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2. B VT T 528 v A 45 I s A/ N BRAS DN RIS . 7 3E T CpG 1 B- 781 R B 91K JURE (CpG B-glucan
nanoparticles , CNP) TR G FI )N BB BE S TR A 2 R 41 Y (bone marrow-derived dendritic cells, BMDCs) , [@] B} % PBS
2 NP4 (TG CpG 4N KITIAL ) | Lysate 2 (MC38 4124 1#Y) ) J CpG 4L (CpG1826) , Ji AN AAE M BMDCs F2 i b idi 73
BN HE B0, ELISA 3246 I A0 i 15 35 38 b 1 414 25-6 (interleukin-6, IL-6) F TL-12p40 () & & . #5 50 mg / mL iR
S (MC38 A A 24574 ) 5 200 mg / mL (A CNPFE 1 ¢ 1 IARBL IR A, 6 45 R S M g 3 v o R &
J2 T 42 C5TBL / 6 /N (Vaccine 4H) , [R]F% PBS 2 .CNP 2H J Lysate 2, 43 5 1 ¢, 240088 3 ¢, R AT 1 h, 87N
A R R R B2 MC38 41,2 x 10° A4 / L 45 3 d ik 1 R Bb e (A AL, -4 b 26 4 i 48 s TS am i R 4 /s B
M H CD3* CD4" T & CD3* CDS8* T 4 Lt 5] ; ELIS A 3 A8 /)N BRUIAL YRR LI HP it PR AE IR F--o (tumor necrosis factor-a,
TNF-o) Fl T3 & v (interferon v, IFNvy) i & . %58 CNP fEA 4R BMDCs bR &9 CD11¢" CD80* .CD11¢*
CD86".CD11¢" MHC- 1 *Hy 283k M IL-6 1 IL-12p40 B9 43 WK s T HAL 4 4H (1 = 4. 3 ~ 46.2,P3 < 0.05), HH
{13 40 H %5, Vaccine 21/ BUMYE AR BT B8/ (1= 2. 6 ~ 3.4, P31 < 0.05) ;CD3*CD8* T }2 CD3* CD8* T 41l fitg [t 2%
S (1=0.5~1.9,P¥>0.05) ; MIKF IFNy S HH BT (1 =3.8~4.6,P <0.05) , TNF-a &5 1+
EFHHIE L (1=0.4~2.0,P¥>0.05) ; RIEH IFNy K TNF-o & #&3HBF & =6.3 ~13.0,P¥ <
0.001), Z5I& il & Y s 2L AN KT 1 REAR o /DN BRI PN S8 /KT A R i 4 i AR 1
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Abstract: Objective To evaluate the inhibitory effect of tumor vaccines in colon carcinoma model mice. Methods Mouse
bone marrow-derived dendritic cells (BMDCs) were stimulated by using CpG B-glucan nanoparticles (CNP) in vitro. The
BMDCs were divided into PBS group, NP group (without CpG nanoparticles) , Lysate group (MC38 cell lysate) and CpG
group (CpG1826), which were determined for the expression of marker molecules on the surface by flow cytometry and for the
contents of interleukin-6 (IL-6) and IL-12p40 in the culture supernatant by ELISA. The tumor lysate nano-vaccine was pre-
pared by mixing 50 mg / mL tumor lysate (MC38 cell lysate) with 200 mg / mL CNP in a volume ratio of 1 : 1, with which
mice were subcutaneously immunized as Vaccine group. Vaccine group, PBS group, CNP group and Lysate group were im-
munized once a week, for three times in total. Mice were subcutaneously inoculated with MC38 cells, 2 X 10’ cells for each,
in the right lower limb 1 h after the last immunization, and measured for tumor volume once every three days to plot the
tumor growth curve. The ratios of CD3" CD4" T and CD3"CD8" T cells in the blood were analyzed by flow cytometry and the
levels of tumor necrosis factor-a (TNF-a) and interferon y (IFNvy) in the blood and spleen of mice were determined by

ELISA. Results CNP effectively increased the expression of CD11¢* CD80*, CD11¢* CD86%, CD11¢* MHC- 1 * and the

EEWA: EHK AR (31770999).
BIE1EE : ¥, E-mail : shengwang@bjut.edu.cn



<12 - e AR A eE A 2023 4F 1 A5 36 8555 1 ] Chin J Biologicals January 2023, Vol. 36 No. 1

secretion of 1L-6 and IL-12p40 in BMDCs in vitro, which were significantly higher than those in other 4 groups (1 = 4.3 ~

46. 2, each P < 0.05). Compared with that of the other three groups, the tumor volume of mice in Vaccine group decreased
significantly (1=2.6~3.4, each P<0. 05); There was no significant difference in CD3" CD8"* T and CD3* CD8" T cell ratios (1=
0.5~ 1.9, each P>0.05); The content of IFNy in blood increased significantly (1=3.8~4.6, P<0.05), while that of
TNF-a showed no significant difference (1=0.4~2.0, each P > 0.05); However, the contents of IFN y and TNF-« in

spleen increased significantly (z = 6.3 ~ 13. 0, each P < 0.001). Conclusion The prepared nano-vaccine of tumor lysate

improved the immune level in mice and effectively inhibited the growth of colon carcinoma.
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AWFFEFR W], IR e vl AT O R IR RS
At LR 5] i 988 AH 56 $E JR (tumor-associated antigens,
TAAs) , T IR e 4L, B 1k g 52 %', BT,
SRRV P 1 R TAAs R el BRI 44, frgis
PR S5 38536 A 5 0K 40 MY (dendritic cells, DCs) , 7= /4=
55,755 CD8" T AN AL, 7316 TAAs 5 5 P40
B 4 T Ik B 41 B2 (eytotoxic T lymphocytes , CTLs) o
i 2 i 7 B A B A ZUM A A R (major
histocompatibility complex, MHC) i 4%8 & #/EH , DCs
U IR A DU, 22 HAR I MHC 4R 52, 66 T 41
WAL IG5, T AR T 20 A L A R RS 2 R
AL, R R, AT R e e R O IR A . 2K
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V5B 28 4K 4 ME (bone marrow -derived dendritic cells,
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1.1 Zmfe C5TBL/ 6/NRZEEANIL R MC38 A1y
H AL ERFIAEREEE , b aT Tl K23 2= R AT
1.2 22X ABALE CpG1826 A T T (
1) B AT BR 2> W) 5 1 CpG B- A RN K AURE (CpG
B-glucan nanoparticles, CNP) It 5t Tolk K258 5
Az iy o S SCHR [ 14 17705 W 45 5 b 40 - e 240 4
TE R R F (granulocyte-macrophage colony-stimulating
factor, GM-CSF) M 14l ffi /- % -4 (interleukin-4, 11.-4)
¥ B 5 [# Peprotech 23 ) 5 1L-6 , 1L-12p40 S IR5E
F-a (tumor necrosis factor-a, TNF-a) F1 T4 K
(interferon vy, IFNvy) ELISA ¥ 177 £ . anti-CD11c-
FITC ., anti-MHC- II -PE, anti-CD80-APC . anti-CD86-
Percpcey5. 5. anti-CD3-FITC , anti-CD8-PE } TruStain
FeX™PLUS (anti-mouse 16 / 32) $L A& P I A 55
BioLegend 23 7] ; RPMI1640 £ 5% 3£ | FBS & PBS
(pH 7.4) ¥ [ 92 [ Gibeo 2 Al 3 21 20 g 24 i L
PBS-EDTA \ELISA 2% 113 K /I U B 73 B 4 1
AESRA g A W E AR AT BRZA 7570 o 5 19 12 FACS
T A1 (FACS Calibur ) 1) F1 5% [ BD A .
1.3 %334 SPFY CSTBL / 6] /MR, HEME, 30 H,
6 ~ 8 JAl Iy, ST 18 ~ 22 g, W F 4 DL AR (AL 50) A= W4
ARABRAFL, SiW1E HAES 4 : SCXK (51)2019-0010,
3% T AUt I A AR FRA R s by o A SL5:
Xf 7N B T A Ak B S AR S E A 32 AT 5% A R A
1, A7 IR S 18 BEAH SCHLE #EAT (U524 : PONY -
BG356-2018A)

1.4 D RABMDCs #94 & ff 2 HUNRIBSiAb AL, 12
T 75% KG T, FEAT 2R T T AL B s Bl 5 o i )
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BB I RN BE R, B 75% TR TR 5 min; B bR H
Sk AR NLA, PBS PR 144 ; FH RPMI1640 15 55
RS IR SR, 22 70 pm T 2L 8 FE S &2
10 em K5 FR 1L, 55 35 55 B 30 min; W8 R 0 BE 40 ity
800 X g #5.0» 5 min, 7+ [ 1f , 1] RPMI1640 $% 57 £ 5
BB B3 BMDCs #4 x 1000 / FLINE 6
FLAR, B RPMI1640 355755 (1% 10% FBS. 1% PBS,
20 ng/mL GM-CSF f110 ng/ mL IL-4) ,4 mL/ fL,F
37 °C,5% COIEFAEFRE 3 d, Wi 5L 55975 d
I, 2 BT R AL 15 R 7 RBP4, 800 X g
B0 S min, 7 FVE DA I mL S FRIEEE & 11480
1.5 BMDGCs #4& 9} Rl X 3 BMDCs 41 fifd i ¢
FEPEHE A1 X 10° 4 / mL, A 24 fLA, 1 mL / fL,F
37 ‘CH;F 24 ho ¥ BMDCs 43 A PBSZH (2 wL / L) NP
2H (TC CpG A Kk, 2 we / FL) |\ Lysate 21 (MC38 4
Jio 29,2 we / L) .CpG 4 (CpG1826,2 wg / FL) .
CNPZL(CNP,2 pg / fL) , AR 3INE L, T37°C
B3 24 hy W 240, FH anti-CD11c-FITC . anti-MHC-
I -PE ,anti-CD80-APC ,anti-CD86-PercpeyS. 5 A
(LEARF LIRS ) L (5,30 min, b3 2040 ARG 5 Wi
E5E 3R B, KA ELISA 457 & I 42 11-6 J% IL-
12p40 (8 & i
1.6 IR fmm Rz ey s & HE 10% FBS Al
1% PS B RPMI1640 553535, T 37 °C,5% CO, K F+ 46
TR IR MC38 4, F i L2 5, PBS TR 11K,
0. 25% JEERFH it , 800 X g 5.0 5 min; 7 135, 1 mL
PBS H &, 1AL, A% 1 x 107 4 / mL, B A
RS ming IGEFERL 2 37 “C/KIY S min, SUE RS IR,
4°C,2 000 x g B> 10 min; B3 , B A 26 4
BCA VAR M, T--20 CAAAF . #%200 mg / mL
CNP 150 mg / mL I8 24 i ¥ 1« 1 iR FR LR IR
B il 25 R SRR AR RE T
1.7 s m R s K /NRIE N L 5 d, Bl
WL~ 420 : PBS 4 .CNP 4 | Lysate 4 . Vaccine 41, 43
2 /NEUE RS PBS(100 wL / H) .CNP[20 pg /
(100 wL + H) ] MC384HHIZH#)(50 g/ (100 wL + H) 1,
Ji g 2R My AN K E T (100 L./ B A5 H . 5
JAGRPE VIR ELLAG 2 3 I, RIRIE S 1 h, /N
AT T 4R MC38 4l AL, 2 x 10° 4> / L, TH&Fh
J5i 3.6.9 d I I e s 4% 2H /N SRR P b A o K T
BN EA, IR B AR AR . LA E] N
FEARR , iR R R AL, 2 i A K R 6
PR (em®) = 1 /2 x R E A% (em) X /MBS (em)?
1.8 &4/ & ik P IFNy #= TNF-a 4 = 49 4 |
TS — YR g (R AU L 109 7K A S R /N

B, ZEHR AR UL, B EDTA HUEEE , 800 X g #5.0> 10 min,
B2 M3, SR AR R ELISA 3557 & 22 L IFNy il
TNF-o 7 &5 F )2 M3 T -80 CORAF, ] T )5 2k
a8

1.9 &0 K fig F CD3" CD4" T A CD3" CDS8' T
n B ] e Aeml BCT 2 MV, A1 mL PBS,
R R MLV 1A BE R N 2 A 2 mL bk L 4
953 B W B, 4 °CL 1500 X g B0 20 min;
e ] R B AR i S 20 A, H PBS R 13K,
fTA TruStain FeX™PLUS (anti-mouse16 / 32) ik 3}
P, 2 AT 5 min; 430 JLA anti-CD80-APC. , anti-
CD3-FITC . anti-CD8-PE, % il # G 7 20 min; PBS
VeV TR, Tl B BP0 B B, 28 I = A0 LA SR
H FlowJo 10. 0 842 Hr kG 45

1.10 /s 5 B% 20 Je P IFNy #= TNE-« 4 & 6 4 )
1. 8 T/NFRCR ML, 2R 204 BT, TC T B/ BROBLAE |
RPMI1640 55 35 3, T 70 wm 57 I’ H 87 B, ] PBS
PR R0, WA AR, 800 X g B0 5 min; 3 _3E, N
A5 mL Z1 40 it 224, oK - Z46# 5 min; LA 10 mL
PBS-EDTA % 1k J i, T2 ik , 800 X g #§.0> 5 min;
F FWE, 2 mL % 10% FBS #1 1% PS 1) RPMI1640
R R TR B/ BRI L & 96 FLAR , 1 x
10° 4> / L, A MC38 i ed 244 , 40 wg / 1,37 °C
P72 b WeAE B3E , AR B, ELISA 1200 & 4G TFN-y
A TNF-o & 1

111 %5547 N SPSS 17. 0 Bk f7 4032
AT, GraphPad Prism 6. 0 3% {4 22 il [ 5% , 18 56 %5 H
BILASME = bR 22 (x £ 5) FoR , AL 1A] LR o K6
5, LAP<0.05 AESAGIEE L.

2.1 BMDCs # 4k #h ) 80X 35 CNP 21 BMDCs 2 [fii
FrREMICD11ct CD80*.CD11c* CD86*.CD11c¢* MHC-11*
Y e 18 K - B i T CpG.PBS NP } Lysate 2 (1 =
4.3~20.5,P¥1<0.05), W3 1. £I CNP o] fE i
BMDCs Ji %\, CNP 20 BMDCs i 55 5% I3 o 1L-6 I
1L12p40 & - W 5. 75 T CpG .PBS NP J% Lysate 20 (1 =
5.8~46.2,P¥<0.01), W32, FH CNP ] ¥
FE 7 BMDCs 4334 TL-6 1 TL12p40 19K

2.2 DR AMEG A KB L Vaccine A/ BN
%) Jith 96 A B B 5 /N T PBS . CNP ., Lysate 2H (¢ 43 %1
3.4.2.7.2.6,P% <0.05) ; Lysate ZH /)N B P9 9 fith
Jo PR B B /N T PBS 41 F CNP 41, {H 22 R 50 i1
SEEE LAY 1.9 3,PH) <0.05), WL,



« 14 - A E A A 2 2023 4F 1 A 55 36 545 11 Chin J Biologicals January 2023, Vol. 36 No. 1

1 AL BMDCs RIHR SN T HIZIE DL (%, x £ 5,0 =3)
Tab. 1 Expression of marker molecules on cell surface of BM-

DCs in various groups (%, x+s,n=3)

21 531 CDl11c* CD80O" CD1l1c* CD86" CD11c¢"MHC-1T*
CNP 30.0+1.5 27.0+1.6 24.7+1.3
CpG 22.0+2.0" 19.7 +1. 4" 19.4+1.7
PBS 12.0 £ 0. 2™ 12.5+1. 1" 13.8 £ 1. 3™
NP 12.0+0. 6" 13.3+2.7" 12.9 £ 0. 4™
Lysate 14.7+0. 1" 12.7 2.7 13.6 1. 1"

5 CNPAL HE,a K78 P < 0.05;aa 278 P < 0. 01; aaa 3278
P<0.001,

& 2 BMDCs #5372 LI IL-6 FIL12p40 A7 bt (pg / mLyx 5,
n=3)

Tab. 2 Contents of IL-6 and IL-12p40 in the supernatant of BM-
DCs (pg / mL, x+s,n=3)

) IL-6 IL12p40

CNP 8398.8+313.5 10867.3 +1072.2
CpG 3380.6+1115. 1" 5028. 4+ 1386. 8"
PBS 31.2+6. 1% 19.3 = 1.3
NP 34.6+3.2% 23.0+2.9"
Lysate 33.4+7. 1% 19.9 + 4. 7%

W 5 CNPA AR ,aa 2678 P < 0. 01 ;aaa 278 P < 0. 001,

-o- PBSH
_-m CNP4

—— Lysate 4
|~ Vaccine 4

300

200

JifEd A (mm®)

100 ¢

IRFI) ()

18 WRANEREN LR R SR N iR

Fig. 1 Growth curve of tumor in mice

2.3 R ik P IFNy #= TNF-a #9 4%  Vaccine 4
/N BRI H A TENy & 15 B 1 55 T PBS.CNP, Lysate
M H4 6.4.6.3.8,PF) <0.05), TNF-a 75 it
HHAM3INER LRI E X5 02.0.1.1,
0.4,P¥)>0.05)., WL#3.

2.4 R ik P e CD3" CD4" T A CD3" CD8 T 4
JELE 4] Vaccine 20/ BRI H CD3*CD8* T 41 it |t
515 PBS .CNP  Lysate 41 lL#% , 22 57 o Ge 12475 XL (¢
R 0.5.0.6.0.7,P¥ >0.05); Vaccine ZH /)i,
I T CD3* CD4* T 4 it b A5 25 = HA 2, (H 25 55

WG IR L3 k0.7.0.9.1.9, P >
0.05)., WE4,

R 3 A H/NEUMIE P IFNy FTNF-o )& 7 (pg / mL,x £ 5,
n=>5)
Tab. 3 Contents of IFN y and TNF-a in serum of mice in various

groups (pg/mL, x5, n=5)

21 IFNy TNF-o

Vaccine 169.5+77.3 12.9+0.3
PBS 10.7+0.3° 13.4+0.5
CNP 11.2+0.8° 12.3=1.2
Lysate 30.7 +28. 0° 12.3+0.4

1 aFRn5 Vaccine 4 Hed%, P < 0. 05,

x4 F4/0FUMB H 9 CD3* CD4* T M CD3* CDS* T it
(% ,x +s,n=5)
Tab. 4 Proportion of CD3" CD4" T and CD3"CD8" T cells in

blood of mice in various groups (%, x+s,n=5)

2H 5 CD3*CD8" T CD3" CD4* T
Vaccine 13.6+1.9 13.3+3.5
PBS 12.6 £2. 1 12.1£1.2
CNP 14.1+0.6 11.6+£2.2
Lysate 13.2+1.2 10.1+1.1

2.5 R ERE P IFNy #2 TNF-a %9 4%  Vaccine 2
/N BUIBE TNy B TNF -« 75 F2 44 B 5 5 T PBS.,
CNP, Lysate 21 (t 53 %1} 6.3 ~ 13.0, P ¥ < 0.001) ,
WS,

R 5 BAH/NEMIE T IFNy F1 TNF-o 975 & (pg / mL,x = s,
n=75)
Tab. 5 Contents of IFN «y and TNF-a in spleen of mice in various

groups (pg/ mlL, x+s, n=75)

45 IFNy TNF-a
Vaceine 2807.5+952.3 70.3+7. 4
PBS 79.0 + 36. 3" 23.8 +6.2™
CNP 76. 1 = 20. 5" 21.8 £ 4. 0™
Lysate 375.7 + 154. 7 38.6+ 8. 6™

1 :aaa #7855 Vaccine 41 HL#, P < 0. 001,
33t i
H I, P8 P AR R E S TR i e AR AR,

LI 58 995 B (hepatitis B virus, HBV ) FIl A2 k@
J B (human papilloma virus, HPV) 1 o % 1H $£ F
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A2t e A K e  RARAIG B4 T il
S, AT Bl a8 nT A At T i
FHU S Ties S A M B B A A8 O T AR
AR L, S S A R e IR R A, PR
PRI G 5 40 I B R i A2 R HEAE D, 2K 3 TR B3
STRIAE . e 20 S AR R, G2
GARAL BT AT HG SRR N B S e AR . CpG BE#%
Fr 18 28 1 Toll #E5Z4K 9(Toll-like receptor 9, TLR9)
RYEGIEROEERY Y, 5 A TLR R[R], TLRO fE4E
TN, CpG B2 A% iR o 41 B P9 754 FH 1E A 41
M55 TLROZ56 . Wi 2 ik AR DY, 8% DCs Fr
W , 2 B0 I 38 522 4 T 240 41 i HC o0 Ak ok o Sk CTL
Pe3 CpG AT EsRIZL R IR UGB N B8R . DCs
VE R T REf i AT S A, 76 51 T B R oy 14
GPERZ TR EENEM . ARBEAR DCs I 58 KA
TARPUR AR 1, (B AS BB 50Hh &b BT J5 R0 38 T 4
o BEHCPURG , AA) DCs 434k kB DCs,
[ R AT Rt & A A8 A . B DCs 35 Rk
SER R HFR S (A MHC- 1T .CD80 F1 CD86 %) , {2 1
PRI AR R T FEA R T, 48k
1k CpG 7] FLAE K AL CpG 57 o 5 A f 2 iy 250
I A AT ARG R 55 H , BT CpG 2242 H TR BE % o))
I8 T B 5 v 1) SR 88 R T e % 0 S R T Tt
%, AT TIRYT 4 PR , P2 2172 e,

A58 FH CNP R S0 il 38 BMDCs B2, 25 51 5
R, MR FIEE CNP FE CpG R B T B4 A ISR
W AR T 4 P T 1L-6 A1 TL-12p40 i 3k (P <
0.01), Ha58 T 4 i G2 FIAR R S iR o /N T
PR PET JE L MC38 s A K 228, e (R FRUBH (/N
T HABLL (P < 0.05) , F B EL L (14 G 128 1l B 2L
H.CD3"CD8* T K CD3* CD8* T 2t Lv. {41 2% H- 35 e 48
AR SL(PY > 0.05) 5 L P IENy 5 & 0 0 T+ 5
(P¥] <0.05), TNF-a &% 2 5 L4 it & L (P
7 >0.05) ; J4EH IFNy K TNF-o & 50 25 00 8 A
(P <0.001), B T KEAFHBT IR ROR o

25 b TR H A CNP BE % A 25080 IF 2 iF
DCs ALEN, B9 58 1L-6 F1 1L-12p40 25 20 Jif [ 1~ A4 7 b
1 1 A VRN A4 L B 92 /KT 5 5 iR S A B o %
PR PE T, A6 25 g /) BRURERY rh LA R 19 977 4K
S AR HE T A N e e AR R R R, R g
T G T SR TR B RS . 53 Ah AR
rh 2% 2H /N BB B0 /D R s i A I 25 2R, LG S
SERIF ST R 0 45 21/ R, DA 3R A5 T HE R 1Y

+
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