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Abstract In order to investigate the effects of neuroprotective peptide SNP-9 which is derived from silk fibroin
hydrolysate on the injury of the blood-brain barrier in Alzheimer’s disease (AD), AB,s; was used to damage
brain microvascular endothelial cells bEnd. 3 to establish AD injury model and drug intervention was performed.
MTT assay was used to detect the effects of SNP-9 and A,s;5 on cell viability. RT-qPCR was used to determine
the effects of SNP-9 and AB,s;;on the mRNA levels of tight junctions (TJs)-related ZO-1, occludin and claudin-5.
Western blot was used to detect the effects of SNP-9 and AB,s 45 on the protein levels of TNF-a, phosphorylated
NF-kB, NF-kB, IkBa and RAGE. The results showed that SNP-9 reduced bEnd. 3 cell damage induced by
AB,s.35, and improved the abnormal mRNA levels of ZO-1, occludin and claudin-5 in model cells. It alleviated the
abnormal protein levels of TNF-a, phosphorylated NF-«B, IkBa and RAGE induced by AB,; ;. These results
suggest that SNP-9 may regulate the levels of TNF-a in model cells by influencing RAGE/NF-kB pathway, and
then ameliorate TJs-related abnormalities and alleviate bEnd. 3 cell injury induced by AR, ;.
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Bl JR % 165 2R 9% (Alzheimer's disease, AD) & —
ook DL 1 28 28 G AR PR 00 L BEAE AD W] BEFEBEAT
W B i Il 8 e B B S 0 R L Al ok BUOR A AL
SMAETHRMY . AD R R Z R 5B R
o, HL T O AR AR 2 B TE B RE A 1 (B-amyloid
protein, AB) YTFLF tau i 2 Tb i A% 1) 4 22 0 21 4
GHLE™ AR X AD Hp i L8 D RE ST 52 3B
bl 22 G, AD LI AT RE S K i A5 T g PR
AN 57 B ( blood-brain barrier, BBB) 47>,

VE Sy — b B 45 38 425 7 19 R B, BBB W] LAB) 1k
AR R B R S A FE W B AR 2,
[Fi] i 55 10 s 2H 2 0 it 98 52 488 35 5 ) o A AR, XoF
AERE I N AR S G E T i N R A 2 ]
[ ' %% 3% 4% (tight junctions, TJs) FIZH B 2% 3215 5
R A R H BEL AR A Y S B N A B 3 L T
£, 45 occludin , claudins Fl1 ZOs , %k Bl 3% 43 £, 45 55 5
A /N AR P B2 AR b B 0 A O R
T AD B B2 HOC B A BBB 2 i R
i il TR 2 R ) R S B I O A ek D 4
ST AR AT LU o A2 iR A 5 1Y 32 3 B s i
BBB, LRP1 Z A& 4 5 AR D\ K iki i 3 21 A0 S, i
RAGE ZZ A4 i AB it A K, AD 5 #9755 1 5
RAGE 1J LM iff AB 7% BBB (1% iz , 1 Jin fisi P9 1
F21, Jf H RAGE 5 AR AH B AE JH I Al 4 1 4
JiL R (46 Ak, B ROS, 1 — 25 3 il 28 e 245
FIBBB IIAEREAG " o JAE T \RAGE \TJs 55 il
JCA AR AD H BBB 54 1) T EE AR AR

HATIARYT AD i 245 %) 3 240 ) N-H BE-D- K4
SR S B 2 Tt MEL Rk 5 1 4910 4 56 4 MY L 2 AR R S5
AU == A H BT R 2 XELIA A AD™ By
16 AD R F A FT B 25 ) . AR PR B RIE T
2 8 H K (silk fibroin hydrolysate , SFH) H A7
P2 20 B DR AP P, O DA SFH Hh 43 B S e
G T — R I EAG B2 Ok 3005 PR 09 2 Ik SNPs
(silk-derived neuroprotective peptides) , H: H' SNP-9
TEZ RN AD B 4 /R T RAFIY 259097 5, (H 2
FCxF AD A7 v BBB 45 43 19 11 F B 3 LTI A
B

BTG ABsos B 5 bEnd. 3 4l L 37 AD
P HEAL , 5T SNP-9 XHZ AR A TJs Rl JAE K 3
ISIFEA , HE— 25K bEnd. 3 40l RAGE (19 3% ik
DL K AH G 1) NF-wB 38 % 0 38005 1 50, AT 23 B

SNP-9 X AD H [N JZ 4 e i) 52 , A&7 SNP-9 X AD Hh
BBB )52 i K A FH AL i) $2 i BS K B

1 #

L1 & #

2 L35\ DMEM &5 8 55 77 5 (32 [ Gibeo 24
")) MTT V2N % & 5% R (P [H Biosharp 24
] ) 3 AR (I R AR A BR A 7] ) 5 SNP-9 (7471
A GSGAGAGSGAGAGSGAGSGSGA , F§ it 4 It Fiy
AR AT BRA R ) s RIPA 40 i 247 % . BCA K
W PE A & — B R 5 x R EAEGE
WO E R KA EARARA A ; RNA 4fi {1l
A&t XA HEARGRA R ; & H g
Marker , 2 [ i 11 8% 1% 1 410 1 77 ( 3€ [ Thermo 23
W) ) 5 AR W54 (55 [ Bio-Rad 23 W) ) 55 x HiSeript
I qRT SuperMix II .2 X ChamQ Universal SYBR
qPCR Master Mix . ECL {71 & (g 5t i ME Ve A= W 42
ARAFRZAH]) ; PVDF (3 [E Millipore 24 ] ) ; 8
B . B-Fi 3k £ 15 (32 [ Sigma 23 A ) 3 B-actin HTA |
TNF-a LK \RAGE $L{A Wi {L NF-kB {4 \NF-
kBHUA IkBa LA (1 [E Abclonal 22 7] ) s HRP FRic
1 L =E T A 1eG (52 [ Cell Signaling Technology 2
) s HA R 2 S T B e A 4l
1.2 &

AR AN M R SRR | R U PR SO AL A
KR AL . PCR 1Y . QuantStudioTM3 Real-Time PCR
% \NanoDrop 2000C st 53 6B T (SE[E Ther-
mo 23 1) ) 5 FL VKA % A (32 [ Bio-Rad A 7] ) ; 2
YIREBE NS 15 22 80 ([ Tanon 28 W] 48] A 22 2
8% ( H AR Olympus 22 F)) s BE i iR A4 (P E K g
BEYNCIP

1.3 @ Jja

/N BRI %5 ML A5 P Kz 40 it bEnd. 3 40 i Sk Y T 26
[ B R A7 0 (ATCC) 6
2 F &

2.1 ki

bEnd. 3 41 i8] & 10% Gibco IfiL 34 ) DMEM
i35, T 5% C0,.37 CIIRGFA T 7 BI04 BE A
F]70% ~ 80% i} YEFTSLE
2.2 ARy BERAKGH &

15 FH 43 B R - FR B ABosss 6 mg, AR K
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6 mL {03 BE A i, 7R 6 0. 22 pum AL 8 I
TR JEE T 37 CHESER 5 d, BCA LA AB,s 4
B, F —20 CHFL.
2.3 AP, 345 bEnd. 3t R AR A 69 52 5

B 70% ~ 80% -4 FE 1 bEnd. 3 4 JifL, FH ik
Tt 1 A 82 20 fL B, LA REZE T 5 x 10° 440 i 7 4%
FEHT T 96 FLAR T o 198 4 UG BE 5, A [R] vk
) AB,s45 (0.003 1, 0.006 3, 0.013,0.025,0.05,
0.1,0.2,0.4 pmol/L) 5 bEnd. 3 4 JfL 1% & 24 h.
MTT 3 A5 I 40 L 3% ) - 24 h J5 & 100 wL 85 %
B A 5 mg/mL MTT ¥ ¥ 10 plL, 7£ 5% CO,.
37 CHE AT E 3 ~ 4 he , W H B R 5 B fL
A — B AR 150 rL, 500 r/min FEH 10 min, JH
Tt A A SCARGE 00 R A B2 G I % K A 570 nm, S HL K
K5 630 nm,,
2.4 SNP-9 % AB,, s 4R 4 bEnd. 3 48 JL#9 % v

53 TIAE AB,ss FEAEFIAFEAERIE DL R, bEnd. 3
4 it 55 AS ) 9 B SNP-9(50, 100, 200, 400 pmol/L)
JEE 24 hm o ad MTT A6 0 40 i 3 17 .
2.5 RT-qPCR &4 ) 28 i, Z0-1 . occludin #= clau-
din-5 mRNA K-

HL70% ~ 80% -4 & #9 bEnd. 3 41, LB =2

Table 1 Primer sequences of RT-qPCR

Th4 x 100440 Mo i % B2 Bl T 6 fLAR 0 2 H
ZH  ABoeas ZH . ABysss + SNP-OZH . 452524 h )5 )
RNA 4l Ak i) S 2 A A RNA - 57 R85 R 58,
AN A B-Fi Ik & T 1Y) 245 W 2L 20 B O K
RNase, #J 51 ft J5 Ui 5 T JC RNase 1 250 & 1,
11 200 r/min £ 5 min, B_EIEWRINSEET 70% 2,
BEDLVEARL IR , I ETR 2] IF I A B0 AE T, fE RNA
Tk 25 4 5 S5 A DNase FIVE T 2 4% DNA &
FURIER B 115 9% F 5504 & T8 A9 JC RNase Y5
LV TG RNase 7K 30 ~ 100 L, # & 1 min;
11 200 r/min & .0 2 min, Y05 RNA, NanoDrop £ Il
RNAMRJE .

WA S RN AR &R 2 BUS x HiSeript 1T qRT
SuperMix I 8 pL,HURNA 4 ng, il J&C RNase /K #h 2
40 wLo 39 5% 5% N A% 0 55 °C i SR 15 ming
85 ‘CRK K Wi W5 s, RT-qPCR R WA % : 54L
I EREATR B 4% 1.5 wL, P06 YR 2 X ChamQ
Universal SYBR qPCR Master Mix 5 pL,cDNA 2 plL,
RT-qPCR & W 21 : 95 “CHiZAEYE30 s5 95 °C .10 s,
60 C.30 s, AT 40 MG ; il th 25510 95 °C.
155,60 ‘C.1 min,95 ‘C.15 s, %55 2722 vE i AT
FEEHT. TIFHIE L,

Gene Forward primer(5’'—3") Reverse primer(5'—3")
Z20-1 GTTGGTACGGTGCCCTGAAAGA GCTGACAGGTAGGACAGACGAT
Occludin TGGCAAGCGATCATACCCAGAG CTGCCTGAAGTCATCCACACT
Claudin-5 TGACTGCCTTCCTGGACCACAA CATACACCTTGCACTGCATGTGC
B-actin AGCCATGTACCTAGCCATCC TTTGATGTCACGCACGATTT

2.6 Western blot 3% # | 2m it F TNF-« . % B2 1L
NF-kB .NF-kB.IkBa .RAGE & & #) & ik K-

e 6L P ISR LS 25 24 h G , F L K5 3R 3E
PBS V% 3 UK, L 25 2 1 00 i 0] R gk i it 4100+
FIH) RIPA Z4/5 3 100 WL 24 A 40 M . B 222 ik i i
LR EOE D E T UK E2R, 5 S min WHE 1K,
L5 . 4 °C.12 000 r/min &> 20 min, Y4 1
W, BCA VARG 28 Ve B2 A it R A 22 A [
JEHIRE A S xE A FAER PG 95 CE B
10 min. fE SDS-PAGE Jig b 4f, 80 V 1H & HL VK .
LUK 45 05 BUT SDS-PAGE JIg , #ic i 45  E4% .SDS-
PAGE Ji 36 L1 PVDF I 8 4 it 4 1) 0y HE 51
I e B 1R 300 mA fE LA (G 5 4 5

P42 h, TBST Z& M 1% 3 UK, 53 5|0 B B-actin \ TNF-
o BER 1L NF-kB \NF-kB . IkBa \RAGE i — i1t
o W H H TBST 2% v i 5 1K, 9 & HRP AR i i)
AT — T2 h, TBST ZZ #h i3 5 YK I ECL &
TR
2.7 GitHr

S5 45 5% GraphPad Prism 8. 0 #4453 #r
AbER 25D x + s 2R, LA One-way ANOVA K5 55
BN 2 L P<0. 05 (R FBEEA G4 R,

3 4 R

3.1 AB,.s4 45 bEnd. 3 4m fOAE R 4 52 5.
45 1% Gibeo 175 #Y DMEM K A, . i B AL
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— 7 W B B (0..003 1,0.006 3,0.013,0.025,
0.05,0.1,0.2,0. 4 pmol/L) AU A , 7 5 40i 24 h
Je MITT S 56 A6 41 M 76 77 . &5 R 1 s,
AByss b P S bEnd. 3 40 1976 S FRAK, HLEA
e BEMCRME | 5 220 0. 05 wmol/L A A 5256 1 3
iz
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Figure 1  Effects of different concentrations of AB,, ;s on bEnd. 3 cell
viability (x + s,n = 6)

P <0.001

3.2 SNP-9 %F bEnd. 3 48 e i& /1 69 % v

FHE 1% NI 4= 135 B9 DMEM # SNP-9 His B i,
— 5 e FE B B (50, 100, 200, 400 pumol/L) B I T4
IOE AN AE 24 h 5 MTT SE50AG I A AR TS . 455
Bl 2 PR, B A A [\ v BE SNP-9 X bEnd. 3 4
JL B3 AT

150 9 ns

M1

Cell viability/(% of control)

Control 50

100 200 400
SNP-9/(umol/L)

Figure 2 Effects of different concentrations of SNP-9 on bEnd. 3 cell
viability (¥ + s,n = 6)

ns:No significance

3.3 SNP-9 % AR, .44 bEnd. 3 20 fL AL A & % v

SNP-9 (50, 100, 200, 400 pmol/L) 5 0.05
pmol/L AR, % W I & bEnd. 3 41 il , 24 h /5
MTT AN 20 TG ) . 2554 4an &l 3 7, 100, 200,

400 pmol/L SNP-9 W W ¥ 7F — & PR FE 22 Mg 1
0. 05 pmol/L AR5 ¥ VR I B 1) 40 I 3% 1 R B, GiE
B T SNP-9 HAG HEPT AB,sqs X bEnd. 3 4l it 452 175 1)
YE T, H v 200 wmol/L SNP-9 ¥ Wik 7] 4k % 4% fit
AB,s.5s 18 B Y 40 ML 45 45, H RS0 200 pmol/L
SNP-9 X 4 i 7% 7 TG fb 25 52 ), PR 1 AS BF 5 R
200 pmol/LAE A Ji5 L2 52 50 AR 2

150 —
100

50 -

Cell viability/(% of control)

0 -
&‘0\ m%?,a ® \QQ '\,QQ @Q
& W
ABs.1s+ SNP-9/(umol/L)
Figure 3  Effects of AR, ;s and different concentrations of SNP-9 on
bEnd. 3 cell viability (¥ + s,n = 6)
P < 0. 001 vs control group; P < 0. 05 vs AB,s 55 group

3.4 SNP-9 % AB,, s *F bEnd. 3 28 2 Z0-1 . occludin
#2 claudin-5 mRNA 7K -F 49 % v

SEH A 34 A5 AL, 0. 05 wmol/L AR, s 4
L} 0.05 wmol/L AB,s.s + 200 wmol/L SNP-9 £H .
% B bEnd. 3 41 i 24 h J5 $# BUA L B RNA , 38 5%
%N cDNA Ff-3# i3 RT-qPCR ¥ £ 1 3 F TJs : ZO-
1. occludin # claudin-5 mRNA /K F . 45 40 & 4
7R 3 ABosos AR T 3 F TJs ) mRNA 7K, 1 SNP-
9 ZZ M T ABos,s 1 S8 AY mRNA /K54 IEW] T
SNP-9 A LAZZfift AB,s.55s 51105 bEnd. 3 2 ifd TJs 7K P11
3.5 SNP-9 % AR, % bEnd. 3 28 . TNF-o & & 7K
T 89 %

SEEG AN 3414 AL, 0. 05 pmol/L AR, s 41
DL & 0.05 wmol/L AB,q s + 200 wmol/L. SNP-9 4 .
45 bEnd. 3 411/ig 24 h J5 $EEUAN LB 1, Western
blot I 2 il TNF-o 25 K F- o g5 2R An1E1 5 7
7, SNP-9 AT LY /D H AR, 5 185 B A TNF-a 7K - 57
Bt R T SNP-9 AT 7E —E FE B L G AB,s s
V5T 0 ARAE , AT G838 2ok 9% i 48 0 2 1117 A 4 PR AP
Nz 41 & BBB AYAEH
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Figure 4 Effects of SNP-9 and AB,; 5 on the mRNA levels of ZO-1, occludin and claudin-5 in bEnd. 3 cells (x + s,n = 3)

A: Detection of relative mRNA levels of ZO-1 by RT-qPCR; B: Detection of relative mRNA levels of occludin by RT-qPCR; C: Detection of relative
mRNA levels of claudin-5 by RT-qPCR

P < 0. 05,P<0. 01 vs control group; P < 0.05,”P <0.01 vs AB,s 55 group
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Figure 5 Effects of SNP-9 and AB,; .5 on the protein levels of TNF-a in bEnd. 3 cells (¥ + s,n = 3)
A: Detection of protein levels of TNF-a by Western blot; B: Quantitative analysis of protein levels of TNF-«
#P < 0. 01 vs control group; P < 0. 05 vs AR, 55 group

3.6 SNP-9 % AB,,,, & bEnd. 3 m &L Bk B2 1L NF-
kB.NF-kB.IkBa & & K- 49 % v

SZUS AR 34 A5 AL L0. 05 pmol/L AR, 41
LA & 0.05 pmol/L AR, + 200 wmol/L SNP-9 £
JiF bEnd. 3 4l g 24 h J5 BEHUAN LB 1, Western

A @Q B
. =
> el
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blot 1 46 1 41 Jifd W5 1% 1k NF-«B . NF-kB . IkBa 25 [
Ko S5 R ANEL 6 s, SNP-9 AT DL % i ABys.ss
T AR NF-k B BER AL TH 5 A Ik Ba 25 (KP4 58
FEA, UEBH T SNP-9 HAT 2B AB,s.05 15 T 1 Ik Bt
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Figure 6 Effects of SNP-9 and AB,, , on the protein levels of p-NF-kB, NF-kB and IkBa in bEnd. 3 cells (¥ +s,n=3)
A: Detection of protein levels of p-NF-kB, NF-kB and IkBa by Western blot; B: Quantitative analysis of protein levels of p-NF-kB/ NF-kB; C: Quanti-

tative analysis of protein levels of IkBa

P < 0. 05 vs control group; P < 0. 01 vs AR, 5 group
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3.7 SNP-9 & AR, % bEnd. 3 28 j& RAGE & & 7K
T 89 %o/

SCIG AN 344 4.0, 05 wmol/L AR, s 4
Ph &% 0.05 pmol/L AR, + 200 wmol/L SNP-9 £ .

W5 bEnd. 341124 hJ5 #2 IR AT LS B H , Western

A
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& 5 P
S % 7
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RAGE ‘“ﬂﬁﬂﬂ ﬁ’»u

---——_}—43

B-actin

blot A 40 M RAGE 25 B /K- S5 3R Aan &l 7
7, SNP-9 1] DL G2 i AB,s 55185 I RAGE 25 17K F
SEH TR R, B SNP-9 A 18 i FEAIK AR, 1473
bEnd. 3 4l o RAGE /K-F- 31 & 2 PR VE .
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Figure 7 Effects of SNP-9 and AB,; 5, on the protein levels of RAGE in bEnd. 3 cells (x £s,n=3)

A: Detection of protein levels of RAGE by Western blot; B: Quantitative analysis of protein levels of RAGE

#P < 0. 05 vs control group; “P < 0. 01 vs AB,s 45 group

4 I i

TJs J& BBB ) 8 2L 2 il 43, Hirp claudins F1
occludin 52 & 4 4> 5 IR 45 K 188 16 5 IS 25 1, ZO0s
254 claudins T oceludin 41 8 PN 45 #9388 19 PDZ 3t
¥, 315 WLh 2 140 8 A 3%, PRIIE T s 1 45 4
SERCPENTT AR AD SN IN , TELE claudins Fl occlu-
din FOUE/0 , I 5 AN T AR UTAUAT B AH G,
CUERA T Ts #4578 AD 5 519 BBB #5145 b & 4%
BER . AWESE 1 SNP-9 i T AP, BN
B 20 Ts 453495, 6B HBA 78 AD {47 BBB 1Y
YER o IL-1B . IL-6 \ TNF-a %5 Z R & 5E A 7 7] LU
5 BBB (IR Tls T A8 ot TNF-a
SR AR R T 22—, nl Lk Y R 4T R
I o &5 A R Al B Y TNF- o 52 1R 458 05
BBB™ . R AE #5145 7] LA R TIs mRNA K ¥ F
JE2 TNF-o 36 7] LR 3 claudin-5 B9 )2 31 7 75%
PERY . AHIEFE h SNP-9 1] B iE T ZE i AR IS S Y
TNF-a 7KV 55, T BH 1 TNF-oc S 301 TJs T .
TNF ZZ Ji% 0 20 B 5 7 m] DL 2 NIK Al TAK T 3006
NF-kB™, NF-«B 1 7] DL i 5 TNF-a Y 5% %>,
NF-kB 1 R — Fh PR 75 5 10 5% Sk B, 72 T R
iE AT AR A 2 B A B N TP R P AR
P, ZMUNF-kB & 59 B p65 Fl p50 2 1, R4
TGS P A IkBa 2560 NF-kB B30 22 IKK

AT IKK 0] ISRk IkBa, /53 HZ 21k
R fift , AT BRI NF- B, 175 5 T i3k (R Ay o S8
RAGE 0] DL i 5 AB 454, % NF-xB i [ , 15 5
RAE e 23 i Ts W3R . ASWF5E H SNP-9 1] fig
i 3 P8 72 RAGE , 22 i NF-kB S5 B0 , W /D 98 i
A F TNF-a 1k .

AHEFE 53 H1 T SNP-9 5t AR, s 451405 bEnd. 3 4
i 64 4 JH) B FEAL I, SNP-9 AT fiE 18 5o 5% i RAGE/
NF-kB {5 5 i % , B AR AR AE P TNF-a 1Y 357K
-, G2 AR B TIs S, ME AR — PR B B
£ ABE T BBB ;. AWF5E A SNP-9RYT AD
S AD H BBB 4 (7 T ST S AL 1 S48 Hl , hy SNP-
9 F L AR AL T FIR AR
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