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GEWETE WXL hXX a4
APC antigen presenting cell Ps e 5 4 i
AP-20 transcription factor activator protein-2o st E H-2a
BrdU 5-bromo-2-deoxyuridine 5-R R BEIE
BSA bovine serum albumin Ay H R
BTX a-bungarotoxin o AR IE TR
CTL cytotoxic T lymphocyte AAETE T R4 i
DCs dendritic cells e ]
ELISA enzyme linked immunosorbent assay IR £ 95 I P S 63
ELISPOT enzyme linked immunospot kR e e R R
ERK extracellular signal-regulated protein kinase AU HuAME 5 T B O
FBS fetal bovine serum a4 13
FCM flow cytometry A4 AR
granulocyte-microphage colony-stimulating factor 7 240 - [ 4 B v R
GM-CSF
¥
HBcAg hepatitis B virus core antigen HBV L5
HBeAg hepatitis B virus e antigen HBV e HiJi
HBV hepatitis B virus LU R Wi T
HIF-1a hypoxia-inducible factor-1a S ST 1a
IFN-y interferon-y Ty
imDCs immature dendritic cells N BEEAR SEAR 41
JNK c-Jun N-terminal kinase c-Jun 2 FE R v P
LPS lipopolysaccaride IFEZ
MAPK mitogen activated protein kinase 22 4 1AL B T
MFI mean fluorescent intensity SRR
MHC major histocompatibility complex BN G ENEE G4
MLR mixed lymphocyte reaction TR VPR EL 0 e S8
nAChR nicotinic cholinergic receptor SR R A e 52
OVA ovalbumin A OF R
PBS phosphate buffered saline TR Sh 2% itk
PI3K phosphoinositide 3-kinase W NRIENLEE 3-F
PKC protein kinase C g C
Tc tubocurarine T Bk
TCR T cell receptor T 40 e =2 {4
Th T helper cells HBHME T WRE4n iy
TMB tetramethylbenzidine DY FA SRR i
TNF tumor necrosis factor it yeg R AL R
TNFR tumor necrosis factor receptor Ji I SR E IR 1~ 52
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WIOIRNL (DCs) 2 D Rednc i (1 L HRPT IS8 41l (APC), nJ LA T4t
JEREREPEN CTL M. ARG, 7E/N SRt DCs G S s ik LA
TRBFGRYT IR . A, BT DB M IBAT YRR . 45 LR G
KE VAT PE 250 . BT AT SO S0 R I J8 7 T A B 11 AR s AR SO0k 4 it

(mDCs) FAHUMIBRN, AIFAXSJE T 858 DCs DyfeMBLHEE TR AR
o RS Se LA JE o T I A B #E P55 1 imDCs, 430 LA U4 B A . Western
Blot Al RT-PCR £l Jé i T #HiliHxt DCs %1k CD1le. a7 nAChR. 4-1BBL A
OXA0L 5% : Hk, LA BrdU £ AR5 ELISA 45 sl 4Gl Jé T R DCs
A SIOBURR SV T 4008858 [ S AT IL-12 499600 540 FELL BrdU 48 AR5
A1 ELISPOT 41+ DCs KL Hl# 77 CD80/CD86 il 4-1BBL 1 Je i | 4%
DCs Ll 194E F R i 505 46 ] « 4k LAGS = 1 2% 40077, 3l i Western Blot Al
BrdU # N5 5 T Je i T B DCs &4 T o7 nAChR. 4-1BBL Al
OX40L KIA L] 5 J5 LA BrdU #2 AR50 A1 ELISA X LEVFAY T )8+ T AT IFN-y
Xt DCs ThREMI I a4 R

5NN B, R EUKE, JEdh T AT BL R DCs CD1lc. a7 nAChR
Fl OX40L [WEKIA, T e THl DCs 768 /K T-F1 mRNA /K P #BHER N
4-1BBL £ik; 557, Jeili T RIBHER B s U Rr S T 40 P e e B f TL-12
yh; =, ¥ CD80. CD86 il 4-1BBL [f1F Y REA Rii#4 B il T X} DCs
S0 T ARG HE N . CTLs JEAEMPUIRithae: S804, Jed I RePadt e
DCs /] Jak2. c-Raf. MEK1/2. Erkl1/2. p38MAPK. PI3K. Akt » mTOR [
Wtk R, Jé T B PI3K/AKt {55 i o7 nAChR. 4-1BBL Fl
OX40L ik, MEK/Erk 55l gt 25 T Eiff 4-1BBL &ik; f)a, AT
JET TR 2 ng/ml IFN-y 75 DCs /318 T 40 M358 S N b A IR RICR . Bk
SURBITURIEN T R DCs BEWS A TR I BT BRI A% (R S BT ik,
FATBTTE R Je T DCs B H TRV T St T B Ak A
K Jel ] WIRRYIR iRy
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Abstract

Abstract

Dendritic cells (DCs) are one of the important antigen presenting cells (APC)
for inducing antigenic-specific cytotoxic T-lymphocyte (CTL) priming. Some
reports have showed that DCs loaded with antigens could induce therapeutic and
protective anti-tumor immunity in mice. Several groups have documented that
nicotine has positive effects in the treatment of neurodegenerative diseases,
ulcerative colitis and Tourette syndromem. Our previous studies have revealed
that nicotine-treated immature dendritic cells (imDCs) have anti-tumor effects.
The present study is to explore the mechanism of nicotine to enhance the function
of dendritic cells. In order to achieve the aim of our study, firstly, bone
marrow-derived imDCs were stimulated with nicotine in vitro and CDllc, a7
nAChR, 4-1BBL and OX40L expressions were determined by flow cytometry,
Western Blot and RT-PCR respectively. Then, DCs-dependent antigen-specific T
cell proliferation and IL-12 secretion were secondly determined by BrdU cell
proliferation assay and ELISA respectively. Thirdly, the roles of CD80/CD86 and
4-1BBL in nicotine-augmented DCs-dependent T cell proliferation and CTL
priming were investigated by BrdU cell proliferation assay, enzyme-linked
immunospot assay and in vivo preventive effect on tumor development
respectively. Using relative kinase inhibitors, the mechanism of a7 nAChR,
4-1BBL and OX40L upregulation by nicotine stimulation and the pathway related
to nicotine-augmented DCs-dependent T cell proliferation were further explored
by Western Blot and BrdU cell proliferation assay respectively. Taking the clinical
application of the nicotine-treated DCs into account, finally, we compared the
efficiency of nicotine and IFN-y in augmentation of DCs-dependent T cell
proliferation and IL-12 secretion by BrdU cell proliferation assay and ELISA
respectively.

The results showed that: Firstly, nicotine could upregulate CDllc, a7
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Abstract

nAChR and OX40L in DCs in protein level, and increased 4-1BBL expression in
DCs both in protein and mRNA level; Secondly, nicotine stimulation could
enhance DCs’ ability of HBV-specific T cell proliferation and IL-12 secretion;
Thirdly, the effects of nicotine-augmented DCs-dependent T-cell proliferation,
CTL priming and anti-tumor activity could be significantly decreased by blocking
CD80, CD86 or 4-1BBL respectively; Fourthly, nicotine rapidly increased the
phosphorylation of c-Raf, MEK1/2, Erk1/2 and p38 MAPK in the early 0-15
minutes and PI3K, Akt and mTOR were continuously activated from 0-60
minutes; Fifthly, a7 nAChR. 4-1BBL and OX40L upregulation by nicotine
stimulation was mainly dependent on the activation of PI3K/Akt pathway, and
MEK/Erk pathway also involved in the upregulation of 4-1BBL; Finally, nicotine
had equal efficiencies to 2 ng/ml IFN-y in DCs-mediated T cell proliferation. All
these data presented here indicated that nicotine treated imDCs might be
considered as a potential candidate for anti-tumor vaccination and anti-virus
immunotherapy. Our study also provides a theoretical basis for
nicotine-stimulated DCs applied to clinical treatment in future.

Key Words: Nicotine; Dendritic cells; Immunotherapy
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DCs s NMANHIG IR DhRedom i THAPU RS 41 Cantigen-presenting
cells, APC), TEANMEFALRIS T ) 2. NMEMPUR KR ERE RN,
Mgtk APC . N LAALEE, DCs fEPUIMR . P, BAHR. %
S IR RN B S5 MRS 0 & AR ANE YT b R A AR Y 2, SRk, DCs
IR 2 v R IR AR BT IE T R, SRl ARSI L R 5 R RS R R
W4 DCs, 1AL, DCs 7EAA N I et 72, AR 5 Al LA BT Jsi ) o, TX 26
PURP AT LU N A I eg 22 k. s 40 i ) ol 85 BT bt DNA
B RNA 5, A A] DU FH L DA TR el 2 Aok sg e s 5 ' N DCs,  fac 5
XL DCs [HI4BIAR N AE A B, XAl v UGS S LA™ A 2K B e
P e N o AEX L Gk e v6 YT 77 20, DCs 0 40 o G2 AE i i eg ok 7
Wkl ESEH . EPUMIR AU, DCs ik nl TRy S R A 2= . il
GURRIE . BRI PR BRI A s ARBTG5 AT G
T IER R BA L e DCs Ja, i3 AR bus g, 74 CTL A s
SRR .

Jeuly TARFRIEG, 12 2R 1-HJE-2-IEns e, A B 5 B 7S Jo A R ik
e I RAERE I R U AR B ). TS, JeT T SO &R AT P
TIPS e A IR SR A RE IR TT T2, T, SR TR S 4N HufE
U7 H MR gT ok % . Jel T LL_E i DCs R FL RIS T 1R IE, R E
et R PR s Lo hel. Je il T 0 DCs &5 4 BiRg e JE SR AN Ot bk B 5% 1L
IR RES T AR, i AR SR W Lewis i (LLC) FIAT (Hepa 1-6)
BRI A I o AR RSO AN B T 5, DCs SHREMIHLFIFER AR
e

DCs X T 40 Ji (13835 AF FH 75 25 CD80/CD86 (R B7H1/B7H2) 5 CD28 1)
FIEAR IR — 5 512, 4RI CD28-CD80/CD86 JLiil il 5 I ANk 78 A ke
X T 40 PR 80 2k PR 1 DA AR T i = AP, T i st )i 1
MO IGTEA AR, A CICYE T 41 A A A M1 oy — X il oy 7



i

[}

BRI R SE R T CTNF) FUMBIRSER 13248 (TNFR) 8 5EY . FRATHT
WEFCR I, Jeih T RE LI DCs JLHlisr T CD80/86 [¥1#ik™, i 4-1BBL #
OXAOL #fS /2 JRg IR JE R 1 SR (1 LB b« o 4-1BBL 7R3k 41 gy 5K 1 1)
B B R AR AR FH T 1, OXAOL 15 T 4l R I 4 F OX40 454 5 REmg i
B CDA'T 4 ffisAt. 9%, T8, It CDA'T QM Adr. L, Al
AR Jed TRl i DCs SR ILHIE s> 7 CD80/86+ 4-1BBL F
OX40L 113k, k34 DCs 5% T 41 iE 01155 T 2l Thl B 65 v %
EE)HAETA L, HATE RS T B DCs R IL51Hsr 7 CD80/86 #iA 1M 4T
P& S i T BEA5 B 4-1BBL Al OX40L (&35 TR R B, Jeth it
W% o7 nAChR-PI3K-mTOR i 2% HAMH AP-20 i 1M b i ik 4040 4 Bl A4 14 TE )
WOE AR y 2 G 0 PIBK-MAPK-Erk1/2-mTOR 3 445 HIF-1a %34
Ol WL 4% PI3K-Erk1/2-mTOR i i #2472 (A A1, D bAe 34T 11 52
B rp 3 FEPE ARSI T JE T X Jak2. c-Raf. MEK1/2. Erk1/2. p38MAPK.
PI3K. Akt Fl mTOR (¥ ¥LiH 11«

TS BT Y5 DCs DI RERINLE, B B SMNE iE T 5 5 ) imDCs,
oy AR R4 MR . Western Blot /1 RT-PCR %} CD11c, a7 nAChR, 4-1BBL Fll
OX40L HJZRIEAALBEAT R 48 )5 73 73] FH] BrdU A1 ELISA £:ill DCs /13 () HBV
PSR SRR T 20 M35 O R IL-12 43 vk, S THFST CD80/CD86
1 4-1BBL 758 i ] HIOE 3 DCs Dhe fER, 43758 Bt CD80 f b
PR 16-10A1. L CD86 HLygfEdifk PO3.1 FI4T 4-1BBL 5w fEHiik TKS-1
XF DCs BTN, AR JEE BrdU 3 N IR 5 SRAS BT JRe 5 1 T 40 i i) 39 5 J
N\ BIEEE G BE A SESG (Enzyme Linked Immunospot, ELISPOT) Al it
R S CTL MBS 5 S S LA K 508 52 96 KAl Jie e 0y 250 R s ki, e Al A
P RPARORAT 5 30 S R4 37, FeATT1E— 22 H] Western Blot 1 BrdU 5 NS F7T
JEt T i DCs &M% 7 o7 nAChR, 4-1BBL F1 OX40L [{IHLiHI LK 2 i
JET T 1Y% DCs /51 T 41 MU 5E [ N (AR OGS il % . 3, HI8R el T
HIE DCs A PR Y FH 18T 5%, AT EE I BrdU 8 AR50 F1 ELISA X} LT
T e TRIANFI & IFN-y #4558 DCs ThAE M 1EF &R .

MR N B, EEAKE, el TR L IR DCs i
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CDllc. o7nAChR. 4-1BBL 1 OX40L fIIE, 1fi7E mRNA 7K, Jei T il
P DCs 3R] LAXY N 4-1BBL H%es%: 55, Jedd T RIBRERS o HBV R 1% T
0 MR S N LA TL-12 ()43 =, BHIET CD80. CD86 #il 4-1BBL fig
RO S T BRI T 40 BRI S N . CTLs (K% 2L RE I RBT IR Shag, 2504,
15 0-15 SyBi N e T Rt E TS DCs Jak2. c-Raf. MEKI1/2. Erk1/2
p38MAPK IR, 7 0-60 738N Je it | ReFr£Lius PI3K, Akt LA mTOR
MRl ; S, Jeil T 2Nl PI3K/Akt 55 L a7 nAChR. 4-1BBL
H1OX40L [¥) 315, 11 MEK/Erk 5 ‘518625 T il 4-1BBL &R . 55,
BATRILE T F1 2 ng/ml IFN-y 7€ DCs A~ (19 T 40 fa 388 5 Jse S A A5 FHABL K 3%
o A IS RARTURIES T RIBIY DCs REW B B 108 2 Sy 7. 3
RIS R Je it T I DCs AE R HUIE DCs 3 BN H TR AT 4t T 22
WA .
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C57BL/6 (H-2Kb) ITAZ &R/NE, 4-6 fAcA, Mirk. Wy Ep ER B ik
sy, FETEN RS S 0y SPF K Ish# s .

2 EERH

2.1 HAREIESFHE KR

(1).
).
3).
4).
(5).
(6).
(7).
(8).
(9).

(10).
(11).
(12).
(13).
(14).
(15).
(16).
(17).

20 0 - W T B A Y TR R (GM-CSF) (3£ PeproTech)

HA M %-4 (IL-4)  (3E[H PeproTech)

RPMI 1640 £77%# (RPMI Medium 1640)  (3E[E Gibco)

DMEM }: 77 (S5[H Thermo)

JG4F1f3 (Fetal Bovine Serium, FBS) (3£ Gibeo)

HEPES (52| Sanland Chemical)

B-SALLlE  CEREAEYD

B (Trypsin)  CEEEEYD

Je i T [Nicotine, (S)-3-(1-FiZE-2-ngmskeFbytne] (£H Sigma)

o HRIFIEFEZE (o-Bungarotoxin, o-BTX)  (f#i[E EMD Biosciences)
A& 80 (Tubocurarine, Tc)  (3E[H Sigma)

HBes.1000 MGLKFRQL  (H g2 T4 a0

HBc(1527: FLPSDFFPSV (i g T4 50

OVA )2 Jik SINFEKL (OVAjs7o6s)  (H FE2E T4 )
Anti-Mouse CD80 (B7-1) Purified (3£[# eBioscience)

Anti-Mouse CD86 (B7-2) Purified (3[# eBioscience)

Anti-Mouse CD137 Ligand (4-1BB Ligand) Purified (3£ [ eBioscience)
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(18).  Anti-Mouse CD252(0X40 Ligand) Purified (3%[% eBioscience)

(19).  p38 MAPK #iiil5f] SB203580 (3£[E Cayman Chemical)

(20).  PI3K #7571 LY294002 (Z£[E Cayman Chemical)

(21).  MEKI1/2 #il55 Uo126 (L[ CST)

(22).  mTOR Il 7] Rapamycin (3E[E Alexis)

(23).  EZ/ME IFN-y (Recombinant Mouse IFN-y) (3&[E R&D)

24).  LLANNRARAFHL:
NH4Cl18.025 g, KHCOs1 g, Na,EDTA-2H,0 0.037 g
800 ml XUZL /KW, AT IRIKIE N pHT7.2, MZKERSR 1L, 121C
Ko

(25).  WERERZEMW (PBS):
NaCl 8 g, KC10.2 g, Na,HPO,4 1.44 g, KH,P0, 0.24 g, % T 800 ml
WK, H HCL T pH H 4 7.4, WFEKERE 1 L,

2.2 Western Blot fEXiR 7

(1).  RIPA #&f# (58)  GERKRD

(2).  EABEREEER  AERtERRD

(3).  WERREEIIENR il Roche)

(4). bt GAPDH —41  CILIt BN AR A R A FD
(5).  “EHLCDI3TL —$Hi ([H Santa Cruz)

(6). P B-actin —Pi (3E[EH Santa Cruz)

(7). %Pl a7 nAChR —#T (ZE[H Millipore)

().  RPiEENR1L p44/42 MAPK —PT  (EHE CST)
9). itk p38 MAPK —#H1  (EE CST)
(10).  fPiiEmiL Jak2 —Ft  (EFE CST)

(11).  RPiEmRIL mTOR —Hi (EE CST)

(12).  fRPUiMmL PI3K —H  (EE CST)

(13). Ry Akt —H1 (EFE CST)
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(14).
(15).
(16).
(17).
(18).
(19).
(20).
@1).

(22).

(23).

(24).

(25).
(26).

2.3

(D).

RPUBERIL MEK1/2 —Ht  (3EE CST)

PP UL c-Raf —FT (SEHE CST)

HRP-FEhife —ht  CERELEYD

HRP-F'Hi bl — Pt (€ CST)

HRP-J'Pi=F —Ht (£ Santa Cruz)

ORI & (EE Millipore)

gz | Marker (3£[E Fermentas)

Loading Buffer (5x):

IR 25 mg, SDS0.5¢, Hil 2.5ml ;

F 2.5ml 0.5 M Tris (pH6.8) ¥ i fa 100 2.5 ml H il ~), 500 ul/
Urore, RO 25 pl B-5idk L1

HIDKZZ Ml (1):

Tris ik 3.03 g, H%®& 18.8 g, SDS1 g:

BT 800 ml XK, H/DEIK HCL VRN N pHS.3, AZE/K
KA 1L,

P (162

Tris A% 2.9 g, HZR 14.4¢g, FE 200 ml;

IR K FEAR I E A2 1L,

TBST ZZmifi (1x):

Tris ik 2.42 g, Nacl 8.8 g, Tween-20 500 pl;

BT 800 ml X zE/KHY, IRIRE A pHT.5, XK ERSD 1L,
B 5 g BARYFAT 100 ml TBST HfiRIR A1 .

[[ESAR SEME

MALS02g, —HLM 3g, S-BEEKME 3 g

IR ZE KB AT 7€ 22 4 100 ml.

T LA B AR A B KR

PE #5731 [ anti-mouse 4-1BBL (3£ [E eBioscience)
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(2).  PE #5ICHY anti-mouse OX40L ([ eBioscience)
(3).  FITC #5ic Y anti-mouse CD11c  (S£[H eBioscience)
(4).  FITC #51cH) a-BTX (3£[H eBioscience)

2.4 RT-PCR EiXH

(1).  TRI-zol (H[EKi#E Tarkara)
(2).  PrimeScript Reverse Transcriptase (H1[E Ki% Tarkara)
(3).  SYBR® Premix Ex Tag'™ ("[E kKi% Tarkara)
4. 9l
4-1BBL: sense 5’-ACTTCTGTTCCCGCCACCCA-3’
antisense 5’-AGGTTGGGCGAGGTGGTGAT-3’;
B-Actin: sense 5’- CGTTGACATCCGTAAAGACC-3’
antisense 5’- AACAGTCCGCCTAGAAGCAC-3’;
CHAE ST R IR G BO
(5). ML Z%E (EB B4 HIXZEKRLE 10 mg/ml, B HEE St 2 /s
I,
WEG Z IR ORAT o
6). TAE (50%):
Tris Base 242 g, #KZ 1% 57.1ml, 0.5 mol/L EDTA (PH 8.0) 100 ml;
DK 2 SRR 1L,

3 AFE

(1). 23 5E AR 7 & (Cell Proliferation ELISA, BrdU) (it Roche)
(2).  /BECIL-12 &R & (Mouse IL-12 Module Set)

(B A Bender MedSystem)
(3). /P IFN-y ELISPOT i&5f/% (Mouse IFN-y ELISPOT kit)

(fi = U-Cytech)
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