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Killing effects of 5-Aza-CdR combined with EBNAI-DC vaccine-induced
lymphocytes on nasopharyngeal carcinoma C666-1 cells
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Clinical Oncology School of Fujian Medical University & Fujian Cancer Hospital, Fuzhou 350014, Fujian, China)

[Abstract] Objective: To investigate the killing effects of Epstein-Barr virus nuclear antigen 1 (EBNA1) mRNA-modified DC
(EBNA1-DC) -induced lymphocytes combined with methylation inhibitor 5-Aza-CdR on nasopharyngeal carcinoma C666-1 cells.
Methods: EBNA1-pCDNA3.1 plasmid was used as a template, and EBNA/ mRNA was obtained by in vitro transcription.
Subsequently, EBNAI mRNA was transfected into dendritic cells derived from peripheral blood from healthy donors by liposome to
construct EBNAI-DC vaccine. Flow cytometry was used to detect the transfected DC phenotype and the apoptosis of C666-1 cells after
5-Aza-CdR treatment. Real-time cell analysis was used to detect the specific antitumor activity of EBNA/-DC vaccine-induced
lymphocytes combined with 5-Aza-CdR. Results: The positive rate of EBNAlon the surface of EBNAI-DC after transfection with
EBNAI mRNA was (59.3£5.85) %. The expression of HLA-DR was significantly higher than that of untransfected DC ([84.9+5.5]% vs
[68.0+£5.8]% , P=0.026). The expression of CD80 was significantly improved from (88.2+£3.9)% to (61.1+4.4)% (P=0.015). The
apoptosis of C666-1 cells treated with low-dose 5-Aza-CdR was not significantly different from that of untreated cells. The expression
of IRF7 gene in C666-1 cells pretreated with low-dos 5-Aza-CdR was significantly higher than that in untreated cells (P=0.000 1).
Lymphocytes induced by EBNA1-DC had stronger specific killing activity against EBV'C666-1 cells compared with untransfected DC
(P=0.049). C666-1 cells pretreated with low dose 5-Aza-CdR were more sensitive to specific immune killing induced by EBNAI-DC
(P=0.019). Conclusion: The combination of 5-Aza-CdR and EBNA-DC vaccine can significantly enhance the specific immune killing
effect on C666-1 cells. This study provides the preliminary research basis for the development of the mRNA-DC vaccine and its
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application in clinical comprehensive therapy.
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IR VRIT ARG AORE , e H AT AEAE S . 95% 1)
AE 1 A6 R & 4340 1 52 W 9 5 EB 4 2% (Epstein-Barr
virus, EBV) B YL 2 ) FH 5. EBV LAV (R B G2 (1) T
RFEEAEAF, IF B 40 f 55 1 T bk 2 40 B2 Ceytotoxic T
lymphocyte, CTL) ¥ il . J& T Ak, I A 1) EBV-
CTL it 4k 4 iy 97 )7 B EBV J fiE 1 15 LR
I OBE S A RG22 A 7 388 Bt i 1
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P11 (Epstein Barr virus nuclear antigen 1, EBNA1)
mRNA £ 4[] DC $% 1 , M/ ST AR & 5-Aza-CdR
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EBV [ £ M8 8 40 i C666-1 1 H i 4 2h W)
FHE A BR A 7], EBNAI-pCDNA3.1(+) i R 1 ifg A=
LA B . BREIYE N YR S 16 H Qiagen
AT BRLAE BUA T & B R R A R A A,
5-Aza-CdR J¥J H Sigma A & , DMEM s 7% & | fifs 2 il
T 0.25% JERE I H Gibeo 2 &), A KLAH EE41 i
$E V5 ) 34 K] 7 thGM-CSF . IL-4 K CD3 #4714 W H
Peprotech 24 & , GT-T551 H3 ¥ 3= W H b HE
ARG PR A Ak E s 5 B 3 E

General Electric A @ , gPCR 5| ¥ B _E# 4 T4 %
TRIzol ik 7| 4 H Invitrogen A ] , GoTaq"1-StepRT-
qPCR A & H Promega 2 7] , ABI7500 qPCR 4312
H ABI A &, Jit 2041 g 4% (Beckman Coulter FC500) 1)
H Beckman 2 & , SZ B G A5 id 31 2 40 f 73 H7 (real
time cellular analysis, RTCA)$ AR B ) xCELLigence
RTCA S 411 43 B A3 A E-plate i 4R 24704 H 36
Agilent 2 & , CD80-FITC/HLA-DR-ECD/EBNA1-PE
A PiAIE H BD A

12 DC#isF3%

Friv H it BRI 2 50~100 mL &0 & B ik it (A6 B e
ft5 : SQ2021-171-01) , £ Ficoll % J& s & 5500 40 1
H AN (PBMO) , TN GT-T551 H3 ¥ 774, LA
B 2x10° N /mL 2 R0 75 om?® FU 41 i 55 750, 377
A1JE N 37 °C5%CO, 55 7548 , B 9% 2 h ) W ke E
TEW TR A, VR AT . W EE S NN 20 ml
GT-T551 H3 k% 7% # (% GM-CSF 500 ng/mL, IL-4
100 ng/mL) , B RAME 1 %, T 55 7 KUY B DC i
ITHE gL,

1.3 A EBNAI mRNA #94k 537 3%

FIH Stul i V1467 554 N EBNA1-pCDNA3.1 Jii ki
LR TEAL, [ D) S ) 4R AR TR, DA D AR, 8
i mMESSAGE mMACHINE T7 Kit # 17 EBNAI
mRNA & &b 37 38, IR A Licl =18 i) 77 v #E AT
mRNA 4f 44 5] i, 3505 B 5 e v Uk %8 5 1B
mRNA , NANODROP 2000c 43 ¢ )¢ & i1 4 Il mRNA
HIHeRE . 57 & pTRI-Xef control mRNA {5 A BH
X HE
1.4 R X AKAEM EBNAI mRNA % % )5 49 DC % A

K H Lipofectamine™?2000 ik 7] & #F 47 mRNA [
gy, 3 ug EBNAI mRNA 5 g i 7% 1:2 /9 EL )i
HIEMAN mL EPiE R 4L, A, SEFHHE 30
min, B/OUNEREFE S dJF I DC, A _IA 1 mL g f4&
REVEBHM, A 12 LKk, BT 37 °«CR; =56 W
#E 6 h, I A1 mLGT-T551H3 %% 7% 4 (£ 500 ng/mL
GM-CSF. 100 ng/mL IL-4) . 24 hJ5 , S5 4 J5 1
DC, I\ EBNAI\HLA-DR\CDS80 % ¢ Hif&#E 47 Fric
T AN B AAS W L % i JE 1 DC R 2
1.5 RCTA # K4 M DC % #k & 40 88 % 9% % 5 A
/) B R AT A E S

BRI, In N GT-T551 H3 K5 775,
72 hJE , AR 40 i 43 v 3 4 : EBNAI-DC 5 %
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0.25% JIR I 1 41 Fir 335 5% (1) C666-1 41 i , W £E 41
Ji, 422 1x10*AN/FL NN E-Plate £ A A/ A #8240 i,
K597 24 h, $A0HE EE 200 1 B LR 4 N 3k 2541
Ik EL 20 A A 2850 44T L 5 I A 2 e 2L I 4 o) e
YD IO B 3R 7K, RTCA 5 AR I 24 21 96k B 240 fif 5
C666-1 20 JifL (1) 1 4 7 A i 1t , LI H E 3 K.
RTCA 2 H 40 i +5 %t Ccell index, CI) 1 , ‘& L&
E-Plate #% F FHAT AR XT84k, 76 A8 R A2 B 2644 F
I B bk L P AR 2 T D AT B 22 , CI{E Bk vy , a3 CT
B T 5540 B o 1 2 - Al I SR 9 6 = (1 - Cl,/Cl
) < 100%.
1.6 i X @ fe K As M A& 7] & 5-Aza-CdR 3 C666-1 48
R oA

Z W SCHR[9] 1 SE 56 7 1, 5-Aza-CdR 2 C666-1
4 g F 0.3 umol/L 5-Aza-CdR i3 47 Tl 4b 2 , 45 K 4
.3 dJEFE29W, 15245 5 d 5 N 0.25% ) Ji B T 1L
YRR, O AR . G A N 1< 2 A G
TR R, VA B A B 9 1x10° N/mL, TN 5 uL
AnnexinV-FITC it N PUARIR 21 J5 , = il 8 e R W 15
min; YL AT AT 5 /8P FF N Sl 1 PLIE R 42 £, 3t
R 0 1 9 15 DA AL B A C666-1 4T B /R S it 1
41, I EE 3K,
1.7 qPCR # M) 5-Aza-CdR 4t 32 j5 49 C666-1 2@ fii &
IRF7 A R & & T

TRIzol $ZHL 3k 1.6 1 5-Aza-CdR 4b B Ji5 (5246
) e RALFE ) C666-1 4 i R EZHD L RNA. 2R J5
K F—#5% GoTaq"1-StepRT-qPCR i 7] & it 45 5 it
B4, 4 B QPCR U I 2441 i IRF7 JE (R R I CT 1.,
PAGAPGH [ N 2 8, BT A FE i S E G 31 Y
P 8 DL DEPC 7K 4 B AR s Il . IRF7 2k X 51404
F:5-TGGTCCTGGTGAAGCTGGAA-3', R: 5'-GATG
TCGTCATAGAGGCTGTTGG-3'; GAPDH IR 54 K
F: 5-TGACTTCAACAGCGACACCCA-3', R: 5'-CAC
CCTGTTGCTGTAGCCAAA-3's 2 N 2k 14 : 95 °C ¥
AP 10 min; 95 °C 15 s.60 °C 1 min, 3£ 40 N & .
PL2 24T B IRF7 B R A A R TA & .
1.8 &5 & 5-Aza-CdR & 32 £ & EBNAI-DC % F 89
w3t C666-1 4a i3 78 ¢ % v

I & 5-Aza-CdR Ab 2 Kz A A 2E 1) C666-1 41 i
53 M E-Plate fCA#RAH M, 10%/4L, H5r 4 : O}
FE2H (C666-1 41 il +4= 2 £ 7K ) 5 @) 5-Aza-CdR 4 (5-
Aza-CdR Kb ¥ C666-1 41 it + 4= 3 £ 7K ) ; @ EBNAL-
DC i 5 41 (C666-1 41 il + EBNAI-DC 7 5 1t ik B 41

Jit1) ; @5-Aza-CdR+EBNA1-DC #5541 (5-Aza-CdR Ab
1 C666-1 41 fi-+EBNAI-DC i Sk L 4u i) . Horp
T 385087 9k B 401 i P 225 LE DR 200 1, RTCA 3 8246 )
72 hJE, RS ARG RS, L 5T 3K
1.9 “%itxam

FESLIG T R 3. K SPSS25.0 4t it
A AT B dE A B A G iT. A IESHAR
THEHE L xts 2o, 994100 L BSR4/ 56 . DA
P<0.05 8, P<0.01 FK/x2 7 BHA g5 = Lo

2 4 B

2.1 4RI F EBNAI mRNA & K A B

BN B B R R VR N & R R OR, BT A
EBNAI-pCDNA3.1(+) Jii K & Xhol/EcoR1 X g 1] , 3K
3271.1 kb BI2E K fr By, R/N5S EBNAL &K B
7 (B 1A) ; F]H mMESSAGE mMACHINE T7 Kit it
I 18 () BH M 6 B pTRI-Xef mRNA F B £ 1.8 kb,
EBNAI mRNA F B #) 1.1 kb, 5 il fili A B K /N FF
(F1B). MFEE 8 (B 10) BoR RSN 3 1 1)
EBNAI mRNA 4K Jt K] J7 5] 5 EBNA1 4 15 J7 4]
FHFF o

A 1 Mb B 1 2 M bp

TRI-Xef
EONAI—> } (2)88 pﬂlﬂsx-lcﬂ(‘.mRNA

EBNAI 1 000

A:EBNAI-pCDNA3.1(H)F ki %t Xho 1 /EcoR 1 XUV 35 RE W
IR VKSR (M B 5 T B bt 5 1 B Y) J5 EBNAL-
pCDNA3.1(+)]:B: P Stu 1 B 5 2k 1% EBNAI-pCDNA3.1
(F) VR AR R A& B 3k EBNAT &R A B (M 2R A R 4
FHEFRE; 1: EBNAI mRNA ;2 : pTRI-Xef BHPEX I mRNAD .
1 IRPEHERBR B K E A EBNA1-pCDNA3.1(H) RAI L
ERARSNT HEHI EBNAI mRNA &

2.2 # 3% j5 EBNAI-DC % & EBNA1 #= HLA-DR K
&
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T 2 M AR A EBNAT mRNA % 1 J5 DC 48
MR 73 1 RIE A, 85 R BoR , 5ARFEGLAAMLL,
B Yt J5 EBNAI-DC 3 [ EBNAI[(59.3+5.85)% vs
(0.07+0.06)% , P<0.001]. HLA-DR[(84.9+5.5)% vs
(68.0+5.8)% , P=0.026)] 1 CDS0[(88.2+3.9)% vs
(61.1:4.4)% , P=0.015)] 1) /K ~F- 35 W& 2 Ft =1, 1t B4

EBNA1

EBNAI mRNA ¥ 4 DC J& , #% 5§ % () EBNAL $1 5
Jik 7] 5 DC [ HLA-DR 7> 745 & 142 276 DC 4l
T, [F] B T mRNA £ 94 J5 AT {2 3k DC (1) R, &
UAE DC bR E 51 CDSO RIA e s i B
Je P LA mRNA 1) JE 204 3 DC J A] g 3k 3 et Jf
g,

HLA-DR CD80

68
L

EBNAI-DC

7

100 100 10010

100 100 10° 10° 100 100 10
EBNAI1-PE HLA-DR-ECD CD80-FITC
8 2
1
S0 ot 10e 100 T T e 100100100 e 10t 108 108
EBNAI1-PE HLA-DR-ECD CD80-FITC
2 %3 EBNAI mRNA 25 DC & EBNA1,HLA-DR #1 CD80 f7k ¢

2.3 RTCA # M EBNAI-DC i 5 69 4% 5 M IF 93 2 15
RTCA £ RAG M 45 R (K 3) E.x , EBNAI-DC 75

05T

04k

03r

CI

02t

0.1

1

S ZH bk T2 4 B XoT E  R  2R E v TR R
DC i 5 41 F1 B afi bk B 41 i 2H [(47.0£13.7)% vs
(21.3+8.0)%- (11.7+4.9)%, P=0.049 . P=0.013]

W A4

I Sk e A L

W k5 RDCE 541
EBNAI-DCY S41

0 !
23.88 28.88 33.88 38.88 43.88

4888  53.88 58.88 6333  68.88
LRI

3 RTCA N &HDCEFEFHM B MR =1 RGN

2.4 AKF|=Z 5-Aza-CdR 4 32 T %57 C666-1 20 6l B =

it 2 A A 00 290 9 T 4 SR (B 4) B,
2 5-Aza-CdR A H 5 1] C666-1 41 HL 7 T~ % (Annexin-
V'PI) N (7.62+3.00)% , 5 K 28 5-Aza-CdR Ak 2 [
C666-1 41 M i T 2 (5.2242.40) % H b, 6 &5 35 2 7

(P=0.34).,
2.5 & Fl ¥ 5-Aza-CdR 4 32 {2 i# C666-1 % fa
IRF7 & 7 69 & ik

qPCR I 45 4 &7 , I 57 & 5-Aza-CdR Tl &b £
J& 1 C666-1 21 i o 4 2 18 5 Rl 7 IRF-7 2 R 5 A
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Ab ) Co66-1 4 U A EL A X R IE B B Z T+ &
(11.11.15 vs 2.19+0.11, P=0.000 1) , % HI{K 7] & 5-
Aza-CdR A2 C666-1 4t i J= , 1] 175 5 40 i HR 128 T4
OB PR U ot L IRFT B B, AT RE S
SONEFR) R 5 g A G
2.6 5-Aza-CdR 5% 4 EBNAI1-DC % 5 89 #k & 29 el At
4% Yo, A 45 C666-1 2m fit,

W& 5A-B filf 7~ , 5-Aza-CdR+EBNA1-DC i S 41
ZH X Co66-1 240 it 3 53 P i 3 %= T EBNA1-DC 5
S 40 J7 5-Aza-CdR ZH[(71.6£12.2)% vs(37.2£9.7)%
(11.1£7.8)% , P=0.019. P=0.001)]. 5-Aza-CdR #H
C666-1 41 il CI{H 5 %} I8 4140 bb T 8 3 25 5 [0.23+

0.09)% vs(0.11£0.02)% , P=0.09], & 7~ K 771l & 5-Aza-
CdR X C666-1 fil 5 4 B 11 384 55 TG I 3 52

XA 5-Aza-CdRAH
2 >
2 H H2 — H1 H2
Jo1% 24% J00% 44%
a o
o S
— —i
- — =
’ =N
a S* B A= e
] J9.9%. Ha
1 1=
—

e
34% Jo12% 44%
v B :‘ :

BT T T T T A T M T (o
Annexin V Annexin V
El4 1K57E 5-Aza-CdR L IBRF20T C666-1 ZRARAYET

m A

B 5-Aza-CdRAL

I EBNAI-DCS4H
5-Aza-CAR+EBNA1-DC S 41

M

2431 2931 3431 39.31 4431

4931 5431 59.31 64.31 69.31

i [8]/h

5 5-Aza-CdREXA EBNA1-DCiE SR E 40 EE 550 5] 3315 C666-1 ZRAE

3 1

oK 22 B ) BT R R A R R 5 EBV LR O .
b5 FC At 2 2R 00 e RE A [R5 B AH 5G4 i g o ik
MHC 43 TR & IMFER AL, a7 HE CTL R . ik, 7
ARIF 75 R 1 S 8 JE PR R B e R R S v CTL R 5
S CL AT JL 4 SR T X6 95 B AH T e G VA
J7 1) . EBV AH G HTR £ %k 1) DC 1E 5 2l B0
EBV-CTL $1.5: WRY G002 ¥6 97 HH ke B 224 AV

H i, DC BIPLIR 73877 20A - I o S5k g
PR DNA e 20 i 22 /i 970 o 55 3% 0 K R Bt iR
mRNA 25, H rf il 8 0 JR mRNA Q% 2 ik 3k 47 61
# DC M R FEOS SV EITE T 1) T4 i), RE T —
Tl 80T 1100 R A 280 1 S s SR 5 40 RO Y 1 CTL J
L, BAG LR AR A : (O TERE R R IA J5 T, mRNA 5 4%
Gk T B Ak N SR n) A NN S AR 75 5 it
NG R B PR s (O R84 30 E RN AW,
BA 22 Q5 THE, AL (4 M%7

mRNA 714 DC )77 3, il i@ i RIG/MDAS & 14H0E
DC, {23t DC s 222 X3k 2 Thie , T 51 K A %L
(I PUIE G LT AHIE 5038 Ik A0 S5 1) 5 1 3R
15390t EBNAI 4= K5 [ 41 mRNA , H-{ ] g i 74 3%
YLty J7 913, DC, ¥ i EBNAI-DC ¥ 1 . 8Lk 4k
it R 77 ¥ B 4 B A SE 5% L IF B T F mRNA #%
L DC 1177 T {213 DC I+ 54 B ¥ e CTL
TPE R

EBV & it — MR W% X3 F 7, 5 CpG &
i) B 4k (CpG island methylator phenotype , CIMP) %%
PIAH O, EBV 3Rk (1955 28 Bt )5 32 22 EBNAL.
LMP-1 1 LMP-2A/B 45 , Jf i 2 52 DL HLA [R il 14 T2
RAFAE TYHLME F . EBNAL RikE ke (e A
KAk B A Rk, AR NEE SR RT, Al
R JiE B 4 (latentmembrane protein, LMP) ff) F 152 &
200150,

5-Aza-CdR J& H Hi#E—#% FDA fIL 7 1) DNA 2
MR R 25) , T 0% A o 6 9T DAVID
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SEOE B TR 5-Aza-CdR (KRR AR 1R A s
br bt % S dsRNA F10E MDAS RNA 4 51 5%
A, B 5 0 R I MAVS T30 & 5 7 IRF7 A1
RUIFN, b P02 B2 HE R, DTG ik 2 6 28 B 25
Ub Ak, 76 B /I i i LA AN 45 B s 2B rp A
R & 5-Aza-CdR Il RIS R I T T4 3=
ZFED B, 5-Aza-CdR 54 RIT A G E
TE A [ SR i g 2 28 28 2 R A T I 35 ) 2R R0,
AW T 25 Fe AR SEAIG 5 & 5-Aza-CdR Ak B £ 0 5
C666-1 415 , Al # i= IRF7 [R5, HAL 3t EBNAI-
DC 5 3 BRF 5 P G % 5 A0 08, IX 42 5 EBV-CTL
T 1 101 8 R e v (10 9R 7T ABE e T I AL A

gk bR A T 45 AR B, IR B )5 LA mRNA
(1) 20 A1 3 DC AT i 3 3 B 2 I 1 5 A A B )
CTL %% ) 87, [A] B i 771 2 5-Aza-CdR W] ¥ 3 3 5%
EBNAI-DC ¥% i 1 i 988 e 5 1t S g% A A R 1IN FF
i LA mRNA Al (1) DC 92 1 S H ARG IR 5 A iR T
N P R AG SR L AT IR AR Al . R — DA
W o AU ik — 25 PR 2 1A 1) Bt g L
il 5 Sy B ) PR SRR TR — PP R AU R AR
7R AR AL I A

(& £ xx #]
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