Jie 25 [R] 5 i 3t 344 7 35 R IR AH O,
T 9 2 K] 00 RD 00 o 184 5 5 IR 52 IE AH 9 [45]. ATL 8%
P DL PR Y 8 L R S S B AR 1Y) Tha7 skl IL-17
[P FEAK[64], T ATL i A STAT3 [i0E. TGFB
TGS . IL-6 LK RORyt 85 A IRA I HH— &
FERE R ATL 40 7T AE S Thi7 L5 4 p 2541,
65, 66].0f T Thl AL A 75 = AL 7 IFNy ik |,
AR HBZ BEWS B8] IFNy. T-bet DA K AH I H,
B ATL 95 AR #5485 7 3 14 I3/ A K os 1 90 J of B
MBS 70 L35 R AEAE TFNy THR[10, 67]. IFNy %
SR, AN BZERT Tax EAMRERE, 5
— AT AE R HBZ %F FOXP3 LA 40 15 e
MPIERIL TFNy,

STATI CCR4
IFNG GATA3
A0 IL-4R
‘ K
Th17 5 Treg
RORC FOXP3
STAT3 TGFp

3 ATL A RIEAE T 4R HIH R A .

AAN, ATL IR Z R AT AE R Tax FIAA R
ANEER . ATL AARYE Tax MRS N=25: D%
[FE#ik Tax [f1 ATL S, [EMERIE Tax [ ATL
N, Tax FIEBIHT ATL Ji A[68]. ATL H5H
PAK B ARRE TR ATL 40 Tax Rik$ET+nl g R AN
WF 7 AR Th7 Al Th AHSCSE R AN R R IE =47 J&
AL

6 BES5RYE

ARG T T AR R R ATL Hh R
FThee, LAEJEER A Tax Al HBZ 4 it 5L K] fr) i
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o BeAh, ASCEHRT T ATL R Z R K alitt
B KA AR, Tax A1 HBZ Thig LA A &R F 2
—, Tax fl HBZ Fik sy 22 7 Wit — s ik 7 ATL
(ISP o ARSK AT X PRI ] T Tax [)ZRE1E L
BT, B DHEfR Tax f1 HBZ 7£ ATL RAME
TR DIRE .

TESRRE LT, Wb B E B DA 7 s B
P AP Thee S o4 [69]. BRIk, A=¥br &4 e H LA
FEAFIAMIEER . S frill B BRI, % e A
DB AR BT IR, . T A e 8 R R A LA
MR A RE, BB F BAIX 73 A [5) 2 3 1) 5 [R] bk o ik
Z[70], H MR AEIRATT DU TR R RIS & X 7
ANFEIAHMISERY, LK WA S T8 B I IO RS . A
#3238 (canonical correlation analysis, CCA) 114>
BT AR T AL rsem,  and i g
0w & fa B B AE R W AL
(myelodysplasticsyndromes, MDS) i Ifil 4 i fil &
R 20 - 2L 20 M AR 40 M AR LA [71-73] . Tan 258 A HHE
FEAIE R CCA R HTLV-1 (/R e s T 40 i1 9F
RIS Treg RAL[74], AknT Ll ATk —
IR HE T 4R ATL KA.
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