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Human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV) cause viral infections
that lead to chronic diseases. When they invade human body, virus specific T cells play an important role in antiviral
effector functions including killing virus-infected cells and helping B cells to produce specific antibodies against
viral proteins. The antiviral activity of T cells is usually affected by immune-regulatory factors that express on
surface of T cells. Recently, many researchers have investigated the relationship between effector functions of virus
specific T cells and characteristics of immune regulatory factors (e.g., CD28, CD25, CD45RO, FoxP3, PD-1,
CTLA-4). In particular, Immune inhibitory molecules such as forkhead box P3 (FoxP3), programmed death-1
(PD-1), and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) are associated with T-cell dysfunction. They are
shown to be up-regulated in chronic viral diseases such as hepatitis B, hepatitis C or human immunodeficiency virus
infection. Therefore, the positive correlation between viral persistence and expression of immune regulatory factors
(FoxP3, PD-1, and CTLA-4) has been suggested. In this review, the roles of immune regulatory factors FoxP3,
PD-1, and CTLA-4 were discussed in chronic viral diseases such as HIV, HBV, or HCV.

Keywords: CTLA-4 (cytotoxic T lymphocyte-associated antigen 4), FoxP3 (forkhead box P3), HBV (hepatitis B
virus), HCV (hepatitis C virus), HIV (human immunodeficiency virus), PD-1 (programmed death-1)

Hpo|g & Eo] TYH I Hio|g|Lof FHE A=A} g
Hpo| 2|2 A Aol A A2 G2 st o] 2dt 7|52 TH
=70 tjobet FAFYUE) ola) 24} S8, CDS TAZ
T perforin?} granzyme BE ©]-&3}o] Hiol2|A g AlZE
AP &t TEN-yol 2]8) 2 o] Z7HEct.

FoxP3 (forkhead box P3)&= 24 THIZ(Treg) 2] Walof I
23] HARIAZ FoxP3+ Tregs< &43td THEZ 9| 7|5
< ARHH oz YASAY IL-10 B TGF-pet 22 Fd=
(anti-inflammatory) #fo] E7}21-S Bn]gto 2 i 3l Waut
$-2 Aloj& 4= Yth(Wan et al., 2010). Tregso] 2B E AHF
2] 79 vlo]el s Al HakA 0 2 vlo]e A0 BA|E oA
3 % 9l W Trego] THEs) HHE H9ol el v
oA ZdE =5k ATE EFtHRouse et al., 2006;
Billerbeck et al., 2007; Li et al., 2008).
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kA o 2 TR = 411 S4L 98 F7HA 4571 2
Qs THIEZF 4=8X|(T cell receptor; TCR)2} HElO| =5 A
Alote F24 A EA|(peptide/MHC) 9] Zgto] A
Al s olm, FZA=FE R} (costimulatory molecules)?] CD283}
AR A X E(Antigen presenting cells)2] B7 (B7-1 = B7-2)
Aglo] =HA Az olth PD-13} CTLA-4E LR Z 0 2 CD28
family©]] <3} H Y24 (immune regulation)of| A 523 H35H
< 3= AA|4=&A(inhibitory receptor) & E3] Hlo]g| A Z+g o)
THd3ke} PD-1 = CTLA-49] A|&4 Wdo] 72 JiaAE
7} o] B3] Qith(Freeman et al., 2006; Golden-Mason et al.,
2007). PD-1-2 GAA| XA =7} @3 5= PD-L1/PD-L22} 2%
311, CTLA-4= CD287} AR A 0 & B7-1 (B B7-2)T} A%
TO 2N F F8A BF THZ Y A4S dAsk= 715 7t
Zlth(Fife and Bluestone, 2008).

S Tk Hlolgja AN 27] THZS W
FEL A AAZE CD28 W o] FEF A, YA T E5
F47Ig 2 FREE= F7] THZFoA= CD28 9k oz}
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FoxP3, PD-1, 12|1 CTLA-4 50| =7 wrdg}. 247 &
o]zl el of3) Blo] Bt Aol 7 WA
FoxP3, PD-1 12|31 CTLA-42] Wdo| ¥z} Wolx A =i} ut
Qo ARHE A4S, ASHon B dasel TAZTe) g
Hpo| A B0l S 71X = ALE HAFI Qlo; 44
ol 2-87)20] tiahAE izl w7t wlulslth. FoxP3, PD-1,
183 CTLA-4E= T4 0 2 ghz 22049 WA (immune
tolerance) & B3k A0 FelA glot A2 Wy utol
2 FEolA THEFY 7152 Ex Hiolg 29 He3y
(immune evasion) 7|21} W3 A7} Q0] HuE o] B &
MollAl SEAS ghy wtolelx 7Sk 2 HIV, HBV, 1
2T HOVE FHO2 i 225H A9} 7 upolels S
TYZ19] FoxP3, PD-1, 181 CTLA-4 W& 9] AmalA s
231} o} W2 AIR S ofato] el s WA} ek

FoxP3+ Tregs

ZA THE(Regulatory T cells)+= ZA7HH & (autoimmunity)
& AA5H= IL-2Ra (CD25)E FHo| Y@= CD4 TH
Z o] 270 o) A2o.2 dEFh(Sakaguchi et al., 1995).
olF 28 TYLTE) 7|53} F5o] B B A7Eo] WA
QA3 AR RAR o2 EAfst= CD4+ CD25+ 24 THEL,
EAH RN 5l fEE= 2d THZH, IL-109] o3 &
S5 Trl, Goiclo] BASHe Thy Y27, 290 Wel
CD4+ CD25- T Z 2o 93 AghE= CD4+ CD25+ 2 T
YT 5 of opEkEo] glom 2] TRt Mg olA o
A9l 7158 k= AoZ d#HA JAckMill and McGuirk, 2004;
Vigouroux er al., 2004; Sakaguchi, 2005). CD4+ CD25+7} &
A THZ Y A ZAFHO R Fe o =n HA CD4
THZFA 2d THIZFY F A RIE7F5-10%2 Aoz
53, 53] CD25E Eol8 o2 &7 U@sle= CD4+ CD25
high 23 TYZ 77} CD4+ CD25- ¥Hg TYZ T, CD8 TYZ
T, A AA| Z (dendritic cells), XA A E (natural killer), 71
231 BA| 29 SA13 Aol E71el BHIE AAIsH: 7]e2 BY
o2 H2E 24 THEZF oo & EREtHAzuma
et al., 2003; Trzonkowski et al., 2004; Lim et al., 2005;
Romagnani et al., 2005).

TR-A ScurfyZof| 4] FoxP3 (the forkhead family transcription
factor 3) - 4x}Fe] Aol o8l CD4+ TEZ L XLzl &4 o
2 Rpo|E71R1] ;pJAydo] e 0 24 A3 FoxP39] &4
7t G AA = 9leH, AA| FoxP3= CD4(+)CD25(hi) 24 T
Hx 9] dredmt 7)5of B4A Q1 S Fth(Brunkow er al,
2001). =172 TR o] FoxP3E B3 EUA| THZF #H
CD25, CTLA-4, GITR (Glucocorticoid-induced TNFR-related
gene) 2] W o] F7tE1, £ 7|52 22 IL-2, IFN-y 59 &
HIE JAste] 71 A el 24 THEFY 7|53 A RE o
A7) 3 9l

248 TEEY " YA 7| A= ofej7Hdo] &=A £
T EH 0 2 w3 T Ao thgh AlZ27 5 (cell contact) T}
IL-10, TGF-po} Z-2 A A #o|&71¢19] #H] A ol itk

(Ohkura and Sakaguchi, 2010). T3 X Loj|A] FoxP32] 2
T o= TCR, IL-2, STAT (Signal transducers and activators of
transcription), Smad, TGF-f, PI3K (Phosphatidylinositol 3-kinase)
/Akt/mTOR, 12| 1 Notch 5] A ZHEA| A7} TA= o Ut
(Tone et al., 2008). Z+ GARP (Glycoprotein A repetitions
predominant or LRRC32)7} 24 THZ L Eo] 8|2 W4
=|o] FoxP3 &S 2Ask= A4 7|7 tigh Avtelg EA
= 1 ch(Probst-Kepper et al., 2010).

FutolglA AYREE-S A5k 2E THZF9| DALY
< HIV, HCV 3ol &3t oA ZHg 29| 37l &
QL nX e Aoz HuEtHRouse et al., 2006; Card et
al., 2009). &, 23 THZFo] o3t Hlol|A g Bo] THZ
T9] 715AHo| vholg| A A 9] vhd ke WHgh AA 7}
AeS AT

PD-1/CTLA-4

AEAA AFFR] THZY =S FeA=4T
(costimulatory signal)@} 3524|413 (coinhibitory signal)2]
Faol ola) 2REt =, olfst FEABAAL T
FxA F83 9T Ak FEA=EAR] CD28E oA
2sg32 2854 PD-1, CTLA-4= 7|5 A 02 293 CD28
family©] £ 40|t CD28 familyo] 43H= BAIS-L chokst 7
27 Exoz ZH A5 E25o] CD28, CTLA-4, ICOS,
PD-1, 12]3 BTLA F°| 3lew 27| A A2 A Td
&= Eo| g]71=(CD28:B7-1 or B7-2, CTLA-4:B7-1 or B7-2,
PD-1:B7-H1 or B7-DC, ICOS:B7-H2, and BTLA:B7-H4)°] 2
slsitt, E3], CD283} CTLA-4= ]7H= = B7-1 (CD80) ==
B7-2 (CD86)E ¥-fsh= §tH PD-12 1152 Eo] PD-1 &7t
Z(PD-L1)E 7}FAtH(Chen and Shi, 2006)(Table 1).

THEA 32H PD-1 = CTLA-49] ¥ o] FrE=H A
o] 24j0] HA 5o TAZF go] FRA. PD-17} CTLA4
ASAH A 52442 PD-1 E= CTLA-4 Y uh-Aofx Hol
= AZFHERRE 22 & 4= oh(Chen, 2004). PD-1 $=8A=
CD28 family= &43H8 T E+= B PEZof YA 27t
EQI PD-L13} PD-L2-2 of 2] Thofgh F7-2f AlZol| A wddnt
(Muhlbauer et al., 2006). E7rE-48A A3t o3 PD-13}
PD-L1o| A%shH SHP-2 Phosphataseo] 2J3j PI3K9} Akt<]
o] JAE o] THE =84 Azdge] gfigh AR =
A Ho] A= THZY Z4do] AA|Erh(Sheppard et al.,
2004).

g violg A A PD-1/PD-L1 A9 G432 LCMV
(Lymphocyticchoriomeningitis) & ©]-&3F uf-9-A =04 &
2072 AfEQth AR E md 2 4aZ LCMV clone 139]
kA AW LCMV Eo| CD8 THZT ] APH A =2
PD-1 H&AE 23} 1L S PD-L1E 0|83t PD-1 2d L
RGO =M TYETLY Z4], Ho|E7ke] B, A EEA S
71%50] 3| EH-& ¢l5t th(Barber ez al., 2006).

CTLA-4= B7-10]1} B7-29] 23} Rof CD283 AAYZ
oz Azt drty oz FR)7) THZ A= SR &
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Table 1. Costimulatory molecules and their ligands. Table was modified from (Chen, 2006).

Costimulatory molecules Ligands Expression patterns of costimulatory moleculesand ligands
CD28 CD80 (B7-1) CD28: mouse T cells, human CD4+ T cells (90%), human CD8+ T cells (50%)
CD86 (B7-2) CD80, CD86: dendritic cells, macrophages, B cells
CTLA-4 CD80,CD86 CTLA-4: activated T cells
PD1: T cells, B cells, myeloid cells
PD-1 B7-HI (PDL1) B7-H1: dendritic cells, macrophages, T cells, B cells, endothelial cells, epithelial cells, muscle
B7-DC (PDL2) cells, trophoblast cells.
B7-DC: dendritic cells, macrophages
ICOS: activated T cells, memory T cells
1Cos BIRP-1(B7-H2)  popp.1. B cells, macrophages
BTLA B7-H4 BTLA: Thl cells, B cells

B7-H4: dendritic cells, macrophages, B cells, T cells

BTLA, B and T lymphocyte attenuator; CTLA-4, cytotoxic T lymphocyte associated antigen-4; PD1, programmed cell death 1; ICOS, inducible costimulatory molecule;

Th1,T helper 1.

3 555 BASHE THZF oA T s o] THZF Y B4F=
of| #ojstcH(Linsley et al., 1992). CTLA-42] B7-10]4 B7-29]
ik X3t=e CD28<] B3l 10204 = T 7}s}w CTLA-4
9] A2 TCR AZA| A7} dojut= A& = (lipid raft)S o}
st THZEALS] 4] JA|ScH(Stamper er al., 2001).

HIV Zigd

3zl ThAd HlolAAd ZHE21 HIV (Human Immunodeficiency
Virus) g2 HIVZE QAW = o] A2 HeolA F4
Al EAQI CD4 HZAE 37, oI A|A THZAL AT
F22 HAAA L 52 == Aot 19859 =) A Hax
7H A E ol 8] F8HL e FAlolH HIV A &A=
£ 19969 HIVE A&A 02 AAIE 4= Sl 34 Harol
=0 A 7K AFE-E| 2 1tHOh and Choe, 1999). “34]
32 ¥ o2k HIV-1 reverse transcriptase 2} protease inhibitor&
370 oA gt BEolsl= W o2 “HAART (highly active anti-
retroviral therapy)” 2= 4 A gloH Hio|HA BEA|E G717
o AFFte BN CD4 TYIZ 1] 2212 Z7IA]7]1 AIDS
(Acquired Immunodeficiency Syndrome)7} doju=HI=E 3
A &Y 4= ch(Palella et al., 1998).

YA HIV o2 Qe AIDS+= AA73 1] ddad
of wel 3GA R s 4= vt Al 194l 34 HIV 3357202
HIV 9 3E219] 50-70% | A 42k 4 & 33 AR 34
G ST Kol gutE o2 FF Hlo| A L9 F&%t
Z7He Uehdth siAT o] AU HE 7)H o] Z-5sHHA
G5 Hlolg& Frt dastay 94 94 A= Ja A
ok A 2@ A= F40] fle AI71= 34 HIV S35 o] 8-10
dzkoly HoE i S Holx g=th 2y A9
HIV 241& A% Q855 520 CD4 TYZTE 2.
A 3DA= MEA 5730] Ueht= X712 85 CD4 T A|lZ27}
200/pl mlgte] & ¢ Ao WA HA Y, 28, 27 7+
Hobg, dEX 39 718 Zh1) o35S 9 Eok(Kahn
and Wakler, 1998).

FoxP3 &2 HIV ZHgol A HIVE AW A&} g4

o) HstH 2 dejA] $om, 1 o] f-+= FoxP3+ Tregd] |
AAA] 7]=9] 7]¢I8kcHSuchard et al., 2010). o]&3t F3F
HIV/HCV SEZ = 9= SE4H99 B¢ HCV B
HIV g@=2¢e] vls] 84 F7He FoxP3+ Tregsd] HAZ &
& lem(udE AHR), HIVIHCV SE4GoA H|ZdH o=z
%71l FoxP3+ Tregs®] W@o| HCVE 1§t 7HE%k] 43t
Hoh A0 FFE v|A= ALE g#A Slth(Alvarez,
2004; Operskalski and Kovacs, 2011).

Z7] HIV @0l A 2 PD-1 H@E Hol= HIV 50| 54
T ZL(CTL; cytotoxicity T cells)7} A2 Q] uljoFo A TL=
2 99lo] 2Jgt Z4j0] ZWso] 90| WTE %t w3k PD-1
UE-2 3 HIV Bl 3 A QAls &, 123 AIDSS] 44 4
slele UG AAHA S EHcH(Day et al., 2006; Trautmann
et al,, 2006). HIV Zraabahe] ghufolel 212 ebe] 0k
B2 8% volel A QAT Zo1ETHBAIS HIV So] 54 T
Yz7o| PD-1 YHE 401U, E3k 3 PD-LI IS o4
3 PD-1 A7 29 ATHE HIV So| 54 TYRTo| 7153
AF& =)ok

CTLA-49] 7%, HIV el Qadez dskael ueh
CD4 THZ o] TIAHS BESAT o3t CTLA-4]
& %7171 CD4 count?} WH| 2|3t Hth(Leng et al., 2002). &3
HIV Z+o A% CTLA-4= HIV £0| CD4 Tz o] Thita
%= BHH PD-13} th 24 HIV £90| CD8 TEZ ofl= A &
A=A ot o] A A3l 5 vholE|a X ==
A QN 4dE Bech CTLA-4 A5 3 29| A2 HIV &
o] CD4 TEZ 19| F4]9] 7|53 53 & e CTLA4
I PD-1& FAlo| @t TEZ TS % PD-1 J2 &
21, CTLA-4 3 29| Gh=Xdt, E= FAIR ol &3 TH=ZA
71535 o] AsarT 5 wHSFAol wet teke 295
Z 5} tH(Zaunders et al., 2006).

Bl 71
7 BE 7HE-2 Hepatitis B virusol| 23} -5-2hs] o] 7H4 )
Peke EFRE AhY THASe] Yelo s S FHES 5-8%=
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H 11 x]o] Jth(Lee and Kim, 2012). BY 7+g2] F8 794 =
= HATE FHLe 2 =AY Ao} B Eo] EAsk= Hlol
HA7F SAA] B2 E4F A5 A oA AEEHE AT H
71} S8t AEA R, 8, 48, 298 FAHES F
A= ZEE 4= ItHChae et al., 2009).

B 71949 27|l AzEdol AY glom iAo 23
=S A, 1) g8 B, 1=, vAAR, A8, A
Fa, gHo An] @¥F FA| 5ol vehdth BE 182 =
A7 i) wet 4dAR Uis 4= §leH, 7hgHte]
29 FA12 GsiR| T, &5 7H(active)o] YERER] o=
HE#-E-7](immune tolerance), HHA| A7} vlo|2| A A A}
o Sk BAIO] AIE SHls @l 7hge] AaAls eAA
7](immune clearance), 7t vjo|#]|AE @A S| ZAastal JAF
Z o 2 oF5 3 A S Ho|= AR 8 X (inactive carrier), Z1E]
I 7+E Hiolg 29 FA]o] A== /IS (reactivation)
2 FE=H(Yim and Lok, 2006).

7] B 7+ N EAE JEHHE dul(interferon o)7} I}
A 300 W7 AFE-E|o] gkow HBV F4] A | et 2 Hoxd
Zrg-0] glthkBertoletti and Naoumov, 2003). | gHfo|3|A
AAAZ 2hu]Fd (lamivudine)o] =Y =] o] /ol ARSE L )
o gtujRdoe WyAlS w3t HBVe| tisjAls ofgZn]o]
(adefovin 2 A = F7}5te] Eoddta Qoh(ee et al,
2005).

4 B 7099) slEehAol A PN 2 208k HBY 5ol
TRZT7L 03 oJ2e ok gl i vk BY 210] A
o]2lgt HBV So| TAZT whgo] o} oA ehta gl&
o] gr& A th(Bertoletti and Naoumov, 2003). £3], ¥4 B 7t
A9 7%-¢ CD4+CD25+Tregs 9] W@ o] F7Hgo] Bl H i,
o]2gt Tregs> HBV 5] AGRH-3-Z AR5, T3t Tregs=
AATLEH IFN-y& HBV Eo| Houk3o| I|EEtt
(Stoop et al., 2005).

PD-19] 7% AWj HBV leveld} 743t aatA7L 9l2o] &
< W3 em, PD-1 5t ol 2} PD-L1 £33 BY 7HE 9] 4
Z A8t 2 #<Ql A ALT (alanine aminotransferase) = 3+
A 7 ke AL BYoH, 459 Arrt g HA EF
HBV DNA =% §7 @3 ALT= ZAL 2 5= 7ol A
9] PD-1, PD-L19] 4@ FH o 2 A& 2 $2|& Hole
U2 A7F HuEo] PD-1 Hdo] BY 7+ vHdste}
TS Ado] 22 AASHATE EZF FUTE Aol
PD-19] &4 F7171 HBV £0] CD8 THZ9] 7| 529T:
Z1HA ] TR0 o] BEESGeH, A 752 A K=
CD8 TH X PD-L1S 711 7% PD-1 ASAHZE aAdS
B3 T =] 7% FAFS st th(Evans et al., 2008;
Peng et al., 2008; Wenjin et al., 2012).

HBV o)A CTLA-49] 7|50} 4 2A8H4 2| 3919
BA= &2iX vzt At} 874 CTLA-4£} CD28 5 =7} A%
3k Adlol vl T BE 7HE $AbolA FeF o R =9t
Bu7t gleow, ojzjgt @42 ALTY] F=9t= AT AE 2
RATHCao et al., 2011). a3} Q] WA BE 7+ 9 A 2E Y3

HAe] QA A Aol mE ER W2 Be oA 22
S E@Asto] isfA] Hok A qgo] 871

cg 2
C3 7+ vto] g A(hepatitis C virus; HCV) ZFEAH= AAA]

o= oF 19 7HTF o g 2= = o 1% W= 3
SFA| oA =2 GHES 2ol Ith(Kim et al., 1992; Liang
et al., 2000). 72 BL F3) AGE|0] QyH o FAT} 0
Hom ben] 340 A FAL AR £ BY 1T vlse
U 582 27 2AFglo] thd o 2 o] E tH(McHutchson ef al.,
1998). o 50-80%9] Bt A AR L A4 o}% 5-
20%2] A= 7HAHZE T 7Hoko 2 R Eti(Teoh and Farrell,
2004).

CHE 7rd vtolaiae A9 7hA|Z EHol| YA == CD8I,
SR-B1, claudin-1, occludin 59} £~8A1& 53 722 J&E
st 7+, 7H43 a8 7HE d o 7itk(Lauer and Walker,
2001). C¥ 7+ vlo| A X EA| 2= IFN-0, 2]8}H] S (ribavirin)
ol &= A glovt vpo]g A F(strain)utrt X 2877} theFs}
W HCV o3l A1 AL7[dk S0 Qlth(Pagliaro et al., 1994).

v AR} vl aste] gHd CF 7HE A1) o, 7oA &
& THEZF2] FoxP3 (or CD4+CD25+Tregs)2] W&Z717}
B3 E%3(Ebinuma et al., 2008), & AA}= FoxP3+ Tregs
9] kg o] HIV E= HCV @5 7] H|s| HIV/HCV $E3
oA B H3tEo] 93-S SRISHATHAEE A7), ATk
ZEZY oA HojR= FoxP3+ Tregs? £4, 7|% 181 o
£ "G YA 8A(PD-1, CTLA-4)9}2] AF/dof| tisiA= &
2 vp7t A9 glck

T CF 1rd 2] EHofA E2]E= HCV §o] CDS T
HIAE 715322 2P o] IFN-y, TNF-2t -2 FHlo|g
2 Ho| 7RIS A E BH|eHA] Fohe= ¥HH FE=27 PD-1
o] ¥rgo] K eltk(Nakamoto et al., 2008). HCV Q] #47] 72l
7HS] HCV £o] CD8 THZA Y] 7|54 F2 oA 2=
THZo| vlsl EA o 4g}tEo] 9len PD-1 Y= © &7
Uelhdth E3F CTLA-49) =83 W& E3F HCV E9o] CD8
THZ9] 7|5 HA T g o] §l2o] BHe] Fth(Nakamoto et
al., 2009). Zu|2A% gy CH 7oA PD-1 == CTLA-4
9 2 U@L Hol= HCV Eo| THZFY 7]5ZHo]
PD-L1 =+ Anti-CTLA4E ©]8€3F PD-1/CTLA-4 APt Adof
A TEZFY 753 E0] Hugof wet gulolzia A zA o
gt A28 FEFS A = - tH(Nakamoto et al., 2008,
2009). T3+ HIV E= HCV THE 7o) H]a] HIV/HCV 2E
ZEolA THZF FHO PD-13} CTLA-47} A HH = o]
HIV/HCV $274 Bke] 25 2el 7k 7)1 wat wede]
AR} BT T o] Y2 AASFATH I E A =).

a2z

FoxP3+ Tregs, PD-1 J18]31 CTLA-4¢} 42 HY2Ed &=
AA| FEA T 2 SN 27H8 T BRolg A A
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Table 2. FoxP3, PD-1 and CTLA-4 expression in HIV, HBV, and HCV infection

Immune regulatory

Infection factors Characteristics of FoxP3+Tregs, PD-1, and CTLA-4 expression in chronic viral diseases References
FoxP3+Tregs Correlation between the inhibitory function ofFoxP3+Treg and viral persistence Suchard et al. (2010)
HIV PD-1 Correlation between PD-1 expression and HIV-specific CD8 T cells dysfunction Day et al. (2006)
Correlation between PD-1 expression and HIV viral load Trautmann et al. (2006)
CTLA-4 Correlation between CTLA-4 expression and CD4 count decline Leng et al. (2002)
CD4+CD25+Tregs Inhibition of HBV specific immune response by CD4+CD25+Tregs Stoop et al. (2005)
HBV PD-1 Correlation between PD-1 expression and HBV level Evans et al. (2008)
CTLA-4 Correlation between CTLA-4 expression and ALT level Cao et al. (2011)
FoxP3+Tregs Upregulation of FoxP3+Tregs expression in blood and liver from chronic HCV patients Ebinuma et al. (2008)
HCV PD-1 HCV-specificCD8 T cells dysfunction by PD-1 expression Nakamoto et al. (2008)
CTLA-4 HCV-specificCD8 T cells dysfunction by CTLA-4 expression Nakamoto et al. (2009)

ALT, alanine aminotransferase

THZ19] 7|5 2B W3 IS 7Rt o]& =849
O)%t THEA 7|5 ZB Y MG £4H4 7140 gt d+e
B3] FE =R goxet skA|T AP 7HA 5 sk FoxP3+
Tregso] Eo]& 0 g2 Eu|sl= wo]E7121¢] TGF-pL}t IL-109]
o)t WA AT THZHY 75238 9 PD-1 182
CTLA-49] x|&2 9] utga} BHelo] gl Ao g RugEgch &
A vlolgl A HE 2] -, FoxP3+ Tregs, PD-1 212|311 CTLA-4
o tall Zhe] A4tE vt ALY ok, ARk FE AdTt
of| W= 9 hepatitis A virus (HAV)ol| &3 54 A% 7+99 4
¢ G471 PD-13} CTLA-47} ¥4 B, C¥ 7Fgol| A e} o]
2 HAE By o SH|EAE FoxP39] a2 Z7HE ] ¢
e WESI (LR A 7).

Tguto| g AT AoA Bo|H o R WHo] FrtEl= TH &
LA =, FoxP3+ Tregs, PD-1 18|11 CTLA-494 *li?ﬂ‘?ﬂ_} A
£ Adsts B2 vlolg A Bo] THX S5 A
L 28 7 Agko] = 4= 9i}. F L HCV u]—/d 7}C§ 3‘2};{]—
S22 gjAyo = 3 PD- 11}46&1] AFARANA AL fRE
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