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[HZE] AT, BT MR R B PR S8 DL TG ) 1% Bebya T IS o BTG T P 7 32 A il 10 3 i 2
i DR S 2 M A 24 TR 2 (A5 T e R T I DAY 7 35S TR e 20 28 T B %) o M AR TR A8 1 25 S 3K
G 52, JT UL, AT 22 30RO ARIHE A (8 I8 B S A P TR 17 A b i b IR AR 3 - B AU (-N, ), [P A
FE HO T P W 7 AR Y BRI BRIE L 53— IE A 3 1 — bk, 3 ok A W 10 58 ) i, 1l 4 B e vl e 8, LA o 7o
Wy2F T BOWEE T B4 Tk, PR A% 2R B0 3 3K RE FE 1) A4 28 R 41 Y ( dendbritic cells, DCs) ¢ B 21 25 mlgG1Fe.
e & IS L & W B 77 b 32 AR I AR, B3, 8 R8s 10 B R 19 38 K AR Widr i 31
CT26.WT /IN 45 B 9 4 LBt B A W AR B 67 6, Wil 48 N, -TAg. $Re)i , 3 30 JOA A5 o B R 7 I 32 1R e T
ST iEMIR RS wil A IS B R e T . S5 SRR, TR B R G R IA  mlgGlFe F A, I
4% DIBO & Hi i) mlgG1Fc & [, mlgG1Fc-DIBO 5 N,-TAg &4, il £ A~ Ak BLE 1) 4 DCs 1925 T W g i
FERET . AT FRAEHIE Tk bRy il AR B e i AR AL T S L

[XER] 45 EWE, R, LY IESE RN, W58k 4i i
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Preparation of Personalized Colorectal Cancer Tumor Vaccine

Sheng Hui, Zhao Zhihui

(School of Life sciences,Nanjing Normal University, Institute of Biochemistry and Biological Products,

Jiangsu Key Laboratory for Molecular and Medical Biotechnology, Nanjing 210023, China)

Abstract: At present, due to the difficulty of identifying tumor-specific antigens and the inability to deliver broad-
spectrum tumor antigens to antigen-presenting cells through the activating endocytic receptor pathway, the clinical thera-
peutic effect of existing tumor vaccines is not good.Meanwhile ,the tumor cell antigens with highly sialylated modification
can lead to immune tolerance. Therefore, this study tried to use metabolic incorporation to label the sialic acid of the
tumor antigen with an orthogonal group-azide(-N;) ,and at the same time label the ligand of a specific activating phago-
cytic receptor with another orthogonal group-Alkynes,through bio-orthogonal reactions to prepare tumor vaccines. Firstly,
construct and express the recombinant protein mlgG1Fec that can target dendritic cells( DCs) ,and then modify the ligands
of the phagocytic receptor with compounds containing orthogonal groups. Secondly, the azide-modified unnatural sugars
are used to label the glycosylation modification sites of CT26.WT colon cancer cell antigen through metabolic incorpora-
tion to prepare N;-TAg. Finally,the phagocytic receptor ligand is conjugated with a broad-spectrum tumor antigen through
a copper-free click reaction to obtain a colorectal cancer tumor vaccine. The results proved that the use of genetic
engineering methods to successfully express the mlgG1Fc protein, and obtain the DIBO-modified mlgG1Fc protein, and
conjugate mlgG1Fc-DIBO with N;-TAg to prepare a targeted and stable colorectal cancer tumor vaccine. The research has
laid the foundation for the preparation of new tumor vaccines in methodology.

Key words: colorectal cancer,tumor vaccine,bioorthogonal reaction,dendritic cells
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BB 2802 B i R E ARSI O 4 % J o R i e S sl b 1, R B0A AR AR A R AR |l
1 = ZLETT F-BOFARREf R 2R W3R, MRS # R 4 Kk T  IRg S e 7 ik B BN IR 9T
SRR T RS, B RIS RE B AN T AN R R e K A A IR T R v B A EIE
> GURI IR S B S i 2R A T T R A T T LA A R R M AR 1 S
SEPUIG, PRAR 4T 0 EL A A b8 R S Pk BT DL D, R B 5 S LA 7 A i B LI T A L S . H
S, W TS B G0 T A J TR e Dt LA S 7 194 e 9 52 e I ot ] SR R0 ol A 5 T T AR X3 A 6 S g
BE . DCs S AR E A I Th R fe i K A BTR AR S 40 i (antigen presenting cells, APC) | 1 /& i —
REAS IS LRI LG Y T 4L APC, HAR I 73 1 REAS AL B 2 I 40 i, 70 W 2 A A D -, 2 S P 28 7
PN IR hE T TRl 40 T Y S BR AR 1 G (immunoglobulin G, 1gG) Fey 3244 ( Fe gamma recep-
tors, FeyRs ) il i /i S P05 - UK 505 52 65 W0 5 4 92 4 A B Al 48 B 1) ) A0 B AR T, 5 1S 22 T 0 32 7
GBSO e A RS R Y v R M YA IR A U 4 A e AU IR R B R 2R R RS 2 R e R AR
FRETN TR A R AR 0 A G SN AT L S A R S I A Ak AR BB A R R A 0 4 T, B R R
RS 001 AT DAFESE0 A BRA A T 3l gk (E AR SR A AN 45 6 20 IR SR - 05 1 UG o 32
IR BCARR S MR bR B S

LT, AR A 1k 4 T 2H 2 IR 3K peDNA3.1( +) -mlgG1Fe-linker, 235 H A LA# ] DCs 221
WG PEE WESZ IR FeyRI (RGBT mlgGlFe 823 , AT Ak 2= 0B, (1 FLPR 10 g, 5 N3-TAg #E47 di il
FNE il & VA HURT LARE IR) DCs (1945 5 9 iRg 2 1

1 ARST5E

1.1 E=iKH

F-12K 15385 Opti-MEM 552 3£ H Gibeo , P4 & ( Penicillin-Streptomycin Mixed solution ( 100x ) ) I3
AL at i R A YR Bl RPMI Medium Modified 3537 5206 [l Hyclone 23 W, ify 4= I ¥4 1 F HER A4,
0.25% 4 g fig i 7 AL W e B 28 = KA H), 8 H Marker 1 B B 50 BB A B | Lipofectamine 2000 114 H
Invftrogen 2\ ), 25 [ B4 7)) B Bimake 23 7], Protein G 4ff chromatography column 4 H #2544, BCA
13 & Protein A+G beads .Rabbit Anti-Goat IgG( H+L)-HRP . IGF-1R Polyclonal Antibody,Goat Anti-Rabbit
IgG( H+L)-HRP ¥4 F B 5L Bioworld /A F] , Goat IgG anti-Mouse IgG1( Fc) antibody 14 H 7% [E Dianova 23 HJ
Click-iT ® DIBO-amine , Alexa Fluor ®) 488 Azide ( Alexa Fluor ®) 488 5-Carboxamido-( 6-Azidohexanyl) , Bis
(' Triethyl ammonium Salt) ) ,5-isomer 4 [ Thermo fisher , ¥4 8 B AT T2 7 2 FH RS 5L Bioworld 241t 45 & 2%
MR RIPA S W35 AR SZEG 2 B il | tetraacetylated N-Azidoacetyl-D-Mannosamine ( Ac4ManNAz ) Fi b 5T K
FE R A Th RS S
1.2 FEFHE
1.2.1 i

/NER CT26.WT 45 B 40 Mk () A iR 38) 76 37 C .5%CO, 544, & 10%FBS Fil 1 <4714
Z 1) RPMI Medium Modified 335355 5% 5.

CHO-K1 Zfkk (W8 A L b EBLBe A ) 75 37 °C .5%CO0, Z& T, 15 10%FBS #l I xHi4E &
4 F-12K SR MR,
1.2.2  pcDNA3.1(+)-mlgG1Fc-linker # 43

M Uniprot F1 NCBI ¥it4f ZE A MU L 1eG1Fe FEPH g i 77 51 FAR (1 581, R4 T HEX 43 B 28 HT 2 5 7 91
55 Linker FF3 LA B AR5 BRF S BT 9F4% | [R]IHE DR 45 R B s fin b 15 3308 804 e B A5 5RO, 1) g U7 467 A2
FE5 (B & AR EL ) 3 —RF & Kpn 1(5'-GGTACC-3") , EcoR 1(5'-GAATTC-3") B ) v 5. i PCR 547,
H LI 572 % mlgG1Fe-linker FE K 751

L5149 :5'-AAACGACACCCCCATCTGTC-3',

TG4 :5'-ATGGTGAGCACATCCTTGGG-3'.

PCR ¥ 34 S EEYI7 251 mlgG1Fe-linker PR K IE B /NG H 19 254 B 5 HEA T 2l 4k [mDiie 3 3 B
BB E P, VK 230 4 T IR WS R B, TR RN [T ™ ) A peDNAB. 1 (+) 3Rk HR SE A7 XU U1 B
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T4 EHEE S peDNA3.1 AR K H iy R B, K A9 E A9 41 323K 34K pcDNA3.1(+) -mlgG1Fe-linker 74k
KIGFFE DHS o B2 HNE WA T H PR LB AT L, T 37 CHRGIEIR LEFE 12 h, FAE L Pk
SO TR TR , /IS W BURLE A /10T P25 8 51t B i R Betb A7 )5 91 LU XS 20 T, 1 4 2 1)
W FIREAR AT N peDNA3.1(+) -mlgG1Fc-linker.

1.2.3 5 MR W ok

FREL 0.2 g B T4, INA 20 mL I1XTAE HL 3k 28 g , il B il o B g e 3% 3 vk, Fm
A1 pL BBR YL W G ph i G 78 R B T, 28 LT, BEE S B BOR. DNA A . DNA Marker 4 8 5386
R4 T B4R, 125 VLK 25 min, H5 HL UK ES AS 10 SE IS & T US4 PSR S0 50 445
1.2.4 mlgG1Fc-linker # & &

i DNA i 5 Lipo2000 AFLEH 9 pg :20 wL, B pcDNA3.1( +)-mlgG1Fc-linker ¥ %% CHOK1 4fifift , %%
PuBhSR 6 h 5 T B F- 12K 58235370 40 if BrlSc SR A 8 55 L3S, A 1/100 AR 28 11 g
7, PRAF-T-80 °C kA .

1.2.5 mlgG1Fc-linker #4544

AR —E ik mlgGlFe Y CHOK1 4 Me 5 2 135, #% DiE W E A 1/10 (R FY 1 mmol/L Tris-
HCI(pH 8.5) MG i, 19 A & pH (E 2 AmAE . 5285 3 ZE Fl Protein G 4FF Chromatography Column i
BERE ARUGHEAT EAE PBST B4 Glycine-HCI B i A o A, ¥ & H 98 H mlgGlFe B UE MR AT
BCA JE# T, RAF-T-80 C UK.

1.2.6 f£EH A% Y 285 mlgGlFe 43 472

Hr 80 pL Protein A+G beads T 0.6 mL. EP &4 °C,2 000 rpm B 3 min. I ZE 24 0.6 mL EP
B, —EE RS, A 50 pg mlgGlFe 251 ; 73— XTI 4 CIRGIFE 4 h. 5 135,200 pL i
A6 5% PRI TG Protein A+G beads 2 YK, INATG LS PR 400 pl,4 °C IR HFE 2 h. B.O R B/DERIK, I E
7. U EDAC Al NHSS fif #5700, = iRAE, I 24). W 2 wl EDAC f12 wl NHSS fin#l 4 0.6 mL EP 45 #b
HNTE A28 Wil B IR AT 100 wL( EDAC 295 4 2 mmol/L, NHSS 29K 5 mmol/L) , IR HEIR AT, BT
UK EIEAE 1 h. 5] B3 100 WL 3PN 200 pL (BEBCZE vhif , 777 ,4 °C,2 000 rpm Z5.0> 3 min, EE 3 K. A
THIBEZE MR 400 wL,4 °C JE%MFE 2 h. 4 °C,2 000 rpm 5.0 3 min, fEBERIA, IEE . A 3 pL Click-iT ®
DIBO-amine , KNI IR ZE mhif S A I ZARFR K 100 pL, ( Click-iT ® DIBO-amine &4 1.8 mmol/L) ,
BRERIATE 4 °C N ISR, ACHREE A W, A 200 L. DPBS,4 °C,2 000 rpm #5.0> 3 min, 3¢ L3, &
3 Yﬁ(,@ Protein A+G beads-mlgG1Fc-DIBO LARFRZ) 50 L.

U5 WL Protein A+G beads-mlgG1Fce-DIBO F PCR & H. LA 1 uL Alexa Fluor ® 488 Azide ( 29k &
201100 pmol/L). 4 °C I N 1 h. JiIA 200 pL DPBS,4 °C,2 000 rpm 0> 3 min, 5% 3, HE 3 kK. B
Protein A+G beads BT 96 fLAR T, 7E5E I i Gl N SR SL 0N 42 SR S KA.

1.2.7  #1& & RACLK B LR

WCEE CT26. WT 45 5 i 4, BEA 750, e 4 4x10° A~/ mL $£F0 T 10 em J5 324 B 5.825 mL 4
MIdEFE 3L T 15 mL B0, A 175 pL 20 mmol/L Ac4ManNAz 543 1R 5) ( Ac4ManNAz A ¥ i 0.5
mmol/L) ,JNZE 10 em FEFRMLH, F 37 °C 5%CO, 544 FHFE 24 h. Y H E g 773 | RISF P 40 B 15 5= 1L
FREIHEFREE, N 7 mL 1% 700 pL 20 mmol/L Ac4ManNAz 4 137 35 5 ( Ac4ManNAz ZHEFE 2 mmol/L) ,
T 37 °C 5%CO, 5T #3557 24 h.
1.2.7.1 N;-TAg 5 Alexa Fluor ® 488 Azide By 4k A

35 3R ML N2 K 5 wmol/L (1) Alexa Fluor ®) 488 Azide. Z5 ¥, G 1 h. DPBS 5 vE4i il 3
W, PG WA NS I REEIL.
1.2.7.2 N,-TAg th# 7%

FRANAfL IR 90% ), FEbEFRIE | IXPBS EVEANM 2 YK, A 1 mL RIPA Z4FCFT 10 pl 28 1 ) i 751
TSR UK E2# 0.5 h, 0% 10 min &S5 FRML— U, AR J0 MW T 1.5 mL EP & ,4 C |
12 400 rpm £5.0> 11 min, W5 B35, A 10 fHATRII VK LBEDTHE N,-TAg, B T-80 CykFaH , #ir & K.
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1.2.8 mlgG1Fc-DIBO 5 N,-TAg %) A& 4 £ LB

WH,BUEEEDTER A N,-TAg,4 °C (12 500 rpm Z5.0 10 min. FPEpK OB LI, IR AUTE —IK &
TUK L o QTR T4 B 100 pL 456 2 R B il N,-TAg B8 TAE 2P I N,-TAg 765
26 min,jﬁﬂﬁﬂ:bkj_‘ 5 mln,bﬂf\ﬁél@ﬁﬁﬂ%ﬂ?fﬂ ,{l%ﬁﬁ{ﬁls/j,]

B N,-TAg LA 1.2.6 2 BEHY Protein A+G beads-mlgG1Fce-DIBO H W iR~ , i, k%A 1 h, H
200 wL DPBS ¥t Protein A+G beads,4 °C,2 000 rpm &5.0> 3 min, & 3 K. 50 wL 1xLoading Buffer & &
Protein A+G beads,99 “CZ&Ff 6 min, 4 °C |12 500 rpm B.0> 3 min, FFE, FEAT B ENBAGIN | i LA E LB )
TEAC SN ) R
1.2.9 RIEFPE

e B 15% ) 2B 4% ) F )28, FEA 5 loading buffer % HL TR ,99 C & HE 6 min, 4 °C .12 500 rpm
B0 3 min, FRE JHHL RS 85 V HLKZ 30 min, 2E ] Marker 4315 , VA HL R 2 135 V KSRk 1 h, HE
TR WAL, RIS TEVKIRTE LA T 270 mA HLIK 1.5 h. FEESERUG % PVDF 2 T E AW, E il
PRGEMA 2 b 5, B —Pi,4 CHEERGHE 12 h, WEEMA b, SRIGHEE 1.5 h KB aRinEs
PVDF JEZE 1, 87 1] Tanon 5200 Multi 2238 A% R 58 8 0 )F RAE K -

2 RSN

2.1 mlgGlFc HRIZ5LTE

K H A mlgG1Fe-linker 5[ #1] peDNA3. 1 (+) k8 k b 4 # 541335 BB peDNA3.1(+)-
mlgG1Fe-linker, bz EEANE 1-A iR, KA E 1 B4 KR 24K peDNA3.1( +) -mlgG1Fe-linker #4bK
WAFT B DHS o JBRAZ AN TR , b /M 26 2 Wl AT, 6125, 204 T3t I 6 e R RGN , Pl S 36 285 SR ]
H1,7E 6 500 bp 247 A B L B B9 4T IniE 1-B , F 2 ik B 20 Ok -5 B0 S 4 ORI A e B
EL IR E A IR ERAA peDNA3.1(+) -mlgG1Fe-linker.

A bla promoter B
Amp (R) / CMYV promoter

CMV forward primer
/ T7 primer bp
S /é T7 promoter 7 500
- /‘;\M Kpn I (920) 5000

Signal Peptide 2500

pUC origin =1 mgG1Fc-linker-pcDNA3.1 (+) mlgG1Fc
6494 bp

S N

SV40 pA \ BGH reverse primer
P BGH pA
f1 origin 250

Neo (R) SV40 early promoter

1000

A FHAFIKEIK peDNA3.1( +) -mlgG1Fe-linker 3 ; B: pcDNA3.1( +) -mlgG1Fc-linker fBUASEJE I HL Yk , M ; DL1500
DNA Marker; 1 : peDNA3.1( +) -mlgG1Fe-linker
B 1 pcDNA3.1(+)-mlgG1Fc-linker RJ#J &
Fig.1 Construction of pcDNA3.1( +) -mlgG1Fc-linker

H pcDNA3.1( +)-mlgG1Fc-linker ¥ 4% CHO-K1 41 §g, 43 B BEUWCAE 40 i 55 3% 17 , {3 Protein A+G
beads 112 H Y&, s AN RR , 0 2 R A 00, 25 R I 2 P WA R BT ] Protein
A+G beads &5 MU BB A 2@ T 485 A B B 50 0 F 2028 55 kDa.

R TR TR AE ) mlgG1Fe BETS 7E [ AH R 48 7 58 i DIBO fL2#FRic, 1 S5 Protein A+G beads
7% mlgG1Fc, Z 3G AL FHHEL , 755 Click-iT ® DIBO-amine I, i F Alexa Fluor ®) 488 Azide Z¢ YA
TS, SEIAE R AN 3, AR 0 BRA R U, SC 6 A bRl LB BIAR SR A 2O, BEW 455 Protein
A+G beads i mlgG1Fc 835 Click-iT ® DIBO-amine & & Ak~ S, BIIERAWCAE B mlgG1Fe © 15 [ AH £
45 Hh 58 AR S A .
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= <
< o0
. A + +
= k= = =
on S 8 S 8
= < < < < -
o £ £ £ £ &
Q ) 19} o o L]
® £ S = 2
5 7] 173 n = n = ":
= £ E EJ ER &
§ 2 2 29 23 2
@ k=l 3 S T 9T =
o Q [} Q 8 Q 8 [
= p= = =8 = 8 O
. .
2500 - Y

pcDNA3.1( +) -mlgG1Fc-linker %44 CHO-K1 #HfI, 53 Bt (24 h 48 h) WAR K5 L3k, Hr i BN ae Adr U 35 VR 137
2% Protein A+G beads 7485 W3R L35 FIZL# IR pcDNA3.1( +) -mlgG1Fc-linker fY3RIA.
B2 mlgG1Fc BIR %
Fig. 2 Expression of migG1Fc

Blank mlgG1Fc

Visible

Alexa Fluxor ®488 Azide

BFILH S5 Y Protein A+G beads , HoH—#41 Protein A+G beads 5 mlgG1Fc 4 CIR3% FHFE 4 h, B4l Protein A+G
beads 721G AL AMBIEL)S , 15 Click-iT ® DIBO-amine 4 °C W i3 . fJii , Fi-5 Alexa Fluor ®) 488 Azide 4 °C 6
BN 1 b R FPE S R X L P 2 2 v S B

& 3 Protein A+G beads-mlgG1Fc-DIBO 5 Alexa Fluor ® 488 Azide 14 &
Fig. 3 The binding of Protein A+G beads-mlgG1Fc-DIBO and Alexa Fluor ® 488 Azide

22 EBRMERIENG &

2RI AUE R A R SR REAS 0 DRI AR A% 10 A 31 962 40 A A% 3 T 1) e Y IR A A8 B 17 153, DT
AT N,-TAg. EZATRIBT TS, CUESE (AL ) 0.5 mmol/L Ac4ManNAz 5 CT26. WT 21 3 15 5%
24 h, P HZHEE S 2 mmol/L Ac4ManNAz 5 ILILREFE 24 h 38 40 24 40 i T LASRAS N;-TAg. KA FITC
PRICHY Alkyne , 38 52 G D CH AR G 4 i 2 10 S AAL B 1 0. S5 R WA 4 PR | SR A 9O
HAEFSREY, WXt LA 56, X R W] Ac4ManNAz fEE 1 40U R 7248 A S CT26. WT 40 i 3 1fi %
LR AIdib] i d S M Ui - Sl el = i
23 EYMERTRMN

e gE Ac4ManNAz IS5 AR IR A5 1, 5 Protein A+G beads-mlgG1Fce-DIBO = 7% W &
1 h, Western blot K B 25 1500, SCIR 45 SR A0/ 5 Fros. IR AT AR i, A SE 4 H Y 450, B
N3-TAg 5 mlgG1Fc-DIBO 38 i A= 9 1F 38 I i 2% 5 #E— .
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Blank Ac4ManNAz

N - -
o - -

BAHE K 0.5 mmol/L Ac4ManNAz 5 CT26. WT 4ii Jfig 2 3% 3% 24 h, B AW 2 mmol/L
Ac4ManNAz 31555 24 h. FIH FITC FRICH Alkyne , 566 0 0 WEE P 4H 1Y 58 6o 2 .
4 BERHEN AcdManNAz KiEHEN

Fig. 4 Immunofluorescence detection of Ac4ManNAz metabolic incorporation

IB: anti-mlgGlFc

Lane 1 2
AR ) N3-TAg 8 A F| Protein A+G beads-mlgG1Fc-DIBO 1 IR BEIR ST, i, YRI5 F 1 h,DPBS {57k Protein A+G beads
3 ¥k, 1xLoading Buffer F/ Protein A+G beads,99 °C & FE 6 min,4 °C .12 500 rpm B> 3 min, EFE, SEAF S8 BN AG .
5 N,;-TAg 5 migG1Fc-DIBO HY 4 #11F 32 & 52
Fig. 5 Bio-orthogonal reaction of N3-TAg and milgG1Fc-DIBO

3 4k

Wt e Pl R PR i B AR BT, TR GE 7 IR OSBRI S B 1R 9 Sy I R R T Ok T AR
R IR T I LR o e S LA G RS, S IR RE S e AL , 1 SR PR S A5 e i
T IR R A, R e e e T S2 PE  B t EAS RRONE SRR AL ERT, R SR T R B
SERFAR ALSTRUIOT LA 5 21 TR YT IR 1 iR

TEAS PSS , 1 SR T TR W T BOS A 30K Y AT LIS ] FoyRI B9ELG S H migGlFe. 51t
RV, hy 17 A DA S 5 SR B DO E R B ARG g S ) AT, g ) 3 4 PR 70 D o S 1 A A A2 A i A i
IRZE APC, AT S B Arb R 0 Dl 4 0 ) 3 3K, SR )T Ok )T Iz R S B B RS S B I . AL,
Ac4ManNAz 38 i3 fCHHE AFRIC CT26. WT 45 T i 200 M0 170 i ) Mo Y30 P65 0 07 i, PAT A8 A 7 e o 7 D
Bl 0 MR RO B B, BEL L R 3 o 0 kM SR AR B kS R S e i A2 T BT A

T VRO 5 B IR DCs 45 B R AR B YR, 7 BEA TR N AR NSE 8. FEARSN SR R i R
PE— ARG [F] R B IS DCs 27 LA TR IB BRI , 2 BT I BUHUS 19 DCs XoF Ik L2 200 /i 18 5 175
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DLV B /IS B2 B e g A M A AR S R 0 4 P i A PN S8 v 3 i 3 — A0 SR A 8 2 1 0 A 97 /1 B
AT FING Y Y ROR. SE 2, AN S ] 258 B 25 M e e e v B B8t 158 A9 O 6 Ok FBIT B BB AR
I, SR A T — 2R RS LB A TF AT T T IR S Sk

[ %3k ]

CHEN W,SUN K,ZHENG R, et al. Cancer incidence and mortality in China,2014[ J]. Chinese journal of cancer research,
2018,30(1) ;1-12.

PhaHe U TR P RS B2 T E (2017 4FRR) [J]. EHEDE 24,2018 ,41(8) :449-463.

b 1. 25 E R AR CT BBEFSHERELT]. CT BHE 5 HAFSE, 2020,29(6) - 751-758.

ZHANG Y,QIN B L. The research progress of CAR-T cell therapy in the colorectal cancer[ J]. Modern oncology, 2019,
27(1) .157-161.

CHEN W,ZHENG R,BAADE P D, et al. Cancer statistics in China,2015[J]. CA:A cancer journal of clinicicans, 2016,
66(2).115-132.

ZHAO J,CHEN Y ,DING Z Y ,et al. Safety and efficacy of therapeutic cancer vaccines alone or in combination with immune
checkpoint inhibitors in cancer treatment[ J ]. Front pharmacol ,2019,10:1184.

CHRISTOFI T,BARITAKI S,FALZONE L, et al. Current perspectives in cancer immunotherapy[ J]. Cancers(basel) ,2019,
11(10) ;1472.

HE Q,GAO H,WANG J Z. Chinese journal of new drugs[ J]. Nature reviews immunology,2020,29(21) ;2401-2409.
SOLINAS C,AIELLO M,MIGLIORI E et al. Breast cancer vaccines ; heeding the lessons of the past to guide a path forward[ J].
Cancer treat rev,2020,84.101947.

HE Q,GAO H,GAO M, et al. Anti-gastrins antiserum combined with lowered dosage cytotoxic drugs to inhibit the growth of
human gastric cancer SGC7901 cells in nude mice[ J]. Cancer,2015,6(5) :448-456.

HE Q,GAO H,GAO M, et al. Immunogenicity and safety of a novel tetanus toxoid-conjugated anti-gastrin vaccine in BALB/¢
mice[ J]. Vaccine,2018,36(6) :847-852.

ZHOU Q P. Current status of tumor neoantigen vaccine research[ J ]. Biological chemical engineering,2020,6(5) :154-156.
VR HE, S8 B SORANNE S R e [ J] . BREBOR AR, 2019,35:28-29.

RACHEL L S,SREEKUMAR B,NINA B. Dendritic cell-based immunotherapy[ J]. Cell research,2017,27.74-95.

IVAN E,COLOVAI A I. Human Fc receptors ;critical targets in the treatment of autoimmune diseases and transplant rejections|[ J ].
Human immunology,2006,67(7) :479-491.

RIS HE . NRBEEKERT G Foy SZRRANML i ML RERTTE LI 1], dIM 5 7 7 e 72k, 2012, 28(5) -
557-559.

QIAN J,ZHANG X W,DING J. The effect of sialyltransferases on the sialylated structures in cancer[ J]. Chinese bulletin of
life sciences,2006,18(3) :227-231.

ZHOU X M,YANG G L,GUAN F. Biological functions and analytical strategies of sialic acids in tumor[ J]. Cells, 2020,
9(273) .1-17.

WRELH Skt e IR & KL-6 SIPICRGPAR 1], FIPRILRRAA4E,2008(2) - 137-139.

LUCHANSKY S J,BERTOZZI C R. Azido sialic acids can modulate cell-surface interactions[ J]. Chembiochem;a European
journal of chemical biology,2004,5.1706-1709.

KEPPLER O T, HORSTKORTE R, PAWLITA M, et al. Biochemical engineering of the N-acyl side chain of sialic acid:
biological implications[ J]. Glycobiology,2001,11:11R-18R.

SAXON E,BERTOZZI C R. Cell surface engineering by a modified Staudinger reaction[ J ]. Science,2000,287;2007-2010.

] SONG Y L,ZHU Y Y,ZHOU Y ,et al. IFN-y and tumor immunity[ J]. Modern oncology,2021,29( 1) :0143-0148.

THOMAS S, PRENDERGAST G C. Cancer vaccines; a brief overview [ J ]. Methods in molecular biology, 2016, 1403,

755-761.

SABADO R L,BALAN S,BHARDWAJ N. Dendritic cell-based immunotherapy[ J]. Cell research,2017,27(1) ;74-95.

BT RS, 45 B St T IR RE (1], AR EE245,2019,59(19) :90-92.

e RETTE. FF W 32 A% AR 5 A A e e e b e[ T ). AR T ARAMRLR RS, 2021,27(2) £ 149-152.

CHEN J,QIAO Y D, LI X,et al. Intratumoral CD45"CD71 " erythroid cells induce immune tolerance and predict tumor recur-

rence in hepatocellular carcinomal J]. Cancer letters,2021,499 :85-98.

RBC, R L [ A SR R A 00 4% M 9 e 8 8 1 B 45 [0 ] P O =i (L ARBHE2RR) ,2020,43(3) :112-119.
[REHE:E 8]



