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Active components of ginseng vesicles regulating tumor immune microenvironment
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Abstract: Objective To explore the potential material basis of ginseng-derived nanoparticles (GDNPs) in regulating tumor-
associated macrophage phenotype and inhibiting melanoma growth. Methods GDNPs and their major components (proteins,
polysaccharides and saponins) were comprehensively characterized using nanoparticle tracking analyzer, transmission electron
microscopy test and UV-Vis spectrophotometry. The regulatory effects of GDNPs and their polysaccharide and saponin components
on the phenotype of bone marrow-derived macrophages (BMDM) were examined by qRT-PCR and flow cytometry experiments.
B16F10 cells were incubated in BMDM conditioned medium (CM) with different degrees of polarization, and the viability of BI6F10
cells was determined by CCK-8 assay to verify the modulation of the tumor immune microenvironment by the active ingredients. The
active ingredient composition of GDNPs was quantified by PMP pre-column derivatization. Results The morphology and structure
of GDNPs were well observed under transmission electron microscopy. 2.46 x 10! particles of GDNPs contained 4.31 mg of protein,
4.46 mg of polysaccharides, and 1.22 mg of saponins. qRT-PCR and flow cytometry experiments showed that the polysaccharide group
of GDNPs reversed the phenotype of the M2-type macrophage cells, which were polarized toward M1. GDNPs polysaccharides
induced macrophage polarization after CM significantly inhibited the viability of B16F10 cells. PMP pre-column derivatization
analysis of the polysaccharide components of GDNPs consisted of glucose, galactose, arabinose, and the substance amount ratio was

4.72 1 1.07 : 2.15. Conclusion The experimental results reveal the key role of the polysaccharide components of GDNPs in the
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modulation of the tumor immune microenvironment, and provide the experimental basis for further mechanism study and clinical

application.

Key words: ginseng extracellular vesicles; tumor immune microenvironment; macrophage polarization; polysaccharides; glucose;

galactose; arabinose
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7]); Nanosight NS300 B! 44 K BURLERER /3 T4 (FE
Malvern A ] ); 2695 B4 = Rl AH B I%4 . 2998
B PDA EAMEIIZE (SEE Waters A F])D.
2 7k
2.1 GDNPs BURAE KA E MM
2.1.1 EHHEEMEE U R GDNPs, f§ ] PBS #
BEEIE IR . B 10 L MR e L, e
4min, BEJEH 2% SRR 444 3 min. EEIR FHR
K5, BT 200 kV H RS S SR T 84
2.1.2 KESRFREMNE BU&EHE GDNPs, I
F PBS MBI AT R EE, B S TE AR RO ER 5 43 B
AT B SR AT &
2.1.3 FaEtEik K GDNPs BT 4 CIR77,
R T [R]— B[] ) FH 490 oK 0K R B2 43 AT A0 7
7, FELNE 7d, WEE GDNPs hif2 44k
22 EHR. . BEEERSSENE
221 EEFEENE RIE BCA EARENE
A I B R S A 2 pL,
2 FVEFANEZE 20 uL, FFLIIA 200 uLBCA T
YW, 37 ‘CJHUE 30min, 7£ 562nm FillE &ANFE
IO (4) {H, FebriE 25 HAE GDNPs H

222 ZREEEME KRB RN E

GDNPs (1) 22005 5, A2 5 DU 7 Bl 1 i VA
0. 0.1, 0.2, 0.4, 0.6. 0.8, 1.0 mL 7 5I& T )&
ZAEE R ERE T, DIARKANE 1.0mL. 5%
AN 5% A ER 0.5 mL JIRBRER 2.5 mL, 78509
P& 5 min, BIKBIIA 20 min, SEEIE TUKKG
YA H 3min, 1E 488 nm A E B IAWRITT A H . K
B B VAW 0.1 mL, IE 7L RIbRES, 1E
488 nm Ab W e H-HEIR 1) 4 18, FEhniE 2 v L
7f GDNPs H {15 &

223 BEEHERSTEINE HKERBRAZEH
Re X SHIAW 04 10, 204 40, 80, 100 120 pL,
3 E 10 mL TR EIERE T, 60 CKKHZET
R, RN 5% & HERS VKBS IR IA - AR (20 8)
FIRA W I mL, B 60 C/KEH I 15 min, HX
t, BUOKIBHAE, RE VKGR 5 mL, #£5],
1E 544 nm AP E SR A 1H. K2 =AM
W 300 pL, WE 7 ERIBRHE S, 7E 544 nm AL
ESHHR I 4 {H, febrEh i 5 HAE GDNPs
&

2.3 GDNPs Z¥E. BERSIENGE

& & GDNPs JIAN 10 £% 5125 8 F/KAE
80 'CFAIZE 2h, EEHIMIE, WUERIEM, WEIKYd
2 10mL, JIATEK LB BRI 3 95%,4 C
FrENR, RV, KRG Sevag 153
TR A AREE, 55, Ak 2515 2] GDNPs £
PEFES (GP),

EUi&E & GDNPs I 10 fi5 81 70% £ B ]
TARE 2 h, EHRIHIE, USCERIER, R 2 TCRE
MR, RO AR, =S BT KR IE T R AR
0, BIGETEEE, 75T, 4K E#135] GDNPs &
TS (GG,

2.4 BI16F10 4ApaIEF

B16F10 4B & 10%A64- MiE 1) RPMI 1640
SEAERIIRIL T 37 C. 5% CO, 4R - Fe b B
%, BN 3 d AR 1R
25 BEERFEEMEZR (bone marrow-derived
macrophage, BMDM) #R{tHE555058
2.5.1 BMDM #2HL CS57BL/6 /MR ML, s
RWALE 75% 2 5~10 min. fEFE 2B/
R R, %% PBS . FIHLETFA
B I /N O HDIBR i M s, S A 1 mL A ERE
WAL PBS, N B Wi, A5 B A A I
BIFEFRILAN . R R EWRET, (E40 MY R
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S B o G 100 pm (SR BEIE N, DR
SRS B R BEARA . 4E RV T
& 1500 r/min &0 5 min J5, i EER. A
1 mL 2L 23 5 3 min, T-=3E 1 500 r/min
B0 5 min, ARJ5 A PBS VRiRANAE . K i T R
TF1EF 20 ng/mL M-CSF [#] RPMI 1640 58435 772
o fEREE FMEAMIEE, HBELE COyHIR
B ARG TR g 2~3 R 1 G FRE, HEIE
7T RMERIRILAIML, FrEFE BMDM KRR
2,52 gRT-PCR 43#r BMDM ] CD206. CD86
mRNA FiE KA BMDM %% 1 X 100441,
WETAM., BRMAMGZH, FaHRBINAE
fGAEMIE B RPMI 1640 K598, AN 20
ng/mL 1) IL-4. IL-13), W¥E 48 h; LHZHLERIN
20 ng/mL [ IL-4. IL-13 ¥ & 24 h J5, 53 dsIifk.
ofr B (104 204 40 pg/mL) F 22 BEREUY) (GP1 .
GP2. GP3) sk, . m#l&E (3. 6. 12 ug/mL)
IR R R (GG1. GG2 GG3) W E & 48 h.
YR G AR REE, FH PBS S h vk 2 Ik,
e B Ul B T PR EUAT A . RNA H5 % cDNA,
4T qRT-PCR 43#r. FI¥0F 5 ILEE 1.

x1 51¥F5
Table 1 Primer sequences
el A (5°-3")
GAPDH F: TGAAGCAGGCATCTGAGGG
R: CGAAGGTGGAAGAGTGGGAG
CD86 F: TCAATGGGACTGCATATCTGCC
R: GCCAAAATACTACCAGCTCACT
CD206 F: CAGGTGTGGGCTCAGGTAGT
R: TGTGGTGAGCTGAAAGGTGA
253 A4 AR KL BMDM ) CD206.CD86 ¢

ik KR BMDM AEE A 1 X 1084 /4L, #
BrEAM. BRMAMLZH, HAHRBINAER
A= I A RPMI 1640 ¥5770E, B2 N 20 ng/mL
) IL-4 TL-13), %5 48 h; Z5 2520 7E 4NN 20 ng/mL
) IL-4. IL-13 %8 24 h J5, 2540 10 pg/mL
GDNPs Z¢fik. H. @&ifll&E (105 20, 40 pg/mL) 1
ZHHRIY) (GP1. GP2. GP3) Hifk. . &ifl&
(3. 6+ 12 pg/mL) BRI (GGl GG2.
GG3) WEHZE 48 ho 424G, ®FLIMA 1 mL
0.02% EDTA VK, HACEEAML, A 1 mL 240/
Yo ta SR PRI AN 2 ¥R, 500 pL 40 i e e 22 R
R, UEMRT 1.5 mLEP & . N Fe 524kt
7B CD16/32 UK EWFE 10 min, SR/EMA PE

Ui CD206 FifAk. FITC Hri CD86 Huik T+ vk L4
30 min. WEHL NG, WA 1 mL PBS Jik4Hi
2%, 4 C. 1500r/min &> Smin; 72 LiE,
A 500 uL PBS H 2400, i 300 H i 4% 2l
B, A8 A U SR A BRI R RIS T L
2.54 BMDM #%A45:784 (conditional medium,
CMD [yl 5119200 75 5 il #4) BMDM 439 M1 21
G 100 ng/mL ) LPS). M2 44 (I 20 ng/mL
) IL-4. IL-13). GP1 4l (fE¥RINIL-4. IL-13 WA
24h JEE I 10 ng/mL GP % & % 48 h). GP2 41 ({fE
W IL-4. IL-13 5 24 h J5 %00 20 pg/mL GP 5%
HZE 48h). GP3 4 ({fEiIN IL-4. IL-13 i E 24h
JEVNIN 40 ng/mL GP i 8 22 48 h), 45250 & J5 15 2
NERA T E R, £ MEESFREE TR E 24 h
JE 32554, 10 000 r/min B0 5 min, W£E BiE
N CM, 733735 M1-CM. M2-CM. GP1-CM.
GP2-CM. GP3-CM H T & BI6F10 #ife, &
B16F10 413 71 LLIGAIE GDNPs H 36 P R 47
2.6 CCK-8 Z# B16F10 ZHAE5E 1

HHIRETE BI6F10 4088, JHE 4L 5X10°
AL, 4R 96 FLAR, FEFLINIAZHIR 2 100
ul, FEAUMNGEESS, IR CM 4k8ii%, ©H
HEREFL ORI IATLMmER R, 24 h
Ja 3 R IHRE TR, BALIIAN 100 uL K5 FRIEEDR 5 2 Ik
Ja B IR AR, FFLIMA 10 uL 1) CCK-8 i
A, 37 CHAE 4 h, FETEEFR EIEUEFLTE 450
nm Kb/ A, RIS .

MPLIE T = (A4 w5— A w=)/(A 26— A 5%)
2.7 GDNPs ZHERSEHELE R S R iR FE -2
2.7.1 PMP FERUATAE T Rk HUE &
GDNPs, JMA 3 mol/L =% LBRVATR 3 mL, @A %
fift, BT, 110 C/KME 6h, BAZE =, 3000 r/min
B0 10min, B EIEBREZT, MR EEERET
5~6 K, FREMEAVKERESSE | mL, $175K
i FEAE AV . TR . BT R A . SRR
AWE. FLVE. HEERE. E N, RIARERER.
FLBE R FRARE b VTR RE il 25 400 pL, 11 400 pL 7
0.5 mol/L PMP FH /AT 400 uL £ 0.3 mol/L &%
AN, VRET, 70 C/KINA 100 min f5, FN
500 uL 7 0.3 mol/L %, 5. A 2mL =& H
FEREEL, RIZIEESE, 3500 r/min 250 5min, FEEE
)2, & 0.22 pm JEEA PMP fTAEMAE M. (FH]
Waters = 850 AH €435 SCHEAT 0 b, il 264



= 3010 -

FEH 202457 H55% B9 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 9

Agilent ZORBX SB-aq Cis f4iff 4% (150 mm X 4.6
mm, 4pm); KB 250 nm; #EiF 25 C; A
i 1 mL/min; VRN NBERR SN Eh g2 iR (0.1
mol/L, pH 6.85) -ZJiF (82 :18), FFRELYE/.
272 BRMEXRRFEE % “2.7.17 DUNHIERI&%
X I R B R EIR L) PMP A7 A A bR v AT
18 “2.7.17 BUEIEFAF N, DU ETRE,
FLBE S BIRATRE 3 AR B0 SR B R AL bR (X0,
VTR AR (YD, TS BRI 7 FE
RNEREL () FIZRIE T Rl 23 T3 N T Y=585 162
X+837 782, r=0.999 3, YL 1.05~20.96
mg/mL; FFLHE Y=901803 X+35251, »=0.9996,
LR PEVE ] 0.20~12.26 mg/mL; P Hz{fTHE Y=950752
X—92 833, r=0.999 7, L&MIEMH 035~10.46
mg/mL. &5 R 5K, 3 AT 2 REE 0.999 3~
0.999 7, fFELMERRBERIIR,

273 REERE W ERRSER, EHR
“2.7.17TU R il % PMP AT A0 bR S, 7692.7.17
Tl 2 F N SRRERE 6 Ik, W VT A5
RSD fH. 25 B7R, W& AN BTHAT6E 3
ANERST IV TET AR RSD 2334 1.23%-1.19%- 1.36%,
BINT 3%, RUCIREEE R 1T

2.7.4 FoEMERE U GDNPs 0§, %08 “2.7.17
WUF ik PMP AT s, =R T T
0. 2. 4. 8. 12h7E “2.7.17 TOiELAE T BEREN
SENETH AR I3 RSD . 455 8o, ARk sia
HIERE . R BThATRE 3 AN AR RSD
I RN 2.34%. 2.78%- 2.06%, HI/NT 3%, FHIfE
AVARAE 12 h R ETE R IT.

2.7.5 EEMAK B GDNPs £, %E “2.7.17
TR 71 PATHI % 6 4 PMP T AR AR,
2 “2.7.17 T 2% AR TR HEAE I S 06 T AR I U B

RSD fH. &5 S, Hbiak il i b 20 U
B A0 BE I THI AR RSD 22 BN 1.40%. 1.82%-
1.52%, 5/NT 3%, REZTEE GRS
2.7.6 OFEEISCRGRES RS R 6 4 e b
B GDNPs #£5h, & 1 mL, 4 ARS8 IAFE
dn R ARAR R R S IR R R 101 1
Xof HE AT, TR “2.7.17 TR 7k 4% PMP fiT2E
TBER AR, 7E “2.7.17 TR RS R HERENNE,
THE S A I Y %6 A0 RSD fH. 453 W,
WENE. FRLRE. BURATRE 3 AN ISF- 25 e [l
W23 50 98.30%. 102.11%- 101.76%, RSD 437
N 2.52%- 2.08%- 1.79%, HIE/NT 3%, HkEEg
RN R R I
2.8 FItFESH

AWM SIS B 3 Ik, R IX £ 5%
7o JITA $HE 8 F GraphPad Prism 8 8.0 % F #4773
Mr, KAAERCXT Student’s £ 16556 .
3 #£R
3.1 GDNPs BYRIERZF2E MM

GDNPs 72 HH A\ 241 i 73 WA 1) — i B A s 45 44
R/, RERS 5 AR (5 . mRNA. miRNA FI{Cigt
WSS, TEMEDNAR RS 54 KRG, X
GDNPs #HA7TRAEWIE 1-A BoR, 1EIE S B Al LA
EiH GDNPs ZEXUZMELEM IR /NG, HEas )
SE R RTAE N B IE BN 2 (103 14 B4y B 1) 52 R 0
B, F—RIIEDFIhRE . AR R ER
MG € GDNPs fIfifz, 4554 LKl 1-B, GDNPs
(RIRLAE /AR TE 60~320 nm. ASHIF 78 A1 F 99 K kL IR
BEOYMAGES: 7 d Wl GDNPs 7£ 4 CH BT
R R, S5 R W 1-C Fin, GDNPs kL
BRI B, FWE 4 C%MF GDNPs A LA
7 7d, HEEEMERLT.
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Fig. 1 Results of GDNPs characterization and stability experiments
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3.2 GDNPs NS EE

2.46X 10" kil GDNPs &4 4.31 mg &K
i+ 446 mg ZHE. 122 mg BH, 4R ERZHEL
S SRR . EHAFEARRES, NS hE
B 5 B AW BRI R A, R R
PRI IR FHB-24 |17 7T 78 L4 E B GDNPs Jli
JRANER 1S T M2 2 0 bl A 1 e AR 1,
AWt —5 % GDNPs BT 52 HE 25 NI
25 BRI M R AOE M A BEAT I AT
3.3 AR5 M2 & BMDM 1R 4L B 520
331 AEBEA X M2 B BMDM CD206. CD86
mRNA FIAMFEM AR F GDNPs Wi M2 B

i 1.5
&
® °
E 1.0 g
< =
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HaEadls: #r<0.01
#P<0.01 " P<0.001 vs blank group; “P < 0.05

#P<0.001; SEIBALE: "P<0.05

MR B E S, A $EEL T GDNPs (1) 2 8
HRFFH.CD206 Ny M2 B E WG4 il = k&4,
CD86 N M1 B BRI R AR &) .t 2wl A,
GP W LA BRI R A, () M1 7 ik AL, T
GG HAREFE M2 B4 15 g 41 g (Al A e 2

3.3.2 A% M2 # BMDM CD206. CD86 %¢
HRIERIF M 3 Bros, GP A5 GG HER
] QRT-PCR SCE0 45 R —3, GP HiEF 1 E 4N
FHEFREN CD86 F1 CD206 ) 5 5 35 T i A A
(P<<0.05. 0.01). H:H" GDNPs X+ M2 #
BRI R A 2 AN e, 1X W RES GDNPs A
BUKFERER AR, $m TEVMFIHE. GG A

i 87
ﬁ ok
- L ]
= >
:4' # é
z %Z
2o 4
= Il 17
EA e e g g
w® 000 3 3 3

*P<0.01 *P<0.001, P 3 [,

“P<0.01 *"P<0.001 vs model group, same as fig. 3.

B2 AREES X M2 8 BMDM CD206. CD86 mRNA FizRIEM (X +s,n=3)
Fig. 2 Effects of different components on CD206, CD86 mRNA expressions in M2 type BMDM (X + s, n = 3)
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