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Abstract: Objective This study investigates the mechanism by which Hed)yotis diffusa and Scutellaria barbata aqueous extract (HSAE)
suppresses and reprograms extracellular vesicles. Methods The effects of different concentrations of HSAE (0.5—5.0 mg-mL") on A549
cell proliferation, migration, and apoptosis were evaluated using MTT assays, scratch assays, and flow cytometry. Western blotting
was used to examine the impact of HSAE on the expression of kidney and brain protein (KIBRA) in A549 cells. Endogenous

extracellular vesicles containing bioactive components of HSAE (HSAE Exos) were successfully extracted and isolated. Their
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morphology was characterized using atomic force microscopy (AFM) and transmission electron microscopy (TEM). Uptake of HSAE
Exos by A549 cells was assessed via confocal microscopy and flow cytometry, and the expression of the marker protein TSG101 was
analyzed by Western blotting. The pharmacologically active components were identified using UPLC-Q-Exactive-MS/MS. Co-culture
experiments with 50 pg-mL™" of HSAE Exos and A549 cells were conducted to evaluate their effects on receptor cell proliferation,
migration, apoptosis, and PD-L1 protein expression. After treating human T-cell leukemia Jurkat cells with HSAE Exos and co-
culturing them with A549 cells, crystal violet staining was performed to assess the cytotoxic effect of Jurkat cells on A549 cells. Results
MTT, scratch, and flow cytometry assays showed that compared to the control group, HSAE significantly inhibited A549 cell
proliferation and migration (P < 0.05, 0.01, 0.001), induced apoptosis (P < 0.05, 0.01), and reduced KIBRA expression (P < 0.01,
0.001), thereby decreasing extracellular vesicle secretion. Compared to the control, the expression level of the HSAE Exos marker
protein TSG101 was lower (P < 0.05, 0.01). HSAE Exos reversed the ability of extracellular vesicles to promote receptor cell
proliferation, migration, and inhibit apoptosis. TEM and AFM results confirmed that the isolated exosomes matched the classical
structure of extracellular vesicles, with a uniform particle size distribution ranging from 30 to 150 nm. UPLC-Q-Exactive-MS/MS
analysis revealed that HSAE Exos contained key bioactive compounds of HSAE. Confocal microscopy demonstrated time-dependent
uptake of HSAE Exos by recipient cells. Western blotting showed that HSAE Exos significantly downregulated nuclear factor-kB (NF-
«B) and PD-L1 protein expression in A549 cells, thereby suppressing immune evasion. HSAE Exos enhanced the cytotoxicity of Jurkat
cells against A549 cells. Conclusion HSAE not only inhibits the biogenesis of A549-derived extracellular vesicles but also

reprograms them, transforming their pro-tumorigenic function into an anti-tumorigenic one. This finding reveals a novel pathway

through which HSAE suppresses lung cancer via extracellular vesicle-mediated intercellular communication.
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Fig. 3 HSAE-mediated phenotypic domestication of exosomes ( X x5, n=3)
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%1 HSAE BI{LEmR S
Table 1 Chemical constituents of HSAE

gl & w/min TR BT HIRMEMmZ) O TWEmz)  RE/(X1079) BT (m/z)

1 7-HEEFTE 11.81 CioHs03 [M+H]"  177.054 62 177.054 79 0.96 105.070 37 159.044 11

2 A= 1435 CisH1oOs  [M+H]"  271.060 10 271.060 36 0.96  229.049 76. 243.065 46

3 BRRT 10.17 CaH200u1  [M-+H]"  449.107 84 449.108 76 1.84 85.029 08. 269.044 53

4 FJERE 506 CiHisOo [M-+H]"  355.10236 355.102 75 1.10 135.044 17. 163.039 03

5 HHAR 15.14 CiHi20s [M-+H]"  301.070 66 301.070 98 1.06 168.005 36 286.047 21

6 BHRLE 4.87 CoHeO4 [M+H]"  179.033 89 179.033 98 0.50 95.049 69 151.039 00

7 FEEE 1291 CiHi207  [M-+H]"  317.065 58 317.065 67 0.28 168.005 39, 301.034 39

8 FHLNH 25.08 CisH220 [M+H]"  219.174 34 219.174 38 0.18 79.054 97. 91.054 88

9 MEAER 1495 CiHi206  [M+H]"  301.070 66 301.070 83 0.56 168.005 29, 286.047 21
10 2-¥24E-1,4-250 9.33 CioHeOs [M+H]"  175.038 97 175.039 18 1.20 65.039 47. 131.049 35
11 KBEHEX 12.66 CisHioOs [M-+H]™  287.05501 287.055 36 122 241.049 82. 269.045 35
12 MK 1259 CisHioO7  [M-+H]"  303.049 93 303.050 20 0.89 111.008 12. 257.044 56
13 ik 797 CaH20011 [M+H]"™  449.107 84 449.108 06 0.44  287.05539. 431.097 66
14 M= 12.59 CisH1o07  [M-+H]"  303.049 93 303.050 20 0.89 111.008 12. 257.044 56
15 SZEBE XK 19.92 CisHisN3O [M-+H]"  288.113 14 288.113 31 0.59 79.054 77 120.044 75
16 BHEEER 11.72 CisH1oOs  [M-+H]"  287.05501 287.055 24 0.80 119.049 49, 259.060 85
17 B 937 CaHisO12 [M-+H]"™  463.087 10 463.086 82 —0.60 119.049 49, 287.055 33
18 SREER 1434 CiHi20s  [M-+H]"  301.070 66 301.070 89 0.76 68.997 92. 257.044 59
19 4ER7-2 7.08 CxH301s [MA+H]"  595.165 75 595.162 78 -4.99 145.028 34, 457.113 19
20 4RI 8.89 C2H2010 [M-+H]" 433.11292 433.113 95 238  283.06036. 313.07101
21 WEER 1547 CisHioOs [M—H]™  269.04555 269.045 75 0.74 210.031 54, 225.055 15
22 WEF 11.63 C2HisOn  [M—H]™  445.077 63 445.077 06 -1.25 181.013 41. 353.067 05
23 AME 18.51 CisHio04 [M—H]™  253.050 63 253.050 54 -0.36 119.204 77. 143.049 00
24 ARRRHEF 931 C2H20011 [M—H]™  447.093 28 447.093 66 0.85  227.034 55. 285.040 74
25 REZEEER 1741 CisHis07 [M—H]"  343.08233 343.083 38 3.06  313.03555. 328.058 81
26 EFARE A 9.58 CxH301s [M—H]"  623.198 14 623.198 55 0.66 133.028 21, 161.023 33
27 ELeRE 9.09 C2H2012 [M—H]"  463.088 20 463.088 71 1.10 135.043 87. 151.002 52
28 mEMEH 10.10 CpH301s [M—H]"  623.198 14 623.198 43 0.47  315.108 64. 461.166 81
29 H&ER C 10.77 C2sH24012  [M—H]™  515.119 50 515.117 92 -3.07 173.044 54, 353.087 77
30 MR RE 8.61 CiHi0s [M—H]"  221.04555 221.044 86 -3.12 133.028 18, 202.997 83
31 12 1458 CisH1oOs [M—H]™  285.040 46 285.040 62 0.56 179.143 33, 197.153 95
32 EEEACPET 9.58 CxnH3O1s [M—H]" 623.198 14 623.198 55 0.66 133.028 21. 161.023 33

3.4 HSAE Exos F/MEEUREX A549 ZAARYH]
HE A

AT, M 24 FHIA0 3 e 20 i SR )
AN IR BAT IR TT BRI 10), Rk, A TR
Jt HSAE Ab3R T S8 1 AMIME JE A I AE Y5 )
e, DASOX PP 2 T s S AR A . 9SSk S
REEEL, ¥ Dil #7ic i) HSAE Exos 5 A549 41t
WE G, IR R A A AR g (]
4-A~C), ZER K A549 41 AT DL H & FEE HSAE
Exos. % T3k, 1L P45 HSAE Exos X 52 1R 41 g 44

B IR AE TRV A 2R ThRE, W
4-E Fion, SXTHEAIAHLE, Exos 1T A549 4ijiE
fERE (P<<0.05), 1ff HSAE Exos ii#% 1 X fl %
(P<0.01). WKl 4-H fi7n, 5XTHRAML, Exos /&
HET AS49 A3 5E, 1 HSAE Exos %% [ iX#
RN WK 4-F &8, 5 Exos 21X HRAAMLL,
HSAE Exos B2 1IN A549 4N T3, ik
W], Exos & HSAE FilAbHE 5 T Re 4 s 4w A .
WL, PD-L1 ATLLS T 488 B PD-1
ghty, 5 SRR s IR0, S TS Exos 2
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Table 2 Chemical constituents of HSAE Exos

z it wmin BTR BT B EEmE) "‘f/é ()X W H BT (i)

1 7-HEEFE K 1088 CioHsOs  [M+H]" 177.054 62 177.054 89 1.53 105.070 49, 159.044 33
2 AR 10.55 CisHioOs  [M-+H]" 271.060 10 271.060 55 1.66 67.018 72, 153.018 49

3 DR 5.06 CsHioN4O2 [M-+H]" 195.087 65  195.088 03 1.95 138.066 50, 177.054 89
4 BELE 4.98 CoHeO4 [M+H]" 179.03389  179.034 19 1.68 95.049 87. 147.044 25

5 REZER 1742 CisHisO7  [M+H]" 345.096 88 345.097 20 0.93  284.068 18. 312.062 84

6 N 25.10 CisH220 [M+H]" 219.17434  219.174 42 0.37 79.055 08, 91.055 04

7 OKBREE 12.69 CisHioOs  [M-+H]" 287.05501 287.05536 1.22 135.044 63. 153.018 46

8 AR 11.62 CisH1Os  [M+H]" 287.05501 287.05527 0.91 119.049 40. 169.013 40

9 HPEEEY 928 CxHisO12 [M-+H]" 463.087 10  463.087 68 1.25 153.018 46. 287.055 54
10 SEMER 1442 CigH206  [M-+H]" 301.070 66 301.071 04 126 168.005 54, 195.044 48
11 EERR 14.65 CigHi20s [M—H] 299.056 11 299.056 12 0.03 119.048 85. 136.986 98
12 =4 1093 CnH2On [M—H] 461.10893  461.109 62 1.50  283.024 93. 297.040 53
13 HE et 821 CaH2s014 [M—H]" 563.140 63 563.141 91 227  285.03876. 325.068 42
14 472 7.03 CxH3001s [M—H] 593.15119  593.151 25 0.10  353.066 38. 383.076 93

3D H1F 22~27 min (IERF) Ml 22~26 min (Hi85F) MR F g T FASMNBE A IR SEMA S, FHRPNZET.

The main peaks observed in Figure 3D at 22-27 min (positive ion) and 22-26 min (negative ion) are primarily endogenous structural components of

exosomes and are not included in this table.

REXT T 40 B A T 100 Jeb i & i R 5 Bk AR, @it
G5 SR Yl 10 ST L O A R Y A U 2 4 2 i PR
P£, £ HSAE Exos #bFHJ5, A549 iM% % %
Z %A% (P<<0.001, & 4-G), HSAE Exos #4538 Jurkat
YRR . 45 KW HSAE &8 T Exos M4
Yz ohse, MRS SR ANIEES .
3.5 HSAE Exos 3322005200

R HSAE Exos DhRgcAL FIVEE 737 34l
M T AS49 dHfIAERT IO A A A R PD-
L1. Western blotting XN AHMARZE R Eow, S5XF
H8ZH A1 Exos ZHAHEL, HSAE Exos 207" A549 ZHA A
PD-L1 &3 f&{% (P<<0.05. 0.001), NF-«B [¥]& &
RS (B 5-A. B). X— KN HSAE Exos
PR A IR IR L T BB, VISP HER T
HSAE @i “Egafe” FhubiR DL % s ki v 7
FHUE (B 5-C).
4 g

NSCLC 2 5 it il 85%, & H Bl hEAH
KACTH E B A 2 — 081, (e BRI 2 A 4L
HAEVUSMER, & L2 e A BLE S R &5 5
W, TR G R IE ST, AR FHEIR T HSAE
0 B Yk AR R ML . Wil 6 Fras, ARHF
FAIBUESL T HSAE X Jili Je 40 i 107 %%, R BN

HSAE 5 A549 4 1T ] 1 fifides 20 i (1) 2 %
23T AS49 4RI TS .

HNIBARTE R ot F i oG EER, B
R, AMBARAE MR IR B T RS A, AR
JifgRs The Ol V2 UE S0, H Fi N AT 7T T AR
HLER R T ) — 2 ) AR iR Y I MM TE A 5
PRIk R RO B B AT T i 24 v ) B AL
2224, AR R A TR T B ooE SNk, 1
W25 siRNA. miRNA BCHEAT 2 [ #E A 1511625271,
DLE HEEAL iR T #cik . IFFR RN, TR 4 i AN
REE T A %) PD-L1 “iTfE S8 #H] T 400,
RN PD-L1 2580 T AN AR B B i, «amfe”
FI) 4 B S I N, R, ARG A LT
(ICB) fEMIRIRTT R HE T HEAER, Shifadr &
R (ICTs) FE 2@ FHIET PD-L1 A1 PD-1 ()45
GRRIEIRITIER . 281, KZHCEEXT ICIs 1697
To R BER81 SX PP I 32 B R R & PD-L1 JE i A
PRI BI MR, “RFE” BN e Theeo). Rk,
FH M EEE RT3 PD-L1 RIEFAN LA 5) i
(V6T MG LN EH B

AW R T HSAE % NSCLC R4 M A
—FEAVERI R HSAE AMY ST F5 it y8g 28
ARG U, B E BRI SR RE A T T AN I AR 2
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Ff Exos HSAE X{Hf Exos HSAE %18 Exos HSAE Exos %1 H# Exos HSAE Exos
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A-AS549 ZHAFIN TE45HR HSAE Exos FFEREERME (X 63); B-Hil VAR A549 ZHIA RN T845%H HSAE Exos; C-HSAE Exos 5 A549 4Hii}k
FE 4 h A0 LR (X 63): D-Exos 5 A549 4iffudtiis R EK: E-Exos 5 AS49 U3 MIRA AL F-Bxos 55 AS49 4IIN3HMT2: G-
SR EARNIEREIRE Jurkat AIMLROTHCR: H-Exos 5 A549 JLHIRISANILAARE R (MTT); SXIRAE: "P<0.05 "P<0.01 ™P<0.001.
A-Confocal images of HSAE Exos endocytosis by A549 cells at different times (x63); B-Flow pattern of the uptake of exosomes by A549 cells after
pretreatment with HSAE at different times; C-Co-localization images of cells after HSAE Exos after co-culture with A549 cells for 4 h (x63); D-Schematic
diagram of coincubation of exosome with A549 cells; E-Scratch healing effect of exosome co-cultured with A549; F-Detection of apoptosis rate after co-
culture of exosome with A549; G-Crystalline violet assay for cell survival after co-culture of exosome and Jurkat T cells; H-exosome and A549 Cell
survival after co-culture of exosome and A549 (MTT); "P<0.05 P <0.01 ""P<0.001 vs control group.

4 HSAE Exos F{FSMERUR H 3t A549 MARAGINEIER (X X5, n=3)
Fig. 4 In vitro uptake of HSAE Exos and their inhibitory effects on A549 cells ( X x5, n=3)
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A- Western blotting verified the protein expression level of PD-L1 and NF-kB after co-incubation of exosomes with A549 cells; B- Flow cytometry to

detect the co-incubation of exosomes with A549 cells after PD-L1 expression level; C-

vs control group.

HSAE Exos inhibits immune escape of A549 cells; "P < 0.05 *"P < 0.001

5 HSAE Exos X ZFMAHZM (X X5, n=3)
Fig. 5 Effects of HSAE Exos on receptor cells ( X s, n=3)
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Fig. 6 Effects of HSAE on inhibition and domestication of lung cancer-derived exosomes
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