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BT, BRAMNFLERET, RLAELBJ éﬂMJﬂJ%]f&l/?}_, XGAUTRALRA L, HHENMNBHIFEN R A8 X
RFEARGELIETE;, BWIL-171E5 8% (ko0d657) THEAUARY» FTAEIKRFAEERERKE
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Abstract: Objective: From the perspective of the tumor microenvironment, this study explored the anti-tumor mechanisms

of Ganoderma lucidum, Phellinus linteus, and Cordyceps militaris. Methods: Aqueous extracts (FAEs) of Ganoderma
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lucidum (RL), Phellinus linteus (BJ), and Cordyceps militaris (XG) were prepared via water bath extraction and vacuum
freeze-drying. The effects of the FAEs and their conditioned media (CM) on the proliferative activity of A549 non-small
cell lung cancer cells were determined using the MTT assay and Annexin V-FITC/PI double staining. Transcriptome
sequencing was performed on cells treated with 4 mg/mL FAE, and KEGG pathway enrichment analysis was used to iden-
tify the response characteristics of the IL-17 signaling pathway to each extract. Additionally, immunocytochemical staining,
antibody blocking assays, and ELISA were used to detect the effects of the FAEs on the expression levels of the mucins
MUCS5AC and MUCS5B and the chemokines 1L-6, CCL2, CCL20, CXCLS8, and CXCL10. Results: The three FAEs and CM
inhibited the proliferation of the A549 cells and induced their apoptosis. Transcriptome analysis results revealed that upreg-
ulated genes were predominant in the RL and BJ groups, whereas downregulated genes were predominant in the XG group.
All groups showed significant enrichment in signaling pathways related to tumor microenvironment formation. Addition-
ally, significant alterations were observed in the expression levels of key effector molecules downstream of the I1L-17 sig-
naling pathway (ko04657) in all groups. All three FAEs significantly inhibited MUCSB expression (P<0.01). However, BJ
treatment did not significantly affect MUCS5AC expression (P>0.05). MUCS5AC antibody blocking weakened the inhibitory
effects of RL and XG on cell proliferation (P<0.05), whereas MUCS5B antibody blocking significantly reduced the anti-pro-
liferative effects of RL and BJ on the cells (P<0.05). Furthermore, all three FAEs significantly inhibited the secretion of IL-
6, CCL2, CCL20, and CXCLS8 (P<0.01). Conclusion: In conclusion, Ganoderma lucidum, Phellinus linteus, and Cordyceps

militaris can all remodel the tumor microenvironment to synergistically exert anti-tumor effects. This provides a new theo-
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retical basis for their development as functional foods for adjuvant cancer therapy.
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—, 235 BT EEREAR CFET M 20% LA _E. AR/
Jafiti 38 (non-small cell lung cancer, NSCLC)/E A
W ULRZEAY, e T it b o Lo 85%M . {HAS
TS, IR R . R e R R 3ol st oo R T
HLJE Rl 4 e BR35E, BIARRE 743 5E (tumor microenvi-
ronment, TME) ., TME J&—-~ i3 &g 4 g Az H: & [
Z PN (CLFE LT AR AU . G2 4t . P9 B2 4 as)
FLFZH B AR 2 i R R 48, [RIRHE AL T R i A
FANANMES NI TR A > . TME LU 212
SHAZ s, I A AR RS G Wk IR | RAE SN L A A
JR S A AR S oA A B, IR i A S
JE R HERGODIERRL, NIk, G w25 G
IT . FLIRYARIT I R PEIRYT, T 22 5C ik TME By 57
B FH A eI B FUH B TR R

A0 A 3 o R Se pE A DI BE . A i A
WA . YIRS LA S R RS, 72 TME
RAFAZCVRAPEVE T, DNITERZI5E i fgg 19 i e | 5655
FABI 7 ISR . WFSE R, IL-17 {5 53 BRI PR
RGVRYT SRS R LN FH RIS T e a5, B —A
il JAK-STAT AL 8M5 5 & LA fifs 5 M K,
HIR WOV 43 1 22 A il TME B B 2241 5y, BEfE
TRGHE I 1T G B AN IV | SAE PR 1431 A A2 iy it
B A A I Y AR SR R, IL-17E
5 H AR S, 4 J5 0% TRADD A5 9 4 g 8 T~ 38
&P, IL-17A/F WIREEL TS SR AN AL Y NF-xB F1 MAPK
T T, e O A i Sy e Es AR BT (D CXCL2.
CXCL5, CXCL10 K2 CCL7) . 4Hfa X1 (& G-CSF.
GM-CSF) | i FIZEEE 1 MUCS DU IR 54 s 8 A
1§ (4 MMP1, MMP3) ", ¥E Lewis ifiJ&g /] B4 A4
Hr, HF IL-17A R FFHURIEF 16T nT I HIA AL N B

FlEs AR A7), RIS, NSCLC o NE A 1L-
17 K32 32 I (P<0.05), IL-17 K304 i85 s
RNEFURFETIAEE, LI EERR, 1L-17 {558 #n]
R EET TME MG T I e RS A5

R 2 ( Ganoderma lucidum) . %= T F F i
(Phellinus linteus) F{ W 5. ( Cordyceps militaris ) J&
[ PN HLAT AL RS B T 200 — R L2 FH L, R
AT BRI R TR LA AR A B FH D s R IR S b L
RO UTAESR, 3X AP 2 LR R L s AR
W PERLST | BARA B HEERIVEF DA B 22 88 i s 450
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g e Je i, S ZZHERENSS S/ BB WA i
RAW264.7 $75E #2315 TIMP-1 TIHEZE 14, #] TME
A B IR AR ZE AT A A A, Ak YR iRg i A R S
R, R A REN oL B SR AN M G PE DI RE, 0]
S180 Fil H22 farded /N BRI R A= U, i Bz IR
HE A% 100 11 235 g 9 1 o Jgd & e, AR ML 5 0 4
TME i S B 2H AH DG, AFE(E#E NK ZHAE .. M1 5
EL WS4, CD4" T 40ie &2 CD8" T 4 Ay 7Sk E 4,
PRI /IS B2 TR B AR TR AR v 2% g g 1 AR ST
APRBLH AT IE R W, I B F2E5E ) Caspase JE
PR Sk AR PR T AR A N B s 41 BGC-823
ARG PRI, hAh, Bl R miR-125b-1-3p.
miR-125b-5p Fll miR-145-5p HIFE s, # 1A JETE R 2
AR T2, ST AS49 41 Y g s
[T Esf -t T L3 A 3755 g 4 e 2 1)y =R AT
JRE I PSSR, & R 24 FH B B RE A ok e AR
TME [ 4t it DSl 2H etk i & A eI R L, il =
FESLAOAFST . BRI, ARWFSELL IL-17 5 5-3m M VA
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T g 4 Bhia P ARG M T REM: £ b iE— 2 e fik
TR
1 MRERE
1.1 MRS5S
NIHEEZmAfIRR A549 ., Human IL6, CCL2, CCL20,
CXCL8., CXCLI10 ELISA &£ . ®aPi A MUCSB
ZEREH A bt A MUCS5AC. SABC HyEgH {h gy
EiRF & RS TR BRAH; 25 E R
RZ(RL) . 25 THERHEBI) . IHRE(XG) FIAEL
10748 D) e M il e R T S G a Ak s AL
DMEM }5373  3E[E Hyclone 2\ E]; JR4E LS @1

VLRV ER GO A RN E]; DMSO VA% I B fl
HEA(E)AIAEAE]; RNAiso Plus  HZx Takara

2\ H] 3 GoScript™ Reverse Transcription System.
GoTaq® qPCR Master Mix &A% (AL A=W
AREBRAF IIARFERWE bR E B R AR
BRBTAEZN E]; TRIzol  3E[E Invitrogen A=W HE AR
Fil; Annexin V-FITC/PI Apoptosis Detection Kit 4
FIEMEBR IR A FR AT 5145 i db st 4
EERAG (R 1),

1 qRT-PCR ZI¥F5)

Table 1 Sequences of primers for qRT-PCR
FH AR SIFsN(5—3)
ILI17RA F: TCTCCTGACCTCCTTCCAGA
ILI7RA R: CTCCTGGAGATGTAGCCCTG
NFKBI F: GTGGAGCACGACAACATCTC
NFKBI1 R: TCCAGGCACAACTCCTTCAT
NFKBIA F: TCCTGAGCTCCGAGACTTTC
NFKBIA R: CCAAGGACACCAAAAGCTCC
TRAF6 F: AGAGGGTCGCCTTGTAAGAC
TRAF6 R: TGCCAGTGTAGAATCCAGGG
RELA F: CTACGACCTGAATGCTGTGC
RELA R: CTGCCAGAGTTTCGGTTCAC
GAPDH F: TCAAGGCTGAGAACGGGAAG
GAPDH R: TGGACTCCACGACGTACTCA

ITY-2 BHIVEIRSXIEFRFE B IRBRH YR
B RITAELS T JF-200 =3By Pl BAesE i (dk
5O BV A HIAA PR 7] ; SCIENTZ-10nd #B AR 4 15
TP TEFHZ ARG AR IC-
6000 #F T ARSI A S e A R
4y ¥l HH.CP-7 CO, A MU fH IR ¥ 5746  #E2 [ Her-
aeus 2\ H ; 5424-R &l B 0P {5 F Eppen-
dorf 23 F]; QuantShudio™ 3 SZH 7% GE &= PCR X
22 [E Applied Biosystems 2\ F]; N50 Touch HEHEH %5
HM43366EE T £ E Implen 2 F]; Infinite F50 Bk
A Fiit: Tecan 23 Fl; ICX41 5] E AR 9)/5¢ ' b iU45
TPHET IR (GEED A BRZAF]; BD Canto 1T it
A A £ BD AF] .

1.2.1 ZHHEREKED SIS REZERL) .. 2D THE
R (BY) I B (XG) F K 60 °C HLTHE
ML A5 ok 80 HI i B, T M B+ 85 °C /KIARE
#& 3.5 h, 4000 r/min B.0> 10 min, B F3EH, Ha5%
PR TR, ARASA 2 BB/ R TR il
JH DMEM 5843535 5 (10% G248 L7E ) #4525 FH &L
B /K 329 019 T 4E W (fungal aqueous extract, FAE),
0.22 pm iFYERREH, 4 °C HIELRAE

1.2.2 MTT ZERKM  A549 4HILL 5x10° 4~/FLAYEE
FERERPT 96 FLAR, HHLKEFE 8 ho B SLIGZH (RL
ZH. BIH . XG4, LN &8 FAE 24H), 43 A
FAE(O0.1. 0.2, 0.5. 1. 2. 4, 6, 81% 10 mg/mL),
200 pL/FL, XTHEZH (CK £H) I A DMEM 5g 45557 3%
200 pL/fL. AbEHE 24 h J&, i 5 mg/mL MTT B
20 uL/FL, 37 C & 4 ho & L3, it A DMSO
150 pL/AL, ZEiRIRS, Kl 45FL OD,g, . 1H., HRIFLL
T AR 4 FAE % A549 404 < iy dm] 52, 2
FE A 1C, BUHE, A SS90 B A BRI

FIHIZE (%) = (OD 405 — ODugzn )/ (OD 5 — ODe 1) X 100
LI 4 mg/mL FAE &b 3 AS549 41 it 24 h 5 ,

DMEM F:hh 15 32 Re ek, k9% 24 h, BB,
4 °C, 4000 r/min £5.0> 10 min, 284545 25 F B 19 5%
143332 5 (conditioned medium, CM) . ¥ A549 4
LA 5x10° A~/FL% R F 96 FLAR, H LETFE 8 he
P SEEZH (CM 2H) 5 X B ZH (CK-CM 4H), CM 2
SyHINA FRA25 ) LR 19 CM, 200 pL/fL, CK-
CM HINA %S DMEM JLnlidrgRdt, H k53 24 h,
MTT AR A 2H S 15 3R 500 A549 A=< a4
i, A =
1.2.3 Annexin V-FITC/PI 4t 35 HE4% 4 mg/
mL FAE 41, CK 4] . CM 41 il CK-CM ZH. 4 g, Tl
% PBS ¥E ¥, KK IINA 500 pL 1xBinding Buffer,
5 uL Annexin V-FITC Fl1 5 pL PI Y%k, == {5 RECIF
H 10 min, 4% ZRHREEE 10 min, B8 250 R4
BT WLER I R KL, Image] 3441 B & A BEHL
10 PRREF AP DE R
1.2.4 FEsEdMFo0r AS549 4ilig L 3x10° 4~/4L
MR BERE R T 6 fLAR, B EEFE 8 ho UG
(FAE #H) L) 4 mg/mL 4% FAE #u3#%, 2 mL/FL, X HEZH
(CK ) Roeatfaedt, 403 24 h Je A4, 4T
T FEEaH B A LR AT BR AN W SR 7 SCEE A S RN
SR8, UL P<0.05 H.|log,fold-change|>
1y 05 e A A, 0% 1k 22 S 3 35 B A (differentially
expressed genes, DEGs) , Jf il i KEGG %4 ¥ )%
(https://www.kegg.jp/) X] i1 ) 1 DEGs #1755
10 BB AR AT, SRAS I A T A LHAE IL-17 55
(k004657 ) L AHSCFEH 1 FET R A ALRRE
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1.2.5 gRT-PCR &l BEALIEHL IL-17 15538 % -
M) 25 5 FR IR FE R A AN, DA 98 ik S5 2H T 3> 45
iy Al EE M, B % ILI7RA. NFKBI. RELA,
TRAF6. NFKBIA, . GAPDH Jy NS 3N . R
F) AR, Sy 32 E 4 mg/mL FAE ZH 1 CK ZH 41 ity
i) 5 mRNA. 2R 51 $& B9 RNA ¥ 5% 5% & Ak
cDNA, 1% 5% S W AR 22 (20 uL): 2xmRNA RT Mix
10 uL, mRNA Enzyme Mix 1.5 uL, /& RNA 4 ug, #b
7t RNase-free 7K & 20 pL, %555 W REF: 37 C
60 min; 85 °C 5 min., 3R13H cDNA F=4+-20 °C &
1o BE/EHAT qPCR X, qPCR LW A ZR (20 pl):
SYBR Green Master Mix 10 pL, 1F J% [1] 5] ¥ 4%
0.4 umol/L, cDNA #&#g 2 pL, #f 3% RNase-free 7K =&
20 uL. qPCR W #£F: 95 °C 10 min; 95 °C 15 s,
60 °C 1 min, 40 ME. RIH 2724 P14 Hirdk
R FAR RS ek e .
1.2.6 fryEdifififbageta 53 5A4E 4 mg/mL FAE
ZHFN CK ZHANfE, YN EZE 10 min, 258 F/RKBES
3 IK; 3% H,0, = ik 7 8 min, PBS VYt 3 IK; 5%
BSA 37 °C %% 30 min; 50 uL MUCS5AC 1% MUCS5B
— P TAEW(1:100 F&HBE)37 °C HFE 2 h, PBS V%
3 %G A ERRIEILAEDT R P 37 °C % E 30 min,
PBS V% 31K ; SABCE &% 37 C & 30 min,
PBS ¥ 3 IK; DAB b (A% {4 2 min Ji5, &EOG
2 WAL T OEEITFENLRAE 10 D HLEF 9 BIMR, SR
JH Image] BT RASEEIK AR, FHR I AR 361k
KIS
1.2.7 PiAREASLE  A549 gUif L 5x10° /L $%
FhF 96 FLA, W MLEE## 8 h, BB PriAdst (4] 5256 41
(Anti-MUC5AC 20/ Anti-MUCS5B ) . 5256540 (FAE
2H) FIP oA P % BE 2H (Anti-CK 2H), Anti-MUCS5AC
#H/ Anti-MUCS5B £H X Anti-CK £H43-3AMALL 1:100
By Anti-MUCS5AC 8% Anti-MUC5B —$H1 LAEHK,
HWHLIEESE 3 h )5, Anti-MUCS5AC 2H/Anti-MUCS5B 2H
Ko FAE #H 43 %) LA 4 mg/mL FAE # %, 200 uL/fL,
Anti-CK 20 L) 58 435 32 S0k, Ab PRI FE 24 h )55 AR
P8 1.2.2 #R A MTT ¥, K452 OD 49, o THIFIT
(=!I R
1.2.8 ELISA £ 4354k 4 mg/mL FAE ZH A0
CK H4NARIEGFE LI (n=5), I ABFFRAR 100 pL/
fL, 37 C % HF 90 min; 5 HWE W, S 9in A IL6.
CCL2. CCL20, CXCL8., CXCLI10 Hif& T/EW (1:
100 F# 8 ) 100 pL/fL, 37 C %7 60 min; PBS ¥E 4%
3 ¥R, iILA ABC TAE# 100 uL/fL, 37 °C %5 30 min;
PBS ¥k 3 ¥k, TMB i (0 0 hE G 0 (0, il SR )
#FL OD,54 i TH
1.3 HIELIE

A SEB0 AT 3 YRS AEW2ETE R, L) meanst
SD #Fin. FdEgeit sk SPSS 23.0 F{FFHEATHL

K2 )57 2243 B (One-way ANOVA ) Fl£H [|] b 53 #r
(Tukey's HSD %58 ), i A5 7K S 0=0.05(*P<
0.05, **P<0.01) ., iHid GraphPad Prism 8 Fl13&iii B
Y5 B = F 5 (https://www.omicshare.com/) 5€ Ji¥l
25 [ B AH A D25 50T o
2 RSP
2.1 FAE Xt ABGER4AAE A549 HACTEMERISZMN
MTT i 25 5 4 7%, 7F 0.1~10 mg/mL ¥k 7

FEIP, RZHEW (RL 4) 555 s 2 B0 (XG 4H)
YIREEH S AH] AS49 AU EE G TE, HAMHIVEA 2

AR A (E 1A~E 1B) o 2R 11, 7€ 0.1~1 mg/
mL RV RN, 25T A SRR (BT 41) IR
H 3 B 38 58 20 N (P<0.05) (& 1C) o Hiv,
XG 2H 1 B = A 3R oA 68.64%, RL 2H R 85.99%,
BJ ZH M 65.68%. ZZRPEMIHITE, £&4H 1C, fHA
F 2~6 mg/mL Z[f] . Annexin V-FITC/PI X L4k H
7R, 4 4 mg/mL FAE AMELS, 45245 H R B0y
YIRS AS49 iR AEHT., el DS hTmE
¥R Em T 0O6(P<0.05), FORSHRBUIS S 1Y
RO I O T A i LA e 2B R T R AR T 4R i (& 1D~

ok
#k

s Aok Aok
*k

ok

#k

*%
ns ns Xk KK

BQ\Q'\,Q“; NY X b B8

RLk S (mg/mL)

R
SO YR NY X 6N

XGHFE (mg/mL)

a

== Annexin V-FITC

= (%)

Fx FE " 10
=30

IOV A N SRR CK RL BJ XG
BIJE (mg/mL)

CK RL BJ ) XG

Uik 7]

B
Annexm V
FITCY:
100 pm| 100 pm| 100 pm| 100" pm|
Pl’}“m
100 pm 100 pm| 100 um 100 pm)

Bl1 =2 AR A AR AS49 SEFR I P R0
Fig.1 Effects of three medicinal fungi on the proliferative

activity of human lung cancer A549 cells
1 A: RL 4H; B: XG #1; C: BJ 41; D: Annexin V-FITC/PI X}
% 6 A% 5 9% ¥ ; E: Annexin V-FITC/PI £ H@ PR T W
(10x10, Ff K =100 pm); Annexin V-FITC 4% (@ ¥ric B 44
TR (R 50, PL YL fEhm i b B 3 ) T 4 e (2T e ¢
). 5 CK A DiFILA b, *FoR B3 25 5, P<0.05; **FIR
W B ZEX%R, P<0.01;ns FREFATE,
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El 1E) . Htk, JE2sc5e e 4 mg/mL AE 4525
FLPARIBU ) B A A BRI
2.2 CM it ABHREERAR AS49 EEMERISZMN

4 mg/mL 4% FAE AbH A549 4iitl, W s Hi 4k
35 FE I (CM) , AT K AN [5] 25 FH 310 18 b 3L S

>

80
60
40

T (%)

20

0
S &S
RS

0
o Q@'\“\‘Z\’\é\ SC ol
F S &

c ‘RL—CM

BJ-CM XG-CM

CK-CM

Wi

L 100 pm -

; o
. 00,
Annexin V-
FITCHL A
*E 100 pm 100 pm 100 pm 100 pm
Pl (@
100 um 100 um 100 pm 100 pm

B2 =F2h AR CM G AL AS49 4K
YL
Fig.2 Effects of conditioned medium of three medicinal fungi

on the proliferation of human lung cancer A549 cells
H: A: MTT K255 B: Annexin V-FITC/PI B %615 550
J¥; C: Annexin V-FITC/PI 4 g #if T2 XL 44 151 (1010, H Al R=
100 um); [ 2A: 5 CK A2 Z A 1L, *Fom B 2557,
P<0.05; **F R FE 2% F, P<0.01; 55 CK-CM ZHAH L, ##E
B 225, P<0.01. & 2B: 5 CK-CM 4IHI 1, **F ik
BEER, P<0.01,

AS549 AU IR B A R AR . RS SR (E 2)
7N, 5 CK-CM ALk, =FhEE Y CM HJRE B A6
A549 20 I A B FE 75 P (P<0.01) . Hith, XG-CM 1Y
AR B E, S 42.56%(P<0.01), Tiii BJ-CM f3
AR, N 25.00%(P<0.01), X T 4 mg/mL %%
FAE 555 930 H] %R (P<0.05) (& 2A) ., Annexin V-
FITC/PI X He gk B 1 7k, RL-CM Fll XG-CM &b FH 2
i, ZLEAO AR S R i 5 T AR OO RS IR,
BJ-CM AbFHRZH W AH 52 (P<0.05) (& 2B~& 2C) ., X
W BI-CM EZEiHS AS549 g & A BT, i
RL-CM Fll XG-CM W] =245 S o B8 17—, H A
T4 Ee ) e s T REE T B, 24 P R AR R
55 A i AS49 TR T HAA P s /e i i
SRR
2.3 FAE Xt ARGE24AAE A549 323R4B RN

PCA 53 Hr&s IR R, B HPEARH 2 TE R AT,
H A TR HE 28 ) 2 P N EE 25 (&) 3A), RHHA4H A
AT A A2 X FTF CK 2H 3L K ik 5 i
# DEGs, RL 41 DEGs ¥ & £/ (671 4>), i XG
HE: 2 (7082 1~) . —ZHRIAAAE 149 ~3:F DEGs
(K 3B), RL 4071 BT 417F DEGs BYF L H# L0
SRAHNT, LA 1JE DEGs b3, T XG HEZE 8T
DEGs, 5 ik 84% (18 3C~&l 3D) . KEGG &%
SIATEE S R, P AER/INART 20 S5 [ S22 5 R
TABEIE 3 UIAH DG, A0 FG: 41 dn i P22 4
8 H.4E FH ( Cytokine-cytokine receptor interaction) .
TNF {5 5 il #% (TNF signaling pathway) . TGF-g 15
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Effects of three medicinal fungi on the transcriptomic profile of human lung cancer A549 cells
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