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Ginseng polysaccharide-chitosan oligosaccharide nanoparticles combined with
radiotherapy promote NK cells differentiation and enhance antitumor efficacy via
IFN-I-mediated JAK3/STATS pathway
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Abstract: Objective To construct Ginseng polysaccharide-chitosan oligosaccharide nanoparticles (GP-NPs) and investigate whether
their combination with radiotherapy could promote the differentiation of natural killer (NK) cells into highly cytotoxic subsets by
activating interferon-I (IFN-I)-mediated Janus kinase 3 (JAK3)/signal transducer and activator of transcription 5 (STATS) signaling
pathway, thereby enhancing the antitumor immune response against non-small cell lung cancer (NSCLC). Methods GP-NPs were
prepared via the ionic cross-linking method, and their particle size, dispersibility and stability were characterized. A subcutaneous
xenograft model of A549 lung cancer cells in nude mice was established, and the mice were divided into PBS group, radiotherapy
alone group and GP-NPs combined with radiotherapy group. The antitumor efficacy and mechanism of GP-NPs combined with

radiotherapy were comprehensively evaluated by measuring tumor volume, detecting levels of cytokines in serum via ELISA, analyzing
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NK cells subsets by flow cytometry, detecting the protein expressions of JAK3/STATS pathway through Western blotting and
performing histopathological analysis. Results GP-NPs combined with radiotherapy significantly inhibited tumor growth, and the
effect was significantly better than that of the simple radiotherapy group (P < 0.01). The levels of interferon-y (IFN-y), interleukin-15
(IL-15), granzyme and perforin in serum of combined treatment group were significantly increased (P < 0.01). Flow cytometry showed
an increase in the proportion of NK cells infiltration within the tumor (P < 0.01), and a significant increase in the proportion of mature
cytotoxic subgroups (CD27-CD11b*) (P < 0.01). Western blotting results showed that the combination therapy significantly activated
the JAK3/STATS signaling pathway (P < 0.01). Organizational analysis showed that the combination therapy group had increased
tumor cell apoptosis, aggravated DNA damage and enhanced NK cell infiltration, with no significant toxicity observed in major organs.
Conclusion GP-NPs combined with radiotherapy promote the differentiation of NK cells into highly cytotoxic subsets and enhance
their antitumor function by activating IFN-I-mediated JAK3/STATS signaling pathway. This combination strategy not only significantly
improves the efficacy of radiotherapy but also has good biosafety, providing new experimental evidence and strategic directions for
the immunocombination therapy of NSCLC.
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JAK3/STATS signaling pathway
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( glyceraldehyde-3-phosphate  dehydrogenase
GAPDH) ¥Hifk (b5 60004-1-Ig). 15 5 A4
SKWE®E 5 (signal transducer and activator of
transcription 5, STATS) Hifk (5 13179-1-AP)
)0 5 3 B Proteintech ZEY)4 R A A ; p-STATS it
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6 E b BRI E AR AR A A
1.4 138

MA205 55 #1 K Gt £ Metter Toledo 3 7] )
KQS5200DA Bz sy CRRAL @A
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mg/mL) 5 MNAKZR pH (4.0, 4.5, 5.0, 5.5) X4y
KB R . PP FEFR IR A0 27 HL
F8% (polydispersity index, PDI) AR VA MR 4
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B EACTH S TR A 1X107 AN/mL, H 5%
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5 Fi] 400 uL PBS E2: 400, _EAUEI.
2.8 HLARIEBESN
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29 REBENENAEHRLR Ki67 Rk
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EAM K BE, FRPEE, MA%1:5:50
BIIR A W S TDT B dUTP. Buffer, 78 54125,
0 DAPI R 4ediurz e st b, T R I
(Rl
2.11 RBRLKMAELELR y-H2AX FiX
WM R . A R g EoK, YA E
T3 EDTA UEBE MR (pH 9.00 HIfEE &
W TR T IURE S, 3%3d A AR
Wr, i S NN 3% 1S AR A3, B E A
—Pi, DAPI S 44 iut%, H v, T EME T WE I
. ZHE: FITC BRI K 465~495nm, &
S 515~555nm, K&EG; DAPLEAMNER K
330~380 nm, M 420 nm, Kb,
2.12 SRR ANELE L NK HERIEER
WM R Fr, A A g EoK, YA E
T3 EDTA LR B E PR (pH 9.0) MIEE &
W TR T IURIE 5, 3% A
Wr, P8 5 N 3%2F I35 AR AL A, R E — P
TP, AL BRNEEE-CY3 (BUECELAE, HA
0.003%:id F AL AW PBST FiiD, s E, M
VR BBl I, B E —$T, DAPI 2 4, T8
B ISR . S E : FITC BURIEK 465~
495nm, KKK 515~555nm, K& DAPI
ANBOR K 330~380nm, K FHEK 420 nm, K
s CY3 R MK 510~560 nm, KEHEK 590 nm,
&AM
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FifE/mm
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LA /mV

2.13  Western blotting 46| fhJE£H 22 JAK3/STATS
BEEXEREKE

BB Z1, N RIPA ZMRIEZRLEIE 30
min, 4 ‘C. 12000 r/min &> 10 min, B EiE, 5
Loading buffer #Z LW ), 100 Chn# 10 min i
B AR RS G T b BB R AN - SR TN A ek
B HLYK, #5 % PVDF 5, T 5%/ fig 2 45+ 4
1h, BOA—$i (1:1000), TBST ¥k 3 Ik, FHX
10 min; JOAZHL, ZIEMFH 1h, TBST ik 3 X,
UK 10 min; XF PVDF BEREATI022 RGN, K&
J A 38 G BB, Tmage T 3R 0BT H (02671 ()
IKIEAE -
2.14 FIHFESH

K H GraphPad Prism 8.0 K -5 SLAG £ P53k 7
Girt Ay HT, SEIER DL X £ R . PZHIA) 2 5000
KA ¢ K5, 2 4R 2 o B R FH B DR 2K 22 40 A
(ANOVA),
3 4R
3.1 GP-NPs Ho%&

WE 1 PR, RAE T CBGE ] #F GP-NPs
B OETER, WSRAEA (250.0+9.8) nm,
PDI /¥ 0.2764+0.025, {HAN (4.0240.14) mV.
W7 GP Rif22) 1000 nm 2858 H 4138 5 R 250 nm
TR, IR GP 4l T W R fE 3R 2R 1
WIGAE Bl i s B, RIRT 4L R Kb
AT DAEAT i SR 0 B DR 3R AL i 4 L2055

1 000
BifE/nm

1 GP-NPs Hi12[E (A). 55 GP H12[E (B). GP-NPs 89 { BBL[E (C) 1 GP-NPs A EEEE (D, X 10 000)
Fig. 1 Particle size diagram of GP-NPs (A), particle size diagram of free GP (B), { potential of GP-NPs (C), scanning
electron microscope diagram of GP-NPs (D, x 10 000)
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32 BERZTRER

321 REMREKREEE  [EE GP HEKREA
A, FEEEAN[A TR ) e SN GP-NPs i)
SO, SRR 1, B SRR EIR MR,
Kif2 5 PDI A4k 2APTEIS), TR 5N IR N
0.50 mg/mL I35 Bl s /IME, A8 FH 20 B R BE#EAT I
V. pH %%,

322 TPP REWREHE [ GP HEWRES
FEWERAEREIREAY, HEAFRREIRER TPP
X} GP-NPs #5520, 550 03K 2, BE%E TPP Ji
BIRE RN, kit 5 PDI A8k 840, 76 TPP i

BIREN 0250 mg/mL WA B &/ ME, fHZ0E
WREEREAT SO pH 52,

323 XM pH FEH  [ExE GP ERE. 7%
WERE R EIRE . TPP R BIREAAR, HEA
] pH % GP-NPs F¢%: (5200, 25 R L3R 3, B pH
(P3N, kifzY PDI L 280, 7& pH N 4.5 B
IS B 5/ ME, BB, fefdAbJ7 Hh & 4155t sl GP -
SCHEME D TPP=8 :2: 1, Wil pH A 4.5, LLI kL
1%~ (210.6+23.3) nm, PDI 4 0.202+0.035, GP-
NPs 2HNBKTE, AZaFM HRR 0 mias], K/
¥)— (F1-D).

1 TRRBRENFTEREIAKEREZR PDIHFM (Xts,n=3)

Table 1 Effect of different concentrations of chitosan oligosaccharide on particle size and PDI of nano-systems (X £s,n=3)

7o 5 HE/(mg-mL™") Fi 4% /mm PDI LIS
0.25 322.4+44.7 0.356+0.021 EOER. B—. LUl
0.50 242.4+44.7 0.31340.013 EOER. B—. LUl
1.00 657.7+45.7 0.41140.047 wEAY—. DSEIUE
2.00 791.8+85.0 0.456+0.052 wOARY)—, DEDE

®2 TRIREBRER TPP MHRFRKIZLK PDIIFN (X£s,n=3)

Table 2 Effect of different concentrations of TPP on particle size and PDI of nano-systems ( X £ s, n =3)

TPP/(mg-mL ") A2 /nm PDI LIS
0.125 324.0+56.6 0.352+0.054 HEFEW ¥—. LUlE
0.250 227.8+11.1 0.241+0.064 HEFEW ¥—. LUlE
0.500 316.0+30.9 0.451+0.110 WOARY—. DEDE
1.000 415.1+67.9 0.54440.116 WO —. BEZ T

R3 NFEH pH MR FRIIZR PDIBIFNE (X£s,n=3)
Table 3 Effect of different pH on particle size and PDI of nano-systems (X £ s, n =3)

pH b2 /mm PDI WIREAS

4.0 317.5+59.4 0.31840.103 HEFEW. ¥—. LIE
45 210.6+23.3 0.202+0.035 HEFEW. ¥—. LIE
5.0 377.9+24.9 0.289+0.121 AR, DEYUE
5.5 438.9456.4 0.603+0.184 EOAY—. BREZUUE

33 HIFIRREMER

GP-NPs fE 54 20% FBS A5 rh R 8L R4
s infaEt:, REUSAE 24 h 4ERRIY ST B Ok
A, RRERWRE. GBS ITRE, 90K
LT IR AR A7 2R A% B PDIAE S UL 35 1) 15 o H
PR ERA (B 2), SR BA A S E S
MAURERE S .48 48 h F2uE MR, GP-NPs 7£ 4 °C
A REAT M RFRRR S PDI RIS (B 3D,
IR RIBEWIY—, FWAILAEA WA N B A B
BIR& RIFMARE T, FFE9URAMEARTEED N
J5 R e R
34 BAEBTHERNAYEERRER

W 4 s, (EARWFIER) AS49 mai i s T

TR AR O AR B %, 5 PBS AR, RT 4
X AR R R B E M RIER, R
12%; GP-NPs—+RT 2H % 75~ Hi % 55 1 il e 0 sl 285 S
(P<<0.01), FIRIH N 64.8%.
3.5 HBENRILEPHEEFHIKE
AFNE T 4 RMEFRES 5T, 20A
IFN-y. IL-15. BRI B A 27 FL 3R o X280 2 4i i &5
PR B (AN CTL A NK 4 A S0 SO, 4R
RAAEE) 0, mE s iR, SdBdhia
7, B IL-15 4b, RT /BRI ) S 0% 80N 50+
i PBS A4 A LJF, M IL-15 2 EEFEREK (P<
0.05); 5 PBS 41 RT 4Lk, GP-NPs+RT 4i/)
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Fig.7 HE, immunohistochemical and immunofluorescence staining results of tumor tissues (x 100)
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Fig. 8 HE staining results of heart, liver, spleen, kidney and lung tissues of mice in each group (x 100)
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