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Mechanism of Dried Fruiting Bodies of Fomes officinalis Against Alzheimer's Disease:

Based on Network Pharmacology and In Vitro Experimental Verification

Emran-Maris , CHEN Chun-li, Kaysar-Mamattursun, CONG Yuan-yuan, Parida*Abulizi’
(College of Pharmacy of Xinjiang Medical University, Urumgqi 830011, China)

[Abstract] Objective: To explore the possible mechanism of dried fruiting bodies of Fomes officinalis
(FOA) against Alzheimer's disease (AD) based on network pharmacology and experimental verification.
Method: The effective components of FOA were retrieved from a Bioinformatics Analysis Tool for Molecular
mechANism of Traditional Chinese Medicine (BATMAN-TCM) and previous reports. The targets of the
components were searched from PharmMapper and TargetNet, and the targets related to AD from Gene

Expression Omnibus (GEO), DrugBank, among other databases. Thereby, the common targets of FOA and AD
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were obtained, and the protein-protein interaction (PPI) network and component-target network were established
based on STRING and Cytoscape 3.7.1, followed by the topology analysis of the networks, and Gene Ontology
(GO) term enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
of the common targets. The results were verified by the molecular docking and the in vitro cell experiment.
Result: A total of 24 candidate components and 242 predicted targets of FOA, and 96 common targets of FOA
and AD were screened out. The key components included [2- (1-carboxyhexadecylamino) -2-aminosuccinic
acid] , 3-keto-dehydrosulfurenic acid, and eburicoic acid, and the active targets were albumin (ALB) ,
acetylcholinesterase (AChE) , estrogen receptor 1 (ESR1), cysteine aspartate-specific protease-3 (Caspase-3),
and beta-secretasel (BACE1). The common targets were involved in 392 GO terms, and the key terms were the
B-amyloid metabolic process and cholinesterase activity. A total of 77 KEGG pathways were obtained, which
mainly included estrogen signaling pathway, cholinergic synapse, and AD. The results of molecular docking
showed that 7 components of FOA had high binding affinity to amyloid precursor protein (APP), BACEI,
AChE, and Caspase-3. The cell survival rate rose (P<0.01) and the mRNA and protein expression of APP,
BACEI1, AChE, and Caspase-3 reduced in FOA groups in a dose-dependent manner compared with those in the
model group (P<0.05). Conclusion: This study reveals for the first time that FOA has multi-component, multi-
target, and multi-pathway characteristics in the treatment of AD, which serves as a reference for further
explaining the mechanism of FOA against AD.

[Keywords] dried fruiting bodies of Fomes officinalis; Alzheimer's disease (AD); human neuroblastoma

(SHSYS5Y) cell; network pharmacology; mechanism of action
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)RR D, B R 2 25 T -80 °C AR A, fifi FH A 75 7F
37 °CHFE 14 d,flfi Z KR,
242 PTHRZHEEBY B HE  HU500 mg 4 95% &
B 78 R R4 BT R R IR B I A
ALK, FH = A BE (500 mLx3 %K) FEHL, #
By 78 Kk s & T BRI T -20 °CIR A,
o FH A AR BGE &, 78 T - 3 WA (DMSO) , i 38 i
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Table 1 Primer sequence

5149 J¥51(5'-3") [ B /bp

APP |3 CGTCACGTGTTCAATATGCTAA 164
T TTCATGCGCTCATAAATCACAC

BACE1 |3 CAGACAAGTTCTTCATCAACGG 118
T GTCTGCTTTACCAGAGAGTCAA

AChE |- 9 CTACACGGCAGAGGAGAAAATC 154
T it CAGGTCCAGACTAACGTACTG

Caspase-3 il CCAAAGATCATACATGGAAGCG 185
T it CTGAATGTTTCCCTGAGGTTTG

B-actin 3 CCTGGCACCCAGCACAAT 144

TiF GGGCCGGACTCGTCATAC

2.8 iE % B3 B (Western blot) A6 ] 41 Jitg
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WOEERGE P h, FEAEFREE G HTBST
(1x) Pt 3 Wk, B Jm FH BECL R 7 0, T 5 e i 1%
R GG 2R 1 455, T Tmage T2 8 52 2541 K
JE1{H , LA APP .BACE1 ,AChE ¥ Caspase-3 & 1 5 -
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Table 2 Active ingredients of Fomes officinalis

A 1.1 b 27 1l 43 Ui 8

FA L ARICT 30 4B HLZL 43 5 o Lo 2 4 3 A
# SwissADME v, 7381 th il 3 2580 1 2% 2400, iR
P 5 B 18 W WA Lipinski #1080 W 2F A% B 4 19 2518 3
Ji5 BT, F 43 “ good” “moderate” “week” “N/A”
o Wk 2. RPELEHE P “Good” Fl“moderate”
1) 24 D AbB W0 I SR 5 A3 B4 -

No. L P Lipinski i b
AL
1 albicanic acid high yes good
2 fomlactone B high yes good
3 ey 21 iR high yes good
4 Fi] PR 21 B B high yes good
5 [y HL 2T R F high yes good
6 T P IR R high yes good
7 3 3 - K A A 2 LA R low yes moderate
8 Fomlactone C low yes moderate
9 ] L 2T 2 R low yes moderate
10 ] L 2T 2 low yes moderate
11 ey HL 2T PR A low yes moderate
12 [T I £ iR B low yes moderate
13 [y L £ iR C low yes moderate
14 [y HL £ fiR D low yes moderate
15 B HL AT PR G low yes moderate
16 L low yes moderate
17 T LR low yes moderate
18 it ZFL AR low yes moderate
19 M -5,22 T -30 low yes moderate
20 M -7,22 —)-380E low yes moderate
21 2 ff1 1 low yes moderate
22 KA RALR low yes moderate
23 F A LI R low yes moderate
24 LAz A ER low yes moderate
25 o EEL 2T P A high no week
26 o B 2T i high no week
27 Fi L 21 0% E low no N/A
28 LA LI RR C low no N/A
29 TE LA FLIE R D low no N/A
30 fomitopsins C low no N/A

T : Lipinski T4 W 2 4 4 4% F BB (MW) <500, Jil 7K 43 B 58 51 (Alog,P) <5 &0 41 14 5 (Hdon) <5, %0 32 1<% (Hace) <10 1 g % i
(RBN)<10; ] HLZT Ak 27 )8 43 45 45 Lipinski To LI, 00465 45 58 0 “yes™ , )R Z M “no”

3.2 BUHLZLIAYT AD W AEHE AR T
T B3 TOUI F) 40 A, R PG PR R A 00T, SR 4G 3] T 242

1 By 2 27 e

AR AR L3R kIR AD VT
A FHER 2 736 A4 H T 3 [N 5 8 o e PR BOSE
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Al AR B B 43 -0 05 R 26, I R AT 40 Fh o BT, A5
W 2% H fy 120 A5 5 K% 722 S A . AR B FR
3BT A T E RN 1A I T R TR e R
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OV AR 0.47, A H M P 2 20K 0.003 6,
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3.5 WTER M GO EEMT KA
Kl % A 2 DAVID %04 P b, 47 GO & & 43 i, 3t
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PE RS R ZIRG A BREE SR ZIREN KRR
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AD 8 HL I AT BE 3 2 A AB A A R A AH B8 i
PER DG . L3 5 R BRHn 44 o
3.6 VR AEHE S LN 0 KEGG & &£ W FH
DAVID %45 i %) 7 7 1 28 48 #8547 KEGG & 4
SHT L BIBR P<0.05 2% H L 3RS BT BL£T3R97 AD W 75
1A W 2 3R 1 T A 5 0l B 3L 69 A . HLALHI W
T e 38 2 A 5 % L 22 UL A 2% Ml £ 5l LR
FAEP AARAE S il AD A% . Y G AR IR A Wi Y F
T AD A 5 SCHERHRGESY (R B X AD BF SR B £
143 I HIL ] 45 A GO M & SR 45 5L, 48 & HE Il by B2
213697 AD WAl e AL 32 22 5 AB A & 72 i JIH ik
B T I AH DG, D38 i R RSB A
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3.7 BT RLZLNG PR 5 A0 B R R G
0o 245 24 B 27 25 B F00 H AT L 21 B 3R AD B 4 A% 0
AU R, 8 4 B J2 APP (PDB ID: 4PQD) |
BACE1(PDB ID:2Q11) . AChE (PDB ID: 4MOE) .
Caspase-3(PDB ID: 1QX3) ; 5 15 W 45 5 5 1 43 5 Bl
LT B o B A A T T R Y 7 A
KB AT, I 5% 0 BB T A O AR
F 4, K OB BT B A 5 4 A% 0 0 45 A e T AR AR
S, 45 B A B AIE T 4% 2 Hap g5 R N S 4
ISR SL IR PR 4t T S ARG .
3.8 RAMIGUE S5 45
3.8.1 Pl B 27 45 B X A5 AL A0 A NS R Y 52

SEEGEE R OR 5 A5 (4L e, B 4 Y 41 e A
T3 T RE(P<0.01) ; SR LB, B) L 21 20 4
JiAE % 0 B4R B (P<0.01) , H B A e B 4 M e
W5,
3.8.2 SAMMILEFAZN 55 A B, B
2 SH-SYSY 4 Jfl P 25 S5 4 . 20 M 2 10 45 7 A 4
JHL 5% T B BT A A 2 5 R AU 2 b A, T FE 2T 4 B
YT e, B G T AR RS LR 1
3.8.3 Bl HL 21 42 HU 4 X SHSYSY 40 g o APP,
BACE!.AChE . Caspase-3 mRNA % ik /K ¥ i 5 iy

iR BN, 52 H A LA, #AIZH APP .BACEL,
AChE . Caspase-3 mRNA % A & T & (P<0.05, P<
0.01), SHEAL HH,20.40 mg- L Bif 2T 42 BL W)
T WJE . ¥ se W W R IR APP. BACEL., AChE,
Caspase-3 mRNA [ 3 ik /K F (P<0.05, P<0.01) ,
10 mg-L" Bl B 21 68 B & F§ fIk APP. BACEIL,
Caspase-3 mRNA i 5% ik /K F (P<0.05, P<0.01) ,
W26,
3.8.4 Bl HL 2T #2 B9 X SHSYSY 4 fif th APP,
BACE1 .AChE ,Caspase-3 [ 75 [1 552 45
BN, 5 HA BRI APP .BACEL ,AChE X
Caspase-3 5 [ FJ % ik & B I 3 £ (P<0.05, P<
0.01); SR 4, 10,20 .40 mg- L B HL 21 $2 B
Y+ ¥l J5 APP .BACE1,AChE . Caspase-3 7§ 1 % i&
Y47 R %, Hoh 40 mg- L BT HL 4T 41 APP.BACEI ,
AChE . Caspase-3 & H & ik ¥ B & T K (P<0.05,
P<0.01), L3R 7. Kl 2,
4 it

Bl & 4Bk N 1 208 1 0 E R AR B, AR R

B R — A F K ) S 2 R AL 23 () B, 6 S A A 3
T E R o AD 2 2 AR SR R R DL — R 2R
RS R G T AR R P iy 5RO, B A
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Table 3 Core targets of Fomes officinalis for AD
Frs E P 4 R EpSiie LN c A ek
1 ALB HEM 57 0.716 54 0.204 49
2 MAPK 1 22 ZAFUE AL B S 1 46 0.645 39 0.086 23
3 EGFR TR NP2k 41 0.619 05 0.070 39
4 ESR1 HEBR A2 A o BRI 40 0.623 29 0.050 78
5 NOS3 — A E A3 32 0.587 10 0.050 07
6 Caspase-3 Jok R -3 41 0.631 94 0.047 94
7 ACE i A 5 e 3 I o il 28 0.568 75 0.044 85
8 SRC it i 5 DA i 22 1R 2 IR Stre 36 0.602 65 0.043 74
9 SIRT1 NAD i1 8 1 2 £ BEAL G 1 33 0.594 77 0.036 34
10 HPGDS & LG5 R D A 26 0.568 75 0.032 21
11 AChE . T P i it 16 0.505 56 0.029 54
12 HSP90AA1 PR TE 1 90 K A LA 1 34 0.594 77 0.026 24
13 GSK3B A5 L 3 18 0.517 05 0.025 92
14 MAPKS 22 B IE AL TR G 8 34 0.587 10 0.025 30
15 PRKACA T U cAMP S0 fiE AT 3 o 16 0.489 25 0.022 63
16 IGF1 Je i ZAEE K T 1 32 0.579 62 0.022 56
17 BCHE T T 0L S 14 0.489 25 0.021 92
18 PPARG ot A T A 38 A O 2 1Ay 24 0.554 88 0.020 08
19 MAPK 14 22 ZUFIG AL TR PG 14 29 0.561 73 0.018 30
20 F2 T 11 7 17 0.529 07 0.015 61
21 CTSD HAE AT D 11 0.489 25 0.015 01
22 RELA 5 Sk K p6s 24 0.558 28 0.013 89
23 KDR M N R AR T2 4k 2 21 0.544 91 0.011 94
24 HSPAS 71 kDa [ IR 52 25 14 8 18 0.517 05 0.010 87
25 GSTPI1 W T BK - % it P1 15 0.497 27 0.009 89
26 SOD2 i R A AL ) B AL T 23 0.551 52 0.008 00
27 DNMTI DNA H B R il 1 18 0.514 12 0.007 90
28 CALMI 58 % -1 15 0.514 12 0.005 68
29 PARP1 IR T R R G 1 17 0.505 56 0.005 01
30 CYPI9AI G 5857 7 1L Al 13 0.502 76 0.004 29
31 ADAM17 fiftHE 5 R TR AR A 17 14 0.511 24 0.004 05
32 BACEI1 TE oy R I A 2 1 L 8 1 12 0.508 38 0.003 75

B Z AT A RIRYT k. AD 2R I L R

ZLB G AD SR FHBL ST BT

AACAEWFE & TR AR 2 b 25368 77 9 0 1 B K
LW in T e h R . 1 HAE 2 U5
ZTEIRIT AD DT I, A SR OB SR M AR
POSEUESPIEAY | I3 TREN R VIR e IE AR (B35 I S i)
"I AD R B By T e I 4 2 B Y R AR
PEA R LB 52 5 i1 4 55 AD (8952 2% 5 BRLAIL il A
oS 2 R UK IR K B UE 8 E B A T DUAH B IE R . K
AN B 5T K& T R0 2 24 B2 f) T 5 R0 B - O 3 Ok BT

TERF T A 2k D) 2% 24 B 2 T 0 Bl B 21 1 3 ¥
J7 AD W BB AE FH ML . 245 SR R W, B B 21 43R
7 AD W] BB AE T AR AR 4 4% Fi AN 66 fiE 38 1% AH
0 05 M, JF O & T APPL.BACEIL, AChE,
Caspase-3 4 /2.0 (1 HE &0 BE R 5 255 6 B 43 -0 0 T 4%
K 43 R BT B AT 0 T R K B B A Y Ak 2 AR
Ay B 7 A AT BE I 56 B A3, HL 5 R 0 HE
Z[H] 1 43 F X 2 45 45 BB 43 BB <5 keal-mol”, A &
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Table 4 Docking binding energy of Fomes officinalis components and core target molecules
4545 fiE/keal - mol”
APP BACE1 AChE Caspase-3

o B 4T % 1R -5.4 -5.8 =7.7 -5.7

3-f -2 A (2 AL R -7.8 -7.6 -9.5 -71.7

BT BLZL R G -7.0 -8.0 -8.6 -7.0

Fi L 21 % F -7.4 -7.1 -8.4 -7.2

By 21 1% -6.0 -6.2 -75 -5.4

it 5 2 LA R -7.2 -7.4 -8.6 -73

P fLR -7.8 -1.5 -8.7 -6.8

K5 BHAREFEETERHLE (+5,n=3)

Table 5 Comparison of cell survival rate in each group (x+s,n=3)

20 51 4% /mg- L 4 AEIE /%
2[4l 100.0+0.0
AL 58.0+2.3"
Hh R 22 43 IR 5 4 92.7+0.5%
] 51 27 41 10 67.0+0.2
20 79.2+1.2%
40 91.3+0.3"

T AL P<0.01; 5 B4 LY P<0.01

E F
WA 2 HA B BB C R IR 2 RUR ST 4L D. Bl 4T 28
(10 mg-L") ; E. B B £ 41 (20 mg-L") ; F. [ B 20 21 (40 mg-L™")
(2 )
H1 FROREAT AB,, 1815 SH-SYSY 28 B ¥ 25 0 £ Wl (51
B BBE, x200)
Fig. 1 Effect of Fomes officinalis extractions on morphology of

SHSY5Y cells induced by AB,, . (inverted microscope, x200)
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G54 RE TR SO T I IE R 4% 24 B2 T 2 v
BT HLLT £ 18 4) (20 IR T AD RYAE B SRR o, i
BT FEL 7 4 ERC R0 4 A A2 0 I A B A % 38 B AR S
5% BAR, i — 25 F A 40 i 52 56 i DA SRIE

AB R & 72 12 BF9E AD W5 BRAL I 1Y — A 25 i
22U, M APP JE AB AR & 12 i i 90 3 22 1) — Fh i
R HE 11, B 4 BACEL Y #, 24E il AB /Y N 2K i #1 C-
Ui % 5k C99, Bl J5 C99 B -3 I i VI HITE il ABH .
M AB Ay B DU 23 i — 20 4 i ph 2290 h BACEL 1Y
KA, DT 3 — 25 B8 AB AR R, X — PR B 08 2
PEE B2 T T, % AL AD RS, BRR A APP I
BACE1 4 A K, 0] LA 2> AB BRI
LR EZSTved ) RO/

Caspase-3 1F i 76 B0 A7 240 B 08 T HL I bR ¢
SR FH AT O 2 b2 0 4N R A R T T R 48 T A
JEL O TR S BAD IR 12 ) IR A AR A Y 32 2
HFUFRAE . DAS %™ % 81 SR A P9I 7T L3 it
% {5 20 it 3R T A O¢ & X Caspase-3 K A 6 X TR A
(Bax) . B 41l Jifl ik [ 9% -2 (Bcl-2) % 1 K °F , 14 7" SH-
SYSY 4 i e 37 4 22 B 05 T 00 A0 A A T, AT ik
B A ER . 5T IE Caspase-3 8 H 21k, XTI
Bt kg oMM G EENE L.

Al AD H I 2 B DA 1R A 1Y AT RE & BIL
4 55 IH R RE bR 2R A% 3 D) AR AR T A YL Tl
AChE & #ft 28 3% i & Wk AR 66 K A 19 OC S Y .
SHEN %5V FERF 5T vh & 3, /NS i 1oy v, B O i
PR B i I S X AChE B 3% M A AR SR A 40 AR
FH AT RE R /NS A TR AE IR YT AD B A3 5 o il
ACHE, J& /b 2, Tt AE B8 119 7K A , Uk 28 AD 319 i .

PR A HTHHAE 5T % B, B B 21 45 E Y AT LA GE 2
T Bax & Bel-2 &3k, AT AR 47 PC12 48 L (452 45
B 2R FEARRF ST b, 3 I ) 4% 24 B
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K6 KA APP.BACE1.AChE.Caspase-3 mRNA K ik L4 (x+s,n=3)
Table 6 Comparison of APP,BACE1,AChE, Caspase-3 mRNA expression in cells of each group (x+s,n=3)
20 5 il /mg- L APP BACEI AChE Caspase-3
24l 1.040.0 1.0+0.0 1.01+0.1 1.040.0
AR 2 1.6+0.5" 2.2+0.1% 2.2+0.4” 2.3+0.3?
EN e NSl 0.5+0.1% 0.6+0.1" 0.4+0.3" 0.8+0.3
] L 2T 4 10 0.9+0.1% 1.7+0.3% 2.1£0.2 1.8+0.4"
20 0.8+0.2% 1.240.1% 1.4+0.3% 1.4+0.2"
40 0.6+0.1" 1.1+0.2" 1.1+0.4" 0.9+0.3"

T 52 4 E Y P<0.05,2 P<0.01; SR 4H H e ¥ P<0.05,%P<0.01(F% 7[F)

7 HMEAMAHAPP.BACE1.AChE,Caspase-3 & H &K%

0 (x+s,n=3)

Table 7 Effect of APP,BACE1,AChE, Caspase-3 protein expression in cells of each group (x+s,n=3)

215 Fil 4 /mg- L APP/B-actin BACE1/B-actin AChE/B-actin Caspase-3/B-actin
2 H A 1.0£0.0 1.0£0.0 1.0£0.0 1.0£0.0
A7 2] 6.3+1.5" 1.5+0.3% 4.3+2.5" 1.6+0.6"
ENIrE NSy 1.1£0.4% 0.6+0.0" 0.7£0.3" 0.9+0.2>
ony Bt 21 24 10 4.9+1.1 1.1£0.2% 2.4+1.6 1.3£0.2
20 3.9+1.0" 0.9£0.1" 2.1£1.5 1.1£0.3
40 3.0+0.8" 0.7+0.1% 1.3£1.7" 0.9+0.3%
. [FgEHR] AXRELEETHESE,
APP “ ‘ 110 kDa
_A._o -
- ‘ﬂ wo T
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