350 B4 72 s K224, 2025,47(4) http: //aammt. tmmu. edu. cn

DOI: 10. 16016/j. 2097-0927. 202412021

EWRERERM S FEZ BT REILR KA H

Ak B BLREA LT ORLEER L RER R R BAAL FaR e e i
EE R O SR E ) 22 SRR RUEY SEM 50 R G B i TREAR BT hob A
SRS PR A, BT TT. HEAC s T PR Tk 22 b, TR

(FEE] HW I8 U5 T 00 3o 7 22 4 2 0 % DU bR v 75 01 58 2 A 2 IR 45 5 35
(receptor binding domain, RBD ) A4t J5% 9 IV AL 58 1 (1) S5 g 227 G s iy e w26 wLifl . ik CCK-
8LV 2 4 521 D’ (ophiopogonin D, OPD” ) X B >4 U5 A 4% 2 K 41 i (bone marrow-derived dendritic
cell, BMDCs) [ 4 Jd 7 7% ; ¥ Balb/c BE 14 /)N B4 BR BE HL 7 92 105 43 1 4 41 : Control 21 . RBD 41 \RBD/
OPD’ 4 \RBD/Alum 21 , {f FH A7 M PR 5 g/ AL 100 g/ 2 F2IRES 0,21 42 KAL) 0
FEIF HEAT G0 5 WIS BRI BT it AR A8 bR A5 07 AR N 22 4 1 5 ELISA A 4 5 1 TG B FLE 4t
PR 5 ELISA 32 7] & 4G I 9 4 Bt b 3 40 B IR F 7K SF 5 ELISpot A6 I J8L 410 g 43 o v T 98 &
(interferon-gamma , IFN- ) (19 21 B &icie 5 SO 2R £ W (358 W48 BMID Cs e 58 A 8 5 5 it e 4 AR o
T BMDCs XTI B A WEBE 7 5 F % S 2 B R 85 & A W 15 B iR 5T 5 1k, W0 A 45 9 LB o e e ik
BEEIHLE . G50 24 0PD’ M <5 pwg/mL I BMDCs 77 1 %8 100% ; /> BB UL A 132 50 I 640 1 I 2 s
BT EEIN, A AT AR 2E SR I F 15 Va5 2 1 WA RS 922 )5 , RBD/OPD ™ 41 IfiL I8 435 5714 1eG 1gG 1 Al
IgG2a i & 5 RBD 21 AH Hb 44 &2 75 (P<0. 05) ; 5 RBD 40 AH b, RBD/OPD 41 Th1 41 i3 502 1 25 B 41 g
T IL-1B . TNF-a , IFN-y {2 25 3 155 (P<0. 01) , 4 3 bk T4 40 B 43 W0 TFN-~y (%) 200 Bf 55 1 o 35 38 n (P<
0.001) ; OGB48 W4 & B0, OPD” AL 33U At BMDCs AESR U 22470 5, i =X A0 i AR & 1240 4 1 1
7% OPD’ fig {2 2 42 15 BMDCs T IR BUR (P<0. 01) 5 75 st 4l 24 45 1 WoR , 5 RBD 4441 E RBD/OPD” 41
PPARE il I 0 5 W 4. 5 FAIATE D Al A %0 % RBD V840 538 1 A0 S 3 I 25 /K7, ELHAE A
ML T A 5905 PPAR {5 S IR AT 56

[R§EIR |  AARRAT R e N 28 5 B e I

[HREESZES] R392.1;R392.5;R931.6 [ XEkFRERS ] A

Immune-enhancing effect and mechanism of natural plant-derived

immunostimulatory molecule ophiopogonin

LIU Shulin', WEI Jing’, ZHU Baohang', YE Yan', PAN Jiale’, ZHAO Anni', SONG Zhen', PENG Liusheng', LI
Haibo', SUN Hongwu', ZOU Quanming' 'Department of Microbiology and Biochemical Pharmacy, National
Engineering Research Center of Immunological Products, Faculty of Pharmacy and Laboratory Medicine, Army Medical
University (Third Military Medical University) , Chongqing; “Clinical Medical School of Jiamusi University, Jiamusi,
Heilongjiang; *College of Pharmacy, Chongqing University of Technology , Chongging, China

[Abstract] Objective To explore the effect and preliminary mechanism of the plant-derived

immunostimulatory molecule, ophiopogonin, on enhancing the immune response of a subunit vaccine with the

[(E€TH] EZEESHHLITI(2021YFC2302603) ; 65 [ OARH =34 18 I H (32070924)
[BEMEE] 484, E-mail : qmzou@tmmu. edu. cn
ML, E-mail : sunhongwu2001@163. com

2097-0927/Copyright © 2025, A2 K2 (5 =2 K %%) o X RIFHORIUCCE #EG CC BY ¥ 7] P (https: //ereativecommons. org/licenses/by/4. 0/)
SIAEEC VR, B R AT, % R URIE S 0 1 22 A SR A S e I SN, KA IR ()], Bl 22 42 B2 R 2241, 2025, 47 (04) : 350-359.
DOLI:10. 16016/j. 2097-0927. 202412021.

Citation: LIU S L, WEI J,ZHU B H, et al. Inmune-enhancing effect and mechanism of natural plant-derived immunostimulatory molecule ophiopogonin[J]. J

Army Med Univ,2025,47(04) :350-359. DOI: 10. 16016/j. 2097-0927. 202412021.



http://aammt. tmmu. edu. cn ik ZE 72 15 K2f 201, 2025, 47(4)

351

receptor-binding domain (RBD) of coronavirus spike protein as the antigen. Methods CCK-8 assay was
used to determine the cytotoxicity of ophiopogonin D’ (OPD’) on bone marrow-derived dendritic cells
(BMDCs). Female Balb/c mice were randomly divided into RBD, RBD/OPD’, RBD/Alum, and control groups.
The immunization dose was 5 g of antigen per mouse and 100 pg of adjuvant per mouse, and immunization
was carried out according to the intramuscular injection immunization procedure on days 0, 21, and 42. The
titers of specific IgG and its subtype antibodies were detected by ELISA. The cytokine levels in the
supernatant of splenocytes were detected using ELISA. The number of splenocytes secreting IFN-+vy was
detected by ELISpot. Laser confocal microscopy was employed to observe the uptake of antigen by BMDCs.
The phagocytic ability of BMDCs for antigen was quantitatively analyzed by flow cytometry. The mechanism of
its enhanced immune effect was preliminarily explored using transcriptomics technology combined with
bioinformatics research. Results When the concentration of OPD’ was less than 5 wg/mL, the survival rate
of BMDCs was 100%. After a single intramuscular injection in mice, except for a slight decrease in body
weight, the other biochemical indicators were within corresponding normal ranges. After intramuscular
injection immunization of the vaccine, the titers of serum-specific IgG, IgG1, and IgG2a in the RBD/OPD’
group were significantly higher than those in the RBD group (P<0. 05). Compared with the RBD group, the
RBD/OPD’ group induced a high-level Th1 cell immune response of IL-13, TNF-«, and IFN-vy (P<0. 01) and
had more lymphocytes secreting IFN-vy (P<0. 001). Laser confocal microscopy displayed that BMDCs took up
more antigens after OPD' treatment, which was further confirmed with flow cytometry in quantitative analysis
on antigen uptake rate (P<0. 01). Transcriptomics results indicated that there was more significant enrichment
of the PPAR signaling pathway in the RBD/OPD’ group than the RBD group, suggesting that OPD’ may
activate the PPAR signaling pathway to exert its adjuvant effect. Conclusion OPD’ effectively enhances the
immune response of the RBD subunit vaccine, and its action mechanism may be related to the activation of the
PPAR signaling pathway.
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BMDCs) , 1fii &5 ¥ % 40 fi ¥ B R 2. 5x10%/mL, LA
100 pLALIMA 96 FLAR H , i 4l 2. 6 h J& , T AR [R]
WM OPD’ 555 48 ho 5% LU, &AL A 100 pL
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RN RPEVEN /NS S5 B H B PSR
AT RS IR HEA T W, 565 3 A /) BRI 375 R
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HA G E X,

&R

2.1 EARZFRIERB S TR A I A RN

G RERNEM M E SRR | E R
BMDCs Xt OPD’ 1% 41 g 2 P #E 47 7 Kl , an i) 1A B
78 ,0PD’ Y54 < 5 we/mL B}, HoX} BMDCs 21 7%
TN 100% ., HIKIEH OPD M X B v LAY
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2.4  ELISpot ¥ % 9% J& /)~ R 44 4 BeL S, & 2 268 A
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RFE: KR K I )G F 14 R 1gG2a/ 1gG1 FeAR

E 2 ELISA # iU &ZE/NRIMEPSFFERERETERKE (n=5)
RBD 4143 IFN-y {4 4 g B 2. 48 2 ) 1K 4B S B i T3 B OPD A A 44500 T LA I 2 PR 3 i e 28 = /N B e B

BUG FTAEAERIE, 7T W RBD/OPD” 4 /N fU 20 A IFN-y - JEERSE M T 40 i S0 e i 24
I L4 . S 35 T RBD 41 (P < 0.001) . DA 45 3%



http://aammt. tmmu. edu. cn P 2275 R 2 m43R, 2025,47(4) 355

150 800 - . 400

C —_
— o 3600 3004 a4
= 100 £ E T
hS 2 el
= S 400 1 =200 1
= e 5
50 - z
= & 2001 =100
0- 0- 0-

RBD RBD/OPD’ Control A

RBD RBD/OPD’ Control B

RBD RBD/OPD’ Control C

a:P<0.01,b: P<0.001, c:P<0.0001,5 RBD ZL}LAZ A : IL-1B 4l 25 R ;B: TNF-a#e M 25K ;C: [FN-y M) 25 R

B3 SERE/NREBAERH EERAREFRNERE (n=5)

PBS RBD/OPD’

RBD/Alum

150
<: a
|
=100 1
=
=
>
*; 50
=
Z

N1 Sy

PSS © GO
RSN AIRINS
RN, B

a:P<0.001,5 RBD Z0rb4x A : &40 IFN-y 5 5 % 20 M ; B : %956 % 14 R i@ iE ELISpot il ) #4492 649 IFN-y 5

RN Sy

B4 ELISpot#&illR Kk %iZ 14 d J5/NR BB B4 IFN—y (n=5)
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