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Abstract

AIM: To determine whether the bone marrow
derived dendritic cell (BMDC) vaccine sensitized
by heat shocked hepal-6 cell proteins affects the
infiltration of intratumoral CD25 Foxp3” Tregs in
a mouse hepatocellular carcinoma (HCC) model.
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METHODS: In the presence of GM-CSF and
IL-4, BMDCs were induced in vitro. BMDCs
were sensitized by heat shocked hepal-6 cell pro-
teins to generate a vaccine for HCC. The expres-
sion of CD11¢c, CCR7, CD80 and CD86 on these
sensitized BMDCs were analyzed by FACS. The
anti-tumor effect of this vaccine was evaluated
using a mouse HCC model established by sub-
cutaneous injection of Hepal-6 cells. Eight days
later, the tumor-bearing mice were divided into
four groups, which underwent intratumoral
injection of BMDCs sensitized by heat shocked
hepal-6 cell proteins, serum-free culture me-
dium, BMDCs without sensitization and BMDCs
sensitized by unheated hepal-6 cell proteins (once
every 7 days, 2 times altogether), respectively.
Nine days after final administration, the mice
were sacrificed and the tumor samples were
taken for immunofluorescence staining for CD8"
cells and intratumoral CD25 Foxp3” Tregs.

RESULTS: Light microscopy and scanning
electron microscopy showed that BMDCs propa-
gated in the presence of GM-CSF and IL-4 dis-
played the typical morphological characteristics
of dendritic cells. Immunocytochemical staining
showed that they expressed the dendritic cell
marks including CD11c, CCR7, CD80 and CD86.
Compared with the controls (BMDCs without
sensitization or sensitized by unheated hepal-6
cells proteins), the BMDCs sensitized by heat
shocked hepal-6 cells proteins showed increased
expression of CD11c (67.2 £ 4.49 vs 52.4 + 5.20,
58.4 + 4.43), CCR7 (65.4 +5.34 vs 45.9 £ 5.04, 57.0
+3.46), CD80 (62.9 + 4.69 vs 46.9 + 4.75,54.4 + 3.47)
and CD86 (73.3 + 3.58 vs 60.1 + 2.98, 63.7 + 3.10)
(P < 0.01 for all). Compared with the controls,
the mice administrated with the BMDC vaccine
sensitized by heat shocked Hepal-6 cell proteins
showed increased CD8" T cells (55.0 £ 4.11 vs
38.2 +3.34, 44.6 £ 4.29, 45.6 + 4.92, P < 0.01 for
all) and decreased intratumoral CD25"Foxp3*
Tregs (0.37 + 0.028 vs 1.31 + 0.020, 0.77 + 0.057,
0.57 £ 0.062, P < 0.05 for all).
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tein sensitization can upregulate the expression
of CD11c, CCR7, CD80 and CD86 on BMDCs in
vitro. Administration with this BMDC vaccine
can increase CD8" T cells and decrease intratu-
moral CD25'Foxp3" Tregs in HCC mice.
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BH: WL HHepal-64m fe Ik 526 4L &
6 A B R R R AT R Ak 49l (bone marrow
derived dendritic cells, BMDCs)J% & %} /s R 20
AeLJ% (hepatocellular carcinoma, HCC)J% M CD25"
sk & #5 5 B 7 P3(forkhead box p3, Foxp3) i
F THk &2 fie(regulatory T cells, Tregs)iz I8 #9

AR

Fik: lmin-E e e A R %R T
(granulocyte-macrophage colony stimulating
factor, GM-CSF)#= &1 4~ % -4(interleukin-4,
IL-4)3% % F 4k 4M 47 3 BMDCs, 4% i Hepal-641
R ) LR A RSP ABMDCs#) &
T, KA KIZAF F & FoFAC SN BACHT
/&ZBMDCs CDllc. CCR7. CD80#=CD86%%
Kk TA. 4 A Hepal-62 f K T i 4468 7 ik
)& F(CSTBL/6))HCCHE R A% 78 )N R4
2072 St Hepal-64m Il R 72 )5 5L 1R & 5eh
BMDCs#% # (R #3Fag W, BT IES1R, £
20R), I 5B E A R(E G x4, BMDCs2aFe
Hepal-6%m JL 3L i3 &1 20). fe0897 4 R 59 d3k
FALLRARK, oIz ¢ KA F 4 & FFACS
Mol & ¥ E 4T M % ACD8 Tm e f=CD25"
Foxp3" Tregs4m At t4 iZ- i H L.

ZR: kit vs 27 GM-CSF4=IL-4
TR INE 7 3 9 BMD Cs B A 5K 28 e
FEAEVERG TG SR, B R R E R
T E & A CDI1c, CCR7, CD80#=CDS86.
1& A Hepal-6%8 o # 4K % )6 3L 87 & B4
BMDCs#l, 5 xR 48(BMDCs#a#=Hepal-6
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+4.49 vs 52.4+5.20, 58.4+4.43, P<0.01),
CCR7(65.4+5.34 vs 45.94+5.04, 57.0+3.46,
P<0.01), CD80(62.9+4.69 vs 46.9+4.75, 54.4
+3.47, P<0.01)#/=CD86(73.3+3.58 vs 60.1+
2.98, 63.7£3.10, P<0.01)% £ ik 348 B35 5.
1% M Hepal-648 L 34k 52 5 2 & & B
BMDCs % AHCCAHT 8 ) AT IEA &7,
B ST JE R I 4 R B R %4 R ACDS”
T ity 8 A 23 T AF IRZA(E & *F FRZH
BMDCs#i4Hepal-6%8 L7 fit & & £8)(55.0
+4.11 vs 38.21+3.34, 44.6£4.29, 45.61+4.92,
P<0.01), 7 R B8 ACD25 Foxp3” Tregs4m it
a4 0298 ) B AR T AR R A B 28.(0.37 £0.028
vs 1.31£0.020, 0.77+0.057, 0.57+0.062,
P<0.05).

2592 1 M Hepal-64m ek )6 L% G %
HAGBMDCsIE G478 77, TIRHCC R
JENCDS" Tém ey iz, 5+ F itk CD25"
Foxp3' Tregs#m feL69iZ 8, % 5 5 B HLht 75
S kAR
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K ZZ —. AR A F Hepal-62m oL Ak 5, )5 69 5L
B LA T I I 4 B AR R 8 A 30 R M e
RS2 JG S B R 3G 5% 6 A B, ARSI R B3R B
DCsR #MG1ER, £k A AL F AL HECDS T
BLiE FS NP G L, R CD4'CD25 Foxp3™ T4t
FEIE 9 I2IA, TR AR 0 A I AL

=Bfe, BR =8 258 BES. Hepal-64BiRAKRTEH
REDIEBYNRRBRBEN T BIREERCD25 Foxp3*
Treg/BIRBVEND. WRELNBILIRE 2014; 22(15): 2081-2090
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T 9k 41 B2 (tumor-infiltrating lymphocytes, TILs)
RO 240 DA S A 1) S e i 2 A B, ST
R EL4H B (regulatory T cells, Tregs) & TILsH ik 5
2P R B A IR R i CDATC D25 X
Sk &% 5% R FP3(forkhead box p3, Foxp3)™ Tregs
W 1 220, Tregs AT 305 4 B Tk (240 g
-1(T helper type 1, Th)#45H, N iATh1Z0H S
(R R e O, DRI, 35 e b 988 £ S 28 S vk

e B 95 2R e P68 HF e B VA s S S5 R 9T
(1) BT B MR e VR T I OB — IR R i
BSR40 (dendritic cells, DCs) IS5
Hprs 2 e h"™. DCsEDIRERR KLY
A A, R e R 4 e

iR RN AT R A0 i PR U BUR D C SR
LB R A S B 1R T SOR. BECESE, b
Je 240 10 224 ok 1 A R PR, BB D Cs g
TEARAE AR N 2 SO BT 40 i AR PR G g
JREOL TR 4 PR T 7 AR K R AT SR TR
P A 76 2 H (heat shocked protein, HSP), 40
HSP70RIHSPOOAE, FATHE i 4l ML Bt St P 1 1
FAL AR 5 &5 4 o e 4 M 284t 2 1 1 A s
PERIFAAR 5 5 B S M4 i 1 XCEAR s, FH He-
pal-64i AR 70 5 2408 £ (1R S BUEBMDCs i
JIIR T, BERET d AL BRI A STHCC/ L2
W, B E4 . BMDCs4l. Hepal-641 s 241

AL/, FACSHL IR 4121 9 CD8 T4 fiw
JCD25" Foxp3 4l i 121 f 40 4%

1 #RRITSA

1.1 A4+ 6-8HEECSTBL/GTEAZ & @ /N H
Bl B2 g B SR s ) o Sk Hepal-624
/I BRAC YR 1 B33 40 U B (AT CC CRL-1830), Hi
BEK A B R B e B e T 5T BT R AT O
24t mHDMEM. RPMI 1640, B (11
(trypsin)-EDTA. Jf’[- 1l (heat-inactivated fe-
tal calf serum) 5 GIBCOLA #; REFRMCFN 2
L AR IR MM Corning Corstar2s @ 1
3%; PE-conjugated rat anti mouse CD11¢(N418).
CCR7(4B12), FITC-conjugated rat anti mouse
CD80(16-10A1). CD86(GL1). FITC-conjugated
rat anti mouse CD25(PC61.5). PE-conjugated rat
anti mouse Foxp3(FJK16s). FITC-conjugated rat
anti mouse CD8. affinity purified rat anti mouse
CD25 (PC61.5). affinity purified rabbit anti mouse
Foxp3 (NRRF-30)IlJ HeBioScience/A #); FITC-
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conjugated goat anti rat [gG. Cy3-conjugated goat
anti rabbit [gGI¥ [1KPLA #]; Mouse CD4™ CD25"
Regulatory T cell Isolation Kitl4] 4 Miltenyi Biotec
A

1.2 7%

1.2.1 Hepal-62m i3 fnAn X (1) NI AU BEEL
tHHepal-6 4 A7 REBA37 “CIC M7
KA E, W RAFHTNDMEM: RPMI 1640
=1 HRARIFMA0%/H 4 1M3%5)600 r/min i
06 min; )4 MM NHADMEM : RPMI
1640 = 1 @ TRABEFRI(10% 1A 4 L35 ) K5 5% M,
5%CO0,. 37 CHAEERFRMETIE: 3) b
I SR U B A K A i A A L P 138 3
TR, IIN0.25% 1) JBE 4 11 g = RS AL 5, 600
r/minZ /06 min, TR, $41.0X 10/mL41 i
W MM ADMEM : RPMI 1640 = 1 © 1IE&
BRI (10% )16 25 37 ) 4k 2 85 5%, AR 40 il A
T OUARS TR AR RS TR

1.2.2 Hepal-6AF /g £ A #9446 (1)Hepal-641 il
FAR3 UG WA B A K4, 0.25% 11
FA§-EDTAM AL, 600 r/min 026 min, F& I
HEL A 42X 107/mL; (2)F 5550 43 4 ZER L
C57BL/6J/N il SRR THRRINE I, B8 4 JH X
B2 R TRPERFN0.2 mLIKE 42X 10"/mLIf He-
pal-64H i, % 1E % 4R, IEHERNEET-8 d/hi
A XA fih B B A% 24 5-7 mm (1) Jife .

1.2.3 ¥k Lk sk oo B b R B
CD4'CD25" T#mfe: % A GHAE: (1)B%
12 dfi IR /s BUIRE, 1 X PBSHE B IRT 4 21 )5,
4°C. 1000 r/minZ5.L210 min; Q)41 HIRA], A
9 mLAUZ%/KS5-7 sfa, W AT mL 10 X PBS#
IEAERRE, 1 X PBSHE &AM (3)0 6 W 4e i
T N ISRV H 40 B, 4t 3 J)>90% N 4k 48
Ja bR (4) A BRAECDAT T4 K 4121000
r/min 4 C #0010 min, £F10"40 #0140 pL PBA
F110 pL cook-tail-Biotin antibodyik~J 4 ffl, 4 “C
¥ F 15 min; N30 uL PBA. 20 uL Anti-Biotin
MicroBeadsF110 pL CD25-PE antibody F- /X4
Y0, 4 “C I F 20 min; JIA1 mL PBA, 1000
r/min 4 CES.0 10 min/5 1500 nLPBAVRAT; fi
2 mL PBAJEVELDAEH 5 LRI Fi&500 L
0 Mo B, W A RI D CD4” T41HE; (S)Frid
43 B IFICD4'CD25" T4t Jd: #F IS I CD4" T4 il
1000 r/min 4 °C #0210 min, 90 uL PBAFI10 pL
Anti-PE MicroBeadsiE~) 4N fifl; 4 ‘CEENGHEH 20

B3

min/5 12 mL PBA 1000 r/min 4 °C &.>10 minji

Wi £BE

R R, Mgt
A mE S LA
AR, AR A
BB ATk
fmE S %
Témhe, #Ak &
@ (heat shocked
protein, HSP)£ %
BN R R A2
Kk ¥, HSPAE
¥E5LELe S
PR T AR M &
ZZMHC-1 %4
F 3] A A S8
CD8" Tl R .
B b, AR A 58 28
A RE GG AL
R M FHSP 2
HSP-Hk 4 44 4,
JE RO R G BR A
AE R AT 8 R
T3 69 R AY S
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WA # AL
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11500 uL PBAEEAHfi; 1500 pL PBAJEBEMS
FEJG, FF FIR500 pLAH M 1R A M SHE:
o, A CD4'CD25 T4, B AEMSEE i
JCD4'CD25" T4 ifu.

1.2.4 CD25 #eFoxp3 #th )& K K ik AT 4 B
#9CD4'CD25" Taaht: (1)F4r EICD4 CD25”
T4 B HIAE 4 B B AR08 v DA A ] 52 20
min, 1 XPBSEEYE3VR; (2)0.1%Triton-X-100= 17
FACFET0 min, 1 XPBSEEPE3 IR, (2 il ==
H 130 min; (3)%H MY HT/ fL Foxp3 5 v B4,
KB/ CD25hi/£k4 CHEH I A5 1 X PBSTE
VeI, ()T INCy3-FEhiflgG, FITC-FHi KR
[gGEIRBIEIFE2 h, IIATL I 1000F5FE FJDAPI
W, IR, 1 X PBSTEYE3 -4 R 1
36 A oRHBE b i A0 BT AT WO 2R
£ DA .

1.2.5 Hepal-64m oLk tk 52, 5 & & 69 32 B0 (1)¥if%
34X Hepal-6 41 fiu 43 7 Jm 4k 23157712 h; (2)
SRR IR ES%C O BT N 18 Tl 2242 C,
TN AR TE L b 32 B £E5%C0,. 37 C
B IRAE TP A6 hECH A i, A0 RN O I UM
JRANME, 1 XPBSPLE3R; Q)W /KERELEE
-80 °C UKFE R il 3 0 i T B At i, K 41 R AT B
14000 r/min. 4 C&230 min, /NOIREE A -
i, B, 20 364E-80 CUKHITRAT. BCAYL
58 B TR

1.2.6 BMDCs# i 335 (1)kbFE6-8)H 12
C57BL/6J/INE, BB SIBR T BHILIA, 1k
HHESE L X PBSH i i iiE 2 I K H; ()UK
LN i B, 1000 r/min 250010 min, 19 mLALZE
IKZ15-10 sHEFRLCA S RERI N1 mL 10X PBS
Wk )4 i €5 1000 r/min 250010 min, 4
JvE %05 A3 40 AR B 252 X 10%/mL. LA2X 10°
40 W /FLEE A 2% T /N FIGM-CSF(20 ng/mL)
HIIL-4(10 ng/mL)[F124fL35FEH, 5%CO,. 37 C
BE IR, B R P 5 R IR IO A A e R 4k 4
B3R

1.2.7 BMDCs# %52 (1)H 2 B W g It
MRS FRBMD CsER I 1 R/ . Hs FISGE A, (2)
WAEREF59 dIfJBMDCs, 1 XPBS 1000 r/min . >
10 minPEi3UK. IR B Bl 2B v
a2 T4 AL BER I, S R R R s (3)1R
PR [ 5 40 94 20 min/— i/ HE e (4 340
W, — T 9Ot e A 2L AR IIC D e
CCR7. CD80. CDS6MIZEIA.

1.2.8 Hepal-6%m i 244K 5 )5 3Lt & & B BM-
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DCs: (115775 dRIBMDCs- i #7210 5 1
AR A2 X 10°/mL, 5%CO,. 37 CHiFE4
R 9524 hJ543341: BMDCsk} 4. Hepal-641 ity
HFEAIBMDCsX 4], iEZ Bi(lipopolysac-
charides, LPS)(200 ng/mL)#I #0541 FlHepal-6
A AR T 5 24 AR (ABMID CsS i 41, AR 4
65 1L; (2)BMDCsxf f 4 5L I AN G54 F 1)1
X PBS; Hepal-641 il 2/t FABMD Csxf 41 ¢
FUMALS pg Hepal-641 i 4% 25 ; Hepal-641
AR v 5 243 R FIBMDC sl /LI LS pg
Hepal-641 R o J5 2R 1, 3) & FLIG TR
I ZET mL, 5%C0,. 37 CHFE12 hfa, WX
2140 i )R B AN a9 B 252 X 107/mL.

1.2.9 FACS# #Hepal-628 itk 52 6 2 &G
HHATEBMDCs#CDl1lc. CCR7. CDS8O.
CD86&A: (1)KILEN % 4IBMDCs % 732454
EP%, 2000 r/min .03 min; (2)%&EPHAI500
uLEFPE- KR PL/NRCCRT. CDIlcH BB
1, FITC K P/ ECD80. CD86 HL o [ Hi Ak,
4 “CHEEIF 540 min; (3)1 X PBS, 2000 r/min 2L
3 min, PE2XMN500 pL Flow Cytometry Staining
Bufferfa 2], LML, HBEHLIT 72
AT ERAE 3 A S50 B4

1.2.10 Hepal-6mfe 4k 5t 5 L& & A BM-
DCsiz A7 78 s R #F8 dJi Bud /) Bl AL 734
. ()RRt FRAL: AR /N BUR RIS 33 5
0.1 mL 1 XPBS; (2)%F BMDCs41%: /M
Joq AL H R VESF0.1 mLIEE A2 X 107/mLIH
BMDCs; (3)Hepal-641 it 541 5 (1 EUHEBMDCs
A A5 S/ LR PR A BT 5 0.1 mLIKkFE Ry
2 X 10"/mL{¥Hepal-641l il 34/ 5 1 2 BMDCs;
(4)Hepal-641 s # iR v J5 22t 1 BUEBMDCs
Y1 A BU/N RURT A R AR B A7 550.1 mLikJEHy
2X10"/mL{Hepal-641 Ji #A IR 7 i S48 2% 11 5
BMDCs, #4157 di 5 1K, HE20K%.

1.2.11 FACSH# s & A 5 CD8 T 1 it Fe
CD25 Foxp3' Tam e égiziE: (1)¥0979 diF, 4bst
FAL/N L, BUMR AL T YRRE, PB ST R4
E 1000 r/miniL310 min; ()19 mLAZE/KEE
P5-8 minfilBR 0N BRIE N T mL 10 X PBS#
1k, 1000 r/minZ.0210 min; (3)40 1%L, H40iE
WPE A1 X 10°/mL; (4)F #4140 22000 r/mins
/>3 min, 7351100 uL Flow Cytometry Staining
Buffer)i & A FITC- K R #i/ R CD8Fi 4.
PE- K RPT/N i Foxp3 PLAHIFITC- A Bt/ il
CD25HUARIRS], 4 ‘CRELIFE40 min; (5)1 mL 1
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mZAZE
Hepal-6 41 ft # 4k
AR R G st
XA RAT R

1
SR B X 7000). BMDCs: B HEARI R4,

FHE TVIZEBMDCSHIERS. A: P2RAIEEETS (x 200); B: BIZSIRAHIE( X 400); C: PIZSIRAMIHESL (X 400); D: Hf

% 1 Hepal-6/AiR#ARsE S 3UREEFEBMDCSS, CDTlc, CCR7. CD8OFICD86FIEMIITEL (7 = 6, meam + SD, %)
paxi:l cDIIc? CCR7* CD80* CCR86*
BMDCsIVIRZE 52.4+5.20° 46.9 +5.04° 46.9+4.75° 60.1+2.98
Hepal-64HiR3#2EEBMDCsIIRZA 58.4 + 4.42° 57.0 + 3.46" 54.4 +3.47" 63.7 £3.10°
LPSYYHRA 64.6 +3.86 64.3+6.42 56.9 + 4.06° 67.4+2.08°
Hepal-64BiERVAT G ESBMDC sS4 67.2 + 4.49 65.4+5.34 62.9+4.69 73.3+3.58

P<0.05, °P<0.01 vs Hepal-64BHEFWARTS GRLREIBMDCsSELZH. BMDCs: S8E R MZRIRABIR; LPS: 5248,

XPBS, 2000 r/min.»3 minPEiE21% 5, &M1500
uL Flow Cytometry Staining Buffer# & vi2%4), FAL
eI, F ATt i 2 2 A R A 23 B S50 s

St AR SR Limean £ SDE IR, 41
7] 22 5K JH SPS S16.048 T A0k 1 Rl 38 77 2 4y
r, #5777 22551, WP ELACR -HLSDVE:, #5777 A
3%, K Games-Howell#& 56 43 #r. P<0.050 57
EEW -8

2 BR

2.1 AR BMDCs#y 58 BibE N g
U.: GM-CSFHMIL-44k4M% S FIC5TBL/6J/) i
BMDCsTEAE3RIE M B 474, 286 RAR T Y
K, BB Z IBMDCs, 559, 12R4:7% R
JRIBMDCs#ii 1 2, VA EUE /N, HERE
BIREIRMBMDCsH ] WA SOIRI, F4 H
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