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Abstract

AIM: To observe whether the fusion protein
cytoplasmic transduction peptide (CTP)
-HBcAg;s,-Tapasin can induce HBV-specific
cytotoxic T lymphocyte (CTL) response in
C57BL/ 6 mice via the JAK / STAT pathway.

METHODS: C57BL/6 mice were randomly
divided into four groups: CTP-HBcAg;s.,,-
Tapasin alone group, CTP-HBcAg,; ,,-Tapasin +
AG490 group, AG490 alone group, and PBS
group. Mice were immunized with the fusion
protein through intramuscular injection, and
AG490 was administered through intraperitoneal
injection. The proliferation of T lymphocytes
was observed using CCK-8 assay. The levels of
the cytokines secreted by T lymphocytes were
detected by ELISA, and the levels of intracellular
cytokines of proliferative T lymphocytes were
detected by flow cytometry. Expression levels
of molecules of the JAK/STAT signal pathway
were detected by real-time PCR.

RESULTS: The percentage of CD8'IFN-y" T
cells, T lymphocytes proliferative activity and the
levels of Th1 cytokines in the CTP-HBcAg;q.,;,-
Tapasin alone group were significantly increased
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compared with the CTP-HBcAg;s,,-Tapasin +
AG490 group (P < 0.01), although there was no
statistical significance between the other groups.
The expression levels of Jak2 and STAT4 were
significantly higher in the CTP-HBcAg;s - Tapasin
alone group than the rest groups (P < 0.05), and
the expression levels of Tyk2 and STAT1 were
also dramatically increased in the CTP-HBcAg,, -
Tapasin alone group compared to other groups (P <
0.01).

CONCLUSION: CTP-HBcAg;;,,-Tapasin
fusion protein increases HBV-specific CTL
response via the JAK/STAT signal pathway in
C57BL/ 6 mice.

© The Author(s) 2016. Published by Baishideng
Publishing Group Inc. All rights reserved.
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BE): MRk A& G IR 553 Ik (cytoplasmic
transduction peptide, CTP)-HBcAg,s,-
Tapasini@ iZ A~ FJAK/STAT:# 5435 -F1 X £
C57TBL/6/ AUHB V¥ 57 2 e, 2 P Tobk & 2
fé.(cytotoxic T lymphocyte, CTL) R .

Fik: C57TBL/6/ R EEHLH H448: CTP-
HBcAgs,,-Tapasin% 4540, CTP-HBcAg;, -
TapasintAG490F B4, AG490#fF8 48, PBS
TOUW, BRAEGZIAESR IR, R
EHAGA90 ML BT JAK/STAT @ %, CCK-8IL &
EA M T A O 4l e 3 70 & M R e B AR A
M TH#K E m e N 69 89 28 I B -F; ELISA# T
O m e uktm it B -F, Real-time PCRA& M
JAK/STAT:# %845 5 4 & A K-F.

Z58R: CTP-HBcAg,,,,-TapasinZ8 A8 L CTP-
HBcAg,y,-TapasintAG4904LCDS TFN-y" T
XA ML B E 4 b B E R Am(P<0.01), #E
G 5 E N £ S+ AR 2 % (P<0.01), Thi
A 2 feL B T 4 ik K T 2338 A (P<0.01), H
W B Z ) A R F M Z 5, JAK/STATHE
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58 %455 ¥ Jak2, STAT4 mRNA 4 F £
ik /K-FCTP-HBcAg,,,,-TapasinZL A8 1L 4k
xR Ak KT £ S B 23 (P<0.05),
CTP-HBcAgg,,-TapasinZiTyk2. STATI
MRN A # 5 & A KT 48 vk H po 3 & 28 &
BKF AR R EMEE F(P<0.01).

it AP R &K CTP-HBCAg,,,-Tapasinid
T JAK/STATAZ 5@ 384T £ Th1 & 4a i B -1
& 43k i P AF - CTLR B
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TAP) =/ FHAEVWH— AN HAL, §FE
HILM AR AR (major histocompatibility
complex, MHC)-IZ55F—Ff, B REERE A
BREH I —52F, SMHC/Z K3 E % )
FHIEOT JAK/STATIE S i@k T 2 Fhai i Al
THTFMENE ST, &R 40T,
WA . e BB FAAES. JAK ST
H4F(JAKL. JAK2. JAK4. Tyk2), STATZ
WA TF(STATI. STAT2. STAT3. STAT4.
STAT5a. STAT5b. STATG6). fiifi] 5% & 41 i
RS2 A 4 6 0SS R T AK/S TAT 43§ 1]
51 LR A A s s A AT PHIERE, Th2
YA I Th e H5 T STAT6, STAT4ETh1 4
Ji IR T S5 5, fES TATASR A /N B 82
B 5E A R 9% ) B, T4 F -y(interferon v,
IFN-y) 73l T . g — D2 R B, M/ B4y
HISTATASR A HICDA" TN FE Y N FESTAT4E
[A J5CD4" T4H M v] 5 S0 71 Th1 4L 40 i 4344
MR ILFR B, STAT4/Z/ETh1 40 i i & A
FH . ARG 358 FH 7 7 1 0 B 3 2 s 1) B B
# S IkCTP(GGRRARRRRRR). HLA-A2R i1
CTLEAIKHBCAg s, FLPSDFFPSV) X 73 1-#f
B Tapasint4 il & 85 [ACTP-HBcAgs ,,- Tapasin,
LA CSTBLI6/IN B, AG4901E NTAK/STATAS
53 B PRV S AR, A @IS X TAK/STAT
5T B PR VR, SRR LI AK/STATIE 5
TRPETETS S CTLR B 11EH, HCHBI % ia
ST HRAE RS IR,

1 #RR0TSE

1.1 A 6-8 8 W& HEPE TC4F 28 4 S5 AR (specific
pathogen free, SPF)ZC57BL/6g R/ NR,, 45T
§22-26 g, LA AT RIART TR v Sk iG
NP IR A w42 B 5256 3h P e 77 A )
721 wkfa T8 G BRI CTP-HBCcAg ¢
Tapasin, FHIR@EZREFEORAF. /N RIbk E 4
Ir B H AL S RN EMBOR A BR A 5] T4
JfJE Je B4 H Wako A 7]; ELISAIRAI&EIE H
R&DAA[IFN-y, 4% (interleukin, IL)-2, IL-4,
IL-10]; B EUR G R FITCRE M/ B 5
FESIAC D80 AL B 1 (PE)AR 5 R /) B B 58
FEPUARIFN-y¥4 0 H eBioscience A 7 ; kB
TIREE R BT 5 & M J] 5 K(concanavalin A,
ConA) H Sigmary w]; 4 [ 72 77 A1 A8 i
7 HInvitrogen/A 7; CCK-8iAFA &4 H H A
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FA AL 2EF FE T, RT-PCRIZF & . NTP. Tag
fil;. DNA marker?JJlt) FH TAKARA A .

12 7%

1.2.1 E%ah4h iz LI/ R 44, B
H10 R C57BL/6/IMR, 737l 2CTP-HBCcAg g,
TapasinsZ 4 2H, CTP-HBcAg,, - Tapasint+AG490
XFHEZH, AG490Xf HR4H X PBSZ 4, fl A i
A2 /N BRI NS0 ng/ K, B RUNREG T
100 pLa ML, FRE1 wkIEFRE3 ik,
AGA490FH 715 mg/kghg eyt 5F, & H— IR (A ]
W), fibE R R AT dJE ARAEN BRI
JERIE 2% .

1.2.2 Mtk e 2m ey o 5 5 5 & K/ I Sikk
BE, TAETS0 mL/LZEEHIZ LS min, JopR HLUE
I, B F200H (57 M L, LS mLyES 85T
AHREE, JEMATAIRPMI 164055 72k,
V0 21 o VR 2 1 o 1) 5 A 2 A5 AR AR R b
B B 2y B v b, FE L2200 1/min 0220 minj5,
WR AR A2, FIPB ST 2ik i BB 75 2R
Ak A R

1.2.3 RAZERETHRE M0 i AN3-4f54
PRI TC M85 77 5 P4, 2 S5 I AH AR &
A LI ) TR 5P Rk B 7R AR # 37 C il
), B JE < PSR e N BA B £ VR Ak
CL A &, FT T3 R, BN mL &4 1L
THIRE AL, Bl S OGP e, e sRdE,
g, B TRFRAEN3T CFE L hy AIEFRAES
EHHT, 750 mL/L ZEEH 8 o 41 o 3 e 4%
HlVIETE3-4 mL/min, A TR 2237 CIREFRE
20 mL7 Iy i 35 77 B A W AR 40 i B il 291
ANFEF AR,

1.2.4 THRE@MIIEFAR M. KHACCK-StL
AW, B4y B3 B Tk A i 8 52 1 X
10°/mL, MA100 pL4 B T-96 7L V% 77
B, FFdas XTI, FA 3R AL, R YE
4, FFLIIA100 pL 10 pg/mLIIConAVEW, &
AR N200 uL, B F37 C, 50 mL/L CO,KI%; 7%
farhRE 744 h)E, BALIIA20 uL CCK-8iRF,
i 5 4 h, F96FLIR E T FARREIR FIRSITH PR &
LS5 B AR CIA 450 {8, BX3FLAIFI5{E
PEREER.

1.2.5 T#mAg, v 2m feL B -F-Aam) - SR FH I Ut A
for i, #4535 AF B BT 4L LARPMI 1640
WHEE A1 X 10%mL, 25 g/mL#pAEs. 1 g/mL
BT HEEMLT g/mLEREERIMARFRR+
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BERZR s IE

Jak71 5'-CAGATGCCCACCATTACC-3' 5'-CCCTCTTCACTCCCTTCC-3'
Jak2 5'-GGCAGCAGCAGAACCTAC-3' 5'-GTCTAACACCGCCATCCC-3'
Jak3 5'-CCCATCCGCTGAGTTCCT-3' 5'-GGCTGCTATCCGGGTCTT-3'
Tyk2 5'-TTCCGTAGCAACCGTCTC-3' 5'-CATCAAGCATCCTGTGGG-3'
STATT 5'-CTATGAGCCCGACCCTAT-3' 5'-TTGAACTTCCGAAATCCT-3'
STAT4 5'-CCTGCTGTTGGTTGGTGT-3' 5'-CTTGAGGCTTTCCTGTGC-3'
STAT6 5'-TCCTGGTCACAGTTCAATAA-3' 5'-CGATCTCAGAGTCGCTAAA-3'
GAPDH 5'-AGAAGGCTGGGGCTCATTTG-3' 5'-AGGGGCCATCCACAGTCTTC-3'

37 C. 50 mL/L CO,#H6 h; PBSHEH2 G
WAL, INAPE-CDSaBiA LI & 15 min;
PBSHEHR2IK, 100 uLIH & 1EH 15 min, PBS
Ve G IIN100 pLaEREFI/E S min, EEM
FITC-IFN-y#if&, iR &G 530 min; PBSHE
PG F500 nL PBSEL &, Ji 4 A A3kt &
i 75 S i FEE AT ARSI 43 A
1.2.6 T#k & 2m i3 7 b ik iz b ta e B F 4l
Kt 0K G W 2R (E LIS AR, oK b 3k 1
2 R TbR B IR PMIT 164018 %8 41 fif 55 55 Oy
1X10"/mL, 37 C. 50 mL/L CO,%M F ;5%
4 d JE R FIEW; AR E S AR AR50 uLik
VIRNFLH, BEFL A B IINS0 nLEEEESE A,
37 CiE 60 min J5 7 FLAAE; HFERIGE
G E MRS IR, =i Ny
NS min, FEFLIIANZ 1350 pL, BEbR{CAE
450 nmill 2 WG (A) B T8 I bR i 2815
HIL-2. IL-4. IL-10FIIFN-yf¥I7KT-.
1.2.7 JAK/STAT @ 342 5 5T A& KT 4
n: EIRHI S THEZRPMI 164014 % &
1X10°mL, 37 ‘C. 50 mL/L CO, &M T H53%.
RNAHIHE & 7 $2 BUOL B RNA, DL
SR A cDNA. S L4 TAY T
FEHEARMRS A RA A G (F]), PCRFMW
T BIEH S 94 C T2 min; 94 CAE
45 s, 54 “CiB ‘K1 min, 72 CIEH45 s; 33N
B B JE72 ‘CHEAH10 minf K LE IE 0B B it
HUROAE 12 B b it S i skt e s
HERIR, BEASFE S 3AFAT IR BRI ZEAT N 5
il

Yiit bR KHISPSS17.040 1 HifF i ar
el P IR AT it o . B¥i Himean+SD
FoR, P ECR 5, 2R3t
K BRI R 7 2243 M (one-way ANOVA), #11]
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P ELECR FILS D%, LLP<0.058 % 7 HA 4t
-3

2 BR

2.1 THE@BIER EiEiz ¥R T b
C57BL/6/NRAA A AL EE f5, 55 Tbk B2 40
IR F(IL-2+ 1L-4. IL-10F11FN-y). £
ELTS Al 45 5L i 7 S0 20 fib & 2 1 40 Wb
TL-2 I F N-y7K~F 4 2 v 1 oAt i 2H (P<0.05,
BI1), TIIL-4F1TL-10%) 3 7K 7 4% 41 1] 3% 5 FH
B2 RP>0.05, E1). 45 BoRfG & ECTP-
HBcAgs,,-Tapasin®] DL B I 34 i Tk B2 40 A
Th1 B4 A FIL-2(F = 25.13, P = 0.0002)F1
IEN-y(F = 71.77, P<0.01) ] 5334, IL-4 FIIL-10F]
IR AT R 2 7 (P>0.05).

2.2 THE mfadg g5 & A & Tk 41
& Con ARG, KA CCK-8LL kAL,
CTP-HBcAg,y,,-TapasinZ itk 41 B 8 5 v P
B F = T CTP-HBCcAg,,-Tapasin+tA G4904H,
AG4904H FMIPBSZH(F = 69.14, P<0.01)(E2).

2.3 THE @A @i B F 54 AT RANE
H G ECSTBL/6/)N BRUE X T ML Rl T 43 WATF N-y
RIS, K FH I QM ASOx 4 i 26 4T C D8 au Al
TF N-y bR A I 25 2H Tibk 4 P 73 WA TF N-y 7K ST,
g5 L IRCTP-HBcAg,s,-TapasinZd A LLCTP-
HBcAg,, ,,-TapasintAG490. AG490. PBS#IfE
% 2. 38 IICDS+TFN-y XU SH I 7 43 b (F =
132, P<0.01)(3).

2.4 CTP-HBCcAGg,q,,-Tapasini® it JAK/STAT:&
B FCTLRE 7RV SLIRH Bl & 85
92 /N RO S Tk 20 2 WA Th 1 4 R Rl 7 &5
JAK/STAT{E Sl 85 5 7> T RIB KPR &,
FA1iE T Real-time PCRIZAGIMIAK/STAT(E 5
PS5 FmRNAMRIL. 455K, 5CTP
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FORF 5k
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o F R KT
AN, R
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Tapasini@ iLJAK/
STATAZ 5 18 %%
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B 1 SATHEMRE EERPMEEFNE. A: IEN—y; B: IL-2; C: IL—4; D: IL—10. 1: CTP—HBcAg,,_,,—Tapasin; 2:
CTP—HBcAg s ,;,—Tapasin+AG490; 3: AG490; 4: PBS. °P<0.01 vs PBSZH; ‘P<0.01 vs AG4902H; P<0.01 vs CTP—HBcAg s »—
Tapasin+AG4904H. CTP: JETFESK; IL: A E; IEN—y: THhZE—y.

201 bdf
1
1.5
E
< 1.0+
<
0.5+ o — —
0.0
1 2 3 4

B 2 JENBTHEMMILEEM. 1: CTP-HBcAg,,
»»—Tapasin; 2: CTP—HBcAg 4 ,,—Tapasin+AG490; 3:
AG490; 4: PBS. "P<0.01 vs PBSZH; ‘P<0.01 vs AG490%H;
P<0.01 vs CTP—HBcAg,,_,,—Tapasin+AG4904H. CTP: fify
[ Sk

HBcAgl8 27-TapasintAG49041. AG4904 }%
2 AHMELCTP-HBcAg s ,,-TapasinZi 1 Jak2,
Tyk2, STAT1, STAT4 mRNA [{] 3R iA/K I8
W(P<0.05)(Kl4).

3 e
Sl NS G B % 3, HBV S|
AT [ 18 PR IR 2 A w L. i R T AR 2 A
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4,
£ bdf
g 3
&
jmm
T
Z
&
Z
8 o
0
1 2 3 4

B 3 HBLACDS/IFN-y BB E L. 1: CcTP-
HBcAg,»;—Tapasin; 2: CTP—HBcAg s »;—Tapasin+AG490;
3: AG490; 4: PBS. *P<0.01 vs PBSZH; P<0.01 vs AG4904H;
P<0.01 vs CTP—HBcAg,,_,,—Tapasin+AG490ZH. CTP: fify
JFHEFIA; IFN—y: TR —y.

fliit, BHEEA L5005 6% SUEHB VIR,
IR 2.484248 PEHB VAT & Hoh 1/3 1K) &
ORI B RHB VA5G IF ROAE . e B B0 AE
HB Vi i ke o 24 F UL kAR 2 1 e e
R, A E B N AE R EHB VIR GL S =)
O EZ AR, SR X A R A
(1, 2 siRE R, FE R ECTL R N 2 o BE T4 B
(Th)ZH DS 87, T 1 AP TR e A ) T 2 e
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1.5+

ace bdf B CTP-HBcAg,s,,-Tapasin
bdf ace 1 B AG490
) O CTP-HBcAg,s.,;-Tapasin+AG490

i - O PBS

1.0

K

=

=

z

~ 0.5

E

0.0
JAK2 Tyk2 STAT1  STAT4 JAK1 JAK3 STAT6

B 4 BLEIAK/STATESEED FMRNAMERIRIAE. P<0.05, "P<0.01 vs PBS; P<0.05, ‘P<0.01 vs AG4904H; P<0.05,
P<0.01 vs CTP—HBcAg,,_»,— Tapasin+AG4902H. CTP: [iflfi4E k.

TN EE R

C TPAEAR Py AT 485 747 AE 0305 1 K 4 7 (&
FI. 2k, RS iz 240 i oF 2 4 F i
Y, TapasinfE NPLCHIRZ O RER Sy, Fasg
MHC-15 T I AR AN I 0 o8 0 g, sk
G IR AZ . TEBRHBYV 75 B A X AN [\ 2 47 1
Z S BECTLR M, Horp R E A WL B R
AR NS A 4N R HL A-A2BR i HE:>
HBCcAg,, /e B HHLA-A2BR # 1 RF F 1 CTL
RALIK, B2 R ALK I RE 5 P C T LAE 2
HB V&G iy #2522 Tapasin/& TAP =4
THEM— WAL, SMHC-ZR 5T —FE,
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