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LncRNA FAMS83A-AS1 J#% FAM83A &A%t 7L I Jm
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[HE) BE IR RNA JEFIRIEKE 83 M A-R SUAZMIIZIR 1(1IncRNA FAMS3A-AS1) 7EL
JiR9E (breast cancer, BC) HWA/EFH BB ENLS], Frik Al 2Ub2E (THC) J @kl BC 4120 FAMS3A 3£k,
SERF S E i PCR(gRT-PCR) #:3 BC 204/ 4 0 b IncRNA FAM83A-AS1 FAM83A mRNA %k /K ; Pearson V543
Hr BC 24U IncRNA FAMS3A-AST FAM83A mRNA kK WM S, 40 4% Y g <7 B DX i 2638 AT 2k MDA-
MB-231 441 qRT-PCR Al MDA-MB-231 £/ ' IncRNA FAMS83A-AS1,FAM83A mRNA #ik/K¥-; CCK-8 %
Rl MDA-MB-231 2 ffL 38 5 3% 77 ; Transwell 5250401 MDA-MB-231 40 i iF 5% 52268 J7 ; Western blot #il] MDA-
MB-231 #iififih FAM83A \ERK1/2 M H BRI & 1 Ki-67 E-45H5 2 1 ( E-cadherin) | 357 4 J& & 1 9( MMP-9) &
23K A% B B S B4 IncRNA FAMS3A-AST AV 415377, IncRNA FAM83A-AS1 5 FAM83A Z 8] YA EAE M
i#id RNA pull-down ,RNA HZEVLVE (RIP) Al qRT-PCR M 5E #5475 10E ; 41 BUSRE S5 50 45 U IncRNA FAMS3A-AS1 T
ZRXF MDA-MB-231 4 {4 A= A A5 0 s THC J (546 T il 988 9 Ki-67 .FAMB3A 131k, &R 1F BC A4V
1 IncRNA FAM83A-AST 1 FAM83A mRNA )31k & % 118 ( P<0.05) ; Pearson 4317 Z 7~ , BC Z1 419 LncRNA
FAMS83A-AS1 5 FAM83A mRNA FEik/K V2 IEHH K (r=0.885,P<0.05) ., LncRNA FAM83A-AS1 {JT 2k [%ik MDA-
MB-231 ZHE3E5E 1 7, # il MDA-MB-231 4 jfi 9:E 7% 51228, {2 #F E-cadherin ik, #I ] FAM38A  Ki-67 ,MMP-9
FILH ERKL/2 4k, I 400 i 4 BRI P9 B8 88 19 25 4 (P <0.05) 5 [ FAMS3A 93835, il BT il i 55 LncRNA
FAM83A-AS1 BTN MDA-MB-231 i U378 iF % 52 22 09l /EH (P<0.05) . LncRNA FAMS83A-AS1 7E4Hif
5 AT A 530, B EE 1 RNA 454 % 11 FBL 5 FAMS3A 454 LA Il FAMB3A Y5R35, £if LncRNA
FAMS83A-AS1 AT LAE ) 1% FAM83A ki it MDA-MB-231 ZHEA345E #5728,

[X881A] FLIE; LncRNA FAM83A-AST; Y51 ; 1T 5% ; {278 ; FAMS3A

[FESZES] R-33 [c#ktRIREE] A [XEHS] 1671-7856 (2022) 11-0001-11

Effects of IncRNA FAMS83A-ASI in regulating the expression of FAM&3A
and proliferation, invasion and migration by breast cancer cells

ZHANG Xiuging', LIU Juan', LIU Bin', LIU Ping”"
(1. Department of Breast and Thyroid Surgery, Tengzhou Central People’s Hospital, Tengzhou 277500, China.
2. Editorial Department of Journal of Guizhou Medical University, Guiyang 550004 )

[EE£THE]ERARBEIRESTH (61775128)
[{EEBN 1R FE (1973—) Lo AR B FAT, AF52 07 1 ZLAR HUIRARBERR . E-mail :3389362441@ qq. com
[EEMER IXF(1980—) , 2, St AF5T 7 0] : R0 %4 R, E-mail : 172586428@ qq. com



] LR BE AR ik 2022 4F 11 A4 32 556

ABPERE  — A

[ Abstract ]
similarity family 83 member A-antisense ribonucleic acid 1 (IncRNA FAM83A-AS1) in breast cancer ( BC). Methods
The expression of FAM83A in BC tissue was detected by immunohistochemistry, and IncRNA FAM83A-AS1 and FAM83A
mRNA in BC tissues/cells was detected by real-time fluorescent quantitative PCR ( qRT-PCR).
employed to test the correlation between IncRNA FAM83A-AS1 and FAM83A mRNA expression levels in BC tissues. Cell

Objective

To investigate the role and potential mechanism of long non-coding RNA sequence

Pearson method was

transfection silencing of MDA-MB-231 was used to study gene overexpression. The expression levels of IncRNA FAM83A-
AS1 and FAM83A mRNA in MDA-MB-231 cells were detected by qRT-PCR. MDA-MB-231 cell proliferation activity was
detected via the CCK-8 method. MDA-MB-231 cell migration and invasion abilities were detected by Transwell experiment.
The protein expression of FAM83A, ERKI1/2 and its phosphorylated protein Ki-67,
metalloproteinase 9 in MDA-MB-231 cells was detected by Western blot. The subcellular distribution of IncRNA FAM83A-
AS1 was detected by nucleocytoplasmic separation experiments, and the interaction between IncRNA FAM83A-AS1 and
FAMS3A was verified by RNA pull-down, RNA immunoprecipitation (RIP) and qRT-PCR assays. Nude mice were used
in a tumorigenesis experiment to detect the effect of IncRNA FAM83A-AS1 silencing on the growth of MDA-MB-231 cells in

E-cadherin and matrix

vivo. We employed immunohistochemistry staining to detect the expression of Ki-67 and FAM83A in tumors. Results The
expression of IncRNA FAM83A-AS1 and FAM83A mRNA in BC tissues and cells was significantly up-regulated ( P<
0.05). Pearson analysis showed that the expression levels of IncRNA FAM83A-AS1 and FAM83A mRNA in BC tissues
were positively correlated (r=0. 885, P<0.05). LncRNA FAM83A-ASI silencing reduced the proliferation of MDA-MB-
231 cells; inhibited the migration and invasion of MDA-MB-231 cells; inhibited
FAM38A, Ki-67 and matrix metalloproteinase 9 expression and ERK1/2 activation; and inhibited the growth of

promoted E-cadherin expression;

transplanted tumors in nude mice (P<0.05). Up-regulating the expression of FAM83A significantly reduced the inhibitory
effects of IncRNA FAM83A-AS1-silencing on proliferation, migration, and invasion by MDA-MB-231 cells (P<0.05).
LncRNA FAMS83A-AS1 is present in both the nucleus and cytoplasm and can bind to FAM83A through the RNA-binding
protein FBL to increase the expression of FAM83A. Conclusions LncRNA FAM83A-ASI1 can promote proliferation,
migration, and invasion by MDA-MB-231 cells by up-regulating FAM83A expression.

[ Keywords] breast cancer; IncRNA FAM83A-AS1; proliferation; migration; invasion; FAMS3A
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LAY IncRNA FAM83A-AS1 7E BC H 2B ¥4 1)

PRI, #E 18] FAMS3A FIREXT BC 4 A i,

K %5 9FE %% % RNA (long non-coding RNA,
IncRNA ) & — 28K BE R i 200 nt HBA 8 11 5T 45 4
IR, %W, REMTFEUESE, IncRNAs 25 Z#
A R R, HRIA RN S SRS MG
IR Y & A AL BC\HFIJ‘%E"E[S] Mg, T
8q24 Y IncRNA FPEIAAMAZ R 83 Il 51 A~ SUA% MK
%1% 1(IncRNA sequence similarity family 83 member
A-antisense ribonucleic acid 1, IncRNA FAMS83A-
AS1) JE—FH R IR SCLFE S RNA, CA BB
WY, 76 g A0 TP, IncRNA- FAMB3A-
AST AT HE T FAMS3A 1Y A IfAiE it 9 22 , (HJ2 i R
AWFFEGE FAE BC TRV, Rk, A b Bk —

F 2018 4F 1 A ~2020 4F 1 A MEE Bl 4 48 f4il
BRI VIR AR BC BE R AL R A (BC 4
20) MLP I E AL WA CEMIEAL) . A A
FRA I 2 PRAE S, AR | AR 4% 32 WO7 8efyr . VIBR
J& KR EA R, S BMAAE T -80°C F T In &2
() RNA $250, T 3 B2 B R 1, phs
T RAE B R IEZE 24t ifE(2017018)

1.1.2 4

=7l BC 4t & MCF7( CL-0149) ,SKBR3( CL-
0211) MDA-MB-231 ( CL-0150) FI A iE % FLAE b Kz
4iififd 2 MCF-10A( CP-HO17) LA & McCoy’ s SA £53%
H:(SKBR3 40L& R 33, CM-0211) ¥ [ 70
kS MR A R AT,
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1.1.3 SR

SPF 2% BALB/c MEE#RE (n=10,4 JH &, (A
16~20 g) W [ b 3% 438 1] 42 S50 s ) B R A R
Al [ SCXK(5)2021-0011 ], Fir Ay #i BRUAR 1] 3% 75 5t
MR K 2% (B PR R Aoty ) [ SYXK ((#5) 2021 -
0007 ] % H#Y SPF i, iR (22+1) °C 5 W B (50
+10) % ; Y6/ BEPE R, 12 h: 12 h, Bl & bR fE S =&
YIRUK, s SE i 58 28 St M B RL R 228 B2 A
24t (TIACUC20210215003) . AR 454 5256 50
Ytk 3R JEI
1.2 FELFSNE

a4 3 (5 . 164210-500) . DMEM % % Jit
(41t : BH-S3208) .RPMI-1640 15 3% 5 (#t 5 . CD-
100043GM) ( £ [E Gbico A F] ) ; Lipofectamine 3000
HYURF] (#5 . 1.3037) ( Sigma-Aldrich) ; FAM83A
1ot 3K K JFORL ( peDNA3. 1-FAM83A ) K H: B 1
Xof HR 2% % A& 9 KL ( peDNA3. 1-NC) . i T IncRNA
FAMS3A-AS1 @ fK AY siRNA ( si-FAM83A-AS1) %
FHCBA % B8 (si-NC) LA B qRT-PCR ff FH 51 #134
s GenePharma & i%; TRIzol iX 7 (it 5.
RR420A ) . PrimeScript RT i #| & (#t 5.
RRO37A) .SYBR ® Premix Ex Taq™ i& 7] & (4t
5 :RR390A) ( H A TaKaRa /A 7)) ; CCK-8 i 7] &
(#tt 5. €00038) . BCA ik il & (it 5. P0010) |
RIPA ZL#W (#E5 . POO13B) (31 = RAEWRHE
Fl) ; Transwell /N2 (L5 :3413) ( 3£ [E Corning 2y
) 3 N T3 A 5 BRIE ( Matrigel , %5 : 356234)
(£ BD A Al) ; PARIS #% i 4 Bk 7 & (£ H
Thermo Fisher Scientific 2y A, it %5 AM1921 ) ;
Millipore Magna RIP™ RNA 254 8 1 G 8 DLE 1L 71
& (5. 17-700) ( 32 E EMD Millipore A F] ) ; 9
Ji—30 FAM83A (5 . bs-16014R ) (AL 5T Bioss 24
) ; E-cadherin (it 5 ab40772) . Ki-67 ( #t 5.
abl6667) . H T & @ & H B 9 ( matrix
metalloproteinase 9, MMP-9) (it : ab76003) #1111
FPiR 1gG (5 :ab205718) ( P2 abeam 23 ) ;
S Ui —Pt p-ERK1/2 (L5 . #4377 ) Fil ERK1/2 (4t
5 :#4695) ( 3E[H Cell Signaling Technology 23 Al ) .
2 31 BE Bl A5 A ( 85, iMark680 , 2% [ Bio-Rad 2
A 3 N 4E ML ( B95 . FACSCanto 11, 35 [E BD 24
H]) 3 S 9O 2 B PCR X (A5 ; ABI Prism ®
7300, 3% [E B FHAEY) R GE 08 | ) 5 48] 90 Wi
(H5 . 1X73, HA Olympus A H]) ,

1.3 EWAH*E
1.3. 1 Z0fEssss

MCF7 1 MDA-MB-231 4l 7E & A 10% G 2F 1.
TH 1100 U/mL 7585 R /4% R 1Y DMEM 5333k
SKBR3 4 fifl 1% 75 7E McCoy’ s SA K537 3 rf | MCF-
10A 4HfEEEFE7E RPMI-1640 35333 7E 37°C 5%
CO, iR iR . TR F] 80% ~90% I A I e 4
Y, 4 48~72 h B 1 REGFRIE,

1.3.2 A2k % (immunochemistry, THC) ¥
Lol

¥k A BC BH WA LR A 4% 2 5 W 1 [
FE AR VIR 3 wm YD R, 7R U R
F+H 100% 85% 1 75% L FEFI/KAk , B FHRBE
R, 7E 100°C R 2 15 min, B 5 53T FAMS3A
(1:800)7E4C P, RS —MAEZRTHE
2 h, HI DAB WEZRHUIARGL (A, HAR N SR I e (5
JEE RN BE P 403 HE X THC 25 SRR A7 9 Al AN
4o PHPEGIM L E LA 2 <5%,0 4335% ~30%,
143331% ~70%,2 435 >71%,3 43, YL oo BEE 4
R T, 0 s ki A, 1 s il E g,
200 A YL a3 4, G A S o PHAVE 20 A L
B0 3 Hofe LA e (5 B 1 /3 BIOKR i 2 . FAMB3A 1Y
PR N BAE” (0~3 43) A PHIE” (4~9 43) .
1.3.3  SERF9EEE B PCR(RT-PCR) A&

i FH TRIzol i 5 #2 Bt BC & % 41 2U/40 il
(MCF7 .SKBR3 MDA-MB-231 1 IFE % FLAE F Kz 40
i ZR MCF-10A) "1 (¥ & RNA, {8 [f| PrimeScript RT
KA E A B cDNA, SR 15 cDNA iR 47
qRT-PCR 414, 1EI 5514 94°C Tl AE P 2 min, 94°C
ARPE 20 s 55°CIH k30 s 72°C ZE{H 40 s,40 MEFR,
il 2789 J5 gk A7 %E 2, GAPDH FHAE P9 %t 8
B o 3k 1,

1.3.4 st 55r41

O A K 40169 MDA-MB-231 ZHififd, A% fL 3x
10° N R T 6 FLAk K557 24 h R340 L il

®1 3IYEL

Table 1 Primer information
SIIFEI(5-3")
Primer sequence(5’ =3")
F:CCCAGAGCACTTCCTTAGC
R:CAGGGCCGTCTGTGTTTACT
F.CTCGGACTGGAGATTTGTCC
R:GGAACTCCTCGTCAAACAGC
F:CTGGGCTACACTGAGCACC
R:AAGTGGTCGTTGAGGGCAATG

B A

Gene name

IncRNA FAMB83A-AS1

FAMS3A

GAPDH
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55 80% B, TR 40 ML A A FITC 26 hr
VCRV R QR A TR s . 5258530 - % BEZH ( control
O ARPEATAEATEE e ) | si-NC 41 (FE Y2 si-FAMS3A-
AST BH 4 %F FE ) . FAMS3A-AST 0 2R 4H (%% 4t si-
FAM83A-AS1) . FAM83A-ASI T 2k + pcDNA3. 1-NC
2H (si-FAM83A-AS1 F1 pcDNA3. 1-FAMS3A FA 1 %}
WR 25 38 R T kL 2L % 4L ) | FAMB3A-AST ¥l 3k +
FAMS3A i1 # ik 4 (si-FAM83A-AS1 FI pcDNA3. 1-
FAMS3A # f& Jiv A 2& % Yv ) 5% ¢ e M
Lipofectamine 3000 A ULBH#E T, #5YLJ54E 37°C
5% CO, ¥iFefrhaksesise, 49 48 h 5, T90
AR T WSS IT T 5% Y (LT P 2 ' 4t i 4L
i 5 AL E B HU ) JF B RNA it gRT-PCR
Kol 4% 2H 40 9 P IncRNA FAM83A-AS1 1 FAM83A
mRNA [ 3 35 K -, 5 0F 5% g & R K I 7 ik
[ 1.3.3,
1.3.5  HuffaIsss s

¥ MDA-MB-231 4l fifg A& FL 1x 10* A~ 41 A i)
WEHANAE 96 FLA ARG HE IR 1. 3. 4 TR A T4y
ALY 730l TR UL 0,24 48 72 h i, BALINA
CCK-8 i3] 10 wL,37°CHEE 1 h, 7E 450 nm P K AL
R (A E (As TH) o
1.3.6 4T FIRZEL S

Transwell 1T L5 . FEFE YL 5 24 h Y3k MDA-
MB-231 4iff, I AN & 13 Y 85 75 3006 20 g & &
SRIGHF 200 wl 4IH B (1x10° S48 InA L=,
RIS 600 WL &4 10% i 4 L7 B BE 3R 5 AT
% ,37°C 5% CO, 3T IEE 24 h J5 K A M
49 22 B W EE [ 2 5 FH 0. 1945 i e o, MRS &
BRATIAE 2 rh G AN, 76 8] B 2O WA N xR
) R (R DALS O  <3  Z  [ Pl
TET 12 AL B Matrigel, 20 fL 45 %70 T |35 b8 35
48 h,
1.3.7 Western blot ]

et FH 2 Tl R Tl R 11 AT ) 00 79 RIPA 28 Pl
4 MDA-MB-231 Zf i Ak B & T, fiiH — ¢
AT ( bicinchoninic acid, BCA ) {5 & i i 25
JECHE R 5 8 109 - ke F A7 2 N — 5 TR s T e
BEMEHLIK 3 25 4 s 2R BT (30 pg) , ARG H R B 2R
T — M L i 5% Biig 4= i, of 5 —
$i ( FAM83A. p-ERK1/2, ERK1/2. E-cadherin
Ki-67 .MMP-9,1 : 1000; GAPDH, 1 : 2000) 7£ 4C T
B, VRIS, B 5 B I 4R Ak o A 066 1Y

(1 4000) AEE R T —RIFEE 1 h, ffiH ECL
Pl 2 R il B B Ak T AL, 8 3T Image-
Pro Plus 6. 0 BN i 4 H A8 (1 2540 1Y K FEE (A, 38
W5 WS IR BEAE e, 75 B 08 (AR X Rk
KF

1.3.8 WA 3B

it FH A% R A0 i 5 42 B0 ) 06 MDA-MB-231
20 6L 4 40 B 5 5 A4 B AZ R 4 45 . fd FH TRIzol
F 5> BIANAL R AAZ RNA, SR )5 9517 qRT-PCR, K 45
21} 5% 0 20 Bf A% ) IncRNA FAMS3A-AS1 & &,
U6 1 GAPDH 43l & 4 M A% AN 40 i BT ¥ P 2
1.3.9 RNA pull-down

1A Ah 43 51 3% 4K pSPT19-FAMS3A-AS1 Fl1
pSPT19-FAM83A-ASI-mut #% 3% FAMS83A-AS1 &
FAMS83A-AST-mut, }: H AW ZF5ic RNA 1A YAl
T7 RNA R & [, H] RNase-free DNase 1 4bFH, H]
RNeasy Mini Kit #4721k, ¥ 1 mg ) MDA-MB-
231 A4 RIS 3 g Ak iAW E AL i
SEPEMITE 25°C FWEE 1 h, SR )5 FHAE 25 55 A E Bl
Wik E W, TERRE P VERIR T 6 IR,
3 3 2R S ER I A AT A RNA-R R E A9,
1.3.10 RNA %5 & & 1 ## JLUE (RNA binding
protein immunoprecipitation, RIP)

i 1% Millipore Magna RIP™ RNA 45425 H 0%
PUVER ) &5 A U8 I 40 . MDA-MB-231 40 0, 15 1
T2 U4 MDA-MB-231 40fifi )5 RIP 2 M 2% il
— I E . B B 1 wg FBL H IgG HUiR 5 4 %4
fEYITE ACTIFE I, B A/G 3RS 4R Y
— I E AR RNA S Piik, 85 1 TRIzol i
AL B RNA Jf fff I qRT-PCR 43 #T IncRNA
FAM83A-AS1 FAMS83A 7K,

1.3.11  BRERSF A

B BBENL N 2 4. si-NC 4H | si-FAM83A-
AS1 W (n=5), FI2 ¥ 80K R Gt g e i Bk
FAM83A-ASI ) MDA-MB-231 ZHfit, ¥ 5x 10° 5%
YuJ5 B9 MDA-MB-231 4f Jifg 7 55 210 4 B 22 56 — A~
A TR, SRIE NS A 2 TG,
JE R RO b g A 4 AR A e AR g A R
(mm*)=172x(K&) x(E&E)*, EEHE S JHb
HERR BRI A 0, B o b 9o e, SR 5 181 76 AR R E bR
HE T THC Jetn,

1.3.12  THC YL EE N Ki-67 FAM83A £ik

F ok F AR B A PSR ) e FH 49% 22 58 W i [l
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JE A DI 3 wm VIR, K0T 56T Ki-67
(1:100) FAM83A(1:50) PilkAE 4°C FHFE i1,
RG-S ZPUEE 2 h, K5, DAB €, ULkl 41rh
Ki-67 . FAM83A MRHPER IR (FRd ()  JF4AR .,
1.4 SitEFH*E
KGR GraphPad Prism 8. 0 #4754 53

1, N FH Kolmogorov-Smirnov A6 56 FIEE X FEAS ¢ 4656
KB BC 4l ZUFE A M &R T 1E 7 41 21 IncRNA
FAM83A-AS1 5 FAMS3A mRNA f) % ik 2 7,
Pearson =734 BC ZHZ1H IncRNA FAMS3A-AS1 5
FAM83A mRNA FRiE/KF-RAHM:, R Tr

Z AT R SEREAS ¢ A6 TN A SRR P S 50 K00 405
MG BRI R 22 (xts) TR,
P<0.05 FRESAGI#E X

2 HR

2.1 LncRNA FAMS3A-AS1 #1 FAMS3A 7# BC
HAFN R S FRIL
1R 2 45 B8, FAMS3A 78 BC ZH4UH Y
PRPEZR AU W T AR M 412, qRT-PCR Z5 R 2
7N, 5 AR M 41 218 HE, IncRNA FAMS3A-AST il
FAM83A mRNA 7F BC 21 Rk 8% Ll (P<
0.05;% 3); 5 NIEH LR L MCF-10A 4l Jfd £
kt,3 A BC 40 /ig 2 MCF7 ,SKBR3 ,MDA-MB-231
Y52 3] IncRNA FAMS3A-ASI il FAM83A mRNA

[ 35 (P <0.05), H: s MDA-MB-231 4 g H
IncRNA FAM83A-AS1 il FAMS3A mRNA ¥ 215
B 4), I, P HE MDA-MB-231 41 g ¥ 17 )5 2%
R 2 FAMS3A 7t BC HAV AR HA 19 RIB AL (n=48)
Table 2 Comparison of FAM83A expression in BC

tissue/non-tumor tissue

FAMS3A ik
Ha FAMB83A expression
Tissue BIPER K AR5
Negative Positive
B /|
AR AL 41(85.42) 7(14.58)
Non-tumor tissue
BC 44
13(27.08 35(72.92
BC tissue ( ) ( 92)
X 30. 857
P 0. 000

R3 BCYLU/AEMIEALIH IncRNA FAMS3A-AST I
FAM83A mRNA Bk (n=48)
Table 3 Expression of IncRNA FAM83A-AS1 and FAM83A
mRNA in BC tissue/non-tumor tissue

EE LncRNA FAMS3A
Tissue FAM83A-AS1 mRNA
57 4|
A RS 1. 000. 00 1. 00£0. 00
Non-tumor tissue
4]
BC 412 1.52+0.18 1.39+0. 16
BC tissue
i 17. 641 20. 237
P <0.01 <0.01

Bl 1 FAMS3A £ BC HEV/ AR H L i ik
Figure 1 Expression of FAM83A in BC tissue/non-tumor tissue



6 P PR R 2 2022 A 11 ASE 32 55 11 Chin J Comp Med, November 2022, Vol. 32,No. 11

2.2 BC 4H 22 f IncRNA FAMS3A-AS1 5
FAMS3A mRNA Fik/KFRIHHEME

A& 2 @R AT AL, BC 41419 IncRNA FAMS3A-
AS1 5 FAM83A mRNA fJ3RiL 2 IEAHE (r=0. 885,
P<0.05)
2.3 F3/5 &4 MDA-MB-231 20 il 7 IncRNA
FAMS3A-AS1 #1 FAMS3A HI5Ri%

& 3 G55 R YL 48 h T R X IRAL A, HiAr
B2 B FE PR AN T0% ~80% ; R 4 Z5 R ok, 5
X BRZH AH [, FAMS3A-AST U 2K 2H 40 Jfd ' IncRNA
FAM83A-AS1 FAMS3A [) mRNA & H %3k I %
FEAR (P <0.05); 5 FAM83A-ASI it 2k 40 48 I,
FAM83A-AS1 T Bk + FAM83A it % ik 41 20 ffd p
FAMS3A ) mRNA FIZE %1k B & T+ (P<0.05) ,
2.4 £ %H MDA-MB-231 AL 5 iE 5

ML 5 2455 R 76 48 .72 h i 5 % FEZH A1
b, FAMS3A-AST {2k 41 40 it 188 58 1% 7 W 3% PR AR
(P<0.05) ; 5 FAM83A-ASI JT2R4H 4 [t , FAMS3A-
AST JTER+FAMS3A if 2 3k 2H 40 i 3% 5 1% 7 &b 35 7
B (P<0.05) .
2.5 &40 MDA-MB-231 {fiE % 2%8EH

& 6 45 R, S5XF AL L, FAM83A-AST VL
R 1T 75 240 B ESOR 1= 28 20 L ARtk 2 s/ ( P<0. 05)
5 FAM83A-AS1 VT ER 2H #H [t , FAM83A-AS1 I 2k +
FAMS3A 12 F& 18 21 7% 20 e BRI 2% 4 M 45 d 3253

hn(P<0.05)

R4 MCF-10A 4iiEF1 BC 41 1 IncRNA FAM83A-AS1 FiI
FAM83A mRNA 3£k (n=6)
Table 4 Expression of IncRNA FAM83A-AS1 and FAM83A
mRNA in MCF-10A cells and BC cell lines

4 it LncRNA FAMS3A
Cells FAM83A-AS1 mRNA
MCF-10A 1. 000. 00 1. 00=0. 00
MCF7 1.67+0. 18" 1.42+0. 16"
SKBR3 1. 54+0. 17" 1.31=0. 15"
MDA-MB-231 1.93+0. 20"¢4 1. 65+0. 17"¢%

E: 5 MCF-10A 4t LE, *P<0.05;5 MCF7 4L, P<0.05;
Y5 SKBR3 4 H, * P<0.05,

Note. Compared with MCF-10A cell, *P<0.05. Compared with MCF7
cell, ¥P<0.05. Compared with SKBR3 cell, A p<0. 05.

2 Pearson =M IncRNA FAMS3A-AS1 5
FAMS3A mRNA K IA/KF- B A5Gk
Figure 2 Pearson method analysis of the correlation between

LncRNA FAM83A-AS1 and FAM83A mRNA expression levels

. B:si-NC 41;C; FAM83A-AST ULER4L ;D FAM83A-AS1 JLER+pcDNA3. 1-NC 41 ; E: FAM83A-AS1 JIBR+FAMS3A i Fikdl
B3 44 MDA-MB-231 4L Qe
Note. B, si-NC group. C, FAM83A-ASI silent group. D, FAM83A-ASI silent + pcDNA3. 1-NC group. E, FAM83A-ASI silent + FAM83A

overexpression group.

Figure 3 Transfection efficiency of MDA-MB-231 cells in each group
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A TR ;B si-NC 41;C. FAM83A-AS] UUERAL ;D FAMS3A-AS1 JLBK +pecDNA3. 1-NC 41 ; E; FAM83A-AS1 L EK+FAMS3A i k4,

5L, *P<0.05;5 FAM83A-AST JTERALAH L, * P<0.05,

B4 £41 MDA-MB-231 4iiffi - IncRNA FAM83A-ASI1
FAMS3A ) mRNA FIZE 1%k (n=6)
Note. A, Control group. B, si-NC group. C, FAM83A-ASI silent group. D, FAM83A-AS1 silent + pcDNA3. 1-NC group. E, FAM83A-AS1

silent + FAM83A overexpression group. Compared with the control group, *P<0.05. Compared with the FAM83A-AS1 silent group, * P<0. 05.
Figure 4 FAMS3A protein expression in MDA-MB-231 cells in each group

TE: 5% BRALA L, *P<0.05; 5 FAM83A-AS1 UL BR4LAH L,
* P<0.05,

5 4541 MDA-MB-231 AU AN ] s 05 AE TT LA (n=6)
Note. Compared with the control group, *P<0.05. Compared with
the FAM83A-AS1 silent group, * P<0. 05.

Figure 5 Comparison of the proliferation ability of
MDA-MB-231 cells at different time points in each group

2.6 #&¢H MDA-MB-231 4018 ERK1/2,Ki-67,
E-cadherin MMP-9 & B &KX

K7 g5 BoR, S5XF 4L H, FAMS3A-AST it
R 41 i b Ki-67 . MMP-9 ZE [ 35 Il p-ERK1/2/
ERK1/2 ol i Z R A%, E-cadherin 55 113535 .2 T}
F(P<0.05) ;5 FAM83A-AS1 JJTERZHAH [t , FAMS3A-
ASI YTER+FAMS3A i F£AHANIE+ Ki-67 MMP-9 &
1% 35 #1 p-ERK1/2/ERK1/2 It & % F+ &, E-
cadherin £ [17¢35 N (P<0. 05) .
2.7 IncRNA FAMS3A-AS1 5 FAMS3A #HE/EH

¥ 4y B o M 45 A qRT-PCR 4 #F 8 7K,
IncRNA FAM83A-AS1 5 FAMS3A £ 40 iU % 5 41 ity
o B o A, Hod IneRNA FAMS3A-AS1 K %
40% P TAHMIAZ | T 60% 7 T 40 L 5 b (1] 8A) .
RNA pull-down 7347 (945 R K W] FAM83A-AS1 A] LA
5 FBL 254 (K 8B) , RIP A&l 5 i /s , FAMS3A-
AS1 Fl FAMS3A ¥1nl g1 FBL diifkE 4 (& 8C)
2.8 T2k IncRNA FAMS3A-AS1 X3 RS E
A

K9 25 R Won  FESE 4 s JRIT, 5 si-NC 414
L, si-FAM83A-AST £ 45 B g (A BRI 1 b 35 %
R (P<0.05); H %38 202U 24 40 /R Ki-67
FAMS3A ikt B I FEAI%
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A XTIBAL; B si-NC 41;C: FAMS3A-AST JLER4L ; D: FAMS3A-AST ULEK +pcDNA3. 1-NC 4 ; E . FAM83A-AS1 ULER+FAMS3A s Fik 4, S5xf
MM, *P<0.05;55 FAMS3A-AST JLERAAMILL, * P<0.05,
Bl 6 541 MDA-MB-231 4lifiiT 5% (22210 A (n=6)
Note. A, Control group. B, si-NC group. C, FAM83A-ASI silent group. D, FAM83A-AS1 silent+pcDNA3. 1-NC group. E, FAM83A-AS] silent+
FAMS83A overexpression group. Compared with the control group, *P<0.05. Compared with the FAM83A-AS1 silent group, * P<0. 05.
Figure 6 Comparison of MDA-MB-231 cell migration and invasion in each group

AT R4 ;B si-NC 45 C: FAM83A-AS1 ULER4L ;D FAMS3A-AST JLER+pcDNA3. 1-NC 41 ; E; FAM83A-AS1 JLER+FAMS3A i3 k4,
XA, *P<0. 05; 5 FAM83A-AS1 JTERZLA L, * P<0. 05,
B 7 44 MDA-MB-231 4fifi*h ERK1/2 Ki-67 E-cadherin, MMP-9 % 133k (n=6)
Note. A, Control group. B, si-NC group. C, FAM83A-ASI silent group. D, FAM83A-AS1 silent+pcDNA3. 1-NC group. E, FAM83A-ASI
silent+FAMB83A overexpression group. Compared with the control group, *P<0.05. Compared with the FAM83A-AS1 silent group, * P<0. 05.
Figure 7 ERK1/2, Ki-67, E-cadherin, MMP-9 protein expression in MDA-MB-231 cells in each group
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AT T B 2 LAPPAY IncRNA FAMS3A-AST FAM83A mRNA 7£ MDA-MB-231 4ilfgH #4375 , GAPDH FHAEANM bR 54 , U6 FIAE
KikrEY ;B RNA pull-down FI%E H JFENIE 347 FH T 28 FAM83A-AS1 Fl FBL Z [A] U454 K 5 ; C . RIP 5286 qRT-PCR A6 S 8 UL iE Y b
IncRNA FAM83A-AS1 FAMS3A Fik/K ¥, 5 1gG dML, * P<0.05,

B 8 IncRNA FAM83A-ASI it 5 FBL £54145) FAM83A ik
Note. A, Nucleocytoplasmic separation assay was performed to evaluate the distribution of IncRNA FAM83A-AS1 in MDA-MB-231 cells, GAPDH was
used as cytoplasmic marker. U6 was used as nuclear marker. B, RNA pull-down and Western blot analysis used to determine the binding relationship
between FAM83A-AS1 and FBL. C, RIP experiment and qRT-PCR detection of IncRNA FAM83A-ASI and FAMS83A expression levels in

immunoprecipitates. Compared with IgG group, * P<0. 05.
Figure 8 The IncRNA FAM83A-AS1 enhances FAM83A expression by binding to FBL

AR/ B Ki-67 FAM83A ¥ THC e C. IR AR D IR 4 . 5 si-NC 4LAfILE, ™ P<0.05,
B9 UIEk IncRNA FAM83A-AS] X #R BB AEIRE A K ARSI (n=5)
Note. A, Tumor size. B, THC staining of Ki-67 and FAM83A. C, Tumor volume. D, Tumor weight. Compared with the si-NC group, * P<0. 05.
Figure 9 Effect of silencing IncRNA FAM83A-AS1 on the growth of transplanted tumor in nude mice
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Study on the growth and metastasis characteristics of Lewis lung cancer
derived from lung metastases in C57BL/6 mice

ZHANG Na', LIU Xuefang®, FENG Yanyan®’, GUO Fengyue®, FENG Suxiang”*
(1. College of Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. Academy of Traditional Chinese Medicine, Henan University of Chinese Medicine, Zhengzhou 450046.
3. College of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046)

[ Abstract ) Objective  To study the tumorigenesis and metastasis of Lewis lung cancer derived from lung
metastases in C57BL/6 mice. Methods Lewis lung cancer tumor-bearing mice with lung metastasis were dissected, and
lung metastases were isolated to prepare a cell suspension, which was inoculated subcutaneously into the axilla of the right
forelimbs of C57BL/6 mice. A mouse model of Lewis lung cancer derived from lung metastases was established and
designated as the lung tumor group. Subcutaneously transplanted tumor passaged mice were used as the subcutaneous

group. The tumor diameter of mice was measured periodically, the tumor volume was calculated, and a survival curve was
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drawn. Anatomical observation was performed on lung and liver lesions, and HE staining was used to detect pathological
changes in the lungs and liver. The ultrastructure of tumor cells was observed by transmission electron microscopy. Results
The tumor volume of the lung tumor group was less than that of the subcutaneous group( P>0.05). The survival rate of the
lung tumor group was higher than that of the subcutaneous group during the observation period. Anatomic observation
showed the lung and liver metastasis rates to be 37. 5% and 25% in the lung tumor group and 20% and no liver metostasis
in the subcutaneous group, respectively. In HE staining, lung and liver metastases in the lung tumor group were large,
darkly stained, approximately round in appearance, and demarcation from surrounding tissues was obvious. Lung
metastases in subcutaneous group were small, and no typical liver metastases were seen. Tumor cells in the metastases
showed typical bizarre nuclei and pathological mitosis under transmission electron microscopy. Conclusions Compared

with subcutaneous tumor mice, lung tumor mice showed slower tumor growth, a higher survival rate within the same

observation period, and stronger distant metastatic properties.
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Figure 1 Tumor growth curve in mice
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Figure 2 Survival curve in mice
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Figure 3 Anatomical and pathological observation of lung in mice
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Figure 4 Anatomical and pathological observation of liver in mice
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Note. A, Bizarre nuclei can be seen in tumor cell. B, The nuclei of tumor cell divide asymmertrically.

Figure 5 Transmission electron microscope observation of cancer cells in mice
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Cannabidiol attenuates methamphetamine-induced changes in monoamine
neurotransmitters in rats

SHEN Baoyu, REN Yanming, YANG Genmeng, YU Hao, DONG Wenjuan, HONG Shijun” , ZHANG Ruilin "
(School of Forensic Medicine, Key Laboratory of Drug Addiction Medicine of National Health Commission (NHC) , Kunming
Medical University, Kunming 650500, China)

[ Abstract]  Objective This work was aimed at investigating the intervention effects of cannabidiol (CBD) on the
monoamine neurotransmitter in a rat model of methamphetamine ( METH) dependence, and we revealed the potential
mechanism underlying the therapeutic effects of CBD. Our research will benefit the treatment of drug dependence in
humans. Methods We constructed an animal model based on METH (2 mg/kg) exposure and the conditioned place
preference procedure. We dissected the nucleus accumbens (NAc) , frontal cortex(FC) , ventral tegmental area ( VTA),
caudate putamen( CPu) , and hippocampus(Hip). The dopamine, 5-hydroxytryptamine, and norepinephrine contents were
separated using high-performance liquid chromatography and quantified with mass spectrometry. Results Repeated METH

(2 mg/kg) exposure significantly increased dopamine content and decreased 5-hydroxytryptamine content in the NAc,

[E2TE]EXARBEERETH (81760337, 82002002) ; 7 M4 # & T RHATFE 3 439 H (2019Y0343) ,
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frontal cortex, VTA, caudate putamen, and hippocampus but increased norepinephrine content in the NAc and VTA of

rats. Pretreatment of rats with CBD (10, 20, 40, 80 mg/kg) dose-dependently reduced the impact of METH on these

monoamine neurotransmitters. Conclusions CBD may attenuate the reward effect of METH by maintaining the homeostasis

of monoamine neurotransmitters in the reward-related brain regions of rats.

[ Keywords ] cannabidiol; methamphetamine;

neurotransmitter
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Table 1 Parameters of monoamine neurotransmitters
for MS condition

ST BFR 1 BFX 2 il i
Analyte Q1 m/z Q2 m/z Collision energy
glﬂﬂ# 154. 10 91.10 25
Dopamine
I ¢
fq]%J:ﬂ% 170. 15 107. 10 25
Norepinephrine
VA W
TG 177.15 160. 20 25

5-hydroxytryptamine

K2 OAIFH A 228 o 1 e M Kl B VS

Table 2 Linearity data and quantitation ranges of different monoamine neurotransmitters

ALY LR ] 1 7 LMl (ng/ml) R K

Analyte Linear regression equation Linear range Correlation coefficient
£} Dopamine y=3958.69 x - 2178. 19 0~500 0. 9999929
ZH'E B Norepinephrine y=1248.12 x + 3389. 69 0~500 0. 9998453
FHFRAE 5-hydroxytryptamine y=2206.92 x + 8864.27 0~500 0. 9993994
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1 DA BRI SRR I 14 € 1 5]

Figure 1 Chromatogram of DA standard and analytes

2 NE brufidt R 497 4 €3 1]
Figure 2 Chromatogram of NE standard and analytes

3 5-HT bl b A 4 9 €235 (&
Figure 3 Chromatogram of 5-HT standard and analytes
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2.2 CBD fEXH NAc . FC #1 VTA g R =Fh &
PR R 258 BRI B A

T VTA $%593] NAc F1 FC 111 DA {55435
FERE S AR BRI a A & AR Y AT
SERFSE T CBD i/ METH 733 86 [X 5k o = Fii 2
JHe 2 i 22 38 oL B S e (& 4) . 5 R IRZH AR L,
METH (2 mg/kg) 7E NAc . FC Hl VTA th g ik S
T DA Fi# (P<0.001) ;i CBD(10,20,40 FI 80
mg/kg) 7E NAc FC F1 VTA H 5] 49 b 1k ek 55 1
DA HJ/KF-( P<0.001) ; CBD (40 mg/kg) 5l fF
FIXE DA KB A B 500 (P>0.05) , BE4h, fbt
% DA 7F METH 4R I8, NE /K FH7E NAc( P<
0.001) Fl VTA (P<0.001) 23 i A [l 72 BE /Y |-
JH a1 METH (2 mg/kg) 7€ FC h X} NE %A %t
B SO EIEAER (P>0.05) ;CBD(10,20,40 #
80 mg/kg) Hif T ¥t 2 51 AR PR b 11 55 T NE 119

¥ (P<0. 05 . P<0. 01 .P<0.001) ;CBD (40 mg/kg)
FUMAE HIXT NE K-35 A7 B 52 0 (P>0.05) . #H
K, 5% B4 4H [, METH 7F NAc  FC 1 VTA 134
WBEES T S-HT Fi#(P<0.001) ; CBD Hij T Hit
AR LW T 5-HT KK (P<0.01,P<0.001) ; Ik
&b, 7E NAc F1 VTA H1,CBD (40 mg/kg) B /E JT L
fe—E B HL I 5-HT /K5 (P<0.01,P<0.001) ;
M FC 1, CBD (40 mg/kg) HAMAE X 5-HT /K
A B (P>0.05), &2, CBD 7 KR NAc,
FC A1 VTA s v b BHKT T METH 75 51 =
Tl B fide 24 ol 22 356 o PR ACAE
2.3 CBD 7K CPu #1 Hip H1% & DA #1 5-HT
Bx T NAc FC #l VIA =4 FE L2 B E 5%
SFX A1, CPu Fl Hip 7E3E b 3 SO0 it B FE fE 2
YEF™, aniEl s ps , A TiE—2 058 T CBD Fl/ok

E:A:NAc;B.FC;C. VTA, 55X IRAIMALL, ™ P<0.01, ™ P<0.001;5 METH 204, P<0. 05, P<0. 01, P<0. 001,
BEl4  NAc FCHl VTA e 225 Bk 1
Note. A, NAc. B, FC. C, VTA. Compared with control group, ** P<0.01, ** P<0.001. Compared with METH group, *P<0. 05, P<0. 01,"*P<0. 001.

Figure 4 Monoamine neurotransmitters levels in NAc, FC and VTA
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TE:A:CPu;B:Hip, XA, ™ P<0.001;5 METH ZHAH L, *P<0.05, * P<0.001,
5 CPu Ml Hip H BUII A 2558 [Tk
Note. A, CPu. B, Hip. Compared with control group, *** P<0.001. Compared with METH group, *P<0. 05, " P<0.001.

Figure 5 Monoamine neurotransmitters levels in CPu and Hip

METH 7E CPu F1 Hip H%F = Fh B b 28 366 5 ) 52
Wi, 5% 2 G, METH (2 mg/kg) £ CPu il Hip
WHBEES T DA i (P<0.001) ;1 CBD( 10,20,
40 F1180 mg/kg) 7E CPu il Hip H i 52 54K i 1 s
U855 T DA 1Y 7K (P<0.001) ; CBD (40 mg/kg)
FAEFXT DA K& BB (P>0.05) . 2R
ifii,CBD Ail/8{ METH 7£ CPu £1 Hip # %} NE 7K°F
FEVEA B AN (P>0.05) . MAh, TEREE DA 7F
METH ZH A9 7K, 5% R4 b, METH 41 5-HT 7K°F
#£ CPu il Hip th3RILH B & 9% (P<0. 001) 5 1fif CBD
WK B T 5-HT /K (P<0.01,P<
0.001) ;7 Hip 91, CBD (40 mg/kg) B o fE
2 5-HT 7K3F (P<0.001) ; i 7E CPu H7, CBD (40
mg/kg) B VE F X 5-HT 7K -5 A7 B 552 0 (P>
0.05) . [Hitk,CBD #£ K F CPu Al Hip Hf AR #i vk
HuBHWT T METH 75549 DA F1 5-HT (ks

3 it

FATHIBFSE & B, METH 7] 7E K Bl NAc  FC.,
VTA .CPu FI Hip # .2 [ DA /KF, Fi# 5-HT
K IEAEREE NAc Fl VTA h NE A9 [ ; s sl i
ARA[PE CBD [T WA 3L % . FATTLAE AR 3R
I, CBD i1 i 7] 47 24 H 55 METH %5 3 (1) CPP &%
R MASHFSE & 30 CBD Hi T H @ & B T METH

T 10 P JHe 28 ot 26 328 JO A%, X T e R 43 il R T
CBD X METH % BRI HI/E I

DA FZAE SN HIVTA tha 1, ARG #2273k
HLIIE U VTA B3] NAce \FC,CPu Al Hip A&
PRAESAERYY, JRATRBFST R B, METH o) 35 1%
S KB NAc ,FC VTA .CPu J Hip H DA /K H 3
ANERREE B % EJRPE AT 8% CBD R T A %L
HuHIES T METH 35 S DA B0 K £ 43 1l
| ,@Tﬁ DA —ffiz:]éﬁi( DA transporters, DAT) 16] i
B 5% 35 {R-2 ( vesicular monoamine transporter-2,
VMAT-2) "7 i i 225 9% D81 — i R 22 Tk
it B ( brain-derived
receptor kinase B, BDNF—TFkB){%%@%USJ .sigma-1
AR G {5 E P450 2D ( cytochrome P450 2D,
CYP2D) ™ #i1 Ca> {5512, CBD %} sigma-1 5Z4& 1)
PAT PR A AT BEARRE T X DA B 0 Rl iR
(I, CBD #8454 1 1 B 58 A7 B T % B CBD X
METH 225 R PE R+ HiAE

SR, B 22358 o 2R 8 2 AP AR S 2% 1Y
MEAMEH . NE REXT DA R B A TP FAE
HI,NE #128 TC 845 FTREAIK NAc rf DA R
1M NE #2803 ] L34 VAT H DA MZT i
PP AT R, HEREE METH X DA 7KF-
(9 L JEVE T, NE 76 NAc F1 VTA H iH A [ 72 2 A9

neurotrophic  factor-tyrosine
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8,7 CBD HI55 DA EIEER, tigd% T METH
BSHNE B, HEE 7E CPu FI Hip o, FAT 1%
AR NE 284k, B NE XF DA 42 i 1F
M FE 2 ol-'B E R R GEZ K (al-adrenergic
receptors){l\TE'FB/‘J[ZS: ,NE 7EAS[R) A X8 22 55 9 55 1
HRTRES ol -5 b B 3R AR A2 1A 76 I 9 14 43 A A G
Bk, DA F15-HT WAFAEE B VIMEL R, 58 5-HT
Y FH AT 35 R A VTA Hh DA R 2Ty il i R, S5k
NAc 1 DA /KRR M, 9855 5-HT FEF T %
U NAc 1 DA MBI B2, Mg S-HT K
X DA B A EE I HIER . s AT
fEJE v-2=FE T IR (y-aminobutyric acid, GABA) #f14
JTEA RS RATH BT & BL, METH 7] 76 K
NAc FC VTA CPu } Hip HAS[RI T2 B2 R 9% 5-HT
K-, i CBD i 0] 98 42 0% R JRA/E R . CBD X
v-BHE TR A Z 4K (y-amino butyric acid A receptor,
GABA,R) M 5-HT1A 3Z & 975 /£ HI 7 fE & CBD
BH I 5-HT AR A9 BR 20 CBD fE R 5-HT 2Ry
K], IFXF 5-HT1A 24K B A ish %, CBD f
DLIE % 98 fi 5 S-HT1A 52 4K 8 340 3 A8 8 B 11
METH 2 it

METH #8612 B & & Pk i 8 2 19 &2 4 1
M METH 536 P 5 WO 367 i kx>, H
BEXF METH A8 193A 77 75 3 24 - A OCHE P4 )
254 UK PIRS 259 R AR 25 e T ik i BT
LR AR SR, 7RI A T
AR sT i B W AT AR, — 2l R
R 2 0 R 24 ) 0 3 7807 3% T R O L iy 5%, HL[]
T4 S B A AL R I RS Bk i SR
5T & B, CBD A R TS 75 20K #H B TR T 259
ERE I TP AL E & 1@%%?%##%‘@“2 AJ
RE YT ML A . 1007 25 5 5 S 1 b 28 P AR
b NEF AN 5] 1 i 2833 o %%%ﬂéﬂiﬂ’w\ﬂmvk
B R LS T R S R E L DR T A A G 12
(R A | 30 G B 0 75 S DA 0 R B RS Rl s 1
250290 {H CBD %} METH 4 #i i  F 0 55 450, H

Ja W FHLHA A Rt — 258, B2, J’ATHY
EJ“F%%%EU% METH W] i 25375 5 K BRI P 0 e 2 o 28
1 SR 1T CBD A T 39 A A7 R0 i 1) 55 % 6 A5 4k,
AR [ BIF T4 45 v AN R 1 46 40 i 3R 7 METH 4K
R AR E AR T DA B 356 PR 3 3R AR 4k, T 58 METH
WAL B2 259 T B e 7 ¥ A B T 25 5 5 o O
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Cell and animal studies on the anti-colon cancer effects of five species of
Ferula from Xinjiang
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2. the Fourth College of Clinical Medicine, Xinjiang Medical University, Urumqi 830000. 3. Xinjiang Key Laboratory of
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[ Abstract]  Objective In vitro cell experiments were conducted to study the proliferation-inhibition and apoptosis
effects of five species of Ferula from Xinjiang and several polar regions on human colon cancer HCT 116 cells, and an in

vivo study examined the effects of five species of Ferula from Xinjiang on colon cancer CT-26 mice. Methods Human
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colon cancer HCT 116 cells were treated with five species of Ferula from Xinjiang and several polar regions. The optical
density absorbance was measured by MTT method , the proliferation-inhibiting rate was calculated, and the cell apoptosis
rate was measured by flow cytometry. A BALB/c colon cancer CT-26 mice tumor model was established and randomly
divided into a normal, model, cisplatin and Ferula species high-dose and low-dose groups. On the 11" day, the mice were
sacrificed, the tumor, spleen, kidneys, and thymus were removed, and the organ index and tumor inhibition rate of each
group were calculated. Results For HCT 116 cells, the inhibitory ICy, values of Ferula ferulaeoides, F. songorica, and
F. sinkiangensis were 26. 06, 28. 31 and 42.27 pg/mL, respectively, while the inhibitory effect of F. krylovii was weak,
with an ICy) of 131. 61 wg/mL. F. conocaula had the weakest inhibitory effect, with an IC; of 261. 77 pwg/mL. Petroleum
ether, methylene chloride, and ethyl acetate extracts of F. songorica had obvious inhibitory effect on HCT 116 cells, but
the water-saturated n-butanol extract had only a weak inhibitory effect, and the water extract had almost no inhibitory effect.
Among the five species of Ferula found in Xinjiang, F. songorica had the best apoptotic effect on HCT 116 cells. Compared
with the normal group, colon cancer CT-26 mice treated with Ferula tended to have decreased spleen, kidney, and thymus

weights and organ index, which is consistent with the positive-control cisplatin drug group. In terms of tumor inhibition

effect, the tumor inhibition rates of F. songorica high- and low-dose groups were 61.73% and 67.40%, respectively.

Conclusions

[ Keywords)

BEA NATTAE G K B 42 55, 45 BV i 14 R 56
Etlwb v =k e R TR VR e o R R
HIEH AR AR, & BLIN 22 e 1, HL 55 ) L &%t
B AR, 5 T8 S B2 0k, TR R AN B
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The anti-tumor effect of F. songorica is promising and worthy of further study.

colon cancer; inhibiting proliferation; apoptosis; Ferula songorica
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BALB/c /N : 130 H,SPF 2%, {AH 18~22 g(3
JEIUEY ), M I 452 oh B i R R R 2R SR sh ) oL
[ SCXK(#7)2018-0002 ] $2 it . zh¥y e S 5175 5
bR (ZE i 20°C ~25°C , W 55% +5% ,12 h R/
12 h 2BEE) , sh s NP ilmaE o I, shiy @ ik
K, S iR 5% | S0 S0 R VR 7 8T 5 B R R 22 S
e [ SYXK () 2018-0003 | 4T, W58 A Bt
A 3 LI AR DB I, X S0 B 45T NG X
G 3R TR, BF 5T AR A5 B 5 B B KA S
e P2 B St vfE (TACUC-20220301-40) , 754
SIS H A ZLR
L2 FERKFSMNE

HEE/BEERIFW(J170016, 3 F Hyclone 24
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Hyclone 23 &) ) ; i 4F ML ¥ ( FBS) ( F160123, 3£ [
Hyclone 23 7] ) ; RPMI-1640 35353 ( AD16192263 , 2%
Gibco A 7] ) 3 —HH ILAN ( DMSO) (67685TT, &
[H Sigma 2 ) ; MTT ( EZ2811D347, 3¢ [H Sigma 2
#); FITC 1 BX Annexin-V 8 T2 & ] i 7] &
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CO, ¥555%6 (3£ Thermo 23 7] ) ; TGL-16B .0
PLC B LS REAAR ) s AL 204 HL7KF (M4
MM ZAETABRA R ) 5 BEPR AL (SEE Thermo 23
) 5 = 80°C AR U vk A (T 2K 4R M) 5 it =X 40 il AX
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COSTAR 7l ) ;25 em® 43 77 ( 5215 COSTAR
227 596 L AN ML IR AR (5EE COSTAR 22 7l ) 5
0.22 wm FALIERRE ( ISR RN ) |
1.3 EWHE
13,1 s 5 R ELa0 sk I SR 4R

[ 422 B B ( Ferula conocaula Korov) F6H B[%f
( Ferula krylovii Korov ) . #7 & Bl 28 ( Ferula
sinkiangensis K. M. Shen ). 2 A Bl 2 ( Ferula
ferulaeoides ( Steud. Korov ) , #E W /R B 2 ( Ferula
songorica Pall. ex Spreng) 77 JI>R 5 FHEAH 245 B 4
REE S G BRI g L B A i
S, 2 B R RO 2 B R b IR B e A K RN AT
Ml e DL B2 RS CHT SR 35) B i
iIc 8,
1.3.2
Rl 25

VB 5 T BLAR UIAE BT Bkt T H 5
T Y 95% CPEHEAT MR S B, 1A 2 h, i U8 S
W B AR 2 AR 7 vk A 4R I 2 Ik, i Je 5 0T
W, IR AR N IREE | W15 BRI

SRIG BEAT AN [R)AE ERAS  ahl , IFH op 24k 2
AR A ik B 5 o ] 8 £ e 8 BBy i e s e
A1, A S A% R R A I BE (30°C ~ 60°C) , R
30 min , G i 2 B8 00T, 352 DL E4RAE 30K,
B IFURTR, B VBVl s [ WS A A i T S A6 5 7 i 4
ZICHEOR, FRE, A 5 A5 & B b, 8
30 min , A e S B8 AT, 852 DL B4R 30K
B I IR, DB R IR [ Wi A — U e AL 5 B s
T PR R IR 2P BRI A SR LT K AR AN
TETHE K EAG 3 LR SR A /K A AN TE T Pt
B IKERERL
1.3.3  MTT b @OERIE 3R 5 Fh B S0k A 45 1 9
HCT 116 438 78 9 520

BOAE T X5 RO R I B9 &5 17 HCT 116 40
L, % % 24 VR RS VR MR B 2% 10° cells/mL, A
96 fLAR T, CO, KiF 4 M BE RS 5%, 24 h J5 U 88 5
Tl BT 2 £ Tt 52 U)K A ) Al P F A6 400 i 8% 57
Sy B W OB ML 300, 150, 75, 37.5, 18.75,

5 b B L WA U BN TR A A6

9.375 pmg/mL 6 VR B ; /N0 37 & 96 FLAR Y BV
W, B A 254 100 pL, 4% 6 8L, IEW
ZHI 100 WL AN & 25 90 19 40 B 15 32 W, /E A 24 h
Ja , WA T I A e A A, 2 RIETR,
B MTT K500 2 96 FLAR & 4L 100 pL, %
H3~4 h, 85 RN A 150 pL. DMSO, i 4%
15 min, FHEFAR AL (490 nm) &G W0 WG B 35
B S A 25 K AN [R) A R A X N 25 W de HCT
116 4 o 384 5 300 1) 6 % 1C,

HAFHINHIR (%) = (IEH 41 OD-472541 OD)/
(IE# 41 OD-%5 4l OD) x100%
1.3.4 s 5 P ExT NS5 8% HCT 116 4y
PR TAE

WCAEXTEUE K IR NS5 HCT 116 4, 14
IR BRI N 2x10° cells/mL, fIA 6 LR
W, CO, FEFRAERTFF 24 h (i NG BE REHr s 5 Rl BT R
AR N 75 pe/mL W, T 6 fLikh 4
L2 mL, %5224 h J5 04 6 FLH i NS5
HCT 116 #iHd, 1 PBS 2% v JCK: 4 B 7 B, m A
5 uL Annexin V-FITC {3 , #f 56 37°C )2 . 15 min,
SRIGHIA S WL PT Y3, =X 4t 4SO ARG ), 3145 0
TR R R = (R TR+ T %K) |
1.3.5 4598 CT-26 /)N B4 s

PHARE R 18 ~22 g 1Y BALB/c /ML 130 H, M
T 38 MR 3 d, BEALE T FRIE AT 404, o1
B IEH A AL R R 2 BT a8 S b BT 2RI
SR =i = S e o R o LSS R
CT-26 #iffd, LAAEFRER K BECHI R 13107 cells/mL A4
TR, 1 mL S A /N R T O 42
0. 2 mL, 21 AT B VB &5 T 1], 76 30 min PN 58 4%
U H 2525 BT8R = ARGRI 500 1.5 o/kg 2
2.0. 75 g/kg A= 255 K AE B 45 24 5 VA 25 25 59) 1
5 mg/kg, BEFE 3 d JEETEST 1K 1E & 4B AY 2
3 S HE T [ A6 L A5 e B %) AR R VS I, R S 4
2510 d, iR A K IO ARYE Sh e Y
FHSEHLE AR R A P BN T 1 g,
1.3.6 s 5 Fhp[ 2R Xt 45 B eg CT-26 /N BRI I8
FHIIBIESE

HA/NRAZH10 d J5, RIRG 261 h 5, /iR
S TRUGE R I, AT 302 PR I, R A A VR
30 min,4000 r/min &0, WHUMLIE 5, #1244
/N BRURE 25 2, 40 UM B e R S 3 BT R P BRI
Hat, THE/ NS R T S O T A o
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P9 39 = (AT 2 F- 3498 7 — 45 24 27 B9
1) /A2 - H9R HE < 100%

JHE 85 = I /AR T X 100%

B4 =" /R EX100%

Jib i 4 5 = i i/ AR B 100%
1.4 Zit=EH*

SRR SPSS 17. 0 e+ 1347 430 T,
E GO BB bR M 22 (25 ) FROR , B e X B4
BT IEASYE 7 2255 PERG B0, 5 7 22 AR 57 % Bk AT
e SRS P HE T IR R 5 22 40T, LA P<0. 05
FRERAAGIFFEE XL,

2 BB
2.1 FESTHRBERARRMEIDAIT AL E
HCT 116 s sa i) & i 45 £

R 1 HgE 5 FhpIzx Ak

B S FPBTAL MTT B ks gh R an sk 1,
1, 220 BT, v e % BT 2L i e 290 1Y) £ T 4
YA HIAE B4, 1C,, 4351 26.06,28. 31 ,42. 27
peg/mL, F6 B T ERA0 R 455 1C,, A 131,61 pg/
mL, [5 HE 25 Bl 20 VE F 450 59 1C,, o~ 261.77 pg/ml,
AR ST, I s e AR 2 < ST AR o W K
PRI SR 58 3 2 RE  HEF i, A R A
B TR N B AU T FC HL BT AR [ o =5 BT 2
2 AN AT T HES R W RE AR K AR K
REEAT,

THENES 7% B BN [ AR P 57 MITT b 30 A D0 285
ey 1175 AN R S Y AN [
Fig AT NS5 98 HCT 116 A /R AR B i
JKARLRIIE T BB A7 VE FH 55 , /K 3380 JL-F- A
HVEM

g HCT 116 Ao g il 4558 (%)

Table 1 The inhibiting proliferation of five species of Ferula in Xinjiang on colon cancer HCT 116 cells

T E (/L) N T R ITEL ST FCmpTHL TELE
Concentration F. ferulaeoides F. songorica F. sinkiangensis F. krylovii F. conocaula
300 98.02 99. 45 99.77 89.26 74.52
150 99.51 98. 96 99.19 51. 64 22.96
75 97. 60 88.75 95.50 24.75 15.43
37.5 32.34 37.91 28.53 14.30 12. 06
18.75 16. 11 19.16 0. 45 -6. 14 11. 81
9.375 19. 58 18.28 4.30 -0.98 6. 14
1Cs, 26. 06 28.31 42.27 131. 61 261.77

WA IER IR B 2R3 C MENS /KRBT, D B S 2e ; B . ST BB 2R 7. R4 252,
B 1 HrEE S FRBTALST AL I HCT 116 20 A3 FE4m il 25 &

Note. A, Normal control. B, F. ferulaeoides. C, F. songorica. D, F. sinkiangensis. E, F. krylovii. F, F. conocaula.

Figure 1 The inhibiting proliferation of five species of Ferula in Xinjiang on colon cancer HCT 116 cells
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2.2 HEE 5 MPEENT AR5 HCT 116 4ARaRA
TIER#MR

B 5 AP B LB U T N2 % HCT 116
HREIA —E IR T AR, s 2 PR R T35
S e BT 2 18. 929% , 2 A B 21 22. 48% , T HL KW
B 11.02%, #E W8 /R BT &) 28.50% , [B] 4k =5 B 2
5. 94% , Horp i v SR BT BRI A1 98 T4 FH i

2.3 FEE S MRt A CT-26 /NRAIIERFA
BN

WHGEER AN 3 K 4,8 3 Fin, FERE DI,
45 S W M B I e 20 e AU 7 o 2 /D B 5 GE
HAH I BIRR (P<0.05) , Z S BEAE S E
ST 4 FPBTER LA 245 41/ BRUAER 5 1E 5 41 A 3R
TeH I A8k (P>0.05) .

T2 MEME IR TR A AR A NS HCT 116 SR s4 545 2R (%)

Table 2 The inhibiting proliferation of F. songorica various polar sites on colon cancer HCT 116 cells

AR (pg/mL) L A B e LR TR IE TR KB
Concentration Ethanol part Petroleum ether part Dichloro methane part  Ethyl acetate part N-butyl alcohol part Water part

300 99. 45 97.76 94.24 92.28 78.62 32.61

150 98.96 98.07 95.89 91.29 17. 46 32.18

75 88.75 99. 48 99. 17 92.78 16.03 29.97

37.5 37.91 37.17 53.92 40.21 14. 88 29. 66
18.75 19. 16 40.24 30. 80 19.91 31.57 24. 47
9.375 18.28 18. 88 21.36 4.16 17.49 20.91
1G5, 28.31 20. 46 20.33 41.92 396. 18 12395. 51

F3HRE S PRI S5 98 CT-26 /N BRUR EE SVES 1952 1

Table 3  Effects of five species of Ferula in Xinjiang on tumor weight and organs of colon cancer CT-26 mice

) N TR (g) JR T (mg) JHHE (mg) P (mg) JHg R E (mg)
Groups Body weigh Tumor weigh Spleen weigh Renal weigh Thymus weigh
Py
1E#A 10 24.07+2. 68 / 93.33+0. 01 157.99+0. 02 42.90+0. 02
Normal group
Y
Lt 11 21.83+2.31 370.48+0. 16 74.63+0.01 " 186. 57+0. 23 36.12+0. 02
Model group
I ZH . o
. _Ifl 4 19. 66+1.21" 5.94x0.01%  17.30+0.01™ 106. 20+0. 02 1.42+0.01™
Cisplatin group
5] 4 25 1 77 R 4 )
m%ﬁfx“_”% il 10 22.90+2. 46 506.58+0. 16" 72.65+0.01" 123. 96=0. 03 25.01x0.01°
F. conocaula high dose group
B A 2 A0 R 2
, P2 R 10 23.12+1.76 447.34+0. 16 63.58+0.01" 118. 08+0. 03 34.00+0. 01
F. conocaula low dose group
- R AR Y
*{E@’%““Ji il 10 21.25+1.74 435.20+0. 13 47.83£0.02° 114.510. 03 22.69+0.02"
F. krylovii high dose group
n )2
*EM?WE&“JE’E 9 20.29+0. 90 316.7120. 23 49.7420. 02" 110. 63+0. 04 19.33+0.01°
F. krylovii low dose group
o S B A i 7R R 4
. %ﬁ “@“_“JE i 10 23.82+2. 34 416. 66+0. 32 63.19+0.02 " 121.280. 02 26.69+0.01"
F. sinkiangensis high dose group
BB | 54 ,
'%'THT%EWE‘ A 10 22.65+2. 08 269. 77+0. 08 51.68+0.01 " 116. 89+0. 03 24.5420.127
F. sinkiangensis low dose group
BN RN =%1  f e
] ZME%WJ;@ H 10 21.82%1.65 246.7620. 14 56.57+0. 02" 116. 68+0. 03 23.750.01°
F. ferulaeoides high dose group
. Ap: Fi 54
EEMAEA R 10 23.40+2. 16 235.28+0.09*  59.16+0.02" 125. 58+0. 04 28. 00=0. 01
F. ferulaeoides low dose group
B 7% B 2] e 79 £ 4 . . ”
BRI 9 19.68£1.96"  141.77+0.08"  13.940. 004 68. 16+0. 01 11.5520.03
F. songorica high dose group
THENES 7 B 29T 77 4k 4 .
MR BRI B 10 19.87+1.31°  120.780.06"  18.12+0.01" 83.68+0.01" 3.48+0.03 ™

F. songorica low dose group

e HIEHAAMLL, ©P<0.05, ™ P<0.01; SBAMHL, *P<0.05, *P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.
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A EWSTIR B, 2B, C. fEE RBTEL, DB sm 3, .
FEHBTRL F . IR HEZE TR,

2 CHiEE 5 FhETELNT A S5 HCT 116 4Ry J T 1E 1A
Note. A, Normal control. B, F. ferulaeoides. C, F. songorica. D,
F. sinkiangensis. E, F. krylovii. ¥, F. conocaula.

Figure 2 The apoptosis rate of five species of Ferula in

Xinjiang on colon cancer HCT 116 cells

FENREE AR ECT TH , 45 R AR 5 BT AR = %7
/N E eSS E F A A I R (P
<0.05,P<0.01) , 223 HA G 2# 2 S, Hp i /R
B P D T Oy

FE TR AR O T, 2 S 2 W o v R BT A
RGN EUE B R 8 IE R A L G
2(P<0.05) , 22 A G 2F 5 3 2o 4 Fhp 2l
RS/ NRVE AR SRS I LM AR T B AR
t(P>0.05) .

FERRREE M 48 £ T, 25 SR R P BB
PHE S J1 ] 1 e I 7 o /D BRUM B . W B 48 0 5 1
WA FC A B (P<0.05) , 2 R BR G
S HE 3 PR AR LS 25 4N BN R EE i B A O
B YLAR L TC A AR K (P>0. 05)

FEFDIRE 5 1T, M SC 5 245 5 R 0 F6 HEL BT 241K
FEH A B 5 B AL 70 o 4 | 22 < BT B s A ) e
YHENE SR BT 298 v A1 ) o AL IR R 4 B R 14 51%
27.18% 33.39% .36.49% .61.73% .67. 40%, H:th
VNS SR ST BT 45 s CT-26 /N B30 /R T e

R4 WS FIBTELXT S5 CT-26 /INEUNE S48 B8 3 14 52

Table 4 Effects of five species of Ferula in Xinjiang on organ index and tumor inhibition rate of colon cancer CT-26 mice

415 N MR (%)
Groups Tumor inhibition rate
Y
(AL 10 /
Normal group
R A " y
Model group
5474
4 JIA?ELE 4 98. 40
Cisplatin group
5 4l 25 12 77 R 4
m%ﬁél—‘fuliﬂ 10 _36.74
F. conocaula high dose group
£ YN e
[ 25 AR e 2 10 -20.75
F. conocaula low dose group
: 1R A
1 BT 1 o b
F. krylovii high dose group
FE HL BT AR+ 21 9 14.51
F. krylovii low dose group ’
T s B 5 2 7 k2
HRFIAR A R 10 -12.47
F. sinkiangensis high dose group
i 2
‘ ?ﬁﬁ:ﬁﬂﬁ?ﬂfﬁn]m H 10 97,18
F. sinkiangensis low dose group
AP AT 4 1o 57 2
g#la%ﬁlljiﬂ 10 33.39
F. ferulaeoides high dose group
AP B 4
5%@@%1&:|Jg,ﬁ 10 36,49
F. ferulaeoides low dose group
THEES J0% BT 2 g ) e 21 9 6173
F. songorica high dose group '
W IR BT B 4
THE B K By RIS ) ek 10 67. 40

F. songorica low dose group

52 (mg/ ) 68 (mg/g) Wi RFAE 2 (mg/ g)
Spleen index Renal index Thymus index
3.88+1.00 6.56+0. 46 1.78+0. 62
3.42+0. 67 8.55+1.49 1.65+0. 70
0. 88+0. 65 ™ 5.40+0. 82 0.07+0.05™
3.17+0.78 5.41+0. 87 1. 09+0. 26
2.75+0.36 " 5.11+1.02 1. 47+0. 40
2.25+0.70 " 5.39+0.92 1.07+0.69 "
2.45+0.91" 5.45+2.02 0.95+0.41"
2.65+0.90 " 5.09+0. 80 1.12+0. 28
2.28+0.53" 5. 16x1. 41 1.08+0. 77
2.59+0.85" 5.35+1.13 1.09+0. 37
2.53+0.64" 5.37+1.30 1.20+0. 42
0.71x0. 18 ™ 3.46x0.99 0.59+0.19™
0.91£0.30™ 4.21£0.68" 0.18£0.13™

L SIERAIMI, © P<0.05, ™ P<0.01,
Note. Compared with the normal group, * P<0.05, ™ P<0.01.
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TE A WUEAZH ;B ARRIZH 5 C o B8 = B 20 70 0 45 45 D - [ 4 25 BT 2
AL B AT AL R i 2, F - FT BB RS d 2 5 G 2 sn o
BRI H T B At 2 5 1 2B B s ) i 5 ). <
B AV 70 ek 2 K MBS R BT 200 i e 2 5 L« VB % BT BT 4 2
B3 Z5i CT-26 /) BUME AR AR B
Note. A, Cisplatin group. B, Model group. C, F. conocaula high
dose group. D, F. conocaula low dose group. E, F. krylovii high dose
group. F, F. krylovii low dose group. G, F. sinkiangensis high dose
group. H, F. sinkiangensis low dose group. I, F. ferulaeoides high
dose group. J, F. ferulaeoides low dose group. K, F. songorica high
dose group. L, F. songorica low dose group.

Figure 3 The tumor growth of colon cancer CT-26 mice

3 itig

B2 E Ferula L. K& TRIERT WA} Apioideae
Drude. i 81 % ( Peucedaneae Drude. ) [ &R W ji%
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DA i DX S B 98 S A I 3 Xy
A, MRS CRrastE Y5 ) iC 8, FE 294 25
N W N T R A EE T N N | AN TN
BERLAGE T BLRE FEHL I A SR A
R I R A R R AR Ry
“RBUEL”  TC IR WIFR A AP R ER S
SRR AR KA B IR A2y, e RAc 8 T E Y
G ARy I RA T A L #, B A IEAW
AREDFT

P, BT B0 i) ol A S BT R 3R 97 4
I TR R A R I O ORI R —
SEIAYFVER . Kasaian 25" M\ Ferula oopoda "4}
B AEEmE N BEIE S Y dehydrooopodin 7 FH F A FL
A AN MCF7 FA IR 241 K562, 4% B AT 2%
FAMEIVEFH . Matin 251" A EE BB ( Ferula ovina )
H1 B A 2L A9 Ferutinin, XF A FLARIE MCF7

S5 5% e A% 17 40 IO TCC 77 A B s I3 T 4
TR A SR A BB i KR B A
fi =S H Gt LR Ol A AR, 9T 3R
Xt H i SGC-7901 4 — e M HI/EH , Hp
A P e SR G A7 76 1 e 5 2 BN, FH UK 38R 7R
2 5 AR B R AN [R] R B 2, LA i X
SGC-7901 24 e Ao U il FH S5 B A

MTT 32 1% J5 B 176 40 i o] i MTT 38 J5 R i 4%
sk o F G, T A8 40 M A X AN E R, R
TR DMSO ) ¥ fife 41 B Hh i Y ISE, 200 it 2 B A i 45 6
5 YN E P IE ARG, FEAN AR YL, 3l I 2 0D,
AL A AR A 0 M IR R T A PR R, B
A 00 2 A TR ) B B 5, H AR IS T, B CCK-
8 VA LA R R M R R A AR A
{EHGE FH A6 000 5k 77 A0 B, M A B 55 AR S 86 R
FH MTT 4600 20 B 3 i 1 v 7'

i 240 A LA I i 0 1A B RE T, 3k 2 IR 7E
BILAAR P e o f78) 2 DAL 410 i) g 40 G ) 3 3
REFE = IR B M S5 B IR T AR . AR i 38 [ [ ST
SERE AT T AN AT 1) KSR 25 W0 9 A FA AR 1 A )
FRPRELE 4 % P 4 1€, <30 pug/mL B 100 wg/mL
THIZRAE 80% A4, TR A — a2 B e 18
FH A ot — 2 F 58 9 A0 (B R I AR S 58 45 SR B, il
R DL T X T N5 A9 HCT 116 41, 24
B 25 v NES J T2, S e AT 25 ) 384 508 410 1 A 3 0,
FOHE BT | (53] e 25 o 20 1o 398 50 400 ) A 4 553 ; Heep
TIIVE R B o 0 3807 2 4 b T i ik S H b
LR CBEIRAL, FPHLIR Y AT BE S A L 2R
i BT B O RRE , ARS8 B X 5 Fb
BT 258 e ek g A R R A5 00 25 B 0 2, T LAAAR S 4 i
SEBGHER A A REf 2 A R Y SR, R
BT N S ) S 55 R4 T 28 BRIE

e 240 L 235+ 1) 8 A B AR S T 3R
Y JOAAR L 35 R 5 R R R i B R HOR
FEVZ00 B0 T G 000 e 9 40 B ) 25 R T RE L D BRI,
AR A0 S 384 5, 7 Lk R 1 e A R ) F
R EAE A, AT 40 O T O A TR A
RN 2 A AR A A | 3t A B AR S5 0 vk,
R SRR T LA BT 10° ~ 107 AN 4HE, I AE
A A5 22 O, B A R I (R
P KGR R E 2 A s

PR TS0 %) 40 2 B0 R 5 T Tk 22 &R ( PS) A
B, Annexin- V&2 —Fh BG4S & & H, 7T LIS PS 44
G BUALTNRE (PL) MR RR YL RE, HIOR X 37 1% 1 5
9 RBE R g 100 9 T 40 A, m LA E A i O AN BE A i
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Y F (0, 5P Annexin V 15 PT BXCA i
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IR SHE RE A AS PR H At o Aol ]
Brp T4k 5 24 i B 20 24 RORH LA i R 5 24
Wl S5 SR R 5 Fh B BT R S0 rh | E
BT B v A R AL % 25 B g N BRI R R R
61.73% .67. 40% , LA F B  Z2 =Bl 8155 i Fh, 46
LTRSS P 2R B B R 22 TE (IR 25 e
F8 IR Hr R ST B R 25 W, AR 245 %t
JiIeg AR R KT 40% I, AT A2 ) 2 i 2 W LA
—E PR, B o — 2 s i m
T DN 45 SR I8 7 Y NES % el 5% 465 i i vy 410 ol 1
LT ARt — S IR AM R S5 %,

ZE LTRGBS FhREL D R R BB NG5
Jpdes HCT 116 40 Ml BAG BE 5 #0610 42 6 T-/E T, %t
“hlmiE CT-26 /NI R85 m, BB M2 H
WA, PRI, AS TR AS IS 0K LAV W8 JR BRI 25 Sk 1F 5%
J3 AT S R AR B EE D) R R A AR bR Y
RE P N B IEH 40 A A R, DA T P A o S K Bk
BB 0 B B 2 Ak, itk — IR AR ST S
FE SO SERY
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1 223K microRNA-26a K 522 J2 1 40 M i R 7 b A
XHR T BE 58405 BB T A A 18 52 M)

TP, F R ARG, E R’
(W R¥MRERE, FiT  810000)

[{HE] HE H5TEE microRNA-26a( miR-26a) B K K B T4 (EPSC) K JEAMNBA ( Exos ) X 1T BF
Pl KRB A& R, J7iE RO 3R KR EPSC, FH#EH miR-26a-4¢ (A5 YK 11 ( GFP ) Y18 55 25 00k A1 B
PEXT B (NC-GFP) 5 U L) I miR-26a ik, IF MR YL ) EPSC,NC-GFP %441 EPSC X miR-26a-GFP 442 (¥
EPSC 1438 Exos, 3% I L F W AsU8E ( TEM) NN AL F-38 257 4387 (NTA ) WL%E Exos TEAS IR/, 25 1 T BN ( Western
blot) Kl Exos M A5 &4 CD9,CD63 F1 CD81 [ R 1k, 5 28 0 i 1 B & Wi 45 [ v ( RT-qPCR) Kzl EPSC &
EPSC-Exos " miR-26a ik , CCK-8 {46 EPSC M4 FEIE M ; /NETE B S 55 T4 miR-26a-EPSC-Exos X Ifil 4 A B
SO ST BRER I BEBE AL | 43S X HRZH ( control 2H ) \NC-EPSC-Exos 41l miR-26a-EPSC-Exos 41, 541 30 H
NC-EPSC-Exos 41l miR-26a-EPSC-Exos 21 K f 445 T AH M [ Exos T, control 41 K fR4A T Z AR B PBS, &:JA 1 ¥k,
Fe83 B, NESGIREE 7,14 T 21 K MEA R BUR G QTR AL, 7155 6 AL A 38 HE Ze SR A1 I 2 20
BE2EARAL, AT A L2100 5 e E A SUR2E A I A1 CD31 R ER TR B B (MVD) , 48R miR-
26a Y] 2 FHE EPSC K Exos 1 miR-26a ik, fR#F EPSC 4l i34 58 ( P<0. 05) ; TEM F1 NTA 43Hr4s R s,
Exos B , FARTE BITE 40~ 150 nm, CD9 . CD63 F1 CD81 #4152 P e ; /N IE AL S 30 45 3L 1B 7%, miR-26a-EPSC-Exos
A I A B (i N R A I A A (P<0. 05) o IR N B ) S B 45 2R 7R, miR-26a-EPSC-Exos A I 2 /il
BB bedsi K RN A& FE &2, B dl 41243743 F1 MVD (P<0.05) , #1833k miR-26a i) EPSC-Exos ] fi¢
R R R BT @A .

[RBIA] 2 TAME B T BB ; SMA ; microRNA-26a; I & 2E A

[hE4ES] R-33 [ XEktRIZEE] A [XEHS] 1671-7856 (2022) 11-0034-09

Effect of microRNA-26a-overexpressed rat epidermal-stem-cell-derived exosomes
on wound healing in rats with deep second-degree burns

WANG Xianzhen, LI Yi, WU Xiaowei, CUI Qiang”
(Qinghai University Affiliated Hospital, Xining 810000, China)

strac jective o Investigate the eftect of exosomes X0S erived Irom rat epidermal stem cells
Abstract Objecti To i ig he eff f (Exos) derived f pid 1 11
(EPSC) overexpressing microRNA-26a ( miR-26a) on wound healing in rats with deep second-degree burns. Methods

Rat EPSCs were cultured in vitro and transfected with lentiviral particles carrying miR-26a-green fluorescent protein ( GFP)
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and negative control (NC-GFP) to up-regulate the expression of miR-26a. Exos were separated from untransfected, NC-
GFP-transfected, NC-GFP-transfected and miR-26a-GFP-transfected EPSCs. Transmission electron microscopy and
nanoparticle tracking analysis were performed to observe the shape and size of the Exos. Western blot was performed to
measure the expression of Exo surface markers CD9, CD63 and CD81. Real-time fluorescent quantitative PCR was
performed to measure the expression of miR-26a in EPSC and EPSC-Exos, and the CCK-8 method was applied to measure
the proliferation activity of EPSC. A tubule formation experiment was performed to evaluate the effect of miR-26a-EPSC-
Exos on angiogenesis. A rat model of deep second-degree burns was established and separated into control, NC-EPSC-
Exos, and miR-26a-EPSC-Exos groups, with 30 rats in each group. The NC-EPSC-Exos and miR-26a-EPSC-Exos groups
were given corresponding Exos intervention, and the control group was given an equal volume of PBS once a week for 3
weeks. On the 7", 14" and 21" days after rats were burnt, the burn wound conditions of the rats in each group were
observed and the wound healing rate was calculated. HE stainning was performed to observe histopathological changes of the
wounds, and histological scores were obtained. An immunohistochemical method was employed to measure the positive
expression of CD31 on the wound and calculate the microvessel density. Results miR-26a transfection significantly
increased the expression of miR-26a in EPSC and its Exos and promoted the proliferation of EPSCs (P <0.05).
Transmission electron microscopy and nanoparticle tracking analysis result showed that Exos were spherical,, with a diameter
ranging from 40 nm to 150 nm, and positive for CD9, CD63, and CD81. The tubule formation experiments showed that
miR-26a-EPSC-Exos was able to significantly increase the tube length and promote endothelial cell angiogenesis ( P<
0.05). The result of the in vivo experiments showed that miR-26a-EPSC-Exos significantly accelerated wound healing and

repair in rats with deep second-degree burns and increased the histological score and microvessel density ( P<0.05).

Conclusions

[ Keywords)

B R B R o K a B, SR AN SR
FETEFSE B B DL E T T R R kB
PEBEAE BLAUIR YT S, S BT TIZ 1 e
B R B h, B B2 R 1Y B ROk
SABATR B, Bt T HERs SO, B e 2 s
LRI 3 1 B R RS AR A P O R R AR
A ERBHEYRORA IR, L, 8 P 24 2067
BRI B nH T

TN T 10— RO AR T IR B 58 405 U A
A BE KT A R SR R R A I Ik
(exosomes, Exos) /& T2 A SCHE 3 M ) 2 — , 98
3B, 6] 70 5 T 4 B Exos 9% UE BH v] 42 #E 476 47
OGS —Fa ES R R D S R
7 OTENTY S BR T IR FE R T AR B Ah A HRE R,
JRAH LR A F ST A 1 18 52 2 MO T 3R B T
A0 (epidermal stem cells, EPSC) fy 40421 1 5
Srfk. EPSC J2—Fh Z R4 26 B, 7405 H & A
YA TR SCHAE T EPSC EH THB E R
15 45 0 L e e 5 5 RS 1Y g R AR 00507100 O
HAHGEFR, EPSC S Exos (EPSC-Exos ) 7E473 11
A R A AR e R A R U miR-26a 1A
CD34" T-4HHifY Exos 1 miR-26a 1323k 3 7,
IR A LA AR R S B W B BT R

EPSC-Exos overexpressing miR-26a can promote wound healing in rats with deep second-degree burns.

epidermal stem cells; deep second-degree burn; exosomes; microRNA-26a; angiogenesis

SRR SLIRFEN | T miR-26a T B IE B AT A &
B A DA A B ATR T RS R, AT
LA EPSC Ry AR 4 i, 38 4 4% miR-26a % UL F|
EPSC " ¥ EPSC-Exos F' miR-26a %5 & LIS
R T B3 R BB 1 A & 5

1 #E7E

1.1 SEIE#HR
111 SEEzh

M B A BE L T 245 ) i 5T 9T [ SCXK ()
2020-0005 ] 3575 90 H SPF ¢ il 4F- Sprague Dawley
(SD) HMEPE R B, 1A (220+20) g, 7 ~ 8 JH#E . 3
E T 1R B 2 Bt v J B 24 58 0 [ SYXK ()
2020-0001 ], FF A5 K ERAB PR FF7E Z P IR 85 25 1F T
TR (22+2)C, B (55+5)%,12 h 6HE/12 h
BB IR . A9 285 1 R 2% B2 2 o s Jit 5 7 i 5%
UL SIS S8 5 4 B 1 b ME (TACUC : 2021
-008) , - 4% SC U s Y 8 FH 1Y 3R TR W 45 7 N
1.1.2  #i

KL EPSC AT # ik N K 40 it ( HUVEC) 1
H L Syt A TR A BR 2 Al (JK-R2987 ., JK-
CS3528) . ZHJfu7F DMEM % 77 3 (& 10% Jit 4 1
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H) L TE37C 5% CO, RMF TR, MAl g
IKF] 80% ~90% I HEATAZAR , A WF 5 A FH A 3~5 1R
2R
1.2 FELFSNE

HERHY miR-26a-2¢ (0 G E H (green fluorescent
protein, GFP) )85 5 F0k7 A1 BH 4 %] B8 ( NC-GFP)
) H Genechem Corporation( H [E [} ) ; CCK-8 {5
& (cell counting kit-8, #t % : C0038) \HE % {1 7
(#1t5:C0105) .RIPA ZLf# ¥ (L5 . POO13B) A1
W] T FR ( bicinchoninic acid, BCA) &5 & (L5 .
P0012S) 14 F 2 = KA FHE 2 7] TRIzol 115 (4t
+5:15596018) | EE =® RNA 30 4% S5 & (4it
5. AB-4366596 ) 14 H 32 [ Invitrogen 2\ #; SYBR
Premix Ex Taq (it : DRRO41A, H 7&K TAKARA 24
A s RIE—HT CD31 (it . ab182981) A1 HRP filHK
) 1gG Bt (L5 ; ab6721 ) W H FE[H Abcam 23 7 ;
BIR — P CDY (It 5 MA5-31980) , CD63 (#t 5.
PA5-92370) #1 CD81 (it5 . MA5-32333) Il H 3¢ [
Thermo Scientific 2\ F

Synergy LX gy}ﬁ%@@*ﬁ‘ﬁ(( 2 [E BioTek 2\ ] ) s
Mx3005P S2HT5¢ 52 PCR X ( 32 [# Stratagene 2
A IX 70 2% BB ( H A Olympus 22 A ) ;
Coulter Optima TM L-80XP #A i# & .0 #l ( 3€
Beckman 23 ) ; Hitachi H-600 1% 5 B, T 8 1 5% ( H
7 Hitachi 23 7)) ; Nanosight LM10 kL BR 15 73 B 4
(HL[E Malvern Panalytical 23 7)) ; YLS-5Q # 2% 5 I
ZAAL( IR R R AT .
1.3 XWAHE
1.3.1 miR-26a 18K &Y EPSC

BREZTE 1x10° N4 EPSC &5
S0l 12 5 B OWORL ORI 20 pL R U W W
(15 pL HiTransB-1 #l 5 wL HiTransB-2) 1t i &
12 h, 72 h J& {8 F 26 ' b il B WL I e sioR 5L
Ao Ot R & A i 4% ) L ( Real-time quantitative
PCR, RT-qPCR) F A 2 we/mL EIWA 55 K /) ik
20 d J5 EPSC ' miR-26a AUFaE ik,

Ak, CCK-8 17 & FH F R I 40 a3 g, Kok
S5 5L YL EE AL Yy NC-GFP .miR-26a-GFP ) EPSC (5000
/L) FFPE] 96 LA, 23 ) R xE BREH (Cr 4 |
NC-GFP #1 . miR-26a-GFP 41, 4% 5 24 48 .72 h J&,
FALMA 10 pL CCK-8 ¥, M E 2 h J&, {1 FH i
FRASCAE 450 nm Ab ) & 5% BE (optical density, OD)
{EL,OD fEACFRANMLIE T1 .

1.3.2 Exos 53 55 %5

MR 55 352 41 (A %% %« EPSC NC-GFP #4411y
EPSC 5 miR-26a-GFP % 4L1¥) EPSC) Y JC I i 4% 7%
Herp 2 B Exos (MK IX A 4 4 Ctr-EPSC-Exos . NC-
EPSC-Exos . miR-26a-EPSC-Exos ), ¥ 3% 3% 5t LU
1644 v/min &5.0> 10 min F1 4245 t/min &> 10 min
LERICAN AR o SRS R FVE W 9492 +/min
B0 30 min, 2R 5 7E H 220 AL LA 31480 1/min
B0 70 min WAR Exos, 0T W) BB S TEAE 2 mL
IR EL 2% WP ( phosphate buffered saline, PBS) H1,
FF7E B B HL T L 31480 +/min T YK S B L
70 min, HFUTTEN) Exos HHTEVEAE 200 pnl PBS Hr,
HAEAF7E-80°C I T IR 223460 .

Exos B4 RE : (1) B YT T B IHUBE (transmission
electron microscope, TEM ) WX Exos JE2% . f#i | TEM
W %% Cir-EPSC-Exos . NC-EPSC-Exos il miR-26a-
EPSC-Exos [ 18 &5, (2) 4K KL T 38 & 4 i
(nanoparticle tracking analysis, NTA) ¥ Exos K
/NGBS ¥ Exos F 700 pL JETE PBS M BIFIR G
)], NanoSight LM 10 43 #r Ctr-EPSC-Exos , NC-
EPSC-Exos A1 miR-26a-EPSC-Exos Y R ~F K /N,
(3) %5 H R ER 3 ( Western blot) ¥ Exos 45 Rk
THAR AW 9 35 - 1] Western blot £l Exos 2 I
PR CD9 CD63 1l CD81 MYk . i 2 1 JFi 43
B R & 4 B Exos MY EE BT, Al BCA 00 5E
Exos W45 H B FE , SR G 7E 10% | — e Bt 2 B4 -
W M B M B B ( sodium  dodecyl
polyacrylamide gel electrophoresis, SDS-PAGE) I Hi,
UK B SRR 1, SRS e 8 2 R O R & 44 5
(PVDF JB) %16 T 5% A0k 2101 2 h SRS 7E
4°C T R ERYPLA CD9 . CD63 I CD81 i H i 7L,
RJE TE = T 5 R S AL B P A L
(horseradish peroxidase, HRP) {HI¢f% 1eG —$i(1 :
5000 i fE) —&MEF . #H Quantity One 43 #r # {4
Rl
1.3.3 RT-qPCR ¥l EPSC-Exos H' miR-26a #ik

{ifi i TRIzol i A Ctr-EPSC-Exos , NC-EPSC-
Exos .miR-26a-EPSC-Exos A7 2 Bl & RNA, fifi f 3
B AR G AE 42°C T HE S RNA (1 pg) F AL 5R —
W H 4 cDNA, #RJ5, ffF SYBR Premix Ex Taq i
T RT-qPCR, 2510 . 78 95C F #1458 P 5 min,
IRJGTE 94°C T 721 30 s .60°C 20 s.72°C 25 s, kAT
40 MIEF . HIXF miR-26a Rk 1K U6, R

sulfate
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F 278 ki Ar e L S FE ST,
miR-26a 1E [0 51 ¥ J¥ % (57 - 37):
CGTCCTTCAAGTAATCCAGGA FISZ [ 31 ¥4 (5°
-3"): GCAGGGTCCGAGGTATTC ; U6 iF[115 |9 %5
(5> =37): GCTTCGGCAGCACATATACTAAAAT Fi
I 519 F 51 (57 -=37) : CGCTTCACGAATTTGC
GTGTCAT,
1.3.4 CCK-8 A5 miR-26a-EPSC-Exos Xf EPSC
R A

¥ EPSC LA%EFL 5000 /21 Jifd () %% B T 96 fL
e, & Cu-EPSC-Exos ,NC-EPSC-Exos . miR-26a-
EPSC-Exos (&M J9 50 wg/ml) BY 15 55 503 51 b
B SR AEALTESS 24 48 F1172 h AL A
10 pL CCK-8 ¥, % & 2 h, fif JH B pr 400 &
450 nm AL OD 1A,
1.3.5 /NEIE RS

PPAE miR-26a-EPSC-Exos X ML 45 A= )i 1Y 5% Wil
i1l HUVEC #4710 . ¥ HUVEC 4%71% 6 £L
M, I 7 JC 1l 85 97 L A Co-EPSC-Exos , NC-
EPSC-Exos , miR-26a-EPSC-Exos (50 wg/mL) &b #f
SR IG5 AL RN B 1A Matrigel 7Y 24 FLAR - (2. 5%
10* /4L) , #£ 5% CO, T F 37CHE 12 h, AR5
FH 1% )56 1 -29% 22 B P SV TR 8, 7062 it
BE UL N R A I AE IR ) 45 1Y TR T A0 R
Image J BN EE K,
1.3.6  REGE BE B 031558 1) 2 37 Fl EPSC-Exos
RIT

W4 R BT I B b 249 (40 mg/kg) 6 S) JFR
W) IR B LI, %0k kR
FHZ A3 % 38 400 3 A5E DX AH ] 7 B e B — B4R
h 2 em DX A R T RE B 45 K B RS, 2 800k
K 17 0. 03 MPa I 106°C 54 ] 5 s (LA F i
B O 2R R UESE ) o 5 S FH G b A= 28
ERKIEVE, 1L LR AN ARAR VW (5 mL) I8 v
UNE/N I NN

TR R KB A X BR 4 (control 4H) (NC-
EPSC-Exos 21 il miR-26a-EPSC-Exos 4 , 540 30 H .
NC-EPSC-Exos 21 F1 miR-26a-EPSC-Exos 4 K Bl 43
WITEA 1 8 B 5 100 g Exos ( NC-EPSC-Exos F
miR-26a-EPSC-Exos , %% T 200 wL PBS 1) , control
R RS TR PBS, 48 1 W, 3541 3 4.,
1.3.7 BRI AE] i f AR

WREE 45 21 K BRUpe 105 B TR B0, A0 95 Bz ik B3 2

SEPARDL ) A ERILAE . B 7 d R AR SR
— IR Bz kA A5, 18 Image-Pro Plus 6. 0 20440 & A1
SR A RN BTN G3 = (-4 DT A e i T
) x100% , T 3 K, BOF I EAE R L0 2
1.3.8 HE 5

Oy AR BT IG5 714 A1 21 KRk BE MLk B
10 HA R, A5 J5 B3 11 Bz ik (4 mm®) |, 3
ETE 4% ZBWEE (pH=7. 4) W Bisk s 4]
B 4 wm VIR, 4 HE e 0 )5 1762 i B i A
MR LA S50 T F R Ak RAE SO | E 20 M I
A BRI ZE LU W, X A5k YT H AT 1~ 10 1)
i A AL
1.3.9 gl gifbzik

240 A7 Wik 2H 2R ) 2 P R G Gk 2 T N s
K, HHEAM K B (20 ng/mL) 7E 37°C T ik
APt AE S 15 min, Y1 A 1L 2E 1007 £ AT 30 min,
SRIGH—Hi CD31(1 : 100) 7E 4°C P E &, ¥
B KR 5296ARE i (1 : 2000) 78 = IR
TOFE 1 h, DAPT Yei%, WikBeUigg, A5k Pl R bl
PLIESE 5 A% CD31 BRI 20 i 3 A i il 48 2%
& ( microvessel density, MVD) ,
1.4 FitEHRZE

BAEGTHr R A GraphPad Prism 8.0 #f4:,
DI Al 22 (x2s ) R, 241 ] L3R LA
B 225007, it — L P LA R SNK-g /56, DU
P<0.05 NESAGITFEL,

2 #R

2.1 FRSRERNMARTE S

DG B T BT %% B 5% e NC-GFP Al
miR-26a-GFP [] EPSC, WL 1;5 Ctr 41 Fl NC-GFP
ZHAH HE, miR-26a % Y 1] g 25 {2 F EPSC 41 fitd 38 7
(P<0.05), W3 1;RT-qPCR ¥ 45 B8R, 5 Cur
ZH Ml NC-GFP #H #H kb, miR-26a-GFP 20 EPSC
miR-26a Fik W EFH 5 (P<0.05) , L3R 1,

Bl 1 NC-GFP I miR-26a-GFP 4% Yei
Figure 1 Transfection efficiency of NC-GFP and miR-26a-GFP



38 o AR R 2 4 2022 4F 11 4532 %55 110 Chin J Comp Med, November 2022, Vol. 32,No. 11

2.2 EPSC-Exos H1 Exos R AEFN miR-26a &%k

TEM Fl NTA 7t 4558 WL 2, Exos S EKIE , B
PV FEIFE 40 ~ 150 nm Z [8] ; Western blot 45 5 g 7
Exos FIZR A YIFREY CD9 CD63 Fl CD81 ¥4 5 fH
P£, RT-qPCR Z5 R /R, 5 Cu-EPSC-Exos il NC-
EPSC-Exos At , miR-26a-EPSC-Exos ' miR-26a %
KK R E TR (P<0.05) , WK 2,
2.3 miR-26a-EPSC-Exos X EPSC 158 i 5

5 Cir-EPSC-Exos 1 NC-EPSC-Exos # It , miR-
26a-EPSC-Exos 7] I 3 34 il EPSC 3 78 & % (P <
0.05), W33,
2.4 miR-26a-EPSC-Exos X} ] 57 48 A1 Ifn & & R B9
A

5 Ctr-EPSC-Exos #i1 NC-EPSC-Exos #H I, miR-
26a-EPSC-Exos A B E 34114 K i (P<0.05) , WA
3 FIER 3,

2.5 miR-26a-EPSC-Exos X} I B %245 KX R €1 &
RERMm

B a5 0 K A Rt dl e IR 5 RE | K
H, I ZOEW ., Beth)E5 7 K, control ZHF1 NC-
EPSC-Exos 241K BB TH A TR €00, H.25 90012 B2 A
BI5), #5r HE A AW K2 1 miR-26a-EPSC-
Exos 41 B A T 52 IR 41 €0, 30 2% ¥ b , 0 43 38 7 B
=AW BaiJE 5 14,21 K, control 40 A1 NC-
EPSC-Exos 2H K B 458 473 11 FR 22 48 s />, 475 ] L &1
Jith K271 B2 43 Wb ), miR-26a-EPSC-Exos 2 K B A 1]
FARGAE MR, B0 Bkl 2R R ok, L
K4, BefhiJas 14,21 X, 5 control 4141, NC-
EPSC-Exos #H fil miR-26a-EPSC-Exos 2H K KA ifi A
AR EWIN(P<0.05); 5 NC-EPSC-Exos 41 1H
Lt , miR-26a-EPSC-Exos 41 K B A 11 1 A R i 3 4
Jin(P<0.05) , WK 4 fiizE 4,

1 A4 EPSC AN Iy A miR-26a KV AL (n=3)
Table 1 Comparison of EPSC cell activity and miR-26a level in each group

YA HfaTE JJ Cell activity( OD,s)

215 Groups gy yryy P miR-26a

X R4 Ctr group 0.35+0. 06 0. 50+0. 07 0. 63+0. 08 1. 000. 00

NC-GFP 0.33+0. 05 0. 47+0. 08 0. 62+0. 07 1.02+0. 13
miR-26a-GFP 0.52+0. 07" 0.73+0. 09" 0.89+0. 11" 3.49+0. 37"

T SR BRALMILL, *P<0.05; 5 NC-GFP 41k, "P<0. 05,
Note. Compared with Ctr group, *P<0.05. Compared with NC-GFP group, "P<0. 05.

A SNBIRTEAS s B ANBA RS ; CANBIRRTIFRICY) CD9 CD63 A1 CD81 IRIX
B 2 Exos AL
Note. A, Exos morphology. B, Exos size. C, Expression of Exos surface markers CD9, CD63 and CDS8I.
Figure 2 Characterization of Exos
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2.6 miR-26a-EPSC-Exos ¥t iF Il B %5 K R €1 |
HLAREET U

TER G 7,14 F1 21 K (n=10) XF KRIAEAT
THHLUHEPAL . HE Q25 0 BoR B E 5 7 K,
control ZH 1 NC-EPSC-Exos 2 7] W, /b5 5% Fr 41 g 3
B, B A R 2R /D SRBE L0 L LA R P A it 9 v A
% ; miR-26a-EPSC-Exos ZH 1 W 2% 5] K 1 3 i 4 iy,
R 2R UG, B A0 IS A, AR PR 20 IR T U

& 2 EPSC-Exos # miR-26a FiA K (n=3)
Table 2 Comparison of miR-26a expression in EPSC-Exos

20 5 Groups miR-26a
Ctr-EPSC-Exos 1. 000. 00
NC-EPSC-Exos 1.050. 14

miR-26a-EPSC-Exos 3.21£0.35%

5 Co-EPSC-Exos 4L, “P<0.05;5 NC-EPSC-Exos 4141, "P
<0.05,

Note. Compared with Ctr-EPSC-Exos group, “P<0.05. Compared with
NC-EPSC-Exos group, " P<0. 05.

F3 KU EPSC BTG MEAAE K LA (n=3)
Table 3 Comparison of EPSC proliferation activity and tube length in each group

Ggijgb 24 h AREZ Lei;;ﬁmﬂ ODin) 2h K (um/field) Tube length
Ctr-EPSC-Exos 0.310. 04 0. 45+0. 06 0.53+0.07 6357.29+758. 44
NC-EPSC-Exos 0.32+0. 05 0. 47+0. 05 0. 56=0. 06 6428. 34+705. 65

miR-26a-EPSC-Exos 0. 45+0. 06" 0. 66+0. 07" 0. 78+0. 08" 12049. 56+962. 18"

115 Ctr-EPSC-Exos ZHAH I, *P<0.05; 5 NC-EPSC-Exos 414H ., "P<0. 05,
Note. Compared with Cir-EPSC-Exos group, *P<0.05. Compared with NC-EPSC-Exos group, " P<0. 05.

B3 UM B AR T A AE

Figure 3 Tube-forming ability of endothelial cells in each group

4 HARRYHEARL

Figure 4 Wound healing of rats in each group
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D BRI 14 .21 K| control ZH Fil NC-EPSC-Exos
) T S B ) A L R A S IR U
/b s miR-26a-EPSC-Exos 2H 7] UL A 1 i 26 Kz 40 g
ST T AN, B R A g R T
Dy AR, o] L BT AR R AL, B AN
EEE AR LR RGN A, B R A
1, WE S, TERER)ESE 7.14 F121 K, 5 control 4H
A, NC-EPSC-Exos ZH Fil miR-26a-EPSC-Exos 2H K
SR T2 2L VF o i S (P <0.05) ; 5 NC-

EPSC-Exos ZHAH F , miR-26a-EPSC-Exos 4 K Bl A1 i
HAUFPEA> N (P<0.05) , WL 5 FI 5,
2.7 miR-26a-EPSC-Exos X} I B %245 K R €1 &
fiik=geFoA:0pA |

5 control Z1#H L, NC-EPSC-Exos 4 il miR-26a-
EPSC-Exos 41 K A TH CD31 &35 & 58 fH 1, MVD
AN (P<0. 05) ;5 NC-EPSC-Exos 41AH I, miR-
26a-EPSC-Exos 41 K L A1 T MVD & 3% 34 in (P <
0.05), WK 6 FlE 6,

Fa4 FARBRAUEASRLE(n=10)

Table 4 Comparison of wound healing rate of rats in each group

A A S 2 (%)
25 Groups Wound healing rate
7d 14d 21d
Control 9.58+1.24 45.35+4. 61 72.76+5.90
NC-EPSC-Exos 10.03+1. 46 51.70+5. 23" 83. 14+6. 25"
miR-26a-EPSC-Exos 28.20+1.75" 63.49+6. 85" 95.23+6. 36"
T S XHIRAAREG, “P<0.05; 5 NC-EPSC-Exos 41, "P<0.05,
Note. Compared with control group, *P<0.05. Compared with NC-EPSC-Exos group, " P<0. 05.
x5 SAKRROImAL T K (n=10)
Table 5 Comparison of wound histological scores of rats in each group
BT LUF P4
205 Groups Wound histological scores
7d 14d 21d
Control 2.49+0. 35 4.08+0. 50 5.11+0. 64
NC-EPSC-Exos 3. 15+0. 39" 4.72+£0. 55" 5.90+0. 67*
miR-26a-EPSC-Exos 3. 64x0. 42" 6.59+0. 61" 7.21:0. 80"
T SR, *P<0.05;5 NC-EPSC-Exos 4141t " P<0. 05,

Note. Compared with control group, *P<0.05. Compared with NC-EPSC-Exos group, " P<0. 05.

E5 HAKREImAL HE Jet

Figure 5 HE staining of wound tissue of rats in each group
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B 6 454K SR i A A A1
Figure 6 The angiogenesis of the wound in each group of rats

x6 FHUHARAIE MVD & (n=10)

Table 6 Comparison of MVD in wounds of rats in each group

205 Groups

A 2 (R 5P ) MVD/HPF (high-power field)

7d 14 d 21 d
Control 20.35+3.48 33.08x4.25 51.20+7. 16
NC-EPSC-Exos 34.19+3. 76 42.36+5. 81° 63.45+8.22°
miR-26a-EPSC-Exos 51.60+5. 35" 70.09+8. 32 85.61+8.91°

. GXFIBA AL, *P<0.05; 5 NC-EPSC-Exos Z4H ., "P<0. 05,

Note. Compared with control group, *P<0.05. Compared with NC-EPSC-Exos group, " P<0. 05.

3 it

et e B IR 405 0w UL IR ane] A R A
B A AR R AT I — N EE L A

/N RNA ( microRNA, miRNA B miR) 7 Il &
A O m AT EEIEH ., PEtE , miR-26a
AT AR A I A A A R /N B O JUAE B A R 1 A
A O HLRTZE K B K TR R S R RS A W 1F
R miR-26a 1l RE S R IR O LA A A A
FITRYT LS, AR, A B miRNA #1577 1) —

A EZPRAE  AMEERNAY miRNA 298 102 s
TRV B AZ A% T Tl G S A e, ol W R
U8 3k TR I T T 3 o, DA T B /N ) AL 4R
SE/INAIRYT R DL X s AT DL
18 Exos 1 miRNA # Ak w iR, BT
Exos FaE #38 miRNA , Ff HX 32 14 T 41 i 5 74 A 8k
AR PRI, 5 35 1 B 8N AR ) i R e % 4
AL, BT Ay K, Exos — HLigE A4, 5t
AT UG S S R AR

T YU L 55 WM S R B B AR, B
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JBCAE T TR 5 W) 40 R 38 R RS Exos A
X2 2 M2 TR G D 1) B 55 4 WA TR B O 2
IR I REYE B (M B miRNA #4 iz 24040 40 o 1Y
S e [ 0 TR A T, R 2 4008 2 N AR PR 32 S AR
2 Exos B BE 5 & A1 A9 25 48 40 i &= B AH
1'% Fa5E Exos B A miRNA AT $2 (A %5 1 4
~HbnL B RS, TER B B ok F Ak
X R e B e b B, I EPCS A iE i
W &S VR . EPCS B A A4k
W1, S 5 R R IR 5 S5/ AT BE, B4R EPCS
BEBE e 7 R A R G A A A Ao e,
I, FRATRE miR-26a 12955 75 WORLFE Y4 31| EPSC L4
& EPSC-Exos H' miR-26a /K, 3 58 H: X} EPSC
TG MR RE ], S5 R PR, 7E EPSC Wit Kk
miR-26a Ji , H Exos 23175 35 = 1) EPSC M4 FH T 14 ;
AN, Fe AT & it R 38 miR-26a ) EPSC-Exos 12 #f
T HUVEC 40 /NE 9 TE 1, 2B EPSC-Exos 3 11
miR-26a X 1ML A5 B A R TR

FET IR SR AP IR 25 5 FATT i 3R 3K miR-
26a 1Y) EPSC-Exos Va7 B kB R B, 7R 1 BEA%
PR B, AT A, 1 33K miR-26a 1Y EPSC-Exos
A IR 1R e 45 K BB T A AL 4L PE A
7R, 3383k miR-26a () EPSC-Exos 37 T 43 11 1Y
TR Ak, R8N T 05 U4y, ZR B 1 A b
BT, W CD31 e fie 24Uk 2= Qe Bk 5 ik
%3k miR-26a [ EPSC-Exos #4111 T il EPSC-Exos 1A
SYI0; B 400055 % B . $27R, EPSC 43 Wb i P+
AT LDAAE B A5 A BOR 5 O A FRATT B U UIE A
EPSC-Exos 715311 miR-26a 33 7% 7] 68 0% 11 B Baf5
PEHUE—FA R SCIRTT R

25 RT3 3K miR-26a () EPSC-Exos A {2
HER T BERe s R BRBNTH A1 . ABFSE Y 200
AR5 miR-26a 1Y EPSC-Exos X447 1 A1 & H 5%
M) , A AL T R AR, 72 AR A58 2
A RSN S A Ar AR AL

S 3k
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28 2 3 o7 HIF-1o/ BNIP3 4 S 00 A = 250 1%
A2 3 /)N BRI A M i 5 405 1 &2

Fee g3 A wm kT, THEW  MAER LA AL EEEY
(LEMKREE—ER, KE 130021 ;2.0 KFEER MER:  M/RE  150088)

[HZE] HE HITHZE S EEE T HIF-10/BNIP3 A0 [ W5 558 BAR 35 /S BRUS UM I i 0548 2 /e
MU, FiE  FIH CQY-1 BU/NSl Myl 0k U ZR Ge 2 7 /s BRI e a0 A G /) BRI SR 52 BF 1) o R A0 23
L RARAY  2H 2 B A Yl o R ) R UG ZH 2008 A 2 AR . Western blot J7 5 46 I /I BRUR 2 20 HIF-1a, P53,
BNIP3 Beclin 1 ,LC3 P62 (IYERHRIEAT, &R SEAA L, A2 BERRE LK /) BB T 32 B 8], 38 K B4R
/ISR R IR A3 23 ) AR 4/ BRUA 0 28, 2 1 5 X G 20 2R 453 475, T 98 HIF-1ae P53 Beclin 1 ,LC3 & [ 3Rik, [
P62 HFRiE, it AL FH HIF-1o/BNIP3 /511 A VE(S 558 B, iSRRI SRR 31 B PE R .

(k8] BRAMERR 0 122 4%  HIF- 1o/ BNIP3; H

[hE4ES] R-33 [ XEktRiIZEE] A [XEHS] 1671-7856 (2022) 11-0043-06

Protective effect and mechanism of resveratrol on hypoxic brain
injury in mice

WANG Xiaohong', SUN Kai®, PIAO Li', XU Zhaoning', YU Xiuli', LIN Jianan', ZHOU Li', XIA Meihui'*
(1. the First Hospital of Jilin University, Changchun 130021, China.
2. Beidahuang Group General Hospital, Herbin 150088)

[Abstract]  Objective To investigate the effect of resveratrol on the repair of hypoxic brain injury through the
HIF-1o/BNIP3-mediated autophagy signaling pathway in mice. Methods A mouse model of intermittent hypoxia was
established using the CQY-1 small animal hypoxia detection system. The hypoxia tolerance time, respiratory rate, and heart
rate changes of the mice were detected. Histopathological staining was used to detect morphological changes to the mice
brain. Western blot was used to detect the protein expression levels of HIF-1ae, P53, BNIP3, Beclin 1, LC3 and P62 in
mice brain tissue. Results Compared with the findings in the hypoxia group, resveratrol prolonged the hypoxia tolerance
time; increased the respiratory rate and reduced the heart rate of hypoxic mice; alleviate brain tissue damage in the
hippocampus; down-regulated HIF-la, P53, Beclin 1 and LC3 protein expression; and up-regulated P62 protein
expression. Conclusions Resveratrol down-regulates HIF-1oo/BNIP3-mediated autophagy signaling pathway gene
expression to promote the repair of hypoxic brain injury in mice.

[ Keywords] hypoxic brain injury; resveratrol; HIF-1a/BNIP3; autophagy
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KENVINCRRIETES

B1 hEAEAZE
Figure 1 Body weight of mice

2 N A

Figure 2 Hypoxia tolerance time of mice

Figure 3 The respiratory rate of mice
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BNIP3 24 R ik A Wik 2 i 2 4k, v DL 4 S
LC3 M5 IF5 S A A e £ A4 .

ST A3 BT L RE T /N B A] 4 1 AR B
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4 INELERKFE

Figure 4 Heart rate levels of mice

B5 /UG SRS

Figure 5 Morphology of hippocampus of mice brain tissue

6 BRAE/INRUIRZ S SAR T R R IR KR

Figure 6 Expression levels of hypoxia marker proteins in the brain tissue of hypoxic mice
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7 Western blot J7 451 BNIP3 Beclin 1 & [ #i57K
Figure 7 Western blot analysis of expression levels of BNIP3 and Beclin 1

8 Western blot 77Kl LC3 P62 & &K /KT-
Figure 8 Western blot analysis of expression levels of LC3 and P62 protein
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[ Abstract)
(MI) ischemia and fibrosis injury in rats after coronary artery ligation and the mechanism of TGF-B/Smad signaling
pathway mediation by VAP. Methods
MI; positive drug control ( captopril, 30 mg/kg); low-, medium-, and high-dose (100, 200, and 300 mg/kg) VAP

Objective To observe the protective effects of velvet antler peptide (VAP) on myocardial infarction

60 SPF male Wistar rats were randomly divided into six groups: Sham operation ;

groups. The left anterior descending limb of the coronary artery was ligated to provide a model of myocardial injury in rats.
Three days after the model was made, the rats were orally administered with 1 mL/d VAP for 28 days. Two hours after the
last administration, we collected blood aseptically from the abdominal aorta of anesthetized rats and centrifuged the samples
to obtain VAP serum. Electrocardiogram was used to analyze the degree of myocardial injury. HE staining was used to
observe pathological changes in the myocardial tissue of rats. Serum creatine kinase isoenzyme ( CK-MB) and cardiac
troponin (¢Tn) levels were measured by enzyme linked immunosorbent assay ELISA. The levels of TGF-B1, Smad2/3, p-
Smad2/3, Smad4, Smad7, Collagen I and Collagen Il proteins in myocardial tissue were detected by Western blot.
Results HE staining in the MI group showed that myocardial fibers group were disordered; transverse stripes had
disappeared ; cells were swollen, cracked, and necrotic; and nuclei were deformed and displaced compared with the
findings in the Sham group. The pathological morphology of myocardium in KTPL group and VAP group was significantly
improved compared with that in the MI group. ELISA showed significantly higher CK-MB, ¢TnT ( cardiac troponin T) , and
¢Tnl (cardiac troponin 1) levels in the MI group compared with the findings in the Sham group (P<0.01). There were
significantly lower CK-MB, ¢TnT, and c¢Tnl contents in the myocardial tissue of positive drug control group KTPL and VAP
groups compared with the findings in the MI group (P<0.01). The Western blot showed that myocardial injury was caused
by the up-regulation of TGF-B1, Smad2/3, p-Smad2/3, Smad4, Collagen I and Collagen Il and down-regulation of Smad7
protein expression in the MI group (P<0.01). Compared with the findings in the Sham group. The expression of TGF-B1,
Smad2/3, p-Smad2/3, Smad4, Collagen I and Collagen Ill were significantly down-regulated and Smad7 was up-regulated
in the KTPL group and VAP group, which improved fibrosis ( P<0.01). Conclusions MI rats activate TGF-B/Smad
signal transduction, and captopril and VAP inhibit TGF-B1 and Smad proteins to improve myocardial fibrosis after MI.
VAP may protect against myocardial ischemia and fibrosis after MI by regulating the TGF-/Smad signaling pathway.

[ Keywords] velvet antler peptide; transforming growth factor-B1 signaling pathway; myocardial fibrosis
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Y] —/NAJE A S8 5 /N Sh P LA
PEFTHE B P RRUS , ZEMISE 3 4 Bl F
AR TF I, AR 10 IR, 5577 30 s 1K
SRS IE K Al A 22 A ] R A A T R 224k 5
SO EZE OB AR Bl K 22 TR B (LAD) |, FH ik
I ET e B2 i 22 AT A T R B A5 HL, A5 LS TR
KO JIE ] Ao, WL ER 0 L R O, 17 E R
W ST-ReUR A B Lk s AR HEZS 5 0 54
AT EE A M O K SO 5 1, O 7 L8R A Aol
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B REN K B, B R ORI 5 M
I KTPL A FEH Z Ik | b ARG & 20 KBRS
PG AT A R R, SE R ORI R B I N, &
HK AT TR, 5 SHAM 4 i, ML 41 Kk LA
B MK (P<0.01) ;5 MI 41 Mk, KTPL 40 e
Z RS AR RIARE B & (P<0.01) . WE 1,
2.2 HFHKBROBEKE

5 SHAM 4 b5, MI 21 K BLC L 1] ST BB i
Thim, HA W Q B, &5 5 2 B0 WLk i #8349 K
FUBE AR I, LR 2,
2.3 BAKXRMF cTnT,cTnl 1 CK-MB 7k F

5 SHAM 41 b, MI 41 R BRUALYE H ¢ TnT | ¢Tnl
Al CK-MB 7KF-TH 8 i 3% (P<0.01) ;5 MI 41 M4,
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Note.  Compared with MI group, ** P<0.01. Compared with Sham
group, " P<0.01.
Figure 1 Changes in body mass index of ischemic

rats in each group

T A BT R SHAM 21K UYL (ECG ) BUAE 5 B TR
MI LR UG LT (ECG) B8
B2 JEKEE LS KRB L K
Note. A, ECG changes of sham group of rats. B, ECG changes
of rats in model group.
Figure 2 Electrocardiogram levels in rats after

coronary artery ligation
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TE 5B, ™ P<0.0L; ST ARIMLE, *P<0.01, 1 RTFARAL;2 AL ;3. RACHE I FHEE 250 BRAL 4. BEE 2 e R AL ;5. B E

Z KR ;6 FER 2 IR,

3 &L KEIMEE ' CK-MB .cTnT Fl ¢Tnl 7K (n=6)
Note. Compared with MI group, ** P<0.01. Compared with Sham group, *P<0.01. 1, Sham group. 2, MI group. 3, KTPL group. 4, VAP H group.

5, VAP M group. 6, VAP L group.

Figure 3 CK-MB, cTnT and cTnl levels in serum of rats in each group
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B X
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B4 HARFONLI HE B0

Note. A, Sham group. B, MI group. C, KTPL group. D, VAP H group. E VAP M group. F, VAP L group. The black arrow upward indicates cell

swelling and necrosis, and the black arrow downward indicates inflammatory cell infiltration.

Figure 4 HE staining of heart tissue of rats in each group
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A EE LK Smad2/3 2 A BRI ; B REE Z A TGF-B . Smad4 Smad7 & 12K BN ; C; BEH Z KX Collagen 1. Collagen Il
BARBREE, T ARG 2 AR 3, RATS RIS 0 M4 4. EEZ KSR A, S EHEZ P F A 6. BH LK A,

HBMAMLL, ™ P<0.01; 5BFARAMLIL, ¥P<0.01,

B 5 VAP X} Smad2/3 .Smad4 Smad7 % AR A EAE (n=3)
Note. A, Effect of VAP on Smad2/3 protein expression. B, Effect of VAP on TGF-B1, Smad4, Smad7 protein expression. C, Effect of VAP on
Collagen T and Collagen Il proteins. 1, Sham group. 2, MI group. 3, KTPL group. 4, VAP H group. 5, VAP M group. 6, VAP L group.

Compared with MI group, ** P<0.01. Compared with Sham group, ™ P<0.01.
Figure 5 Effect of VAP on the expression level of Smad2/3, Smad4 and Smad7
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[#E] BH  HU) RNA(microRNAs, miRNA) 25 T ZRUEE R & 5 K &, A BFFEIE BT/ RNA-218-5p
(microRNA-218-5p, miR-218-5p ) 7F Ji& AE M & J& vh & ¥ 25 B 2 4E . SR T, miR-218-5p 5% i Jili iR %% ( lung
adenocarcinoma, LUAD) & R ELORHLE A BB, ik 888 e 3 P 2H 4 (the cancer genome atlas, TCGA)
B 53 A B 2 21 miR-218-5p MY FRIAIE L, F2MT 2% & PCR( quantitative real time polymerase chain reaction,
qRT-PCR) ¥l miR-218-5p F1 EGLN3 78 A i 1 & 4 Hi 28 F A il I 96 240 3R rh A9 3R 5K 2 11 BT B8 7 ( Weestern
blot) £ miR-218-5p X AKT/mTOR 1553 [ S 4 A 1 22 38 152 i L) R 4 i vh EGLN3 & I 3R36 . AEME
A2 RO 3 5 7 ' 2 R 45 e RS U HIE 52 miR-218-5p 5 EGLN3 (#L[a] 0¢ &, 40 L 155 77 148 Jf0 25 4 A )
(cell counting kit-8, CCK-8) A 5B A% 40 S KIJR | Transwell SZ56 45 I miR-218-5p 5 EGLN3 X fifi fi-J 41 i )
REMIEEI, 458 miR-218-5p 7EMiARSE T IRFRIA , 13 33k miR-218-5p Rl i A 40 M A 38 5 TR 51228,
il AKT/mTOR {558 B A9 #4005 . miR-218-5p A9 T U7 41 3% (K] EGLN3 78 il B 98 i ik, i %38 EGLN3 55 1
miR-218-5p i3 F& k% i Bt 4 MG 78 TS FR 22 M EIAE A . 4518 miR-218-5p #Lju) & 94 EGLN3 11 il Jii A 45
LI 5 ST RS 5 1228, 3 B4k LA B R (4 BT R YT TR RS T B FF A AR AL TR I 2 5 1k

[%4817) miR-218-5p; EGLN3 ; fifi fitsi ; Bost s i s 1 22
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miR-218-5p inhibits proliferation, migration and invasion by lung
adenocarcinoma cells by targeting EGLN3

WANG Jiangbo', LIANG Hao'* , LU Yunping®
(1. Department of Cardiothoracic Surgery, Puyang People’ s Hospital, Puyang 457001, China.
2. Department of Cardiothoracic Surgery, Jinhua Central Hospital, Jinhua 321000)

[ Abstract] Objective  MicroRNAs are involved in the occurrence and development of many cancers, and
microRNA-218-5p (miR-218-5p) has been proven to play an important role in cancer development. However, the specific
mechanism of miR-218-5p’ s effect on the development of lung adenocarcinoma (LUAD) has not been clarified. Methods
The expression of miR-218-5p in LUAD tissues was analyzed in TCGA data, and the mRNA expression of miR-218-5p and
EGLN3 in human lung normal and human LUAD cell lines was detected by qRT-PCR. Western blot was used to detect the
protein expression levels of key AKT/mTOR signaling pathway proteins and EGLN3 in tumor cells. The microRNA-target
relationship between miR-218-5p and EGLN3 was predicted by bioinformatics method and confirmed by luciferase reporter

gene detection. The roles of miR-218-5p and EGLN3 in LUAD were measured by CCK-8, colony formation, scratch
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healing, and Transwell assays. Results

miR-218-5p was underexpressed in LUAD. Overexpression of miR-218-5p

inhibited the proliferation, migration and invasion of LUAD cells and the activation of the AKT/mTOR signaling pathway.

EGLN3 was the downstream target gene of miR-218-5p, which was highly expressed in LUAD. Overexpression of EGLN3

weakened the inhibitory effect of miR-218-5p on proliferation, migration and invasion by LUAD cells. Conclusions miR-

218-5p inhibited proliferation, migration, and invasion in LUAD cells by negatively affecting EGLN3 expression.
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NG 9 miR-218-5p J2 — Tl vk A 1) e 2 4100 61
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£ 1 qRT-PCR 3157
Table 1 Primer sequences of qRT-PCR

FE[H Genes Y5 (5 — 3’ ) Primer sequence (5°—3")
. F.CGCAGTTGTGCTTGATCT
miR-218-5p
R:TCCAGTTTTTTTTTTTTTTTACATGGT
U6 F:CTCGCTTCGGCAGCACA
R:AACGCTTCACGAATTTGCGT
F.TCAAGGAGAGGTCTAAGGCAA
EGLN3
R:ATGCAGGTGATGCAGCGA
F.C TTCATTGACCTCAACTACAT
CAPDH :CCCCTTC GACCTCAACTAC

R:CGCTCCTGGAAGATGGTGA
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NSRRI b e 2B, PBS VR EAR B B SR RS
FH 0. 5% 45 28 Yu o, PBS PR, 16 W18 T HEAL
VEH 5 R EE IR 55 oF A ik
1.3.8 LI

] RIPA 2 thf i i A 25 P it 00 1) 550 3 i 24
i il A ges AW A, 4 BCA 25 ARG I 57 &l o 2B
FH R, KSR E H I 10% SDS-PAGE 7, &
MBI R #5484 3 PVDF 5 L 5% B IS 0K == R &t
M1 hs #E 4°C &4 N ¥t EGLN3 (1 : 2000) , AKT
(1:500) ,p-AKT (1 : 5000) ,mTOR (1 : 10000) .
p-mTOR (1 : 1000) A1 GAPDH (1 : 2500) % & 1 7% ;
TBST Z& BV 3 U, B IR 5 min; INAINBAR 8 46
ABBEFRICAY 3T 1gG H&L(1 : 2000) EiRBEE 1 h;
TBST 2% 1P PERSE 3 ¥k, 21K 5 min, 7£ PVDF 3 [fi
TSI A R OGIRGRITFE A 22 2O 5
1.3.9  XHHEER BRI

BN A R A RS /5 B T % A B A A
(WT) EGLN3-3" -UTR ¥ %1l ( EGLN3-WT) Fll 5 4% A
(MUT) EGLN3-3" -UTR J¥%1] ( EGLN3-Mut) [/ i i,
T DO R R IA K pRL-TK /E NN S, Kk
) Ry ) 5 miR-218-5p mimic 8% mimic NC £ A
YL B PC-9 41 B, 5% YL L ) A Lipofectamine
2000, Yk 36 h J5 , fi IR G 2l R 3 ) 5 7
2 R AN L AT 3R WS PEAS I
1.4 SitEFRZE

i} GraphPad Prism 8. 0 4341 B A5 %% , I+
AR ELE 3 IR, GR LB fEZE (xts)

AL, P 1 07 228 PR 0 K, 22401
A1 77 22 WE MR AR N 3R 07 2200, P<0. 05 %
NS HAGE X,

2 #R

2.1 miR-218-5p 7EMIRE R B ZREKIE

M TCGA BRI GEO %45 ( GSE36681) T
# LUAD 1 miRNA BLEVA , 3 T 28504 X5 miR-
218-5p HATRIKE T, 45 78 miR-218-5p 7
iRl b B R GA (B 1A [ 1B) . RS 3R
fIIFZE T miR-218-5p & 1 A L Bz 20 it 25 A fii
IgE AN R P RN B O, 45 R o A L FIEH A
ity b= Bz 240 A 2R i e 40 i R Y miR-218-5p Y3k
RHHE TR (P<0.05) (K 1C), ix gl L 5%
miR-218-5p 7EJifi B9zt IR 3k | [m] B 7 J5 22 52 46 v
FATEFERE miR-218-5p FiRAXT AR A PC-9 it
FRAEA TSI L S5 1) S E
2.2 JF3FRIE miR-218-5p #I F fifi PR 7 4H R A 1L 3E
% .E%

FTH B 2 9E 52 T miR-218-5p 7E ifi i 88 ik 3¢
5 BEIG N T B0 AE miR-218-5p X il i 962 40 it
Difersem A 1TH T — RIVA DI RESE S, &
SETENG R PC-9 41 L b 43 ) % B4 mimic NC Al
miR-218-5p mimic, 7/ qRT-PCR %5 YL 3R | 45
REBRH LT mimic NC 4, miR-218-5p mimic 41 4f
Jfd miR-218-5p FRikBH . L F+(P<0.05) ([l 2A) ,iX
U] miR-218-5p mimic A] ] T Z J5 5545, fii

TE:A:miR-218-5p 7£ TCGA HitH P 55 4l 2L AR A 20 1 3R 1 0, 16 (IR FEE S5 AL 40, 4T B AR RIS 1 41 B miR-218-5p 7E GEO %(¥#
JER 988 55 A VR AR A U P (W R 1 0, T BRI S5 R 2L (R IR 4145 C . qRT-PCR Ko Al L K2 4R % BEAS-2B U fli i 98 2 . A-
427 A549 Calu-3 . PC-9 1 miR-218-5p Fik/KF-, 5 BEAS-2B 4L, * P<0.05; SIEH4AHLL, ™ P<0.001.

B 1 i miR-218-5p W FH(RFRiA

Note. A, Expression of miR-218-5p in adjacent and cancerous tissues in TCGA database, blue represented adjacent tissues, and red represented

cancerous tissues. B, Expression of miR-218-5p in adjacent and cancerous tissues in GEO database, blue represented adjacent tissues, and red

represented cancerous tissues. C, Expression levels of miR-218-5p in human lung epithelial cell line BEAS-2B and lung adenocarcinoma cells A-427 ,

A549, Calu-3 and PC-9 were detected by qRT-PCR. Compared with BEAS-2B group, * P<0.05. Compared with the normal group,

sk

™ P<0.001.

Figure 1 miR-218-5p was significantly low expression in lung adenocarcinoma
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CCKS S50 FIANME 5 BT A SE S0 A T A M (R 36 3 B AMME R PR 2B (52, 45 2R 1 /R i %638 miR-218-
J1, 85 R B Rid 358 miR-218-5p S A A RE J1 8t Sp J5 LAY B MR 28 68 ) B35 0855 ( P<0.05)
B EHI(P<0.05) (K1 2B K 2C) . 4R (K 2D & 2E) . Hith, FATIN S miR-218-5p 7E i
F1 Transwell SZ56 5351 &: I T 33 38 miR-218-5p X BRI AN PC-9 B3 FE AN AL 1 R R FEAMRIVE H

TE: A qRT-PCR Kl 4 )5 45 LI 40 I P miR-218-5p 93151 B C: CCK-8 TR S48 Al Se I IR 52 A I PC-9 A0 MIF% 34 mimic
NC/miR-218-5p mimic /53458 E /1 19724k ; D RIYR SR AG I PC-9 40 HIH 4% mimic NC/miR-218-5p mimic /& 4l I T 7 68 J1 19 84K E .
Transwell SZEEHI PC-9 4 iEH4 YL mimic NC/miR-218-5p mimic 7 4 IEIZZEHE 1925 1E,, 55 mimic NC AL, * P<0.05,
2 A miR-218-5p Ml il 2R A Y A TR MR 2R

Note. A, qRT-PCR was used to detect the expression of miR-218-5p in each group of lung adenocarcinoma cells after transfection. B/C, CCK-
8 proliferation assay and colony formation assay were used to detect the proliferation of PC-9 cells after transfection with mimic NC/miR-218-5p
mimic. D, Changes of migration ability of PC-9 cells after transfection with mimic NC/miR-218-5p mimic was detected by scratch assay. E,
Changes of invasion ability of PC-9 cells after transfection with mimic NC/miR-218-5p mimic was detected by Transwell assay. Compared with
mimic NC group, * P<0. 05.

Figure 2 Overexpression miR-218-5p inhibited the proliferation, migration and invasion of lung adenocarcinoma cells
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2.3 miR-218-5p ] il s B 2 ZA A ) AKT/mTOR
1 B R BUE

E A 5 W, miR-218-5p 18 i 445 AKT/
mTOR {553 [ W ¥ 22 Bl o 2 Joe T i e i
T 58 28 e TR A L R T S T R g v
miR-218-5p %} AKT/mTOR {553 J% (4 i , e A1
Western blot %l 7 AKT/mTOR 15 538 & 1) )¢ 4 &
HIZRIA . 4538 B8 miR-218-5p mimic S KT
AKT .mTOR B2 b 7K ~F-, miR-218-5p inhibitor N
KAEH AR BRI (K 3A K 3B), AR ILE S,
miR-218-5p il ifi 4 4f ifL tF AKT/mTOR 15 5 38 i
AP
2.4 EGLN3 EffiREMmP RESRIL

JgiE— ST miR-218-5p HUTHREMLH , oA Txt
R R LR AT 4248, & S5 A EdgeR *T
mRNA #1722 55007, 243845 1217 4> DEGs, H 143
5 1104 A~ EEIERH 113 ST IHIEEHE (E 4A) ;885
FI TargetScan , starBase , miRDIP A1 miRDB 3t 4 4~
BE T miR-218-5p [WHIILH 3K ONECUT2
EGLN3 .LHX1 . SLCO5A1 F1 CASKINT 3 5 4™ 6 5t
K (Kl 4B) ; H8 i Pearson J3#IT , Fe 28 358 B A 5%
PRI Y EGLN3 A 4845 (18 4C 181 4D) . TCGA
BH R R S5 S5 UM L, EGLNG 78 il i s
FEARH L i E 35 (P<0.05) ([ 4E) , HiE#k
ik EGLN3 119 Jifi B o £ 25 5 A6 A7 101 AH X351 (1
AF) . 45 18 9F 52 EGLN3 76 5 40 My | i g

SR SRR R LA AR R A0 A B 22 Rl AR e
Dige, N TV EGLN3 7 fili i 98 2 Ji& vh i v A A
FH,BRATHE %6k T EGLN3 78 BEAS-2B 1 PC-9
A mRNA FIZE H KA 1E M., qRT-PCR Fl Western
blot K25 F (K 4G & 4H) Wow, 5 A0 1 5 4
% (BEAS-2B) M It , PC-9 ZH fift tF EGLN3 fi mRNA
MEERILKFBE ETH(P<0.05) , XS5
B EGLN3 J& miR-218-5p MV 7F T4l b, H H ¥
it B v o 3K
2.5 FhRREELARE B miR-218-5p $E[E 44 EGLN3
T AHf miR-218-5p 5 EGLN3 2 [H] i I 45 %
2, H AR starBase 04 2 Fii ] miR-218-
5p 5 EGLN3 (&5 G i, 25 5 B miR-218-5p Al
EGLN3 Z [BJ /7 TR 4L [n) 45 & 467 i (&l 5A) , bifi = 38 i
XU S 2 il 41 A5 55 DR R DN 552 49 35 4iF- miR-218-5p Al
EGLN3 Z 2R AEfEf M 256 X R, SR ER, &
A EGLN3 3’ UTR 3 G R il i 75 254K ( EGLN3-
WT) Fl miR-218-5p mimic F55 YL 415 6 2 G P
FH AR (P<0.05) , 1M 28 A8 21 1) 2 ) 28 ikt 4 ) G B
WA (EISB) . EERATERD T PC-9 4l YL
mimic NC 1 miR-218-5p J& EGLN3 ) mRNA Fl1%& 4
TR, G5RE, S5 IR M L, i £k miR-
218-5p J§ EGLN3 [} mRNA FIZE 13k T (P<
0.05) (Kl 5C. & 5D), Wi, FATIN A EGLN3 &
miR-218-5p 1Y F 4% ¥ &1, Jf 52 miR-218-5p ¥ i

1 : A ; Western blot Kl miR-218-5p Xf AKT/mTOR {5551l B AH K H ( AKT . p-AKT .mTOR F1 p-mTOR ) FK AL ; B . HR IE] 2 /R B (A R AR %
IEIKT- 4035 p-AKT/AKT Fl p-mTOR/mTOR , mimic NC £ 5 miR-218-5p mimic Z{#] b, * P<0. 05;inhibitor NC ZH 5 miR-218-5p inhibitor £ 4H

It, *P<0.05,

B3 miR-218-5p M AKT/mTOR {551 R AH G 15 F i #35
Note. A, Western blot analysis of the effects of miR-218-5p on the expression of AKT/mTOR signaling pathway related proteins ( AKT, p-AKT, mTOR

and p-mTOR). B, Histogram showed the relative expression levels of proteins, including p-AKT/AKT and p-mTOR/mTOR. Compared between mimic NC

group and miR-218-5p mimic group, * P<0.05. Compared between inhibitor NC group and miR-218-5p inhibitor group, *P<0. 05.

Figure 3 miR-218-5p suppressed the expression of AKT/mTOR signaling pathway related proteins
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1 :A: TCGA-LUAD HJ mRNA %925 55 A LB ;B . FI FH TargetScan .miRDB .miDIP Fil starBase 03 ZE T miR-218-5p HYSE LD 525 5 i
mRNA 2845 ; C:miR-218-5p 5 5 PTHIMFEH Pearson FXNER ; D miR-218-5p 5 EGLN3 FEH Pearson M1 4] E: EGLN3 75 IE % 4 4URE
SEA PR FRIA TGO, 1 (R I SRR S LRI AR ST F L EGLNS JER 1A 77 i 46, B AR AR i 1] (47 ) , DA AR R ZE A7 3R 418
e 2m i R IB B, I O MM ZFRRIRRIE B 5 G qRT-PCR AN 1 K2 46 L 72 BEAS-2B AN R A& PC-9 Ht EGLN3 f) mRNA %
I DL H: Western blot Kl AJi_L B2 410 2 BEAS-2B AR AL A PC-9 h EGLN3 S FIRENTIL. 5 BEAS-2B 414K, ™ P<0. 05,
4 AN EGLN3 w4k

Note. A, Volcano map of differential genes of TCGA-LUAD mRNA. B, Using TargetScan, miRDB, miDIP and starBase databases to predict the intersection
of miR-218-5p target genes and different upregulated mRNAs. C, Pearson correlation diagram between miR-218-5p and five predicted genes. D, Pearson
correlation diagram between miR-218-5p and EGLN3 gene. E, EGLN3 expression in normal and cancer tissues, blue represents adjacent tissues and red
represents cancerous tissues. F, Survival curve of EGLN3 gene, the abscissa represents time (years), the ordinate represents survival rate, the red curve
represents patients with high expression and the blue curve represents patients with low expression. G, qRT-PCR was used to detect mRNA expression of
EGLN3 in human lung epithelial cell line BEAS-2B and lung adenocarcinoma cell line PC-9. H, Western blot analysis of EGLN3 protein expression in human
lung epithelial cell line BEAS-2B and lung adenocarcinoma cell line PC-9. Compared with BEAS-2B group, * P<0.05.

Figure 4 EGLN3 was highly-expressed in lung adenocarcinoma cells

1 A s starBase Z5 ZE T miR-218-5p 5 EGLN3 AYH#E ) 45 G007 1% 3 B WU 6 R B STIR AR I A [W] 75 e 4 PC-9 AN DL R /NG Pk ; C . qRT-
PCR il i fH A1 PC-9 AN Ge 4P EGLN3 19 mRNA 357K F ;D Western blot frill i lA# 21 PC-9 A4l P EGLN3 21 1y 3%
KO, 5 mimic NC AL, ™ P<0.05,
5 i T miR-218-5p #Li 454 EGLN3
Note. A, starBase database predicted the targeted binding sites of miR-218-5p and EGLN3. B, Double luciferase assay was used to detect the
luciferase activity of PC-9 cells in different transfection groups. C, qRT-PCR was used to detect the mRNA expression level of EGLN3 in PC-9
transfected groups. D, Western blot was used to detect the protein expression of EGLN3 in PC-9 transfected groups. Compared with mimic NC,
" P<0.05.
Figure 5 miR-218-5p targeted binding to EGLN3 in lung adenocarcinoma
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2.6 miR-218-5p i& i #E ] EGLN3 #]) il fith BiR 722 28
FaigsE  ERRFEZE

T AR ST miR-218-5p # ] EGLN3 7 fili
Mg A R R IAE R RATTIEAT TR 8388,
Je FE IR AN R PC-9 P4 3L e mimic NC+
oe-NC | miR-218-5p mimic + oe-NC, mimic NC + oe-

EGLN3 F1 miR-218-5p mimic+oe-EGLN3, Jf:F qRT-
PCR il Western blot #il] EGLN3 [y IAB0R, 45

VLKL 6, 5 %F BUZH AR L, B ik 238 miR-218-5p J&
EGLN3 1Y) mRNA FIHE 4R35 1035 T i, ol Rk
EGLN3 J5 EGLN3 1 mRNA FlIE ik % (P
<0.05) , [} i 2635 miR-218-5p Hl EGLN3 Ji5 4 Jifd

. A qRT-PCR SZEAI AR R Y 41 PC-9 AT EGLN3 mRNA (92635 7K ; B Western blot S 56546 MR [F] 4% e 21 PC-9 41 L EGLN3
HHMERIE; C: CCK-8 LA A R e 4 PC-9 AMNLAYIGTHAE T 5 D - AL B I SS AR PN AN [R) e e 2 PC-9 AMIAY SE R IS O 5 B
R A IR AR Yo 2 PC-9 A AYIEFEBE J1 ; F : Transwell 525G A W) 55 Y 21 PC-9 20 ({2288 77, 1:mimic-NC+oe-NC;2:
miR-218-5p mimic+oe-NC ;3 :mimic NC+o0e-EGLN3;4: miR-218-5p mimic+oe-EGLN3, 5 miR-218-5p mimic+oe-NC £ tt, * P<0.05;5
mimic NC+oe-NC ZHAH I, *P<0. 05; 5 mimic-NC+oe-EGLN3 ZHAH L, ¥ P<0.05,
6 miR-218-5p i x4 i) EGLN3 111l il 28 200 M 385 3288 AR 28
Note. A, qRT-PCR assay was used to detect EGLN3 mRNA expression levels in PC-9 cells of different transfection groups. B, Western blot assay
was performed to detect the expression of EGLN3 protein in PC-9 cells of different transfection groups. C, CCK-8 assay was used to detect the
proliferation ability of PC-9 cells in different transfection groups. D, Cell colony assay was used to detect the clonogenesis of PC-9 cells in different
transfection groups. E, The migration ability of PC-9 cells in different transfection groups was detected by scratch healing assay. F, Transwell assay
detected the invasion ability of PC-9 cells in different transfection groups. 1, mimic-NC+oe-NC. 2, miR-218-5p mimic+oe-NC. 3, mimic NC+oe-
EGLN3. 4, miR-218-5p mimic+o0e-EGLN3. Compared with miR-218-5p mimic+o0e-NC group, “P<0.05. Compared with mimic NC +oe-NC
group, *P<0.05. Compared with mimic-NC+oe-EGLN3 group, ¥ P<0.05 .
Figure 6 miR-218-5p inhibited proliferation, migration and invasion of lung adenocarcinoma cells by targeting EGLN3
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r EGLN3 )2 3A7K -0 5 2 mimic NC+oe-NC ZH 7K
(1 6A K 6B) . CCK-8 4 ifd 7 [ 1 i S 56 1Y)
45 R EE Y miR-218-5p mimic A PC-9 4 1 3% 5if
e 11 WL R, Y 0e-EGLN3 1Y PC-9 4 i 14 7 fiE
J1RE 9 (P<0.05) , [A i i 323K miR-218-5p Al
EGLN3 J&5 ¥ 4 il 1) 14 5 5E 7 [0l 52 2 mimic NC+oe-
NC 417K (& 6C 51 6D) . RPYRMMZZZSLIEER .
75, 5% FEZH AR [ miR-218-5p 12t 3% 1K 20 40 i i 1T %
SR28AE 11 B FE AR, EGLN3 i ik 4 40 i i 12 7%
5122868 )1 W FHE (P<0.05) , [A B3 #35 miR-
218-5p 1 EGLN3 J5 ¥ 4 i i 78 512 28 e ) [ &2
% mimic NC+oe-NC 4H/KF- (14 6E K] 6F) , X 4L
B4 R, miR-218-5p i i $ ] EGLN3 1l Al i
e il R R R e e

3 itig

AWFE A H B 28T miR-218-5p 78 il i 9 &
R BRI . FEADRSE T FRATL B miR-
218-5p f£ LUAD 4121 R 40 i b 3k M, 40 2%
W26 W] , 33263k miR-218-5p Al LA LUAD 4 Jifd
3G G TR {28, JE ] AKT/mTOR 38 #% /Y38
. HLRIAFFE W EGLN3 & miR-218-5p 4 B 440
A5 miR-218-5p # )i 45 EGLN3 k4] LUAD 40
ML 5 TR A8,

miRNAs 7E 4 —Fh #2211 JE i %/ RNA, B8
WESET 122 5 2R A Yr2E D ae i JR 45 A 45 40 )]
) AN AN TS KT miR-218-5p,
5%tk HLAE 5 A | FFF 200 g 2 2 b o
FIR T, HBEHE M 6 2 Bl RE 1 Kk A AR R T
JEFREPITE T, FEARGE R, FATE T TCGA %k
PEPEAYHT % B miR-218-5p 7 fil i g £H £ b g & A%
F3K, qRT-PCR B35 miR-218-5p 78 i if 8 41 g
RIS, o 5 AL TS BRI A0 A A i
PRI 45 R — B, AT RE LG R I Kk
miR-218-5p il il i 9 240 M i 185 4 3B % 5 1R 25 e
1. X5 LAHTE R P AR A AL

AKT/mTOR 155 38 F& 1F S 4t 47 41 B 55 A< Ty e
) EZE S — DA E M ke E
TR FEEEELVE T, BR A5 AR 2F TR 200 6 i) 1 4 L 1R 28
FRER ) HATX —i 4 A4 R N B )12
5T, % BUAE N SS9 RE Hh 3 o Bl s Y L T miR-
218-5p T HIIE BH 68 75 22 Fh I iE rb 40 1L X A £ 40 Jfd

Joa G W R S E i S I AKT/mTOR
{55 B VR A J7 . o T BB miR-218-5p )
il g 4 e A AL, AR T AKT/mTOR {5 53l
OGS (0 Rk K, 25 R I 5 3k miR-218-
5p ] LA AKT F11 mTOR A #5 R AL , iX 14 W] miR-
218-5p il i i 58 40 L Hf AKT/mTOR A5 53 % 119
Bog . MEATAIHFFEH , miR-218-5p % AKT/mTOR
T J AR B, DA RS AR B R B L iR &
JE AR S X 55 N BRI 4 SRR — 2k

miRNAs A LA o5 B [ 957 25 R b s 58 RO 5
e o9 1) A AR e . BATE & B miR-218-5p B AT
ZAMIIEN A AE AN R B A5 S g
T PRI K starBase 19943 A, TR AT &
EGLN3 ] figJ& miR-218-5p B F U4l &, AL R
it 5 L PRS2 565 1 43 7 52 56 25 R 0 — 25 B HIE miR-
218-5p fEMSHN[E R 8 EGLN3 i1k, EGLN3 Lk
PHD3 , J2& i & R F2 A il 11— F 7 78 | 5988 0 1) & e
WA, BFFE R B EGLN3 15375 W 20 Jf 5 40 B i
FUARE P s Rk FE B AR R IR TEAHT
FERIRAT A I EGLN3 7 il i des 20 M 22 rp s 223, ol
SR UE B T i 63k EGLN3 1l DL 55 1+ 3%
1k miR-218-5p X} ifi i g 4 Mo 4 5 2% 1R ZBHRE N
(R RZ I

25 FRTR , FRATHY 25 5L miR-218-5p 1 A fi
Pz 4 e Bl P, BEAE ] AKT/mTOR {5553
BRI . EGLN3 & miR-218-5p B9 F 7 # /5, miR-
218-5p L [a] T4 EGLN3 10 il fifi i 41 B ¥ 34 4 3
MAZZE, AHF5E 4 LUAD 4> TR A it T
B EE AL
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Metabolomic study on the mechanism of anti-hepatic fibrosis of glycyrrhiza
uralensis-salvia miltrorrhiza prescription

HOU Yujiao, ZHANG Jie, ZHAO Chaoyang, XU Tianjiao, LI Meigian, HONG Bo ", LI Wenjing"
(School of Pharmacy, Qiqihar Medical College, Qiqihar 161006, China)

[ Abstract ] Objective  The purpose of this study is to comprehensively elucidate the anti-hepatic fibrosis
mechanism of ( Glycyrrhiza Uralensis and Salvia Milirorrhiza, GUSM ) from the perspective of endogenous metabolites.
Methods Hepatic fibrosis rat model was established by subcutaneously injecting CCl, solution. The efficacy of GUSM was
evaluated by liver morphological indexes and HE method . We analyzed, screened and identified the metabolic profiles of
rats from Normal group, Model group, GUSM group and Positive group by PCA and OPLS-DA method using UPLC-TOF-
MS. Results A total of 16 potential biomarkers in both positive and negative mode associated with hepatic fibrosis were
screened and identified. The metabonomics analysis revealed that Taurocholic acidf Glycocholic acid, Arachidonic acid,
and so on were greatly disturbed. Conclusions GUSM prescription showed anti fibrosis effect on rats through regulating
metabolic pathways, mainly about Arachidonic acid metabolism. This study is useful to better understand and analyze the
anti hepatic fibrosis mechanism of GUSM prescription on HF rats using metabonomics.

[ Keywords] glycyrrhiza uralensis-salvia miltrorrhiza prescription; metabonomics; UPLC-TOF-MS; hepatic fibrosis
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SEPRHT R 2 B 5 3 R o s 2 ) R 1
P 225y RS RSO T LR AL

H = & J7 ( Glyeyrrhiza Uralensis and Salvia
Miltrorrhiza , GUSM ) J2& H1 P+ 5 H R4 i) #5 < Fl
I R R PER HATE R
ATEGH TR B R Rk R R T A
A HER S22 R ZESIZS LB St
Z 1 FHS0 A FHB R B 55271 I R oE %
W1, GUSM J 3z I T BF £F 4 {9 90 B 1 R
JEUO ARG T 2 H RO T A AR MR
RIGRIT S S T B R R,
GUSM ¥ 7 AT 32 24 v T 3l W 24 85 S 56wl R
WLEE, 14 A AN IR o A 35 4 # BE R AIESE GUSM 1Y
Bl

W] GUSM & 5 Bt iF£F de Ak i A FBL L, A
IF5E R A o RAE (0,3 — K AT I 18] BT % ( UPLC-
TOF-MS) AR 707 T i GUSM St
HF K i385 A 2 22 00 50 I 4 0 i v e A
PR B AT AR IC 0 A, I IR A & A, LA
A GUSM 4T HF 4 IR R SC ik

1 #RFFxE

1.1 s

HePE SD KB A 1L 78 KA A WA BRA A
[ SCXK (i1 )2020-0001],3L 50 H,SPF %%,8~10 J
1% PR 200 ~ 240 g, TSR B R 55 55 I IR B 2 B
S TG [ SYXK (22)2021-013 ], B Scie 1y
TS T T 7R B2 2 B S 56 2h A8 BRI E RN SE 50 3
PER SRR ) . AL AT MR E b5l
Yy SL 86 0 A8 B B S I ME ( QMU-AECC-2022-
13) , SEH e PR 3R B0,
1.2 FERFSNUE

th 2558 7 I (415 . 20190721) i H 24 7] 52
45 2 BT AR R (LS. 20180525 ) 7= B
Z (L5 :20180914 ) 7= F Uil , ¥ [ W /R 2 17
RARFINT) ™, 255 55 W5 IR B2 24 Bt 24 24 Be S8 1R
R 2 S G RHE Y T RS RHE Y P S BoK
g (451120994, A3 HLAS 0. 5 mg x 100) 7 T
B2 B A FRA R, R (g al, iS5 .
348604) | LNE (k4 it . 142085) , ¥ H £ H
Fairfield 320 1) A3 FR 2 75 B MR (0 1% 26, 41t 5.
095224, Dikma 2\ ®l, 35 & ); 4l ¥ K (4t 5.
20180521, AL fek iy i 42 A1 A5 RS w1, AL ) 5 BR R

B2 MRS I (45 F20160814 , 26 1 5% LS s A
FRA A, B 5 CCl(HiE5:20181204, BT T A= Lt
HRm AR A, B .

SCIEX Triple TOF® 4600 AB ACQUITY A 5%k
WA 3% (UPLC) 246 (AB A1), 2 ) ; Micromass
Quattro Micro API i (AB /A H], 3£ ) ; STSR &
B ( Thermo Fisher 2\ 7], ES ) s AL204 =
ST R (Mettler Toledo 23], Hi+) o
1.3 ELWAHE
1.3.1 UPLC-TOF-MS 437

S RO (5,33 (UPLC) 2405 B {38
#17 UPLC-TOF-MS 73 #1., UPLC 43 Bt & 4t >k H
Waters ACQUITY UPLC HSS T3 & AH {438 4% (2. 1
mm X 100 mm, 1.7 wm) ; #:78 40°C ; AR 4°C
TSI A 0. 1% ERIK (A) FIEH 0. 1% T iR
(4 U6 (B) AL 5 B VR MOG., I0 ¥ 40 A 32 0 O ek 1) Sy
12 min ( 7= 1) ;7 0. 4 mL/min;:‘;d:ﬁéi 5 nl, eyl
AR, R TOF-MS J7ikib 17 %58 , SR 2 1Y
RE R, BT s & I8, IE g1
KA, RV m/z 50~ 1200; B HLE 2.5
kV(IEREFARER) / 2.2 kV(H AR M%<
AL 500 L/h TS50 L/h g #EFLHLE  IEAR
KK 25 V, AR 40 VB TR IR .530°C .
1.3.2 Zh¥scs:

R BUBEHL Iy 4 2H (BE4 10 H) o XS IR
H(IER ) HF AV (BRI )  GUSM iR ¥7 4
(GUSM 4) FIRKZKAlB a7 20 (PR o

HF MRSy T 45 25 07 52127l o g F v it
50% CCI, BMEIME R T HF BR8] 2 1k
(JE—FJE =) K 0. 6 mL, 2L 12 8, EH A
T AR AR R K R R R A A, TR
57 HF BRI [E] I, GUSM 41 K B4 7 GUSM |
BEH UG BHPELL, 45 T RROK AR B E 0. 5 mL

T MR 3 T ST MLV B M P

Table 1 Gradient elution program for the analysis of

serum using ultra performance liquid chromatography

(1) min) A o
T i (0.1% FR-K)  (0.1% FRR-2H5)
me (0.1% FA-Water) (0.1% FA-ACN)

0 100 0

3 100 0

6 75 25

10 25 75

12 10 90
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CHH R K AL 77 13. 44 mg FIK 168 mL 1R A i
BL) o TF 2 RIS 20 VEE R ) 50 o g A BER K

AT 44k K B IEA . (1) — e ol . 12 8]
Je i 3 FOMEE K B — MR AR AE , A FE IR A
MORAS JRIESE, (2) LG ALT  AST KF, (3) iF
PRI (A

JHFETF 4 AL R BRASE 0 A Ty o 7 1) 2 AR ME (1)
— PRI O RGPl 2R EE PR D IR R K R,
(2) IFH BB abnki A . M3 ALT  AST /K34 &
FETHE . (3) LURHL ARG A P (0 AE R 41
Hb AR 0T V1Y AN S/ INURLIR B0 s 6RO
FE0] LA YLl /N 254 2L
1.3.3  GUSM $HU Bl 4%

ST MMERFRICPE S | H BT RAR 258 R (3t 20
Hifi) & 10 g, IR &, IREWTE 60°C T H] 200 mL
50% L BEFEE, FERERE 1 b, a8 R WK, PIIR
BRI, R M 45 2 200 mL, S &KW E N 0. 1
g/mL, GUSM $&HUY) (R ERe SCRE A& 1 Fs
1.3.4 AWkeSCRES b

BEB 25 12 AT R, TR HROUL 8¢ ) 2 1) JHF 21
21, MHRAER: BCR 4 ke, 7846 R A4 b 4C
TE 2 h, 4C ,3500 r/min B0 10 min J5 403 Wi
W, WA SRR s B2 T
—80°C VKA R R IR AE o B KB 2 it [ 22 T 4%
itk 2 R W ES W D, 3 BT RRE IR R & R T
Al B 200 pL 435 EF EP & A 3 5 p ik
S EEYTVERE M, W HE 1 min, 4°C T, 12000 r/min
B0 12 min, B EIVEWRGE A 0. 22 pm TlFL I8 B
&, 76 UPLC-TOF-MS 43 A i 1E | 1 B T T A

5 wL S LF A IMAE o0 . F T3k 07 5/ QC
0 T 8 2 DAL A P 4 T 50 wL, SRS
AR T AL B A S ARG
1.3.5  HFOIREFE bR K BEAG I

P ) G AU B I AR AR TN I
(ALT) RIS 5 23 B (AST) ROKF-, BUIFALZL(1.5
em X 1 em) , H 4% "1 22 W BE 1 W [ 72 24 h, 1E
WL & AR (HE) Je (0545 F Mg, 2.0
em X 2.0 em X 0.5 em FHZUH 10% 48R AR K
[, K 375 B 5 4 4 206 3 A il b 1) A e v 7
B FFEE VI 4~6 pm SERIIE T IE . $Fa3k
RBCEAESE RS B T s e S5 KA P, B
JETEBE R L 1 ~2 bR, B A B, Bt
1.3.6 AR 2= I L 50 E

i QC FER MU NG % ik EE M W4
JERgE e Rt B R g Re e tEHEA TR, AN
FR)AR 8 3 R vk 1) o A APl e A ] QG R AT
I AH R A TR B 6 AR QC AR kA 701 T
6 W IRERIEA, . H 6 Bl & 1Y QC #E 5 7
SN CE 24 h DU EURE A I A SRR L
X A 1 QC BE AT 3 R R AIIE IR, T4 5 il
EER AR RS T
1.3.7 AR 25 Ak 3

KA SIMCA 14. 1 43 B 1 2% A 385 90 B, 76 %
SR FE AT I — AR Ab B 2 5 AT B Y 3R
G353 HT (PCA) R Wa B (%) 1F 38 i B /N Z 3 40 53] 43
Hr(OPLS-DA) , 345 5 80 41 22 [] (g 3 22 S5 A A1 G
R E R, 2R R® 5 Q* F 3507
W O A 22 S AR A A AR I 4 A

LSS 2 AT R 3. AT 251 4 B H R 5 H R 6. R/ 7 FHBR A8 R EEAT R ;9. H MR 10. &S FSW T ;

L BEPFZ 5 12 B HS 1513 8PS E TA,

B 1 GUSM H2HUYIYHFAESE SR

Note. 1, Tanshinol. 2, Albiflorin. 3, Paeoniflorin. 4, Liquiritinapioside. 5, Liquiritin. 6, Rosmarinic Acid. 7, Salvianolic acid B. 8,

Benzoylpaeoniflorin. 9, Glycyrrhizic acid. 10, Dihydrotanshinone 1. 11, Cryptotanshinone. 12, Tanshinone 1. 13, Tanshinone Il A.

Figure 1 The characteristic fingerprint of GUSM extract
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(HMDB) #1745 % , 5 W 25 28 I S 2 A Wb i
A MetaboAnalyst KU 22 i 47 b 3 43 #7531 V5 7
PR %

1.4 Zit=EH*

K H SPSS 17. 0 %ds ab B4 17 G122 5%
BT, SR E G LI A i 22 (x2s ) Fom . 2
BNZRIT 2500 (ANOVA) HAT G037, LA [F)
ZH [A) XU 22 53 i &, 24 P<0. 05 B P<0.01 i}, 2%
SHEGHEX,

RS

2.1 Y —RERRFETWL

TEH K BROE BB R HER IE# RS K OF
b, MR K GURG pl 22 58, IR 08D, K B 5 I %
IR K B8 8 T [, GUSM 21 F0 BH 4 2H K BURE AR
BRI e, PR B WA AR EJC B B TR, IE
R B EZRLE , T 22k, ARl R U B
R, B AR A | FR 1A ] UL BH A R s . GUSM 4]
FRIVBE A Xk B A SRR Bt N0 €0, 34 T

SRR He#s, GUSM ZH 1ML 3% ALT ,AST 7K &

2

W AER ;B AL C.GUSM 41 ;D FHE4

FREAR (P <0.01), 3 B 78 K B £F 4k fb 455 7
GUSM HA R4 EM ., HE Qe85 Rk 2 iR,
IEE ARG 8, JCAE M SRS, /it
SERATE O, AR AL /N 5 R B IR 4T Y 4 2
Az BUINHEIE B, TR B B B 7 A8 P IR SE £F
Ae[A] b, (8] 5T N A TR R PR IR E . GUSM 4
AL, 2R 4R 800 7 22, BF /N 454 35
L BN o0 e AN 4, TR/ N IR B, 40 iR 25
5IE#E RERALL,
2.2 RBHAZFHEREIE

DU (5 AN PHES TR 5 AN AR Bk 2
T e B A B R R] ) AF X B 7 R 22 (RSDs) Al
FXFIRZE (REs) SRIFMN ik R (£ 2) . SiRE
W S T e BT RERY
2.3 FREMES T REBEEVIREDNEE

PCA 731543 AN 3, GUSM £H S5 A 2 |
L ESA G E X, GUSM 45 1E % 4 i %
I, Ui GUSM 2H B4 1% 100 1) E #2155 72, GUSM
X HF KRB A HERN . FE B S
AT BB AR RS AT

2 P4 HE Q@i
Note. A, Normal group. B, Model group. C, Drug group. D, Positive group.

Figure 2 HE staining result of hepatic tissue

|2 MIEEEAH A B RESS

Table 2 Analytical performance of serum samples

ik HEME REitaENE HlsEREr  REEREE T
bom/ (RSD, %) (RSD, %) (RSD, %) (RE, %)Post-  (RE, %) Freeze-
-m/z
R Precision Repeatability System stability preparative stability thaw cycles stability
tg A ty A ty A A A
e 4.22-188. 0709 0.3 4.7 0.1 7.6 0.4 6.5 -5.8 7.7
BH%%E‘: 7. 16-453. 1705 0.2 5.5 0.3 5.7 0.3 6.8 6.0 5.9
i
7. 82-496. 3440 0.3 3.1 0.2 6.4 0.2 5.9 6.2 -5.5
Serum sample
. - 8.32-524. 3766 0.1 3.8 0.2 5.1 0.2 7.4 =-7.7 -8.4
in positive mode
8.56-425. 2151 0.2 6.4 0.2 5.1 0.3 4.9 5.6 6.4
B B TR 4. 83-146. 9657 0.2 3.8 0.1 5.2 0.3 8.8 -8.4 -6.8
I 6.93-293. 1754 0.1 4.2 0.2 3.5 0.3 9.2 7.7 7.0
Serum sample 7. 42-564. 3334 0.3 3.5 0.2 4.7 0.2 5.3 5.3 8.8
in negative 8. 34-568. 3636 0.2 2.3 0.2 3.9 0.3 7.7 -6.2 10. 1
mode 9.42-355. 1587 0.2 2.6 0.2 4.3 0.2 6.5 -4.9 -7.4

14 : RSD : MR BRE MW 22 s RE  FEXT 1522 5 A TR,

Note. RSD, Relative standard deviation. RE, Relative error. A, Peak area.
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ik OPLS-DA 730 #fr, IE W ARV TE R f B (MEREAER 7T 7 A, g 79
BRI AR B W0 B, NP 4 B HE B ) ol S 7R B R HMDB Al METLIN 2845/
I HEST Ty, i 43 28 07 18] (scores plot, S-plot) Ff: AR AT HE TR 1 I = A0 MS/MS F B s BIC L,
25N AL & B % (variable importance in the g far b WLER 3, B Ak B AR S AR 745 A rh
projection, VIP)fA(VIP>1) , SRR 2k th 16 4> A B WA L, B GUSM Xf HF (R 7 AL

T A L IE S TR B 37 B0 R A
3 PCA Sr#ifs oyl
Note. A, Serum in positive mode. B, Serum in negative mode.

Figure 3 PCA score plots

A B AE T C D IER T
B 4 (i OPLS-DA #1543 S-plot
Note. A/B, Negative modes. C/D, Positive modes.
Figure 4 OPLS-DA serum score plots and S-plots
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2.4 REEFMETESITSHT

PRI i 1) SRS B B3k 4 R, R?
Q> EK T 0.9, F WA R ELAT A 1 fige g R 150
WIBe Ty ,0m R® A Q° (H KT 0.5, RUIZAE A B A R
IR TN EE 71, DLF &5 R R iz A R R
AEE T 2E A I T
2.5 RBH&EERSH

GRS vl SR A S/ R A 7/ K TP

MetaboAnalyst #4773, Z5 R ANK 5, 45 R B, X
YRR EY S S T 5 AEHE R, Hr il
FAEA: DO A IR A B AR A AN I IR A= ) &
JISC 5 M0 (A 58 15

F 3 CCl, B HE R PSR EY

Table 3 Potential biomarkers in serum of HF rats induced by CCl,

ty m/z ARG
(min) (Da) Potential biomarkers we /M
=1 T
302 232.1547 5 T T
Isobutyrylcarnitine
WS PIATR . -
422 188019 Indoleacrylic acid f !
TAC AN H 22 . .
ERT 586 514.2846 Sulfolithocholylglycine f .
i RSB IR
THEAT 12- PR SR . .
Positive 594 3912847 12-Ketodeoxycholic acid t L
mode in B o
AL serum 6 g7 3572799 — TR H P e
sample ) : Tetracosahexaenoic acid
AR . -
7.45 5163061 Taurocholic acid 1 !
MG (0:0/16.0) . .
T8 4630y eC(0.0016:0)
419172919 Phenol sulphate ! f
A RE I EUINR -
>.61 498. 2876 Tauroursodeoxycholic acid 1 !
Fo FUIN R .|
6.42 448.3046 Chenodeoxyglycocholic acid 1 .
{7 BT =1 D@f{
M1 LEE=Vl] « «
L 663 464. 3008 Glycocholic acid t !
R R R, :
1?32 livs -7 471. 2414 Chenodeoxycholic acid sulfate .
rat serum E‘Eﬂéﬁz‘z ¢ ok
sample 741 407.2785 Ursocholic acid ! 1
7.5 3782431 Sphingosine 1-phosphate f .
AELE DUERR - -
817 303.2327 Arachidonic acid ! 1
PR - o
8.93 219.235 Linoleic acid . f
TE:M/C o AERIZE 50 B AL B 3 T/ M GUSM 21 5 AT 20 ol A

e, SHEMA, © P<0.05, * P<0.01,

Note. M/C, Change trend of model group vs control group. T/M,
Change trend of GUSM treatment group vs model group. Compared with
model group, * P<0.05, ™ P<0.01.

R4 FMHER RS HOLE

Table 4 Summary of parameters for evaluating model quality.
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Figure 5 Analysis of plasma metabolic pathways in HF rats
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Effects of CD44 gene knockout on behavioral abilities in mice
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[ Abstract] Objective To explore the effects of CD44 gene knockout on behavioral abilities in mice by animal

behavior experiment. Methods Beam balance experiment, rotarod experiment, open field experiment, elevated plus-maze
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experiment, tail suspension experiment, forced swimming experiment, novel object recognition experiment, three-chamber
social experiment and Morris water maze experiment were carried out to analyze and compare the behavioral differences
between homozygous C57BL/6] CD44 knockout (CD44 KO) mice and wild type (WT) mice. Results In Stage 3 of the
three-chamber social experiment, WT female mice were seen to spend more time exploring novel objects than female mice
in the CD44 KO group (P=0.0475). From day 5 to day 7 in the water maze navigation experiment, mice in CD44 KO
group were observed to take longer to reach the target area than WT mice (P=0.0147, 0.0182, 0.0233). In the water
maze space exploration experiment, mice in the CD44 KO group tended to reach the target area fewer times (P=0.0128)
and took longer time to reach the target area for the first time (P=0.0003). The time that males in the CD44 KO group
took to reach the target area for the first time was less than that taken by females (P=0.049). Additionally, males in the
CD44 KO group took more time than WT males (P=0.0137) , and females in the CD44 KO group also took more time than
WT females (P=0.0036). There were no significant differences in the result of the beam balance experiment, rotarod
experiment, open field experiment, elevated plus maze experiment, tail suspension experiment, forced swimming
experiment and novel object recognition experiment between the two groups. Conclusions Compared with WT mice,
CD44 KO mice were observed to have significantly decreased learning and memory ability, especially in the Sth~7th day.

In addition, their spatial memory ability was obviously weakened. Meanwhile, CD44 KO female mice were seen to have

weaker social propensity than WT female mice. However, no significant differences were noted between CD44 KO mice and

WT mice in the aspects of sports coordination ability, balance ability, endurance, anxiety and depression.

[ Keywords)
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EUL 5 B & 48 (1 i K BE Tanon 2500 ) 5 HL Yk 1Y
(DYY-7C B, Jb 58 — A W BB A BR A W) ) 5 any-
maze stoelting 17N 2% 73 M R 48 (£ 1) 5 e H:X
(Panlab, 32 Harvard Apparatus) .
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1 pL, PCR & :95%C x5 min, 95°C %30 s, 58°C x30
s, 72°C %30 5,35 PMEF, 72°C X5 min,

(4) TR WEEE e rLTK

FHAE 00 19 29% 37 Ji o 5 e Fi K a2 47 4

x1 519F5ER

Table 1 Synthesis of primer sequence
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Name Primer sequence
F1 5’ -GAGTCTGGGTTAAAGCCACTTCTTTC-3’
R1 5’ -CCATCACACCTTCATTAACATCCC-3’
F2 5’ -CCTCTAACATCTCCGTTTCCTCCC-3’
R2 5’ -CGGTTTCAGTTTGACTTGGCC-3’
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FIRER 4 58 IRl R 43 A 1 B s/ BRUY)
IBENNIE SRR 5 min, WA HECARTR N
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PR, Kk -5 (AR 10 em, R 20 em) E2AAEEE
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I RN A K AL, SER T HR IR /N BRUCA
Ak SERIIT AR TEI /N B 2 IFIE | g6 iR - & B
w7 PRI [], B Ay 36 vk AR 391, /N BUIE | 36 3% - &
J& MEHAET- & L AF 8 30 s, LAIE I If 1042 8 3 38
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Bi, A/NERAE 90 s ICILFR BN kIR - 15, D) 2k gkt v
PRI 90 s TH5, [RIAE S 58 A 5% 5 By /0 BRU 4k 21
BB HCE T DA 30 s, /N Bk v AR
A A S e T HE 2 o) SO RE T, 0k R VR AR Sk
SRS S R TR VA= - o i LI O N a1 E7
FL, HFIHE /N s [BIE 12 Re 01, fZs ki
V-5 6 B B R A R B R /N R AUK
R NN A RIESIERR 90 s, /N
CAZ A B TR R R - 5 B e B 10 SR A — Ik
FIIK b35S 15 T 8 DX S8 9T 75 15 ], DA R i A XA
XA UL, T PEAN /N B 23 [ EAZ /e 12, ok
W/NT R 2 IR 25 S R I R ), SR AT 3
PRI ER Y Morris 7K 2K B SEEG
1.4 SitZEHE

BPE 4 M B SPSS 20. 0 48 i #44F E AT B0 s 4
B, A% 2 1 AR 1B 5 BT 4 B i GraphPad Prism
8.0. 2 FAAE A, BE R IE AR ERE (x£5) R
7N, PR B LR ¢ K56, P<0. 05 B, A
TG E S

2 #R

2.1 EEERE

/N S 45 R Bl 1 BT, C57TBL/6)
CD44 KO 2hiGF/NRIESS — D vk &, HAE
246 bp (i B ILAHT, 7E5E AN R AR R A
I, A T/ADRIES — DN E RS, T
246 bp {7 # LA TR AN OV AR R FE 337
bp 1 & B
2.2 FHAXE

TP AR SR, WT /N (n=16) 55 CD44 KO
INE(n=12) , 7838 32 P47 A B 55 B[] b A D0 B i
ZEFE(P=0.9092)., H WT #itE/NR(n=7)5 WT
HEPENE (n=9) X (P =0.6795) .CD44 KO 4
P/ (n=6) 5 CD44 KO 4 HEME/INEL (n=7) XT 1L
(P=0.951) \WT #iPE/NR S CD44 KO BEPE/IN BT
H(P=0.9315) WT HEtE/NEL S CD44 KO HEHE /N
BT EE (P =0.7712) , 38 3k -5 A ir i B[] 200 A
i 2z=R, WK 2,

7F :M:DNA marker; 1:CD44 JE R GFR/NRAE A T ;2. CD44 LR R/ R & T
Bl 1 PCR X&E CD44 Fe R R/ BAYEE R B ik 4 #r

Note. M, DNA marker. 1, Homozygous CD44 knockout mice. 2, Heterozygous CD44 knockout mice.

Figure 1 Gel electrophoresis analysis of CD44 knockout mice identified by PCR

2 PEEARSIRAE R L

Figure 2 Comparison of experimental results of beam balance experiment
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2.3 FEHBXIE

R RESIR T, WT /MR (n=16) 5 CD44 KO
N (n=13) , TEFE R I 45 B Bof ) oK DL B i 25 5%
(P=0.4927), H WT #itE/NR (n=7)5 WT HEPE
INE(n=9) XT (P =0.2956) .CD44 KO #H i/
Bl(n=6)1%5 CD44 KO HHEME/NE (n=7) X (P=
0.2794) WT HitE /N5 CD44 KO M1 /)N U He
(P=0.6774) WT IEPE/NEL 5 CD44 KO M/ ER
XFLG (P =0.6135) , 7556 0 A 145 B Bsf ) 35 B A W
WX, WK 3,
2.4 HAKLE

W 7L, WT /N (n=13) 5 CD44 KO
AN (n=13), 25 g XI5 2R A s i) oK 0L W &g 22
S (P=0.9932), H WT Bt/ (n=6) 5 WT M
PR (n=7) X (P=0.7915) .CD44 KO 4 M 14

INE(n=6)15 CD44 KO HEtE/NR (n=7) X L (P=
0.9591) WT Mtk /NS CD44 KO M /N B He
(P=0.8837) .WT Mt /MR 5 CD44 KO HEt: /N,
XFEG (P =0.9335) , 25l AR R 1Y I [A] B A
W25, WK 4,
2.5 BRt+FXR

e+ d WT /M (n=13) 5 CD44
KO /INE (n=13) %F Ll , 25 U PR 2 1 s 1) K 0 B
B2ZER(P=0.8754), H WT Mt/ N (n=6)5
WT HEtE/NR (n=7) % EL (P=0. 1457) .CD44 KO 41
MMV (n=6) 5 CD44 KO 4HEME/INR (n=7) X}
H(P=0.5599) WT #it/NES CD44 KO B /)N
BT (P =0.2944) \WT Bt/ §l S5 CD44 KO T
PN EE (P = 0. 4278) , 78 1 HUE 82 1) 1) [] 45
WA RZESR, WA S,

3 FRFRSCERASR LR

Figure 3 Comparison of experimental results of rotarod experiment

B4 WImai i

Figure 4 Comparison of experimental results of open field experiment
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2.6 BEXE

fEERER T, WT /MR (n=16) 5 CD44 KO
N (n=13) , Hi h3 LRSI R LA B 25 5% (P
=0.3518) , H WT #EtE/NR (n=7)5 WT HtE/N
R (n=9)XfH (P=0.7163) ,CD44 KO 41t /N i
(n=6)1%5 CD44 KO HHEME/NR (n=7) XL (P =
0.1632) WT Mt /N 5 CD44 KO M /N B3 1
(P=0.9753) .WT MetE/NE S CD44 KO B/ R
XTHL (P =0.1039) , 45 8l 45 FLAF 2L 5 8] 5 5 A B f
25, W6,
2.7 EBHFKEE

TEMR A HF K LK R WT /N (n=16) 5 CD44
KO /IR (n=13) , 16 3% AH G T 2l B[] o D B i 2 %
(P=0.0691), H WT#itE/NR(n=7)5 WT itk
INEL(n=9) X (P =0.5495) .CD44 KO 2H #E 1/

fl(n=6)%5 CD44 KO dEtE/NR (n=7) X (P=
0.6967) WT Mt /N5 CD44 KO M1/ U EE
(P=0.4572) ‘WT HEtE /MRS CD44 KO HEH: /N R,
XFHE (P =0.1021) , 1639 FH 3G I 20 s [R] 34 5 A B I
=5, WHE 7,
2.8 FAIRRILLG

ARS8, WT N (n=13) 5
CD44 KO /MR (n=12) , BEZ B W AR () sf ] =K Ul BH
BEF(P=0.1012), H WT #iH/N(n=6)5
WT HEtE /N (n=7) XF H(P=0.2746) .CD44 KO #1
MMM (n=6) 5 CD44 KO 4HEME/INR (n=6) X}
H(P=0.6246) WT Mit/NE5 CD44 KO B /)N
B (P =0.3874) \WT Mt /NFl S CD44 KO T
PE/N R (P = 0. 1442) , SR Z8 W) 1A F8 I 1] 22 952
AUl ZES, WA S,

BS5 s a R

Figure 5 Comparison of experimental results of elevated plus-maze experiment

6 ERLEAUR L

Figure 6 Comparison of experimental results of tail suspension experiment
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2.9 =fHEw

TE =R 422 5280 H (WT /Nl n =16, CD44 KO
N n=12, WT /N n=7, WT HEE/ MR n=9,
CD44 KO Mt/ n=6,CD44 KO TN n=6) ,
Stage 2 BB, 25 /NN BRORE B[R] 2E H ZR F ) oK D
Bl 25 5% (P = 0.3052, 0.5901, 0.4252, 0. 6041,
0.8856) . Stage 3 BBt , WT /1N BT 37 R 25 A 14
RINHZEZ T CD44 KO MM/ (P=0.0475) . H
AR L/ BROGTHT [F) 28 P 4R 2% B ) 34 e A ) b 2 5
(P=0.1242.0.9601 .0. 3513 .0.2356) , WK 9,
2.10 KEFXEI

I 10A 7] UL, 757K 3 5 e AL AT 52 56 b, WT
/M (n=16)5 CD44 KO /N (n=13) 7EHT 4 d 5E
IR, 2035 H bR K8 07 7 i ] ok WA B 25 5 (P =
0.1874 .0.9447 . 0.8931.0.1474) , N5 5~7 K,

CD44 KO /MR ENE B AR KIIrig B A T WT /N R
(P=0.0147.0.0182.0.0233) , 7E/KEE S HHER
SEEG R, CD44 KO /MR EE H AR XKIR B > (P =
0.0128) (& 10B), #1 ¥k 2 ik fr 75 B Al K (P =
0.0003) (K 10C)

MR B3R H bR X I8 7 15 6] J5 T R &, CD44
KO HEPE/IN (n=6) T IS [A] 8. 22 T WT e /I Bl
(n=7)(P=0.0036) (Kl 11A),CD44 KO /N
(n=7) Fr&Ent £ T WT /N (n=9) (P=
0.0137) (& 11A) ,CD44 KO 241 P e e i 7 i ] 21>
THEEE(P=0.049) (& 11A) . M F]3k H AR Xk
BO AT, 25 AL R R WL BH B 25 5% (P =0.0944
0. 0925 .0. 8934 .0. 5653) (& 11B) ,

BCUR I 5% 7 A7 5256 DL S SE 56 45 R S R
FT(WFE2),

B 7 SRR AL

Figure 7 Comparison of experimental results of forced swimming experiment

B8 AU S A R LR

Figure 8 Comparison of experimental results of novel object recognition experiment
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83

1 : A:Stage 2;B;Stage 3, Stage 3 W', 5 CD44 JE A E Mt/ NBRAR L, © P<0. 05,
B9 =tk sc L5 Stage 2 Fl Stage 3 455 L
Note. A, Stage 2. B, Stage 3. During stage 3, Compared with homozygous CD44 knockout female mice, * P<0. 05.

Figure 9 Comparison of experimental results of three-chamber social experiment Stage 2 and Stage 3

IE: 15 CD44 KO #Lk, © P<0.05, ™ P<0.001,
10 KRRF S AL R H A
Note. Compared with homozygous CD44 knockout mice, * P<0.05, ** P<0.001.

Figure 10 Comparison of overall results of water maze experiment
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AL BT H AR XIS ) 710 5 B . 25k HAR KIS BT, 5 CD44 KO MEHEAHLL, * P<0.05, ™ P<0. 01,

B 11 kg

) PRER 25 LU

Note. A, In terms of time to reach the target area. B, In terms of the times to reach the target area. Compared with homozygous CD44 knockout

female mice, “ P<0.05, * P<0.01.

Figure 11 Comparison of space exploration results of water maze experiment

R2 AR EE LR

Table 2 Summary of experimental results and significance

SIS Z PR Experiment e Meaning 25 Result
SR AR S iz S A RE S JoGEi 25 5
Beam balance experiment Sports coordination and balance ability No statistical difference
TR BRI AN 1 TG il
Rotarod experiment Athletic ability and endurance No statistical difference
7R IR TG il
Open field experiment Anxious state No statistical difference
[ S e BIERE TG # 2 R
Elevated plus-maze experiment Anxious state No statistical difference
BRI TARELRE TGt
Tail suspension experiment Degree of depression No statistical difference
SR YRR L TR BE TGt 5
Forced swimming experiment Degree of depression No statistical difference
B AU S5 22J1iLRe N HGetE 25
Novel object recognition experiment Learning and memory ability No statistical difference
=Hit s T *AATHEES) WT it >CD44 KO #idk:
Three-chamber social experiment Social behavior ability WT female>CD44 KO female
R S Rt | Lo VTR A= P CD44 KO<WT, CD44 KO #E<CD44 KO i

Water maze experiment Memory ability

CD44 KO<WT, CD44 KO female<CD44 KO male

it

3 it
ARSI K P, CD44 KO B/NES WT /NERAH
FJICICRE ST B R RE, LIS 5S~7 Rig N &, &5

(01268 St B k55 . [FIEE, CD44 KO i/ B

(L2 AT M RE LSS T WT Mt /NR, (H7EZ shih

VEBE T VT RE T £ R PIAR AE 7 TH , CD44
KO /MRS WT /N W B 25 5%, A b ml A,
CD44 LD Y 238 /N BN AT DD g, il & 1242
BE A | J5 B2 L CD44 R 56 3 IR o 9 3h 4 i f 7
REFSLEG T 2% 2] 5 28 [RE A4 B8 1 7 T B SE 5, W
500 A RN BRI , DA A S0 25 A T 22

B/
7

KT CD44 FEPHI R I 52 0 27 2] i A2 B g B AL
i, /INERBY Az S Uh R e T A D T | A AR
PR AR W B 50, 7 CD44 LR A bR AN &5
wZHT IR ARG S E ., ALK CD44
KO /NEUIA A B B 65, 15 9 2 Th B B A5 114 26 1
FH—2, Morris ZK2KE FTHEFE 1)/ B 45 ]2 12 BE
WX R G0 R e HLE A STk
FEH CD44 7] BE R i AR AR D 2 i A B
TG AR CD44 2 5 AR R B 1 R F , I lisE
M) 3190 ) A g

16 =422 Se B v CD44 KO PR /N B+ 52
RS T WT /N B, T AP /N B2 o] U)ok &
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PUAHSE 2252 $ER CD44 RSB 5N KA
K, ST ME R T DLl R P LA RNA
ek WM FE B 1 4 1958, T RREARES Sk H 7
Spl HYZKF, &4 T CD44 ARk il
A CDA4 [ERIR SHER R A ARG . XA 1F
iE— ISR

H TAT MR AR TR R 25 ek, — AT o
R TR B S LIk e, FEATFT
BATEIEAT T I8 3 HOR S AT M2 5056, I H A5 5]
TAAR S5 R . BT AS R R 52 96 45 4 TE Tk o8 4
— 3, HRFHEK I Z [8LER 1T M e I A —
2550 PRI, A AN [R) it Ok S 36 1) 485 SR i A0 — 3%
(), AE R I AN AR AN TR vk 4 SR il — R 483 T o
ME, B AAHIEGE R R T S5 B AR R M i — LA 5%
Bl A SCu B AR 25 R A5 T B AT T Y
“CD44 LR e 2 v] LS 350088 2 (R 1) BB R 1 A0 4
]2 ) e Bl 7, AW B R BRI AE T, RF
87 CD44 FERXT TATABE I R UsE M, fE3E T
RBEFR TAE T, FATR: i — 2P R CD44 ey 32
1| S N w31 W R LTI (R = B TS e i
A I BUAH DG 38 6 55 53 DL 5 T 1% [R)
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Lipopolysaccharide-binding protein and bactericidal/permeability-increasing
protein: potential therapeutic targets in sepsis

YANG Ze'?, WANG Kezhou'*, YU Yang'*
(1. School of Laboratory Animal & Shandong Laboratory Animal Center, Shandong First Medical University & Shandong
Academy of Medical Sciences, Jinan 250117, China. 2. Blood Transfusion Department, the Second Affiliated Hospital of
Shandong First Medical University, Taian 271000)

[ Abstract ] Sepsis is a common complication of severe injuries, such as severe infection, trauma, burn, and
shock, and it is the main cause of death of critically ill patients. Endotoxemia caused by lipopolysaccharides (LPS), cell
wall components of gram-negative bacteria, is one of the main causes of sepsis. Multiple plasma proteins, including
lipopolysaccharide binding proteins ( LBP ) and bactericidal permeability increase proteins ( BPI), are involved in
regulating the signaling pathways of LPS activation. The two proteins belong to the same family of proteins with similar
structures but different biological functions: LBP facilitates LPS in binding to the CD14 receptor of target cells to increase

host sensitivity to LPS, while BPI neutralizes the inflammatory effects of LPS and accelerates the clearance of LPS from the
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circulation. In this review, we summarized the research progress of LBP and BPI in terms of structure, function, potential

for treatment of sepsis, and the correlation between gene polymorphisms and sepsis.

[ Keywords ] sepsis;  lipopolysaccharide;

increasing protein

JHREEAE S — B A S 2 i 10 22 2 B ) R B e 25
FE A X RN R R T MR
EFENIICT HH WAY IR AL 2017 4F 4 BkAG
T 4890 T3 e ERAE R 1], Forh 1100 T3 IFET
SERIETT RN 19. 7% AN BT T
A= Wy RGBT LA BUMCERAE | Ferh 478 N 7 R R
Z ¥ (lipopolysaccharide , LPS) {1\ hy 4 e 5 5 & Ik
AL v 5 T B A R

fig 2 Wl & 2% [CB 1% 40 I ( gram negative
bacteria, GNB ) 4l il B¥ 1) == ZLME IR 143, J& 51| & M EE
KERSRA R 22—, LPS REME I3 40 P A4 i
SNBIEGI R RAE . LPS HEA ML, $% Toll #3214
(toll-like receptors, TLR) PR3, Ji S5 5 BN,
FERCKR 5 4R A5, A ye IRFE IR F- o (TNF-o ) F1
HATHA 2 - 1B (IL-18) \HATHEA 5 -6 (IL-6) Al H
WA R -8(IL-8) O Kb RAEH F R S —
AT RRAE L, WK1 T2 A2 R AL AR LA Z 1] Y
A, SRR AE R RLR AR, TR R A B A b
JRMLAS Y 3K B0 LS 2 T | B L R % I A s
JLA R 45 A8 AL, B 38 2 A B T RE R ARG, £E 2= AR
SORAMAZET:

LPS 2T M TEAE A L = H UL A ol A=
Bi, BN LPS BA m s S, I HAE AL K |
AR S TE L, 5028 1 4 T A 8 2 0 e ke 2 i A
RULSE S5 Ah  LPS ST 1 B AR 46 | 15 824 [P
PEARTE i B ALEL TR P 5 AR B o B A 1
ERIM AR ZHMIZ AT K UESE, B
Wi LPS S-S AT SV B {5 5 il i, Al LBl LPS 75 5
FIMEREAE , 23R Y7 EEAE 1 B A0 A

lipopolysaccharide-binding  protein;

bactericidal ~ permeability

JHe BERE G R N LPS 5 Z2 R fi 3 4 AR
VERT P AR A 22800, e iR 2 Wi 4 &
H (lipopolysaccharide-binding protein, LBP ) FI & i/
18 P44 2 1 (bactericidal permeability increasing
protein, BPI) J& 5 3= 2 A9 WA 1L K 25 ol

1 LBP #1 BPI Y EE L 5 R 4&#

LBP 1 BPI [7)J& T BPIREZE ', W35 2 (K o7
ST 20 SYL @R q11. 23, g LBP &5 15 4M4h
W5, BPL % 16 MM+ (U 1 Fim) .

LBP il BPT {8 250 X B AT sl w3
2 RS A S 2 B IR 25, RIVTE N-A v 45
FBFN C-oR i 25 A 3845 AT — DBk AR 254 (&
1) U aT LR ZS A Bk

LBP 4> T2 60x10° [R5 R 45 & ML #% &
N LBP R FA L, LBP B C-R 4 #y
A — A B H g 1 MR AR — AN B K < R
A0 BT LS LPS 454, 1 5 K e AR,
SWEE LPS & A et

BPI J& 4 T2 0 55x10° B4k IS T2 1 .
A BPI [ N S 259 3 ( 2 5L /R 1 ~230) 3 & & il
PRIV ECHEIX (B ELTR 230~250) 5 C Ui i (2
FEIR 250 ~ 456) FHIE , ZEBCHE X IR & — A~ ik 2R
EIREDI I 23 (LR 240 ~ 245) /T BPI 1Y
o] HE LT TR N o 5 A 3 5 R T A
LPS A 36, C-A Snas 3l 5 A A g e

2 LBP MIIgE R RIHEE

2.1 LBP BIMEXREH
LBP J& 2P v & 1, 2 T4 i A ek,

£ 1 LBP Ml BPI Y355 8
Table 1 The loci information of LBP and BPI

£k Name gL W4 G E A LBP

AT/ B MEN BPI

A5 Locati
R Location 38346482 ~ 38377013

£ J& (nt) Length 30532

NC_000020. 11 fi7 &
NC_000020. 11 position

F:F{7 E Gene position 20829

38,367,310

20 F Yk q11. 23 Chromosome 20 ql1. 23

38304156 ~38337505
33350

38,323,987

19832
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1 A LBP [ licorice ¥4 3\ J HB RN ¥ ; B : LBP 254114 surface #3X; C: BPI 1Y licorice K0 K HEL AR B ; D BP1 Z5# 11 surface
kR, A (S BN E E FEUREZE T 2 (LBP PDB ID:4M4D;BPI PDB ID: IEWF) ,
B 1 e Whsh & E A MR R/ 35 E A2

Note. A, The licorice style of LBP and its ligands in spacefilled style. B, The surface style of LBP structure. C, The licorice style of

BPI and its ligands in spacefilled style. D, The surface style of BPI structure. All information was downloaded from Protein data bank

(LBP PDB ID, 4M4D; BPI PDB ID, 1EWF).

Figure 1 The structures of Lipopolysaccharide binding protein (LBP) and Bactericidal/permeability-increasing protein ( BPT)

1B AIMLEH LBP (¥ EE R 5~ 10 mg/mL, 452 5|
LPS JilJ )5 , LBP eV A5y, 7EMRERAE I H] , 1l 2%
LBP Al GREIEH W 7 £5 00 BT ABERF 58 UE B
LBP AJ LIV A2 W e B2 4 1 A5 259 , Haz Wi o 14
5 ¢ RPE AR

LBP M GNB 4 i BE sl LPS AR LPS 42
B Ok B e R Hz 26 2 CD14 Sl 1 CD14 41
T, B R LPS-CD14 B AW, % E A Wik Toll #£3Z
A& 4-MD2 ( TLR4-MD2) FIKH#S TLR4 A4 4 JiE 41 il ,
T BT e T3 0 O S A i R R A 5k
AR A (I 2 FR) . BR T LR s AR
F,LBP I8 AT LUK LPS ¥z 2 g 8 (UB0RL, 28 A
AR HE A I T R EMARSN

LBP 1 CD14 fy4h &R0 48 =1 £ X LPS 1
U LBP A3 P VR FH 55 51 &1 32 RORE R
P, 5 MEREIE 19 & AR & SR B DA G, A kI EE
E R SER R D R il s W4 LBP 5 LPS Y 4%
A BHIE A 3 R S I8, T DLk G ik & L Bh
Wy SRS 0 LBP 034 S0VE FH BE 42 =5 A 1A 7E Y
B R ILAE A 19 26 475 A8 /N BN 3 3R I AR 78 v
FIFH LBP HUAAFHWT LBP 1 LPS (9454 5% LPS/LBP
RARYE CD14 4S54, T LR EFEAR MK TNF /K
- HE R BT E N B LE (LPS )& AR H U S0
ng) /N EUA #7335 i LPS (4 /R 250
ng) Wi /NS, Bt LBP HUiR s BHWT T LBP (35
R &A% EaR AR 0l DL 5 LPS nlai i
Bk LBP LIAMYS AR5 SIET:, RIABL LBP MR 1E
FHEJRIBR M . I R L AT Ry P 3 2 1, 2% 3o 3i v
BRI LB RUIEBR IR N LBP W] DL B ik

BEAEIS 0 2bE B 00, s e AR A A s,
JA T E R R A AR 2 O ) B R AR
I3 LBP, T R AR 28 3 P9 3 38 I 1 R
KB g FRRAR, LLLPB AT A, 3 1 B T
LBP Hidk , ik A RS By sk 38 B LBP 45 7 3K
i LPB 454 LPS MiE %, A F —2697 LPS A+ &
(e IE SR AL T 2y

WA WFFE IR 7E L L2  GNB SRR, LBP 45
A LPS Av 3 0 R AE I R 2] T R E L. R
LBP PR /N BIESE LPB w] DA pe it 375 S 41 %I
FiE LPS 5 GNB 9 AT L, PRAP E s 1 D 17T G
B/ A LBP SR BIIE 527 51 % 25 5 Y
il 48 7 B A TR s EL A BB A S R AR e AR Y X
SR i AAE GNB B L1, LBP (13 VE FE 5
Bl G E B A ) A

FEAE FIRGLIT  LBP 254 LPS /S RAE I
JITZRIN 0 1E S W R AR, BT RE S A0 P R s TR
AR S LPS MR EEA G 4278 LBP 36397 MBI i B
AR 2% 1 RN A I A RE VR ABIFSR .
2.2 HiRE LBP %t LPS iFHERIINEIE H

LBP J2& 2Pk 5 0 2K 1, 76 e 0 B B i O
o LBP & F i BURy , A R W, Sk EE Y LBP
X LPS 1 M 5 A AR F 3 R 4R AT LA
LPS /S A4 R S, dht G fe 32 A0 SN IR 2R 9], DA
T B L e REAE 19 A R e

WFSEE B 5 1k B 19 LBP 764K S AT LU LPS
P 10 B 3 A OB /0 B3 ok 3 S e R
ZH L LBP 1] LI LPS 450 40 i B 1 R BHLIE
JFDIRE R AR D21 ZUME e S0 2 2/ BRI
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FRE/ N RAOBET RS FEIfG AT, R B T 26
ARG A 5E  3k o3 B ™ o R w3 R e PR AR v
BAE I LBP MR, &K BN LBP 3 &), LPS
TEPEI] BREA%, BEZE LBP M /D, LPS 357k X 2318
PSR S AN, 7 MR AE B L I A LA
LBP AT LA LPS MG 1E , A 2FH AN, 5
WeEE LBP (19 LR /E 5 LBP i@ i i 2 A
IRPRIERR LPS A 567 B RSN 56 S B0 oy e S
() LBP 7£ G IfiL % ( TR 25 1) A7 78 I 7T DL BH B
LPS 755 1 B E W 4 MO0 , R0 LBP XF LPS Ay #l
TR AFAE S —FHLE] . X AL AT RE 5 =ik B LBP
ATLAAI ] LPS-CD14 & ST A G &R, ik i

LBP 7 DL 30K LPS M mCD14 b i 25 F 3k, 3
LPS M CD14 % # 3| TLR4-MD2 3214 3, M 1fij 31 5
RVEANMIXT LPS M RN e LBP il it AN [
ML BEHIBALRS (R) B RDEHE (S) B LPS 5 CD14 (1)
ZE4 A LPS 155 NF-kB A% 550 X AL
1LL-F- 55 SRR A He R L TRIAR B . BF 5% 2 9 S e 7l ]
DI LPS 559 TLR4 ik Fl NF-«B 7% 1L, i 1T
P TLR4/NFxB 3 k55 LPS /i 5 (%1 B R AE
A =2 I AT 1/ 3125 == 5 e 41
TLR4/NF-kB i# %, A] 77 A= 55 G2 B AH ARl 7 >k
T LPS A SAE 2, 15 17 BEL LR e B RE 1 K A
K,

GRS G A (LBP) EZEh TG A, LBP 1T LA 22 FCBE B ( GNB) BYSMIE I LPS A, ATITHS LPS 73118 3% 28 BT LA
AP CD14 3244 DT fis 5 v PR A | SRR 20 R 2 M A S R R N, BR T E SR VE I Sh , LBP 3 L N 3 R AL B 45

BHE 1, IR LPS FERF AT ER . A% B/ 8 BN 8 1 ( BPL) FE2EA7 A8 T Mo 40 i 7 w8 R Ao 40 M A A0k vy, A, 7 B0 400
S50 b B AN AR TS I ) BPT, 1 AT e e Mo 20 MO AL 5 — R MIBATE, BPL X LPS FIAH B B AT S i B R AU, BA R BEAEH S 5AE
Fo BPI- R VR I T HOANNL A AL AN, BPL AL 0L LPS FAEPRAEARA CD14 W BL T 18 A0 ek a% , 3 H3%A W 1 19
ORI

2 LBP 1 BPI £E4 2% [R IV R R G i A 41

Note. Lipopolysaccharide binding protein ( LBP) synthesized principally by hepatocytes and secreted into the bloodstream, can extract LPS monomers
from the out membrane of Gram negative bacteria ( GNB) , thereby deliver the LPS molecules to membrane and soluble forms of CD14 receptors,
which trigger the pro-inflammatory response mediated neutrophils, monocytes, and macrophages. Besides the activation described previously, LBP
delivers LPS to lipoproteins leads to hepatic clearance. Bactericidal/permeability-increasing protein ( BPI) is found mainly in the granules of
neutrophils and eosinophils. Additionally, BPI has been detected on the surface of monocytes and colon epithelium, which possibly due to the
secondary secretion from activated neutrophils. BPI has higher affinity for LPS and bacteria, is bactericidal and represses inflammation by preventing
LBP from delivering LPS to CD14. The major target cell of BPI-endotoxin aggregates are monocytes, while BPI promotes the CDI14-independent
delivery of purified LPS aggregates to host cells without apparent cell activation.

Figure 2 Role of LBP and BPI in host responses to Gram negative bacteria
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2.3 LBP EABRFRESUESKREEREHL

B R R Z A M (single
polymorphisms , SNP ) J& 85 7 LAY st (& A8 S 27 ) 4
PRE LA S S HEFE R SNP, W] fE 5 Z Rl 14 5)
JRAE AN RESRAT 5, A7 B T FU s TS AR 7
HOR ORI EHE R LBP JEPE b R

nucleotide

SNP 5 ffeaiiie K HIF A e 02 (I 2) .
25 FRTR i@t /AT LBP K5 b SNP 5 e iEhE
RITF R 1 0 Z , PO v A HE, S i R
ST IR AT RE 2 ok MR T AR T . AN, R kR
E R PR TR IR T SR M 5] T R IR e R R
{EE T R BAAN BaE S 25 5 vl J 2 ME i BRI A7

s 12 I PRATF SR B0IE SNP 5 IRBEIE IR

Fz 2 LBP F[FEH SNP 5 MR FEE AR AE I A IE Y L R

Table 2 Impact of SNPs in LBP gene on sepsis and septic complications
dpSNP Fifith PSR SNP #E4JE X X TR RERE A 3 25 0 EEPUS
dpSNP 1D Disease SNP carrier Major effects on sepsis Reference
Wete e T BB N 53 P R e REIE Y 2 SRR
—(Cys98—CGly) S ﬁ: ) / Gly98 allele may contribute to an increased predisposition [27]
IS to sepsis in male patients.
& 1T 2 i A% M fS e e NN — v S
S R RT C 0 S S8 A MRS O 2 4452 1
1s2232582 Septic complications AT MR RS o [26]
phie p . Heterozygous C allele associated with a 2-fold higher risk for GN
after hematopoietic cell .
. . bacteremia after HCT.
transplantation ( HCT)
4-SNP BAf A
4-SNP
haplotype e AT Y e R % A XU RN P LBP A4S 24 7K 5 |
(1rs1780616-C | S Bl ) I/—I " The haplotype associated with increased risk for sepsis and [28]
rsS741812-A | Depsts OmozyEous higher mean levels of serum LBP.
rs2232571-T ,
I7T80617-A) i T A0S O C 45RO 555 IO UL LBP /K FA47 5 0 26 4 58
; MRFEIE Kt LB
152232571 kKA e : [26]
Septic complications  Heterozygous C allele is associated with higher serum LBP level, which
after HCT increases the risk of death.
. TSI TR ARIORIAL RS B MD-2 IR
LT AU KET I ABEIRAIRCRS 22 MD-2 HOECE. |
HCT Het Showed association with higher efficiency in endotoxin [29]
oz <
cleronygous extraction and transfer to MD-2.
152232613 PRONSEEG R BT T A5 i S PR x40 3 2 R A 45 5 g
JIFNAN M P 5755 DI B8 , I M R E - 50 il 48 it
il 58 0 foe w4 P TR B B ST MRS
Pneumonia and A Carriage of T allele impaired bacterial ligands binding [9]
. Heterozygous . R . . . o
sepsis capacity and cytokines-induction function and exhibited a
higher risk for mortality in the course of septic
complications and pneumonia.
AR CD14 25 G RE ok, C A
ol PRI N B 403 S5 RFRAE Y A 2E %
T / Generated mutant protein had an enhanced binding [25,30]
raum
auma capacity with CD14. C allele contributed to higher
12232618 incidence and development of sepsis.
55350004~ SNP #2H & F LB IRSEIE A L,
Wt e T SR SNP AL RULRIEAE fs.
. A combination with additional four SNPs was associated [31]
Sepsis Homozygous

with sepsis in children.
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3 BPIHIIgE RIARHE

BPI -8 A7 7 T Hp Mk 40 B () J50kE b | 78 2%
YRR 25 R 1 Rz 40 i 3% 1t ] sz 2] BPL, 3 AT fg
JE PR T 900 B v MR A R A I T B, BPI
7E LPS MG BRI R A 455 Ty mEEH, A
AW HR HBLE SRR (I 2 R .
3.1 BPIWREEME

FERV A5 e BT A L v MR 4 L T
Z BPL,HI55 T8 Az JL b PR, 4 A 0T 4 385 (5 7] %5 3k
ARG A AW R B E T . ALY BPL TR
Al BPT X KT w A A B v ik — A UE S
T BPI HAT IS AR

BPL ARG PE S N s 45 44 3804 ¢, BPL 47 FH
B0 N R 45 g 54 071 fL Y LPS @ 1R 2 141
J& ML LPS 31 B HEZ A0 41 B 5 R A7, S SO
24 SR MEET- . GNB 4 Jf BE 5 45 5 AS L™

SENM AR A A 6 T 3 2 Bl R R T G A: ) K
PEATER JE— AN SE T, 2% BPI Al LPS
RSO R IR EIEAY . BPIiARES
MARGE PR B R FAEHT, M ¢7 B,
BPL XS K HT B 1 2% B T P 23 32 2461, i A IE
B , SRS PSRRI E
3.2 BPIRAEEFEFEME

HH G A% B 5 M, BPT 3 B 75 10 T B A0 AR DG BIF 5%
/b BUESE BPI A C A S 4h dek 2 5 41 14 Y 7 28
FWEAEH , BPT C A i 4% A4 385 T35 Bl A 2 bR 40
I LPS RSP LT EEH . B4
(4K) BPL AT LA 24 7 % T+ MASBOS |, n e R
FFER ATV, TIESE BPT (4R ma AW /e i

— ST UESE T BPT 76 8 B7 oo A o ) B AR
FH A8 2R e nst | BPT & PR B e /1N B A ok 40 it £
U)X 0 2 % B BT 1040 I RS R A T A
HR PRI 4l AL Y BPT BERS KA BPT 3 PRI FE /N B
X 0 o Al R TRT 17 7 W T R BE 0, [ B L5 3
AN BPT AT CD18 3 i P4 240 it Xef 4 2 {1 .
I A B B, P 5 DR i 53 /0 R4 P ) 0 A1 o e R
(I B, BT CD18 mT LA LA AR, #E— 25 iE 51
BPI ] LA FANGE A E ' BPT AR HE 1 40 i X
GNB iR, i 02 F B I i 5 OR 52 34, 5 B BPL
FERIRY U S f b s A,
3.3 BPIHImRIEH

B T GNB AYE BR, BPT 38 T LA LPS fifl
R BN R F B, R EBLRAERT . 5 LBP A
Lt BPT Y N2 i 25 44 3 6F LPS EL I 5 5 (1% 5% A
7, X Bl SR MR IN T LPS BRI RN,
W SEPERELIT T LPS 5 LBP FOAH EAE R, Ul 55 2
SR 1 A RE T 2 ( RI AR E A M L A A R R
B0 T BPT FER B /DN A 40 G B AR
PEINSR , FESAE R I 2 dESMNEMA BPL ),
BPT 35 PR G5k 55 /0 BRJER e 38 47 4R i Ul 557 , R X
vazw“ﬁ]o

25 L TR, BPT WY T | I B W AR ) £ i ik
LPS V& FR , Wi i i b LPS 5 &, Hpt RAEH X
ATLAA ] LPS A5 19 90 PR 7 Rk, DT AR T
LPS 38017 R 0E Je b K 3 19 ol g, BHLIE LPS A&
PR e T 1) 2B K R TR I BPT AR AT A A Jie 745 i
TRYT I B
3.4 BPLIBfrBKSEEMNEAN

BPI N ¥ F B¢ rBPI21 1 rBP123 J& H B 7EA

F3 BPLIIARITS
Table 3 Therapeutic potential of rBPI

BP1 2571 S XHBEE AR S 3CHk
Stype of rBPI Disease Effect on disease Reference
I B85 58 TR TR Il i B 8 TR TR ) O A (43]
Meningococcal disease Reduce the complications of meningococcal disease.
rBPI21 T A A A REE % SR GRS PR AT BT PN 7%, AT A1
. PRI LI B,
ki JEE 4 K T e B rBPI21 can effectively inhibit meningococei and clear bacterial [46]
Meningococcal sepsis endotoxin, thus reducing clinically significant morbidities and
improving the functional outcome of children with severe
meningococcemia.
- e . BP123 1] LLF Al LPS, 5 Ltk 3 9 /0 9 0 R 7 R e, B A/
BRNGREIOARRG L S
RRELIVATERII IR o s i o R RIS R R0
rBPI23 T o & |BPI23 neutralized endotoxin and reduced the activation of the [44-45]

endotoxin challenge of

human volunteers

fibrinolytic and coagulation cascades after low-dose endotoxin

infusion in human volunteers.
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JrR A AP EAEA, W& X BT
TR MR BB («BPI21 ¢ 1-193, rBPI23 : 1-199) ,
DI 132 & FE R 1 2248 (vBPI21 192 B &R 132
RN AR ) W T R,

H T BPI 7£ GNB JEYL i & HE 10 2R, B4
BP1 3 0] LME MR YT N FE 2 MR 5 e s e I TS 76 7
. FEMCEERE AN T 2 LIE 19 sh WA B v | L EE
41 rBPI21 A B FREARIMIE h i LPS, B 2 KK sh
FFET ) FZH BPL AT LB AN BPL 4 P il 25 /)N
R P A 20 T ] 2 A S P ) B 3 o A R
i TSSO RS T I DA 1 N R L 5 | 1 R
fim[%] .,

Il PRI 72 25 W1 T 40 BPT H Betis &k BLAT VA )T 15
I, 0 R e Bk R, L EE I R e EBR 1 Ik T
GRS 3) . ML Tahsc s, Haih R A
2K EH BPL W TR HE, hTeaKHEA
BPI A AT N AR I 235 14 388 (%) A8 i M i BAT C
AR S 2 AR S A R R A W, R LR YT RO T g
LL AT 5 BPT SE2H Fr BB A2, XA RRR AR .

BPT {4 A 850 e 1) 2 5 0] (R B F 5 01
42 min) PR T A BPT ZEIG R B AR A, ii—
Fiil LBP N Si&b My BPL C 345 #a 3k 21 1 4 %
B A v IR T B R e 3 R AR e
RER BB AEAE R DY AR AT B8 A T4 BPT 3697
MR BEAE R

BPI JE K Ay —Fh SNP 5 e iE B H L T- R A
X, X Ff SNP & A fE BPT & A A9 28 645 fif
(rs4358188) , A 2 (7 KL [H 645A ( JIRMEZNS ) 1Y Hi 3
B W (BPI2I6E ) #f 2 FE 2 216 i /) #i & I
(BPI216K) Bk, Ederer 55 % 1% {7 & 5 [H 28
AR T BPL 5 LPS B945 4, BPI216K FR I B
1) LPS HHFIRE J) i BEII R LPS 755 19 95k I -
W BRI B RE BB . BPI216K il BPI216E 7% &
ARTE T 5 0 B A7 78 1) AS [) 2 B0, A g ol A 4
BP1J¥7 GNB JR#EEIE S ALH 1L+

i TR RS, R S 4] BPT F BOGYT MEFIE ,
BPI H PRt 2 miayr AU R 2 —, Bl
Pt BP1 H B EALHAIAS B, (0 7E =2 [ FH
PEBFN GNB MREEAE B A A3, 404 B (5 3 24
BREA HSHECA M , JUHAE GNB IR #AE P & AR
Bmtel BAN N FHE L BPI AT WA W] BE S A T
BPL ik, Sy 7 2R . $1 BPL H B4k n] LIt
PHBRAFIGE, BIH] BPT R TE, BI85 BPT PR TG, Al

BEIE R RE 1) K R FIBE TR Jf H S B E 4
BPLIRYTPRICR AV, X 2 Z A5 B BPT H &
PO A AL S 5 _EaRBm B 2 2R il HR
FYRCR A R,

4 REHRZE

LPB 1 BPI )&% 5 e 5 i 2o 72 1) 8 22 1l 2%
B, MR T AT e B A A EARHLA, o] R EUE
X BIRYT R m . BPT T H S KB o LBS
PHPRAT TS M PU AR AE A, O WUE W 2 AR AT H 5t
(A MEFEIE TR 7 FE 0, AR W 2 R M A R A 5T
U BPT 1) C Szt SR B M RE R E R L & K
2 BPI Il R N H L 58 32 L 41 BPI, BPI &[5 SNP
5 MeRERE 5 SR AL LA K BPT [ PR 5 95005 i 56 &
&5 LBP ZEJRYY 5 1 0 AT A PR AR5, e 7
i A B T SRR A 151 LBP 1) I8 A Sk i 3 A
WREE LPS V5B, N B3k i B JOE RAE RN, 5
Hh ST R LBP A R FIE R LPS Al LPS
A FERAE MG L, AL LBP K514 vl RE M iR
ST IEHERE D T L2 —. LBP [ SNP 5k 5 4E 5
JERPERYOC R B A MR SR A T AT R A 2
(R ELRI NI R A SE 0 LBP 1 80 536 77 e 27 4 12
BEIESE
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[ Abstract)

role of microRNA in intestinal barrier injury is the subject of more and more attention and increasingly focused research.

Intestinal barrier dysfunction is an important etiological and pathological feature of many diseases. The

Studies have found that microRNA can be involved in the destruction or protection of intestinal barrier function by
combining different targets to regulate structural proteins, apoptosis, immunity, inflammation, and oxidative stress. The
research is summarized, and different mechanisms of microRNA regulation of the intestinal barrier are discussed, to explore
the potential value of microRNA when studying the mechanisms, diagnosis, and treatment of these diseases.
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(R BE PR SF I SRS /N RNA 731, 2 5 2R A
S AERIE A i T B B T R v R A
TERIP o ARSCNSE R 11 e 5 RAE | 1 B 4h i
TSRO L A EE R, HE T miRNA fEiX
S I 1 M 18 5 BEATL R B A 5T R, LSBT R
M5 SRR .

1 ZHER

MU e 2 g 8 % B ) = 2 A R 4, Pl 7 o
T FIZBENRZ W b K 40 M (intestinal epithelial
cells,IECs) DL Sz b Fz A 2 6] R FR S5 A0 2 k. '8
P (tight junctions, TJs) J& IECs & FE 454 H B 8
B, R T)s B H VR S S W 36 B e 2 e
MYERAEFE b5, Fh B % 322 (adheren junctions, AJs) 5
TJs — RV 18 10 i 3% 2 2 A5 1, 7E 1 Bz B B 1Y) TP i
SYReh R EZOAER . BORZ e 32 2l &6
G EESI AN
1.1 TJs EH

TJs SEAUSR 5 B i 5522 1 20 0 4, #h B i 2
I Claudins( CLDN) . Occludin ( OCLN) | F 81 /NilF 5
F ( zonulaoccludens, ZOs ) 5 & #: &5 It 70 T
(junctional adhesion molecule, JAM ) £H i, 7£ IBD
Hr miR-320a 3 i 39 0 b Bz 18] BT HC BT S hy, 3
JAM-A FaRH ' (R AMSEEEUERA 75 1BD A7
1 miR-122a 5 Z0-1°" 5 OCLN'® iy ik /K F 2 1E
FASG, BB EIE &I, 76 R AE 458 T, miR-195-5p
A[LLJAY CLDN1 5 CLDN2 B3k, IR b
PR SEEPET BRAE RAETE DL T, X 28 miRNA
A2 5 EM Tls SEHRIE, #40 miRNA WA] LA
S 5WIRGEREE, B0, 78 1BD BAIH miR-1 7]
Dh3d ik i 45 L BK 35 11 44 55 B ( myosin light-chain
kinase , MLCK) T Z0-1 5 CLDN2 (%34 . Hou
2091 9 ) IBS-D K R &5 miR-144 W 138, ) H.
A3 OCLN | ZO-1 FIKFEAK, 718 bt iy , Zhou
ZEUOT I & B IBS-D R 45 % miR-29a 5 miR-29b
FIRIK T, I AT FRAR CLDN1 %3k, 7R BERE |,
0] IBS-D 5 5 /N B miR-29a J5 B8 Z0-1 Fi
CLDN1 My ks m'" . s sh, 45 #F 53 3 5 X b
IBS-D & 5 fd ) A i miRNA, & L miR-16 Fl
miR-125b §E [ R CLDN2, % 35 g 18 B st . &y
WA 32 B (intrauterine growth restricted , IUGR ) J&
HAEJLE W, W 1B D) g2 452 TUGR 1) 5 24y
ik, WFFEE X e TUGR RS 5 1E 5 B A= 36 i i

miRNA Fik X 51, & B TUGR AU 718 miR-29
FHNS CLDN kA X,
1.2 AJsEH

$5%5 2 H (epithelial cadherin , E-cadherin ) J& AJs
M) = FE4H 3R 43, Mahurkar-Joshi %5“4] 1E IBS 2 F
55 i 6 B WEE 3] miR-219a-5p /KPR, (A 4h 5
g fd FH miR-219a-5p #0570 &b 2 )5, 4 i E-
cadherin 7K AR, 17 B 8 B P8 M. Rho #HC 2
F134 M 1 ( rho-associated protein kinase 1, ROCK1) J&
— M S 5T B TECs B4 5 AE T S 1 L
S e 4 45 22 i 240 6L T S Y B, £ ROCKL 417
il 7 5 W22 3 E-cadherin ik LA™ #F 5% & B
J A BH 5 35 45 1 miR-21 FRIBFEAK, RAE R T 7K T
1o, W B B B AZ 40 R RS AL /N B miR-21 J5 DU
7y 1 AT SN, AR MSE IR UE S miR-21 4 [n]
4% ROCK1 4% I B 5 B, $2 78 miR-21 # A Al fE
3 ROCK 1570 B2 132 DA T 52 10 By o i
1.3 FEA

FiHE 1 (mucin, Muc ) HI PR G073 W05, J2 6
SR FEH LT, KAEE AR RS EH,
T-& W2 Muc B 5 & 4 F I 55 1 G 5 i
Sun 27 XF IBD HEE FIAR R /IN B 45 i 41 U AT
30T, & BBE A A IS 1 1S 4, miR-1-3p Al miR-124-
3p FIRIG I, P R E T-5 B A Ak T
Muc2 K-, B B )2, Morris 451 WLZE 5] I/R
BAYS Y B0, A 259697 /5 , miR-150 5
miR-7a 7K F EF, TIs A5 E&E H Muc2 £ik I
W, BRI REMKE . DL LA B miRNA A 5#
SUN/GIREE - RSP A TE - IS T S C I NTTEEN
eV HE Y 7R E N SRS RN

2 BRESRE

TR RIE RGN THIBERE MR 2 X E
B, EAN MY S OE S B0 2 0 50E i
il B AL, B 2 B B e DI RE I 2L
2.1 T 48

T 20 A A i 1 S i i, T 434k S AN [
ERFIN A FEVE ] . HF9E 3R W] miRNA ] DL o 3
T AN TR G D RE . Wang %51 R BUE &
JERAE T miR-423-5p K F Tt 5, $E ) 5 45 CLDNS
PET IR R T 4R o1k, N E ARAE 1 i R IR
JEBE, MiR-31"" 5 miR-146a"" 73 558 1 F 9 fifg i
FE UM EL 41 9 A 5% 2K (thymic stromal lymphopoietin
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TSLP) SRR HIIAIE T 41 M504k, 5% 0m T 4 M B A A
WA R IR AR A, Th9 \Th17 5 Treg #B /&
AR T AR, Th17 4043 1 5 i P
T, Treg 4Ll Th17 20, ik — 2 ik 58 i ik
2, I Th17 589 Treg A2 S E g E R
Lo BT A B0 B Ak R0 3 W 18 38 O M v, Y
miR-21 ,Th9 7K 3 B & 7t 85 1 200 B IR &
(acute pancreatitis, AP ) & 45 I H th W42 3] miR-
155 KV T i, A b S50 v 4l il miR-155 7] o 25 F
filk Th17 55 Treg 3R, MM 76 AP A5 A /N B Hp 41 il
miR-155 J&5 2 5E K F 40 A T4 6145 5 ( suppressor
of cytokine signaling, SOCS1) MR IL(E =5 T
BRI T ( signal transducer and activator of
transcription, STAT1) 35 F 942 . #2278 miR-155
I E SOCST 5 STATI #8945 Th17 5 Treg “F-4,
P VR SAE SN, BRI
2.2 RERETF

MiRNA A DL 528 98 15 2 AE PR A 7K 7 3 1 5%
M i B FE DI RE . Gao %52 & B CRC BRI UG
1 miR-155 LK, 51 NF-xB FIRAE H 17K F
Fhon, Wi Bt i1, AN, 78 R AE AR A /N B
W& A IE miR-155 KT+, Tls 2 R IKFEAL,
TS miR-155 401350 5 B 38 57 s 45497 2 | AR oh 52
55 A miR-155 B % G4 AT 42 /& NF-xB ZKF- i
TR A NIAR R ) 3R miR-155 78 £ Rl i
HRT L2 5 40 TR F (0 98 15 DI B YR g a8 B B,
TE I/R BEARR B, W 3 7 i miR-21 7K-F T,
e IR S8 I T o ((tumor necrosis factor-ac, TNF-at) |
11L-6 %5 90 R FoK T , BT m s e n > #F
FER I CRC BE LA IME A L5 1 § miR-21 7Y
ik 502 R R AE T U TNF-u, TL-6 5 T1-21
A S IE A DG, F /N B miR-21 Ji& & B H Ak
THY 20 R ot/ T SR TR 0175 5 5 5 | A ) 45 M o e 00 o
A 8RR T 1 /N B, RO S I Al B AR

MiRNA WA R AE ., AR, kIR T
i 18] 70 S5 200 B % S0 0 R 38 1) %52 miR-181a U
BT RRAE AR T TNF- 25 900 N 7 1Y 3k, IR
P 3 B BE® . fE IBD A8 miR-146b #11 1]
Siah2 J#% NF-xB 38 RN 18 R AE ¥ & A miR-
146b (/2R AR 5 2] 45 I 2 B R/ BRI I P e
KB/ BRIE B ) BE R  AE T R L DAL
WFFE BB, ZEAS [ 9 T, miRNA AT il 5 14
T RIEH T K-S 5 Wil f BE D) BE AR

3 IECs AT

C-myb S2—iE S IECs BT T-FEH Bel-1 Rik
R -, 78 1BD BRI/ LS B 25 I 2R
MELE] miR-150 F ik L FH, 19 F I c-myb, 75
IECs T2, 76 /R BRI, 68 miR-155
W h 230 H 4 R SN I TECs T 2
(4, 4 miR-381-3p FI3G SR TECs 3G FH , I8 757 48 ) %
ZAKAH &5 1 (nuclear receptor-related protein,
nurrl ) 425/ BUEETG 3 TAGLN2 J2& — Fp i ik
IECs FT-HINLEhE RS E A, AN LEIESE miR-
133a-3p #0 1A P8 # TAGLN2 {2k 1ECs P& T, 453 %
EHREE . Guo 25 ML BIARAG P e s B G 25 A
fi. (acquired immune deficiency syndrome, AIDS) &
J5 i miR-125b-5p 7K F- Tt 15, TN 20 R 22 20 1R Y- e 2
M2 i % iz 1K ( alanine serine cysteine-preferring
transporter 2, ASCT2) mRNA 3k KE[EAK, ARAME
55 Bl miR-125b-5p W] 1 [m] 9 ¥ ASCT2 Jf i it
IECs T2,

MiRNA Rl 0] 1ECs P T 04 i 3 B
B BF5TUE ] miR-200c-3p™®’ 5 miR-374a"¢ ] i
il B R B A1 5K ) 25 11 [R] 29 ( phosphatase and tensin
homolog, PTEN ) 315 , Ui /b TECs Y/ T, 2t 35 B 18 bt
REDNREREAT . AR (MA) & —Fh B2 %
KPR Pl %y 0] o e il 2 3 B0 3 R R
3, Shen ZE37 WIBLH] MA BUIE 2 1) o 3 180 5 1 2
& i T IR RSP S50 R B miR-181c I IECs
AT PR A B R, BEAh, MiRNA AT 7Y 1ECs
SeE AR Sun 25PN R B miR-324-5p ] I 45
HMGXB3 5 WASF-2 X P2 5 4 B S i 98 14 5C
SEAR A IBD BRI TECs A IEH 1934 4:, I
VK32 e B D) BE o

4 SR

AN 2T |k i 1B A A, 2 T R B
e N E LR N 2 —, i Ol S EOE S8
— LA A (inducible nitric oxide synthase,iNOS)
SE L WK RRIIRE Y . BT R B, RR RS
PEATFIA (alcoholic liver disease, ALD) # 5 /)N B, miR-
212 AT VAR 1k £ M5 5 110 M 3 0 3 M v T AR
iNOS 7]/ miR-212 ik, 278 miR-212 il id iNOS
- FAARIE, 5 R E B R B g 2
SH il 1(heme oxygenasel , HMOX1) B EEPE
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AAE PR 4 20 JE £ 370 it , Zhan 254 % 30076 e 7% 0 54
IR B miR-31 #2184 HMOX1 51 A ki
M6 miR-31 J& , 718 38 & R R, 22 B miRNA
Al LUIE 3 2 5 A A N e A 5 R i SR AR i 4, 1
L TE o B R

5 g

IECs FY3ETE 5081 | S8 40 M A S S it 52 2
() PRAE S T - A, X — P A B A TR (3 2 5 30
ERAAYRIR i — L SR BRI, i
FELERE TR, 300073 1 i 3 57 s vl B 5 | e 200 7
R 5 N R D AL, 5 80 B R
SiE . PRI, Bl B e A7 45 1V 22 95 0 1 s TR 5 T
R ERAFAE . MIRNA 7] DL A [F] A B X iy 3 o B i
Fivades, XEOAE X I 3 5 B i 5 i, o] A4
147 i T 5 1655 0 A B 3 5 B A 7 T 5 M R AR
FHIEAE v LLA S 98 5 254 2 11 TECs 34 58 55 08
T2 R 5 RE AL N TS AR R N o 2, T
PLAr>h 1 P e 5 3E 1 P A s T Rl 2R X
$R7RAK miRNA A] GEAE S 2 K 2 R is 1912 Wi bn
Y, IR A miRNA B ss 5T 08 15 1 16 B
BEDIRE , e & SEAHEARIRTT , IR A X2 I o
RS,

EIA W FR A —E R R R, — &

T S R . B iR 2 B AR A TR AE e,
J& IBD b fH B SCH R B 18 bR B2 BRI 2
PR A9 R 5 o B B AE B0 45 4 R
T 3 55 PR 0 1) 1R 6 v WL 30 i 1 o B 45
PIfTE B, A4 miRNA 2RI LE P Hh & 45 5 1A
T BB AE R, BT BRI, AN
JriBRME : A AOBIFSE £ BE 22 2 I TECs R 172 5 15 58 L)
KA ie R G HAR S AT i Bz IR A B
5%, W BE A ML A5 R T 40 B LS ) B 5 240
WTEN B B D) RE I R Pt R A BT
NER AR5 miRNA 71 29 B 8 A7 7E 4 V)
R BRI miRNA S8 sk I K 40 i 8 42 1 3 e i
ABFSE H AT LB Z o Bk T il SR AR R 2L L
Hb, HeSZ AR S W, AR B i T R 2 4
AR AL, T B ki — i il 2 46 0 7 g 3 e Bt <2 43 3 e
N EZAEN, - mhh e e N 1, nfe ' b
iR K2 I 8% 2R B il IRl F ( corticotropin releasing factor,
CRF) WHHIE S S 5 i 18 Bt B i 251 T miRNA
RTEH P R IEAE i w5 E ik — AR

g5 FIrR 18 22 Mo 3 B2 5 0% T, miRNA
S5 R E e (18 1) o (3 HATABESEE A
R, A B 5 B9 A B R R BR P, PRI, Rk
AIFFE T LUMAS R A FE DDA TR ASZ 3 miRNA 7R
o 3 B A2 40 A2 W S IR T VS EAE

B 1 P A miRNA

Figure 1 Mechanism of miRNA regulating intestinal barrier
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Research progress on the correlation between obstructive sleep apnea
syndrome and inflammation

ZHAO Sha'?, LEI Xuan'?®, XIONG Jiamin'~*, YANG Shulong’*, HONG Fenfang'*
(1. Pathogen Biology Experimental Center, College of Medicine, Nanchang University, Nanchang 330006, China. 2. the Second Clinical
Medical College of Nanchang University, Nanchang 330006. 3. Public Health of Nanchang University, Nanchang 330006.
4. Department of Physiology Fuzhou Medical College, Nanchang University, Fuzhou 344000. 5. Key Research Laboratory of
Chronic Disease, Fuzhou Medical College, Nanchang University, Fuzhou 344000)

[ Abstract]  Obstructive sleep apnea syndrome ( OSAS) is a chronic disease of sleep-disordered breathing
characterized by repeated collapse of part or all of the upper respiratory tract during sleep. Its clinical manifestations
include fragmentation of sleeping, severe snoring, and excessive daytime sleepiness. Because of its high incidence and
ability to affect the quality of life and survival rate of patients, increasingly more people have been attaching clinical
importance to OSAS. Many recent studies have shown that OSAS is characterized by inflammation, and changes in the
levels of inflammatory-related factors suggest the possibility that OSAS is complicated by cardiovascular disease. The
potential relationship between OSAS and inflammation is demonstrated by the presence of common risk factors between the
two conditions as well as several common pathogenicity approaches. Therefore, this study was performed to summarize the
research progress on the correlation between OSAS and inflammation and thus increase our understanding of the
pathogenesis of OSAS.

[ Keywords] obstructive sleep apnea syndrome; inflammation; pathogenesis
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RH 2 14 I IR T W2 %7 45 255 & 1iF ( obstructive sleep
apnea syndrome, OSAS) f&—Fh7 0] =5 & Wl IRZE &
fiF, i@ id PubMed .Web of Science £/ vk ] K&
SCHR T A, OSAS PR W 8 B3 B e 7 T & A=
I A B 5 8 A ] P A 40 LA | B I 295 4 25 L 55
—ZR G0 A P, R R RO AT
BE PP {5 BRI K | 22 Bl BIRAE | BE IR AT N
SR EE RN IE ARG KR Sk
T NAS R BT RE R RE T BEAE, EE
OSAS 2751k — ZFN W I K AE, Fetn, 36 4 5 &
ML Hs i L A5 0 O Ml I A8 e L L R XL
Fe A O T 8 AL AR RO XU i
HEORIBHRIE T HAL ARG AR KB, TR 2 AR R
T OB IR R A 5t 25 45 fiF S5 JF A . OSAS
FRIATT A 48 — BRI (S T A B | e O B s 3
FRCHA AR 25 25 ) W PR T S B4 U GE s
( noninvasive positive pressure ventilation, NIPPV) |

O BFR AFARIBIT
1 OSAS 5RFERHEXE

A S 56 28 B8 2 W, OSAS I RRAE J& R E
7 A By O AR 5 R O I A 0 I & Y K
BB 2 — , 4 B RAE 5| S 1 = BER A 1 /bR ok
JEE TR A R 3 R O AR A 1) R AU R 3, SR
SR F KA AL 4R 7R OSAS A IO I A 9
AT RENE" , LN 3 . N R 2l B s i AN AR i 25
TE¥I 5 OSAS £, 1] UL, 0SAS 5 % AE Kl A B A
X, HorFHLHIE frfk— 58, AT o8 OSAS K H It
KAE B IR IT IS B A8 BT 0 1) R B, Bk
OSAS 5 RAEMIAHCHE T LAZEIR

2 OSAS BEMRMEEWIRED

2.1 YKL-40

YKL-40 2 F 10481 18 AL o o 240 Jf | e 2
IS BN R RR R LT R RE B 1, 5 2 Fh 5tk
P A2 KU G 4 | I Wi BEL 25 1 it 5 D 2%
FEIE S5 OC, LIS R B OSAS FRAF N
15 YKL-40 5 WM 85 54158 “< 45 %X ( apnea/hypopnea
index, AHI) #H5¢, 1 5 & OSAS £ ML YKL-40
0055 R A ) AR AR SET ) BIFRL YKL-40 AT LA
VER 4 B b5 B AR & T LITON 0SAS &34
RE R A0 Stk R A 2 TR A A L Bl ik

SREREAL AR 7E OSAS fB & b | 5286 o i 75
) YKL-40 7KF-F+ 5, #8278 YKL-40 7] G2 2 80 ik
I 2 (8 0 7 s 5 000 P, IR i A 1)
AT WESE R S R B A LR b K R R
#Y C J2 W 25 1 ( C-reactive protein, CRP) B &, Jf H.
it 5 I ) ™ o AR R T o T G0, B s KO Y
YKL-40 5 OSAS 8 # 1y)™ 52 B AH G, Al BeAE M
OSAS FIm WL Yy FE R S A b s
2.2 NLR

340 3 55 b R A0 S 9 R A0
(neutrophil to lymphocyte ratio, NLR) &R J& 2 Bt 58 fiE
A Sk, SR NLR H 1 40 M50 A% 1,
suni N R RR e v TR R D
OSAS 4= B R AE W AH DL, Wk EL 40 2 5 908
LR R R AL R 1 o, TR A S 5 R £
BUIAE LI 1 K A e TR) st 5500 148 e 0 kA2
X, MiITA WIS K, 75 0SAS B Fh Jfk
O AR B NLR & T3 O L5 5 19 R
& B NLR & OSAS H 3% 0 I 45 9 5 1 i 7
AT SRS T 0SAS B YR IE IR
AT NLR P3G, B 5 9 7™ R B A 1 fin
BRAAURS (] A9 28 4, 2RAE 48 B5 -t B =2 385 i, 33k 648 bR
A LLAS BPPAS OSAS HE 400 I Y 7™ i RR
TE—HF5E b & BB T B OSAS Iy BAE R b | 4
B SR 7 E R FE (R B ED NLR 7K 89 T 5, [a] e
W RIS R T 54 B & F 40400 & A=A O, T Rg
YER OSAS %9 M H I &0 & A ke i 1 U 45
B BT NLR RS0, O HLBE A, (E A5 7 I TR
EHEST ER AR 2 SRR W, ELX TR T AT
J&i NLR 7K R9ZE AL iR T Bt — 451
2.3 BEATSIL-6

VR VY T AR — i e T AR A IR R
JHE R VY T SRR R, I 2 OSAS AR
HI R R R 3 e Wil 57 74 T nT B a 7E IR
OSAS Z[HJEEE R AEHIMZ 5 0SAS B AN, SR,
Hp L HE A 5 Tk — 2™, 1L-6 &
SAE ) T BL PR T R T, BRI 11 0 Mk A0 i 1 B
£ NP AT IR AT IL-6 i 5T fE K 2
ARG REAR IR AR B L Rk, TL-6 Y3 £
AW S SHERER OSAS 1 & FeHLEl . A BF
FE AR B bR I AL A TR 2 M 7 1L-6 )3
T XYEE T 151800796 (-572C/G) B G S FE A
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AT R AR AR E OSAS & AR KU 1 AR AT
It HAEAR AL REA R P, TL-6-572G/C 285/ C 28
VRS 25 B B I W52 e i ) ™ B 7 R S M 1Y
| RS & T {9 G = A P B P e o T S
OSAS KA K A 5 % U)Wk R |, [RI B AT LIAE by 48
SR OSAS B RS F5 47
2.4 CRP 51L-23

TEA &L 0SAS BI#FsE, & B CRP | IL-17
FIL-23 B7KF 25 T i, U HOR: TL-23 23X giA
R A 3 AR, 5 DA DGR A RED . B TRk
A BEAR I ZE AL A LE R CRP AT, R
AHI, I EH R (Sa0, ) A RS 50 ¢, TTRES &
FOUE BN, A7 SR 2 95 R0 10 A8 92 9 55 01 &
iE'7 . OSAS Hi CRP /KA THE 5 AHIL & IEAH
K, IRl OSAS 3 Z) 91 o A5 9 9 1 XU 7T LA
FH CRP fif B, AREHE—BEDLXT B 5T 10 0T B
FFEE ) 1E H 38 S ( continuous positive airway pressure
CPAP) A LS 3 AR AHI, {H A2 g 25 23038 1 3% 48
PR TR AR R R F K SR E
B, U HOE N EAE e 2O AH G, W98 R B R K
N2 R EFE G R, FENB & L L #
A Z IR IV, BUAE 55 4 ) P B 15 % 20 R A
PRI 2 £, 53 A I LR R, T % EEAR B A
B R Zh 36 hn 55 CRP FJS 22 CRP THEAH G, &
W15k 1 PR i i 2L 2 A9 9 e T30 06 114 e 180
RAEHF KRS OSAS (& R AR EA
B R ORI R BARS F O DL R ek A
IR/ BUN S i e A N

3 RELS OSAS H 4.5

RAEHF AU OSAS P55 K e 1) ™ H 72 B 4%
PIAR G, [R] B o X5 OSAS %535 AH G I i e o B4R
PR I A BB FE AR, EIRA T i RAES
OSAS 1y 3 [m] % g AL, DT $8 5 506 106 97 5
i
3.1 BmE

VFZ W9 R W], OSAS 1y ™ B 72 B 5 1 i 7+
AT B R IR 2R, R RE A9 18 ) B i A I/ AR
Al A RAESFHLH A O, Hoh S AE i bR A5 WK
PR BRI Y A AL/ NS AR L A i L
( platelet to lymphocyte ratio, PLR) i F 55 OSAS A9
FH AR B AR ARG, [ I AT BLVE S OSAS S35 4
IERLIT Y R APERR G . OSAS HUF LT v-45

R A2 il (y-glutamyl transferase, GGT) Ft 5
FIR MR VIR G, GOT 1] LA OSAS ™ &
FREEI P HAEHR . [, GOT B J2: OSAS /L IfiL 4
PRI [ 37 T PR 7
3.2 DIMEERRK
3.2.1  RIEHEIN OSAS B A IO MAE &%

OSAS B 18 1 1) e 1 A1 S L A T 52 5
SR I AE P, b R RE Hh T S RO 8 i B I
I A SRAE A A ZE LA M A i 3l B b
PESZ A SE LRI 5 | A 00O M 45006 o AH DG Hp 2k
WA IAIT BASREIATT OSAS f 3 I & O I A B,
AR 191 B S5 14 2% A A AR KA B2 . Kl
OSAS BH MK L BET R WK, & B LWL 2R g
Bl OSAS fB 2 By )™ H A5 32 T s 164 17y 0 o of 3
T899 5K (flow-mediated vasodilatation, FMD ) Il fifi
OSAS 85 1™ 5 72 B2 338 9, FMD Ay 1A B2 DI g 1Y
T3, [ LG CIEF 2R B S 02 FMD 80 57 Tt
T 4875 OSAS [ LT £ BET 2R W 4 7K - T e vl
RE-5 O i B s RURS: TH i 56 s R R,
OSAS [ H A B 1y s Ve L o ™ R
570 NG C ROVEFA S, BT C RN
HHZS IR AT REM B OSAS 5 JF b P Rl 8 5
{183 TR 0 P, Y 9% i 6 14 v, R ok 7 40 17
24 h BhZS0HL LI OSAS B3 by P A ) & A LU
L 76 s /IR AR O I 48 2 8 R B
B
3.2.2 Lp-PLA2 H Fractalkine

NEHE FIAEOCHEAE A A2 (Lp-PLA2) & —FP [,
EHAREIE S K A T AR S bk ok B R AL 1 7 )
MTRE, PG, 25 L h Lp-PLA2 /KSF- T, ) 2%
FURMAE RAE , L ML P A JE I XU - R Rk 4
AR W] 0SAS 3 G IR ZR G AE /Y Lp-
PLA2 7K-~F-B i & T T A 25 B 1k, 0 JUE ) i B g
M A B THE  Lp-PLA2 B /K - w5 A AT LUAE My
R4 25 & 1iF ( the metabolic syndrome, METS) F
OSAS f8 2 .0 JIE A3 2y B8 B A5 19 1L 45 4R 0 5 ik
)" Fractalkine fe=—Ffta b R 1, HA5 26 B0 Fn
e WS KRR RE AL R AR AR B, LB R
A HIK -5 OSAS % VIMI 5, R, fractalkine 7K
THE e OSAS 5 S K A A 1k 5 3500 145 92 95 1Y)
fER R,
3.2.3 BEE C 5 Galectin-3

BEMER C(eyst C) J&—Fh=F P 2R & 1 4 )
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I, HENER H B UE, Bei R C K 55
P FEAH DG, [FIBSE 950k B, 78 TC I A& 9 SR 5 T
TERIBEANZR C K- 00 e 484 B 40 3 R0 11 58 9%
TR Galectin-3 J& B —FFURFHF LS & 5t
ERFRN —Fh 5 RAE O JE£F 4 A6 A0 IE T 44
SEAT G IS KRR RE AL XU , 15 OSAS B35 1Y
FEERREASED . A H ALK R, 0SAS B
A ZT 210 RERE B 1 R SR PR B iR, 2 A 0 I 098 1)
N 53 S N
3.3 FhRKOREEREN

B A B A S 2 Jok ok R S 1 7 Ay, 3R
Rk NI, v 2 2 Bl ok R 3 JRE AR A i A s Ak
78R AR IV 0 2 SR R Bk I BURBE, T & O
AWM, T OSAS B H T RIEM S5 | AL L
SEVET, 52 e GO0 2, DA B8 5 5 362 3 ok ks A+ £ 1k
FECO A B W R A5 AR A RO Y AR
M C O AR e, e R 2l K i I i A R
TR RE AR B AR | T 51 42O ML 48 B , 48 7R 7
SRR AL, OSAS SRR T BE B VIAHSE >
HJE OSAS B 1Y IL-6,C S i 4k 11, A I [ et | H
I =R A v X R A, i FMD IR T IR AT ik sk fE
Wz R 2R -5 3 3 ik oA v IR B Ak 2 A OGO Bl ik
N Bz 4545 F1 9 0E AT BEAE OSAS B85 1Y sl fikks A 4k
KR FEARAE R B RIS W1 B B TR BT 45
SHMNR BRI R A R R — R R, BAMNE B
Jik#< 9% ( peripheral artery disease, PAD) A9 XU 5
=, AR RO Z M AT A8 BEAEH (2 IE
P 2% B 55 7 0000 i BN B IR I W B % R A DR 1
PAD A 858 14 AH G M: | 32 7 B I 7 W 5% % 2 PAD
PR UK , 51 %O LA B Il fEY

4 HftErEREE

4.1 M5l

LAZRFE) AHL W 24, Rt FEEN, B
LIRANBIE IR N (2~4) . 1, 482 W J5 Lot i
g 2R S e o IR T R BT 45 1 4 L L TG e B P
W5 I 10 2 A B i KO I R AE AR R e
PErbr BH 28 14 B B - W B 452 55 PR R B (rapid eye
movement, REM) BENRES AHI Fh = A0, LAk, Wmf
FELE R 7R 28 25 2 BH ZE Y M HIR P I T 455 1 £ REM
HEAR SUT1E] AHT Al TNF-o 7K T 0 2R A, wf
B MEME IR R 7 38 A SO N R L PR B B
HREE RN, SAEni LM I, 2 )5 vk

AHI 35, ¥ 3 Sa0, AL, B T TNF-a /K-F 5
Ah,REM HE AR VAR 301 54 REM R AR I AHT B 557,
FE OSAS 2 PE  4a 28 J5 2o MR R I | 98 5 8 b Il
REZKF- i T A 22 2o . OSAS BB 5Ltk
U NUES R E T KPR E A HS BT
Ko FRELAGEIERIRIT S, BB E T TNF-o ¥F
R SR, R A2 R 82 0E IE IR i & P i
WEERN AR, AT OSAS 53 M i T o fX = 0 1
PRAE e 1) AHL, 00K P 1288 P e IR R 650 et 17 e RS i
RN, X 598 K s A G, AHL 593 2K
ELHE A DG, T A P W A48 50 TNF-oc Y B2 119 000 P
T AR R T 50 % Lk CRP 5, 5 B A
L, ZePEAE b P iE FH %€ (upper airway obstruction,
UAO) I B 75 2L 00 KRR Y UAO A RES BT . 7F
UAO Rl Lot 5 SR L, A 0 R Y b W I 3
W I 5 i 5 oo R AT g 38 A5 5K 7 S ) e BES F VR
BTt O A R AR T B E T
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[ Abstract]  The 3R principles of laboratory animal research have been universally recognized and applied worldwide
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Research progress in acute lung injury models of sepsis

LIU Chunhui, LIANG Qun”

(Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China)
[ Abstract ] Acute lung injury ( ALI) is one of the many life-threatening complications of sepsis, but its
pathogenesis is still unclear. Establishing a stable and reliable preclinical model of sepsis ALI is a productive way to clarify
its pathogenesis, explore potential therapeutic targets, and detect the safety and therapeutic effects of newly developed
drugs. At present, the animal model of sepsis ALI in vivo is relatively mature. With improvements in scientific research
technology, researchers around the world have built a variety of different cell models and lung organ chip models for
studying the disease. In this paper, the research progress of three preclinical models of sepsis-related ALI, including
animal, cell and lung-on-a-chip models, will be reviewed to provide a reference for those optimizing and selecting
experimental models.

[ Keywords] sepsis; acute lung injury; animal model; cell model; lung-on-a-chip model; review

REEAE (sepsis ) s2 HLIAR X B GY S W 2% ] T 5 | &
fe KB ) 3 B D RERE AR L S MEIT AR A (acute
lung injury , ALL) 8 5& SChy , HHT Ab | BTN 22 Ak
TR (Bl Q0 et il i S
£ SN AE ) 5 | K Ml 6 40 I A8 P B 200 S AN it 71 e 40
LSS A D RE i =6 40 1 6 A2 P B A O
R i T Joi AR 76 5k 8 P K i AR AT AR AR
SE F 2V PRI S R B PRARAE . ALL 2 i 73

i R W R DL R, i 1 AR A T 30 P I i
F 38 25 A F (acute respiratory distress syndrome,
ARDS) , /R WREAERT ASCT- B HEAH
VAT o7 Vi 4 & B B A A8 R ALL K2R RO
68.2%, 7 I ALL B9 AN 90 d By I SE R 15 ik
35.5% " . METHIE ALL AE K B2 FURT- 2 —
Xof HEEAR AL BT 5 ARASE 1k B I PRI S 7 &ICR
A, PRI, ST AR E | PTRE R IREEAE ALL I PRATE

[EE£ME]EZRH AR AT LI H (81974557) s BIRTLH B 25 KA YR AT 78 F 5301 H (2018pt06) .,
[EEBN IXFHFEE(1986—) , %, AL FE A BFFE D5 1] . PSR 45 AR T SUfEHAE . E-mail: 1iu18946429580@ 163. com
[BEE1ES RE(1968—) , 2 it EATE UM, A S0, 5T 7 1) . PP BR 45 A IRT 2 /G EAE . E-mail: liangqunl @ sina. com



114 ] LR A 27 2022 4E 11 A48 32 %55 113 Chin J Comp Med, November 2022, Vol. 32,No. 11

T2 YA H A ML A A PR i 7 A
Wk 2590 % 4Pk IR )7 ROR I 2T B, 4T, B
A FPERAE ALL BRI | BR T 5 R S W)L B AN I
SEFEAI SN B R R AR R A B R R 4
BT BRI, 4 SOR X IR TEAE AL
BT B 7 vk S B B L R e i A7 25
&, il PR AT SR B B SR IE R RIS

1 BREE ALI £k Sh i sy

it S AR M P e e 5 R A R B 2 ALL/ARDS
Y EFIFEA S A IRTEAE ALL 2B 7E (kK
SRS W 5T 5 0 AR B T A AR AR
ASTAL Y B O PG 28 (R VR i AL
H(FRN JE RN RS T
SCEG, X T HAB SR sk UL, R EA 5 A
R PR 2H g B () 5, B0 S | s A A
Ty THAEVESE O 5, N #8125 s 155 L 1Y 1
TEM , 76 1A Bl W 45 A 3 B LB AR Y Ay 451 0 A 7 3
B, TEshPReiich B E iR AE ALL ASERL Ty ik 32 %
4G 18 F B BE 0 A—LLE W 45 L FF fL ( cecal
ligation and puncture, CLP) {03 W& R iEA—LL
JIg Z ¥ (lipopolysaccharide , LPS) M|  “ X" §] i
L EE N
1.1 BEEREHIFMEE—CLP K2

HEST e AE T B0 AL/ ARDS [958, CLP %
TR 4k S 1) #5245 . CLP JYe 3 i AH OC
PERAR 1 18 ~72 h R A, RIUMR A MLIE |
AL 240 0 58 RE I 5 K% it K k2 CLP AR A 2
BIEARR T 2T I R85 Sh W B W, 4% 50% L ) 4541
T 8 4t Sk 2 58 i T ARBRAE & 2 H
W NEY g RIFLR AR IE . FAREIM SFLE
B INGE |5 T 2 22 I PR 75 A 20 AT T 1 R B %
REIRL SR TC R FE ] B JS 24 h NS i R4
REERE IR AHEAR - F5 0 B A WS A T S )
T HTC SRE X i 0 8 s 55 | IR B AT
IR A Y S 922 ok 3 A 0 |V BT A 2 | I R D e
ST MR RE SRR R AR ) i | 3 3t i 2 21
SR H~A | R4S I U VEE Bk T ( bronchoalveolar lavage
fluid , BALF ) K MLT | Hilf 41 2 58 4 A e B2 3FA |
il 9 e O SR LIT A 1 R A5 22 i o B
TER 7 TR AR AE ALT BEAL R RTR

CPL 34 J7 12 2Z Bt LA ] i 2y H 7 e 2 G fie 451
DAL 4 ) A, 307 B 5 S A AL I DR e B A ALL/

ARDS S5 T2 2002 5L T il 2R 40 1) 0 2 Tk
P ALL/ARDS JtLiil 2 — . WEEE VM5 G5,
B R E R AR VR FUR SR (myosin
light chain kinase, MLCK) % 14 | PN Bz 40 ffd 3% 5 1 9
TP 12752 4 i PR XU 1 52 i), 5 3500 3 T 3
PESE T W T A TG 5 B R AL, S
L T R 25— FR A JAE S NE, A& AE 41 A 184
5 |2 g 1 5 I DA e e A | M L T S R Y o L A R RS
LRI IE S Iy 38 5 S S MRt A . g TR A M
AR = 1) B2 3 ok 9 9 R S AN 4 B R AE AL
LA AR 1 5 ALK F- 5 Wi Bk BEAE ALL/ARDS
AR T 2 A R I s R A R
(continuous indwelling catheter drainage in abdominal
cavity , CASP ) BRI g DA by 2 R 7 00 1) /=0 BE A ik
BAL (BAERREEAE ALL SRR AT 5% vh 21 4R /D 1%
I, Xiong %" AE CLP 22 1 1 ik 35 E 4 i M il
LA BB 5% IR S 40 i 4 E -1 (interleukin-
1B8,1L-1B) i5 S H B R I 1 ( CAMP ) -CAMP 2 ¥ 7T
4k & 3 1 (eyclic-AMP response binding protein ,
CREB)-Ifil & W B 4 g %5 %26 & H ( vascular
endothelial-cadherin, VE-Cadherin ) Bl CAMP-CREB-
VE-cadherin 38 T 1 J2& e 22 5 5 | B2 it 9 1 S5t e it
Pl 451 45 /9 5C LG, 42 7 50 o B 40 g
CREB 4131 VE-Cadherin ¥ 568 J 7] G845 Bl T il
Bl e R 5 519 ARDS Jiff A7 353 403 9 37 A B, H
I, N T B AF B B E SE B0 45 5 KAy L K op B
Hy— NS TR FH P R A5 15 Chen 551 [
IS CLP 75 S U MRREAE ALL A LPS %55 ALL J il
JINERABEAY | I 7 4 B IE T Sirtuin-3 (Sirt3) 7] 38 3
P45 VE-Cadherin F1 B-i% ¥ H ( B-Catenin ) FAH H.
YRR, AR SO 4 7Y B2 20 6 /N R S8 B, A
T3 1) Dl 2 Joe B 0 5 | 7S 19 it 950 8 A 19 3 97 VR
{H Chimenti 2" A AR KB, S us vh e A B
CLP IR SR 45 475 P UE 47 o e 75 i A5 Y 5 | 76 4 i 45
e 51 Ry B T LA R I o 9, A R 0 8 /N i AR D
R ER o BT IO A, 25 R OUL I S B | 1 [R]
T A Y R A B B 2 DG TE AR
1.2 AEMAEZE—LPS 2

LPS A e 2= TGP 1 200 1 40 B 1) DG B 1l o,
A | LA 2 i T A 52 A DR o BRARR AT A T R il
Wi, 0 H LPS 75 S i 1A N SEEe AL 51l R ALL
ARDS & EEARRL, PRITE ALL B2l s A g
PLLPS S A3 B 55 MEBE I AE B0 ALL Bz 9% 3k



P HE R PR 2R 2R 2022 4F 11 A5E 32 5% 113 Chin J Comp Med, November 2022, Vol. 32,No. 11 115

FE MR M RAE 5 G ROV AL LPS 7 s £
WESS & (LBP) & B VE F T 9z 4 2= o0 L% 14
(CD14) #E M I, CD14 7&K %k LPS ik 40 sh, £ 86
b A 2 ( medullary differentiation protein, MD2)
R4, LPS 5 Toll #5321k 4 (toll like receptor-4,
TLR4) HZE G Z R E a1k, B &1
A 88 ( My88) Hill J s 5% N ¥ #% [ -k B ( nuclear
factor-k B, NF-xB ) #4015 S0 2 40 0, 175 5 S8 9 S0, 4%
i AE 28 40 L X1, £ 45 B R AE Y - (tumor
necrosis factor-a, TNF-a ) | IL-18. F 41 }fd / -6
(interleukin-6, IL-6 ) Fl /& i #% 2 J& 25 11 B1 ( high
mobility group protein B1,HMGB1) | . W 41 g 4 i £
F-1B ( macrophage inflammatory protein-13, MIP-13)
SEPORETI, 32 3 LPS R [R] I 35 0 )38 A Bt & 40
JL A7 20 94y 2 -10 (interleukin — 10, IL-10) 7=
AP SR B LPS 58 2 5 SR AH G 43 A5 X
( pathogen-associated molecular patterns, PAMPS) 1¥,
14340 5 19 43 F 45 X ( damage associated molecular
patterns, DAMPS ) (i 76 K S g R4 5| & K itafk
PR~ B 2 2 DXL R0 4 A0 B TR - 1 7 A TR
200 DR T A AT ok s D A O H R R A L B
BT MR AN P 57K P s i st 25 £ o4 e )2 (IR B 4
JH DR ) b B 2 7 v 200 i A ) 8 R K
D, T RS il o — =6 40 M 4 5 B T A S B PR Dl g, il
YOI PRI S RAON, 0 308 3ok 10 A 5 B Al 11 Ak ) R
PEIRH, 51 Ak — 20 RAE RGeS SV, SR A5 R AE
G SRABT A B 5 S IO 0 L s = 400 1t 4 P B 00 i A il
0T B AN A 5, il 0 7 20 1 S 5 O 1 4, T
UK i A MEEEAE ALL

X LPS 5 5 X Rl REAE ALL Sl M4 7 1) i
B2, BRI 5 R 451 R0 T N B 3R
N W= A I R DA 1 ST = 7 N i B 119 N 8
PRSI S R AR AL 4G - (1) LPS Z5 AL A 1
Y /N U] B R B AE TS LPS S5 AL AT
AN LA 3 mg/mL MR EE 24 h 5 45 T4 R AT, WL
LPS 55 ALL BRI 2RO, (2) U8 T T i
B« o3 Ry ELEETC B 1 4 55 T 1 v A ) 1) 49
P2 SR T A T 5 % R B 4622 S i e
L MR/ N, SR 4 10 wg LPS 28 5 AL A/
BRUPPIGE v ) DAL, SRS AT vk
BRI g < o J I T 5 3% SR K2 LG 28 (1 mL/
kg) RIS KB T TR G A 1 E BRI 15 S0,
VITF SR 807 2 6 U8, 1 50 . i ik 24 4 4 A

A ¥ 2 mg/kg THESZII S A LPS, Tl 56k
Ja SEZHG R R Sk R T 3 B O SEARAE, /NI A
Fi¥ES, i LPS FEA R A A N, IE L B H R
FF 1 min, (3)LPS # ke S sk > K RO I i
SR Z 80 (50 mg/kg) BRI, 15 M0 [ 52 , 20 25 4+
JRERFbK , B R T S 45 25 8 mg/kg ) LPS,24 h
Je R B ALT AR 58 A AR 1, S 4 AR FE ik — A5 SR 4R
AR AT, DL b4 Fh 723 A LPS 371 515 N 5
FEWEH T S BAHS Bi, F kS LPS &%
FUMHR A AR AL, 145 b7 40 i A2 T g 1 A A i A
AR BEBANMDE 2B E D MR W R
( polymorphonuclear neutrophils, PMN) [ 1E ., #H
BAE NG T LPS Jra, AUE T PMN NER AR
SN FE RN, Zhang %50 Je F# A E
/L 60 min J&7 , BN 45245 200 pg LPS 5 T Al 45
CVHEA R U I 51 2 R T e 5 05 1) 0 Al 35 40
A%, Chimenti %1 I 45 . 8 SE N EH
LPS Ui 45 Bl ALL B L Rl #2454 CLP £ ALL
KRB B RE A SO TR B ARDS 201 39 B 4R
BT sh im0 2 58 4, SR B LPS [FRF S
TR ARG A ALL B SR AH B ENSIE 3 — 25
WG HAY T2 W AR BRMLA] . LPS BA— 4R {3k (4 fili s
T PR RS TR AR 523 | 00T T o 455 78 ] R T 4 b 2 ke
WMEFEAE ALL B FEAE R LRGSR
1.3 WEITEHER

R 22 B Wy AR S T — b Bl e £ 1 O vk
A R, (H R NS e 3 0 A 56 M ALLZARDS %
WL R E R L AR FH A4S R, A ALL B 2% IffL+ P9
BER BRI AR +CLP AR3E+LPS Jifi#4) + LPS R
M A+CLP M2+ CLP &5 — W4T s 4
o, TEMTEAE IS & ALL/ARDS 1 Il R Rl A 24 v 3
FFT 7 Ay X T I R S BR O, n Je
SEIG 4 T s B A WE LPS B S 8URM 40T,
PR 200 L e it 08 118 SR A R Vi B Sk 3, AL
5 e 7 RE 0 B FH HL B E AR DG o Bl 8 4
( mechanical ventilation-related lung injury, VILI) #H It
FEA YRR TS X B R Ok R AT o AR
BAR N FIE ALL Y AR T Liu 00 18 5286
A1k A CLP + A7 45 181 <. & ( moderate tidal volume,
MTV) ST 5 #8587, % A B R 5|2 ALL #L A
KB MTV , ANMEIE5R T ILET CLP MeEEE /N U &
00 LA S R T 7 ) 2L P B 3 R i U 48
SEFE R A2 T A S R a3 R T AR T 5
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JEFEAE B A O A R A Y A, e Ah IR Kk B
FRERULE TLR4 BBk P G RN, T
ARSI P, e R o 1 Al 453 03 )5 2 WO A2 T
PUER T BRAYT A Sh PR d g s 20

2 BRE|SE ALI B{kApaEE

WRBEREAH DG ALL B 1o A %5 i M2 2%, BUw
T ARZS A N2 T BT B TG R A AL 1 4 R
VR, 7240 M /K1 B 52 1 9 s ML ) w31 3 a2 45
Pl 3 —Bi B i 9 BLURRAE . A S BIBIE 5 3 L
TNF-o 5 AR IR EEAE AR OC ALL 40 1B {H LPS
A5RTHE FE20 TNy i 20 LSS B 75 2 ), Mk BEAE
ALL 1 BRI 32 BEAL G 90 5 e ROw Y Ak
RS M AR T AR TR A
BRI RE S R E WA R - i -k
ST R fili I P B2 B B (vascular endothelial
glycocalyx, VEG ) 25 44 Ty Rl R i 46 22 b Ji IR 5 30
(16 i i 257 PR B 453405 A0 6 I R A 405 PR A A
200 S TR T 26 P 40 M A 288 - s 3 0 DA e e i A P
2 4 Bl ( pulmonary microvascular endothelial cells,
PMVECs) FIffi #d I~ Jz 40 il (alveolar epithelial cells,
AEC) & W Fr, it b, Jili 3 E W 28 B ( pulmonary
alveolar macrophages , PAM )t FH 455 400 fili 53 45 45
R A
2.1 PMVECs %!

PMVECs Je iU iy ERAMEZ —, 59—
R A B GERE RN B VIAE 06 B ds 4 L'
G4, H PMVECs A — 2 28 £ 4 5 i
Xof it S A AR S A8 | I Y LY 5 M ] JB 22 T A4 F AT
EPEY R iR sh B B S, I AR D fE
LT PMVECs BG4, HLIATE 52 50 A RORIUS
Jils PN B 40 I ] LA 22 b AR ) T R B, X SR
PTG ST 5 | PR 0 R B W A T A
WG AR R ER R AE vh A FEAE T o TR i A Bz 40 ff
RARBDIEAAE 5 e hBe . K, PMVECs 7E2,
PRS0 1 A R e iR A5 B AR . PMVECGs
R0 5 B 58 vh i R AR A B 4E /N BRUOR
Py 0N ke 5B A it B i 48 N B2 40 MY ( human
pulmonary microvascular endothelial cells, HPMECs)
TEFCHT B — TR 5 4238, Xu 25 I LPS 5%
() HPMECs {08 e g A il 353 477 19 4 i A8 ik 1
jte-013 VE B 2 - 11 TR 2 1A 2 ( sphingosine-1-
phosphate receptor 2, SIPR2) BY$5H1 7, TER P Ah 2

REVR MEREAE 7 AES 19 & AE 403 40 0 P Bz T e R A, ik
BRI, ZET jte-013 T BEJE AT k7 0 A1 G
s 53405 A A 5CHE ] 24590
2.2 AEC #&#

Jii s — B & 4k, AEC — 7 T RH1E & & [ iR
s AT EL IS 55—y T 78 it 7 o 9 ] g i v 2 2
WetEH . H2 ALL F1 ARDS B} AEC KE T, ALI
if AEC A2 5 0 W R APE B+ (40 TNF-a IL-1 il
IL-6 %8 ), & i 68 14 i 40 M AH ¢ AN B 2 71
(intercellular adhesion molecule-1, TCAM-1) A9 % 15
FRAR I PR 20 R IR, 22T SRR R
AEC 76 ALLJR R 2 5 Tl 1 5t v, & H
PRSP SIS () 240 M4 AR SPE IR N AEC IR
JeE 549 Y NSRS 2 40 ( BEAS-2B) A /)
Sl E A il ( human small airway epithelial cells,
HSAECS) 3 Fft A2k 5 20 A 400 78 5 |2 174 il 5
Y3, LPS ZbFE ) /N BRI b B2 40 i R (MLE ) -12
LPS 38 i) A UMb iz 11 R4 it ( AECIT) 7 A
S0 it 8 ST e 7 RE Sk 8 45 40 M AR 7Y Hao
AT gse16650 e 4, 78 LU 1 Bz 20
Jid AEC U518 aS549 A ALY % fili 453473 20 A 7Y
PR I 2 R A R S iR B A (oxoglutarate
dehydrogenase, OGDH ) 2K, 7£ CLP # 57 iY B B3 AE
SYELRFE A RL R % B OGDH £ CLP
Ii £63 473 241 LR 750 R il 20 27 vp v 26 55, OGDH. T i 1]
IR IRERAE ALL, 7€ SR A4 iRl b OGDH
(2R SRR N 7R FRB R IEM I, OGDH v gl
122 34 5006 Ak 2 34 B ( mitogen-activated protein
kinase, MAPK) i #2827 A, Xu 451 R L LPS 5
SO L B AN 2549 HE 7 e AT I I 5 A R, 15
HEARR AT LPS 175 /N LI I Rz 40 i 4k Dt
FEURI e 283 2 A 5 493 4 AE S 07 B4 W o5, Liu 2547
LPS /55 BEAS-2B 4 J B DUiA S it 47, R F 4
PEE B0 3 RIS 2 53 78 i POR VRGN 40 0 2 e 3
B2 BRI VAN LPS 5% 1) BEAS-2B Zfiffl TNF-a |
IL-18 FIIL-6 KV, Z55REHE W/D LG {E F 5 Pk 40
L DRl -2 5 AR G 0 P A 5 2 1 il 4 280 BB
RIE SN, FEMEFEAE T, PR S B+ 1
(Netrin-1) JeH: 52 (A& AN Pp 9 [7] U5 3 F] 5B (UNC5B)
Wb, fHZ, Netrin-1 B LI T BEAS-2B 4l fiig
(R ARAE K, B8N T 40 L PN 1 UNCSB K-, it
Netrin-1 31340 56 VE FH X e 2 9 I BURTB 15 2 A £
PVER AT RE R T 57 e 35 A i 453 403 £ Ak — A T 4
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JYI7H:, Yang 251 SR CLP I LPS &b B /)N BT
W0 _E R AN ZR (MLE) -12 #5708 2 i 4o 0 45
AR I miR-129-5p 38 3 FE I HMBL1 1335, % ik
BEAE 5 | B 00 S PRI 451 1 B R AP VR T, o MR 1)
IR TR A
2.3 PAM #H!

PAM J2 7778 T il 16 s 9 1 — i 22 ) 6 1) Joit 4
JfL, & R 3 A I P B ARG R SR, AR A
PERT P G A — FEINBE, PAM R X PR 85 5 A
SN, 38 E AR M1 (AR 4EAE ) Fil M2 (HLRAE ) P A
JRL, E ALI/ARDS 2 WL o i) S S b il 214
MMEEIE ALL & AR U ARAE RN R A AR
W LAY 2% QAP 41 7R ( gram negative bacteria, G )
YA ALL Y EEIEN R, 6 A Eom i
S5 B AR AN SN AR ) K o9 5 B0 LPS
FEYIAHSE  LPS A 1 8 2% P BA M 40 7 75 K 5 9 1)
R BEAE PR N, SR T /N B PAM (R AR B
FREAR R LPS H3% S (R 5 75 1/ B PAM, fili 15
FEANAL KB ALL (1830 A9 oA T BE . /N BU
WWE AN MH-S 2268 T N33, w] Lo gt 7 ik i
REPRIMERL  Hou 25 38 1 46 T W 4 D TNF-au |
IL-6 . IL-18 mRNA |5 5 % — % 4k & & B (inducible
nitric oxide synthase, iNOS) £ [ Fll 3 %8 1k fif-2
(cyclooxygenase-2, cox-2) B 2R ik, #Ri5 F W5k 4 fifd 7%
R LT, R P AR R 5 7k W22 i g X LPS i
A /1N BUEL W5 40 D 28 RAW264. 7 40 Jif 48 i 2 07 Y 5%
W, %5, FH Western blot J7 ¥4 LPS % S /9
RAW264. 7 4l NF-xB F1 MAPK {5 5l %, JIE52
W tfg 2 38 3 4 1] NF-kBp65 Fl 2 1 ¥ B ( protein
kinase b, AKT) 17 1k, i c-Jun 22 3 2K v 4 il
(INK) | B 2 At 20 M 215 598 15 36 ( P-ERK) il
p38 FEL2 3 1% AL EE RS Sl i i Rk, &
FEYURAEI . g 22 38 2 0 ) 55 00 240 MR 3% A, 90
PRI AP S S TS ALL, 33X AT i A2 15 By 48 ik 1k
PRIIETEISIT & 258, Ling 57 IRAME IR K
SR 5 55 440 i NR8383, [A] A o2 FH LPS 175 57,
ST BT I PR & a (trichostatin A,
TSA) X LPS 55 /7N 3+ RNA-146a( miR-146a) Fl
JIE R AE R F--o ( TNF-o ) B SE IR, A5 LPS 531
AR AR A BT TR A, FLHL AT e S
il TNF-au 43T 1 F 3% miR-146a 23574 %, WF5E45
AR TSA A B U IR 7 201k Il 5 1 W8 7R
Il

3 MRERRER

Nt XL A P B2 240 55 N A Rz 240 i 3 % 57
e e = AP AT I E 2, Th R e A — 2 ik
5% ABEAR 1 N I 6 20 1M A B Y 2 BEARAE 2
— 2R MURH AR 200~ SO EL AR R ALAE ) 20
UM R T A A R Y i R T RE 22
SCHRARGEAE 2010 4F, W5 B2 19 Huh 551 504
BN B A AE Science &3 AR 4R
B D= R STE e 57 U 4 o S Y = L 2
PR A, TR T JZ O i =6 200 0L A 4, e Y
SERRIRI TP g LS = G e 4 2 I g R ok
RN ) B 2 3 TR AT AR 45 2 T 20 L 4 M Y
Wi, DT 3 3] 5 A i 248 L P A7 B ) R 28, 552 3
FGe i gw A AT BESE BLE WP D RE . % i8S A al
AL AR Y6 F ) 7 0 e 4 A B R, A 3 45
VRGIME B RE I fe OASE Y, 3 il 6 R 2 iy LAAR 22
B, PR DA AR T AT X R S5 R AR v R A
SOy KTy R A L PR O B S g B Y TR R
TR T AR B AR OR AR S B S 2
MR L R HEA R D hE . IR T X e R Y
FAEABE R T 35 B SIREMY BB, Zhang %1 4]
H T — A A A B S BOR RRL AT L BT
5 AR B ( severe acute respiratory syndrome
coronavirus 2,SARS-CoV-2) TEAK 4 8 B /K 1755 10
P A R AR S 18 e A Ay b B AR B | it A
PR B 240 LRIV B B 92 2 M 7 i A U T S g, B
R 20 LA B R Y SCBE AR . FE SARS-CoV-2
ST, L B RE ) U v T PN B i, e
XTI LR 3 d, b B AR P Rz 40 Y 2
PRl MRS B 1 R R B BE S, AN ) 20 B 2R 7Y
A DR SN A AN R TR, (ELAS G TE B, T e 5 |
A REANM A 55, PN B R I S AR I I T Y
T, 7 S e 20 ML AN (H 2 5 il o e B4 A0 ik 2 o
HARAE AR ER

4 BREPESITEN

CLP FIHYFT LPS #E 7 P I\ by fe i FH ) e 75 i
ALL SR CLP ARSI AA P 5 1 22 ol 20 TR
B SRR ALL 72, 56 IR b ycds vE R | ik
J s AL, 8812 51, CLP BEAUFN LPS AR A 4%
AH BARINER 1, B XTI R AT R rh ) 4 45
Y AR G R MR G A A R AT B, B
m=k2,
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5 BESRE

X T ERRIE AN G ALL W5 R R A 11, 2
A NS Tk v T 77 A ) 3k % o 3 AR TR AR AR 1
TR MRFEAE ALL (905 B A 7 () B fige ik J AH

=1

XFGEME AR A IR PR e 2B = . H
R DR B 350 AH D& AT 75 {4 11285 4 55 780 o 2 ¢
2 AEVR S YL R R TR 5E © 8 T 0 i Fl
& 2o T R A0 N AR R B S, ALL AR A1 2 i
TN EE I 2 SO N IR K BN

PR FMCEEAE ALL RS Sh P BEmIx L

Table 1 Comparison of two commonly used animal models of sepsis ALI mice

Al AW 1) TR A
Model Suitable research direction Characteristic Disadvantage
Dy W WU P4 e e, AU Ak B B A A 3 A
- . e
o B AR, e §
BTN ER R e BRI R R AR SR AL
CLP-ALI MIKEAERAMBIOROI. e PR ARG,
L | SR UE . .
R Suitable ~ for  the study of . . It is easy to form abdominal abscess. After
R . K Mature technical specifications. . . . .
CLP- immunosuppressive mechanism of - hichl il . h modeling, the animals were killed to verify the
ALI model vascular endothelial lung epithelial " . '8 .y swar o ° success of modeling.
L . pathophysiological ~process of ALl R .
barrier injury and sepsis. . . .. . External factors such as the operator’ s technique
patients with human clinical sepsis. . . . .
during modeling lead to the non-uniform severity of
sepsis ALL
SEAFLEY i3 ke v
T AW 455 I 9 5 0 200 Y e e s . S
] S e LPS 7 ERcE ] k4 Toll ¥i—HE3Z
, B E AU A SO SR e S RO MR S Lps e, Lo 0 ol B e A Toll R fESZ IR
LPS-ALI e =~ gt} SIS R Nk DA S RS L NS S T
e R e 5 TR IBPA T
i . . . AR R LR,
Suitable research includes the The model has strong repeatability, . . . . .
LPS-ALI R . . o S . LPS-induced signaling pathway relies on Toll-like
innate immune response mediated qualitative and quantitative inducer : .
model . . receptor. Cytokines and hemodynamics change more
by alveolar macrophages or LPS, and is easy to standardize.

pulmonary epithelial cells.

rapidly than human diseases.

TE: CLP . A& FL AR FLA ; ALL: 2 ER5 15 LPS . I 24
Note. CLP, Cecal ligation and perforation. ALI, Acute lung injury. LPS, Lipopolysaccharide.

xR2

EIk7/E IV ) S =N R iSRG

Table 2 Comparison of animal model, cell model and organ chip model

A s BT
Model Advantage Disadvantage
S E LI FT AR FR S W BT A 2 R — e R
BLFHTRZ , B BEA BRI By ], Sl el AR B AR vh A Al A S DA S A S R =
- B AR SIS L

Animal model

Y AR Y
Cell model

S R
Organ chip model

Wide application, mature technology, simple operation,
easy replication and easy popularization. The available

animal species are abundant.

Fir SRR AR AR A R IR i, L4 A
FORSHE, 4RI

The culture period is short, the degree of standardization is
high, the cell sources are extensive, the observation

indexes are more accurate, and the results are accurate.

GRS R R €S R T T RS )
MBS W, BT A 0 N S8R B - A i A 3
I,

Copying the micro-architecture, micro-environment and
tissue-tissue interface better can realize the observation of
cell dynamics and help to study the complex human organ-
cell physiological process.

Laboratory procedures and environmental conditions of raising
animals will change to a certain extent, and there are also
interspecific variation and genetic factors in physiological

process, which lead to abnormal environment in animals.

BRI — 4k (2D) 1Y, AN BRI SUR 2 B I A B
Fet T UK SERRAE Y 2D BORLA e AR LN 454 |
ST RERFIE

Cell models are two-dimensional (2D) and can’t simulate the
inherent complexity of tissues and organs, so these standard 2D
mechanical and

models can’ t reproduce the structural,

functional characteristics of human tissues.

TR A 2%, BORAKCPZOR & R AR,
The manufacturing process is complicated, the technical level

is high, and the research funds are large.
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G NS AN K U5 52 BIR A 2l 4y ol g 22 S 1) ke,
e BEE M 454 15 N T8 200 B RS AR ) S ST B T IR S Y
el BoTAR  WEFEE T DL B A5 R Y B
L B0 I T MeRERE ARG ALL B5Z 2B , 1k
FARTE& T 251, J0 H I A% 58 vh 25 %8 ik 3 i A OC
ALLIRYT AW Y A B, H X SERE AL AN BE
SERBANMRIRTIE ALL & A2 R B4, A 2
T LA AL, WA Bif ik [N 4 4 | 4H 4L TR N
3D FRSE B e A2 Ok 22 1 BB O
Kb ko 0 an Bl OE AR N W B (in vivo lung
microscope , [VM ) J2& BJF 5 Jili 4 388 441 Jifd A B4 FH 1) 52
SRS W 00 B b v, X IR AR AT DL T A
[F] (1) AR AE ALY | 40,455 200 T AV B 2% Gy, Mk BEAE 5 &
() ALL, I AFBEPELTAEAL | LU 75 AF 302 H50R 200 i
FT RIS AE AR TR RAEIRED ek =
HeFr R RG] BN [\) & B IO 45, AR T
B2 2B T HL AT AR 22 T 40 ff 2 2 2 ) Y
SEU, XX g E PR I BOCHE L Hrp i e A
LSRN T E AT T 9 8 G R s A 245 ) T
MGG SME AL Jay BRAE il oes 2 E i A
PRI RSN — IR B9 8, B T2 R
S A5 0]
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Dual regulation mechanism of LncRNA in esophageal cancer and
its clinical value

PENG Mengfan®, LI Ming®, MIAO Jinxin, TIAN Shuo, MIAO Mingsan "
(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Esophageal cancer is a common gastrointestinal cancer with high incidence and mortality rates. Because
the early symptoms are not typical, most patients are in the middle and late stages when diagnosed, and the treatment effect
is disappointing. At present, our understanding of the pathogenesis of esophageal cancer is limited; it is considered to be
the result of genetic-environmental interactions, but there are no definite conclusion , and there is a lack of effective
treatments. Therefore, clarifying the potential pathogenesis of esophageal cancer is of great significance for research into
early clinical screening, diagnosis, treatment, and prognosis. Long noncoding ( LncRNA) is a new biomarker for tumor
diagnosis, treatment, and prognosis evaluation. LncRNA plays an important role in tumor cell differentiation, proliferation,
apoptosis, invasion, and metastasis and mediates the occurrence and development of a variety of malignant tumors,
including esophageal cancer. LncRNA plays a dual role by inhibiting and promoting cancer in esophageal cancer, but the

amount of relevant literature is limited, and the mechanism of LncRNA mediation of the occurrence and development of
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esophageal cancer is not completely clear. This paper systematically reviews the dual-regulation mechanism of LncRNA to

clarify how it affects the occurrence and development of esophageal cancer and to provide new research ideas for the clinical

prevention and treatment of esophageal cancer.
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[ Abstract ]

present, their pathogenesis has not been fully elucidated, and treatment strategies are not yet mature. Animal models play

Venous malformations ( VM) are the most common type of congenital vascular malformations. At

important roles in the study of the pathological mechanisms and treatment of VM. This paper summarizes the basic
pathogenesis of VM and the research status of VM animal models at home and abroad, expounds several common model

construction method and result , and discusses the advantages and disadvantages of the models to provide a reference for

researchers when selecting and establishing experimental animal models.
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TIE2) Z R LA 3 -3 PI3K Y p110a ALY
B (PIK3CA) | 22 %4 )5 1% 16 8 1 ¥ B ( Mitogen-

activated protein kinases , MAPK ) 45 3 K] 4 1K 41 Jifg 2¢
AR TAFEL VM R A I R h 29— DL R Y
VM & 1 T TIE2 (I RERIGME R Z S 3L, 1E TIE2
RASBAVERG VM, 2947 — 202 i T PIK3CA B3
THZRAR T BT R AR L ML, [ P A
FEANWIRR A S 5838 VM Y 3l Py AR DL B IR
ARIWF %5 s BARBL I B d 97 f it 45 . B AT,
VM 3l 4 45 30 R AR 48 5 g 1) ik ] 9 78 28 B ) Oy
TIE2 5875 (M) h IR R | PIK3 CA 5875 1) sh W A Y 1
FOAb A A SO I A X Bl AR A ST 1Y O
SR B AL 38 A B AN AT T
YA PEIR | S W 5T 35 8 45 R AL N7 Bl W A R 4 fE 2
F(R1.%E2),

R TIE2 AL KT S A
Table 1 Animal model of venous malformation with T/E2 mutation
e Y BAET Ik ] SEYELE S Z:7% 3CHik
Sort Animal Method Time Result References
B T X B 2 I 2 ) 1 S AR AL A
MR P B ST B e 0] 3 0 11 B A 7 34
T DI AT WLAS HL 000485 4R P % 40 20 i L
67 e 1 TIE2-LOVAF SE0% ()0l i Ak e CD31 B oSMA BCFHE ; #7573 ML 3 9 i
~ H, —— VY a
/A‘&ﬁﬁ%{ HUVECs JR A ASE B R 59, 5 5 1 4t k..
67 L‘k TR M, There was no difference in body weight
1 weels After HUVECs was infected with TIE2- 7 d between the control group and the control [18-20]
o male
. L914F mutant retrovirus, matrix glue was group; vascular masses were formed at the
nude mice . . . . o . . L
) mixed and injected into both sides of the injection site and increased with time;
asee lower back of nude mice. sections showed that the irregular channels
T HUVEC Bk contained red bl(?()‘d cells and CD31 and
R aSMA were positive; ultrasound showed
e that the blood flow was venous blood.
I'ransplant  model
based on HUVEC R ) .
K FRIKITTE TIE2 572 i LA A 93
6~ 8 JE it 5 R AR HUVECs, 5 H HAE RN FEUTE SRS P800 2 G I A7 R AT e 52 AT DL
Wi e & f; B AN IRAR S5 AR A= K PR i Jo e SIS A L KT T L3 V2 A R
v n g e PRI A A BUE O HEF
B 5 o . .
. The retrovirus at the common site of TIE2 Vascular masses were formed at the
Bera/ NG o i 10d A . [21]
6~8 ks mutation in venous malformations was injection site of mice, and abnormally
.wee ® infected with HUVECs and injected into enlarged blood vessels and smooth muscle
old female . . .
SCID the ventral side of mice after adding a layers were not arranged regularly under
: mixture of low growth factor matrix glue electron microscope.
and thrombin as endothelial cell spheres.
BB W JDK MR TS 2 21 R 2 B 1L
SYERIRIY I N BN SRR TS AR S0 € 1008 4 AT B s BT ]
T 5 SRS S A S B P T S IR A A S LA A ML A8 PN e 50 TN B A L=
s~ 6 i i BT, TR IS B EH LU 2 Y 40 0 7 93 72 1L A8 R 6 7Y
T NS5 PRt PP " The blood of the venous malformation &) PN
ol A the. . L
ki S -6 weeks tissue and lesion site of the patient was A blue vascular-like mass was formed at the
Based on human d ”] taken, and then the endothelial cells were 9 d injection site, the enlarged blood vessels [22-24]
m
xenotransplantation 0 ée isolated, cultured and amplified. The lined with thin endothelial cells could be
nude mice . . . .
model mutation type was determined by gene seen under the light microscope, and

aged

sequencing and  suspended in the
basement membrane extracellular matrix,
and injected into the dorsal side of the

mice.

immunohistochemical staining showed that
the endothelial cells in the diseased vessels

were human.
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1 TIE2 R Zhi iR

C A W B o, TIE2 & Im & A& M &
(angiopoietin, ANGPT ) Z i 1 52 14, = BEAE 4 Bz 4
M5 . ANGPT1 Fil ANGPT2 4395 TIE2 4%
B, FEVRT IS AR B L 0 A S R I RS B e
R 2 PIK3CA RASTF KL sh A #l

Table 2 Animal model of venous malformation with PIK3CA mutation

DR FEEBAE S  R K2 H VM 2
TR R AT 52 1R TIE2 (4K 200 it 3J) i 4R 45 1 5
ARG, AT RESEL VM MUFT A 4 Fh LAY, VMCM,
VM, MVM F1 BRBN, 77% F4 3 K 28 745 BH 1 £ 35 2
TRZHME LO14F 5878 i /2 TIE2 955 914 (52

e ) BAE DTk I Ji) AL E=PEN
Sort Animal Method Time Result References
PIK3CA™"20 /B[ 85 41 178 4-10 Ji]
PR B JBRRSE B2 R AT UL AL AR il
BRI K i B i B R
SRR R BE T T L P B A0 T
F /N U R LoxP-STOP-LoxP (LSL) - PN B2 240 Al FEL A 2T 3% - 2R AR
PIK3CAM™TR fH W, &5 S Sprr2f- The offspring of PIK3CA™™C mice
FER/NER Cre WHEALSE 4 JH showed hindlimb paralysis within 4-10 [13]
Gene mouse The transgenic mouse strain LoxP-STOP- 4 weeks weeks. Microscopically, abnormal
LoxP ( LSL)-PIK3CAM™™® \as activated dilatation of blood vessels and massive
and hybridized with Sprr2f-Cre strain. blood pool and bleeding could be seen in
spinal lesions. Abnormal proliferation of
endothelial cells, lining of endothelial
cells and deposition of heme-protein could
be seen in the site of skin lesions.
T R JHSG/IN BB 43 BB, A7 A0 A7 AT L 22 1k
2 - MRS AT AR . A Y BT I
Wy PIK3CAM™® 5 T_CreERT2 AN 23, P ) ﬁfﬁmgfﬁmﬁi::‘lﬂia %E‘y?;JL,
Coneticall SONEURZE 7. 5 d B [ LSRR R TE A TR SR S K BT
ety e T L LA BN 3K
modified A Y 4-OHT, o '
i - - HI047R . ) - Part of the embryonic mice died, and the
animal BRIV PIK3CA was hybridized with T- 3 A L . .
surviving infants showed multifocal diffuse [ 16]
model Gene mouse CreERT2 transgenic mice. When the mice 3 weeks . .
) vascular  malformations,  angiography
were pregnant for 7.5 d, a high dose of showed abnormal dilatation of inferior vena
4-OHT was injected into their abdominal . .
cava and portal vein, thin-walled and
embryos. irregular dilated vessels could be seen
under microscope.
R26-PIK3CA™™™ & Cdh5-CreERT2 %%
FEEUNRAAE 15 8] AN SRR TE TS B A 01 AR 1B 5 B T DLl A
FARUNEUS BRILP 15T 4-OH 15558748 DUIHES F) A B 400 1R ) S 7 AL
A1 PIK3CA 35 BN R AR5 B IFHA DA —1ILE A,
HH/NE, R26-PIK3CAMOMTR oo hybridized with 1 JH Vascular-like changes at the injection [25]
Gene mouse Cdh5-CreERT2 transgenic mice to obtain 1 week site; microscopically, the abnormally
offspring, and then 4-OH was injected dilated blood vessels were composed of
into the hind leg muscle of offspring mice irregularly arranged endothelial cells and
to induce the expression of mutant vascular clusters of different sizes.
PIK3CA protein in endothelial cells.
& K i T2 2H 22 B s A8 R AV IR " N . .
U A RN AL s 2 1 NS R L U T AL BUR A B
SY IR FRITY G Y B AN | kR H Sk Ty g N
BARITY IV T LA 7K 0 9 1L 5 0 7 1
Ty 28 AR 24 R I 2k V7 S AR 40 i 4 3 o g e g o
N =) " 11 117 ,%ﬁ;éﬂ’fhﬂmﬁ/)ﬁm ERHAR|
6~7 JAMEME BT, 7E BT I S
7 . . 4 AT
A PR After the endothelial cells were isolated, A R .
A AR . Vascularized tissue formation can be seen
6 ~ 7 weeks cultured and amplified from the venous L . .
Transplant ) L A 11d at the injection site of mice, enlarged [13,26]
old male  malformation tissue and the blood of the . ;
model lymphatic vessels and blood-filled blood

nude  mice

aged

diseased site, the type of mutation was
determined by gene sequencing and
suspended in the extracellular matrix of
the basement membrane and injected into

the dorsal and bilateral sides of the mice.

vessels can be seen under the microscope;
immunohistochemistry ~ shows that the
endothelial cells of the diseased vessels

are of human origin.
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MRS AR AR " i TIE2 5875 1Y) S [R)
TEA2 TIE2 2R AR BCAHOmE PERE IR 1k, , 1 4 7 B
TR PI3K/AKT/mTOR {55 3 #% Fll RAS/MAPK/
ERK 5 %5 i I # W00, & S8 VM W &
EELZI’ 31-32] R
1.1 ETF AN EMERNBEER
Boscolo 258 B 237 T 3T TIE2-L914F Ay A
JE ik P9 B2 28 it ( human umbilical vein endothelial
cells, HUVEC) B A A AL I F MBS B4R 5E T mTOR
P R ER T VM RO, ERE T
VM S-F607 B 5, Bl Li %07 ey i
LR VM sh AR 05 5 TR YT SR
PIRARSE VM 0 2w AL . AR . 5 550 il
TR 4 KA TIE2-WT Fl TIE2-L914F 135 5% 595 55
J&Yt HUVECs, #5113 HUVEC-TIE2-L914F 1 TIE2
E BRI IS B P AR L)L 2. 5% 10° 4 BT
T 200 L BESTIE H 5 SR 5 FE 79 28 240 B o3 ol B T 1 S
26~ 7 AR HEPETC AR nu/nu B S P
(TIE2-WT 2H & Xt BAL ) Jo W MR 37 5 e i R
JOD R R 2 it B A T AR, 25 R R L AR
SHEEE 7 K, HUVEC-TIE2-LO14F 525 20 # FlE
B AR AR PR B I LBt B 8] % 385 Jon g 22 A e
AN, FHZH 200G B 2 ke 21 it A 1A ke
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Research progress in application of artificial intelligence in
animal experimental data

WANG Xing"**, ZHAO Jingyi"*, ZHANG Yu’* , SHEN Luyan®*
(1. the Second Clinical Medical College of Jilin University, Changchun 130012, China.2. Department of Pathophysiology,
School of Basic Medicine, Jilin University, Changchun 130021. 3. Experimental Teaching Center of Basic Medicine,
School of Basic Medicine, Jilin University, Changchun 130021)

[ Abstract]  The ethics and 3R principle of experimental animals are basic tenets that should be strictly obeyed.
However, because of the inner complexity of organisms, the data obtained in vivo tend to be gathered in voluminous
amounts. There is a lack of appropriate method to thoroughly explore these datasets, which are too complicated and contain
too much hidden information to be analyzed effectively. Therefore, the number of experimental animals performed is
increasing. However, in the context of big data, and with the rapid development of computer technology, artificial
intelligence ( AT) has made splendid progress. Nowadays, AI is widely applied in the establishment of relevant databases

and mathematical models and the identification and prediction of features of, e. g., microscopic molecules, macroscale
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images, behavior, and basic physiological indicators, and it serves as a powerful and convenient auxiliary tool for scientific

researchers. Compared with micro-analysis, the macroscopic application of character recognition seems more feasible and

practicable. This paper summarizes the applications, challenges, and prospects of Al use in the recognition of phenomena

hidden in experimental animal data.
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F1 ANTHERRERE AT ]
Table 1 Application of artificial intelligence in medical imaging
e AFRR EIE/ELES MARETT 5 AL BB W%
Author, Year Animal species Imageological method AT algorithms Object of study
REE2E ST HELRH) 2253 3 2 M 4% JERHR L R

A

Rhesus monkeys

LT R BB A

Electron microscopy imaging

Zhang[ 17] ,2019

PN HAVAY R
Tokarz''®! ,2021 ! . . N H‘ 1% .
Rats Histological section imaging
g 4124
Yang''"*! 2019 %‘ . o )]HW% i
Rabbits Histological section imaging
: PN R
Ful?) 2019 ! TR
Rats Ultrasonic imaging
PN A AR
. [21]
Tang =" ,2019 Rats Ultrasonic imaging
/ML MRI (/%
Bie!?) 2022 y . L
Mice Magnetic resonance imaging
d MRI
Lil® 2021 ﬁ_ . s o
Rabbits Magnetic resonance imaging
ERchiliss CT
i s A W%

Ferret and rabbits Computed tomography imaging

, /N X 54 A0k
Zhou'>" 2021 .L HE ORI
Mice X-ray microscopic imaging
g SIS R
Shuvo2°! ,2021 Mi H Multi-channel single-focus
e microscopy images
KL AR T2 L R
]ianng ,2020 Rat Optical coherence tomography
ats
angiography
] : J6 WA
Tfiikhar >’ 2011 & JEERFGURI
Rabbits Optical microscopy imaging
: CT 1%
Rytky!?) 2021 %. # o
Rabbits Computed tomography imaging
IV MRI i
Huang ! 2021 s  MRIE®R
Mice Magnetic resonance imaging

Multi-branch fully convolutional network of Histological images of the

deep learning framework pancreas
B2 M L SR B R E N e

CNN and ter-aided
-an( compu- erradec Histological images of the heart
image algorithm

B2 W 4% JHRIEZH 25 R
CNN Histological image of liver
SRR AL JT M58 254
SVM Hepatic vascular structure
BEHLAR K JFIEZE 21
Random Forest Liver tissue
B2 M4 LRI L 2R
CNN Breast tumor tissue
W ) R g2 ) JHF 552 SRR 25
SSLandAL Parenchyma of liver
BBl SRR E WS

Tracheal and bronchial

tree structure

Random Forest

RSB BEHLARARAN
SR AL
Decision-making tree
random Forest and SVM
U-Net B BUM 2219 2%

U-Net convolutional

JHFREE e 757 ZHL 21

Liver tumor tissue

R R 2E 21 L 5 9 L A 4 A
Vascular and lymphatic

neural network structures in dural tissue

B TR 22 ) 45 PN lIREERT )
CNN Cerebral vascular structure
= k) 3 Zh ik i 45 45 44
S P L i 3 30 ik L& S
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thoracic aorta

GBI LS A U-Net B
28 ] 245
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TR B 48
Cartilage tissue of knee joint

ONEZE L E LY
Myocardial tissue from the left

M-Net R824 > ] 2%

M-Net Deep Learni twork
el Peep Learing networ ventricle of the heart
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Beta Ji e IR o B V. 5 DR 20 46 I e 107 P 37F Je
K

(I BB e R 2 SCH ST ST BT, L st HIR RIS 27 B LA B 2 vt T 58 TUAR fRE R R 5 2 NS LU AR B o T R S B =8
W R AR e S B B S A T HE S S 2, U AU AR E RPN S R S B TR AR DT L
I 5 v = 24 B Ry N s B = 250 %, JE st 100021)

[#=E] Harcmmr RUEge A ik 85 ( coronavirus ) A 7 #1, Ho Beta 7R % 52 )@ ( beta coronavirus) A
5 FP, AT HE 0C43 (human coronavirus 0C43,HCoV-0C43) . AJEIRH%GE: HKU1 (human coronavirus HKU1, HCoV-
HKU1) Ji gy 2 30 25 15 M FR Ak, S8R B2 A, ™ 3B 201 IF WK 255 5 AiF i R 955 B (severe acute respiratory syndrome
coronavirus , SARS-CoV) | R I 55 5 E 568K 9% 7 ( middle east respiratory syndrome coronavirus, MERS-CoV ) F1 ™ #
EPEEIR 25 AR R IR RE 2 (severe acute respiratory syndrome coronavirus 2,SARS-CoV-2) L Je HGE AR N5 N Z [8]
14 T RE AT R 2 3% A 2 AN [E R TG 0™ 8 B . A% RAS I 2 56 31 12 7 R HE e g 7 e e A8 3 I DG HE A
W J5 ¥k 22— AHAERR FHPE I AN TR E o R B (% e P | T8 AR R — Dt S5 7 74 A2 1 B 7 i)y e/ S #h 3 o
WFFTIUESE Beta J& el bR 75 76 40 Mg &2 il i R Hp 7= A= 14 30 3 PR 21 ( subgenomic RNA |, sgRNA ) B LIAE S 4] Wi 3 16 PE A9
FEh7R o A SCXT Beta Jm bR S5 75 MV BE PR 26 A0 7 P S AT 25388 |, B e N S R PR 2R A T 5 v, DR s A I Jr =X
5615 S % S W AR K 2 W A SO R R L B D R R SRS

[R$8IA]  Beta JEILIRIGRE ; WAL A 5 o5 5 S 5 40 Jr ik

[FES%ES] R-33  [X#EIRIAB] A [XERS] 1671-7856 (2022) 11-0142-07

Research progress on subgenome of beta-coronavirus

ZHANG Yagqing, QI Feifei, BAO Linlin "

(Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences (CAMS) & Comparative Medicine Center,
Peking Union Medical Collage (PUMC) ;NHC Key Laboratory of Human Disease Comparative Medicine; Beijing Key
Laboratory for Animal Models of Emerging and Reemerging Infectious ; Beijing Engineering Research Center for
Experimental Animal Models of Human Critical Diseases; Key Laboratory of Human Diseases Animal Model,

State Administration of Traditional Chinese Medicine, Beijing 100021, China)

[ Abstract]  Five of seven coronaviruses that cause respiratory disease in humans were beta-coronaviruses. HCoV-
0C43 and HCoV-HKU1 show seasonal transmission and cause mild symptoms after infection. SARS-CoV, MERS-CoV and
SARS-CoV-2 spread rapidly from person to person, which posed a serious threat to public health security and national
economy. Nucleic acid testing is the key test to identify, diagnose and screen people infected by virus, but the positive of
viral loads does not mean the virus is contagious. It is urgenly to explore a rapid detecting method for virus replication as a

supplement to judge virus activity. Studies have confirmed that the subgenomes produced by beta-coronaviruses during cell
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replication can be used as indicators for judging viral activity. This paper reviews the detection and application of

subgenomes of beta-coronavirus, aiming to establish subgenome detection method

, optimize virus detection method ,

perfect experimental animal model creation and drug or vaccine effectiveness evaluation systems and help to carry out

experimental research.

[ Keywords)

SRR B AL FIRAT A AR T E KRB
B, ERAL IR SARS-CoV-2 JEEYLFET-HY A S E 48
1 6000000 A, T8I ] W s 75 A% Y M A8 S8 5 B 4 I
Yt b A R X, R BLaUR IE e
B [ARE AT LA 3o A2 1 ARG 0 28] 75 ik PR 4L, PR LA TR
I BE P O AN JE R G e B B A A et IR EERE IR
& AT FIWE 28 1Y 5 i fe R0 Jr v B0 2
KRR IIFERT | 75 SR A Y& & = G s i = vtk
1 R NGB R R ZR 5 . AW R W R 5
7 il 3 AR v e A 4 I 3 PR A AT DA o Y
ik

1 TERERAREN

1.1 TERAMNLZHR

20 t4d 90 4EAX, 5T & BUAR W) 46 22 R e it
%5 2% (brome mosaic virus, BMV) 7 75 H 1 5% 5 R 41
RNA NS E LA E i 3 a i — 1B Y mRNA,
MTAMEE MRS X5 mRNA BEFR I R
41, B J5 76 AH B AL 1 9% 7% (tobacco mosaic virus,
TMV ) B 1 i - -t A0 58] 0 35 PR A A7 e
KRS IE4E RNA Sk 25 i A0 T 4 52 il i, 55 7
Az P PR 2 R A g 8 A8 8 1 ARG B 2 1S AR A
MR, AHLE T2l 25, A 4 3 15 DR 2 /DN 52 2
R A O DR 2 B A B v ) B A T
PRI i S AL > BT T %A 400 9 8 S 356 TR 40
BUI AT 58 5 S )32 o B A8 400 9 2 1 B PR 4H 1Y
WFFEIE H e PR 75 454 % st ML A B Al o
FRE W R BR R A
P14 77 A A, 388 ) 8 IV 56 PR A 1) S s ok 58 B, {H T
HARBUR A SO0 8 A7 | 3 JLAR X T e Ko
BV PR A A AIE 7 N T A B %8
1.2 TEREANER

TCAE 2 A8 W 95 7 ik 2 Bl WD B 7 A Y I A A
A, KRR BRI SR ] 2 5 R
FLH A LA J7 TR EAE L 4 R 2 B0k ) A
RNA 7ep 75 &2 il J& ] e % 250 mRNA f B A5
MAER  (BAEXS 49558 (flock house virus, FHV) &
B, WD AL RNA3 7= A SR G I, FHV 9 2 JC 3% X

beta coronavirus; subgenome; virus replication; detection method

A EERE R ZH B RNA2 JEAT B, RIS JE R 41 RNA
AT LA R 450 B R R BT xR 2 B R R
(barley yellow dwarf virus, BYDV) fHF5E Ht A& B,
HF LR 20 RNA2 (sgRNA2) o FR 0] DL i 75
RNA & #i () RNA %R & /i ( RNA-dependent RNA
polymerase, RdRp ) 1Y ## 7% M 17 34 4% BYDV ) &
H1, BeAh, HHFFTR N4 RNA &2 5%
(1035 P9 A (o FL SR A B R 0 W R A
TE RS ] A VR AT REIEASBR T LA B LA D7 i
e B — 2L PR AR W R 2 1 A DT X 2 19
PEA N4 T ) R
1.3 TERARNFERTK

P HE PRI 2H 1) G SRS LA A RS AR A A | SR T2
AR AR S Bh e S AR R R R i 2 SR
ANTe] Ry Ay 2 fel S 3 PR 20 B A A [R] A 254 {HLH:
SEFHAR 2 T B Y BRI 4

(1) RIS . 725 SR EE RdRp Z )5, LU
IEHERY RNA AR & a4 K fBE RNA, 6 RNA
FAAEHE PR 20 G DA B2 0 R 20 AR A AR, PR Ikt £
fif RNA LA PR R 21, — PP LT 37 i, 1T
A R B IEBEFE 4 RNA, 55 — R 2 T
#, S WKL K 41 19 J5 3l F ( subgenomic promoter,
SGP) , SGP MG TESZ M aE RNA J¥ 91 M — 4514 11
S A RO B 4 I, RdRp 454 T SGP I B 4%
A IERE KL 4, Miller 261 B B 76 BMV 5 i
FRUESE T N AR AR A Y ) BT, BE S & A A )
JEE AN TMV , BYDV | K 2 2% 80 AL MK B ( barley
stripe mosaic virus, BSMV ) 25t i X Ay 20 58 B
SR ALy A Ay IEEE RNA sh 9 5 =%
5 56 1 5 B ( sindbis virus, SV) Fl AR 4K 5 7 B
(caliciviridae ) Jp5 B 14 V. 2 PR 20 38 3 PN R AL 4R 1Y 7
LA

(2) $EFT& LAY 75 i RdRp J5 , i B 7E
RdRp 15 & U7 EE RNA F R B 5 28 k(55
G Ik, 77 A R R A 5 DA B AR A
5 X5 0 A S P e T A A s P i i o N
e, BRI 5 —FPLE O RdRp & L4 K 1 B
Jo AR LASRUBE AR AR A BT i R 2 7 3l e o il 3 ¢
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1E15 5 & 2 0k, BF 5% 3% B 3R ih 9 B R
(toroviruses ) | £, T4 HF H K 9% B J& ( betanodaviruses )
S R PR T 1R Ay v A O R 4

(3) B SR sh e R & i K sE e |, LU
e G O AL R 20, B 3 57 /57 91 Z J5 BT
58 5 8 ¥ ¥ F ( leader-transcription regulating
sequences, TRS-L) J5 15 11, Bk R 2= H (37 3L K 2 I
UiE %) 1R % 53% 8 42 15 3] ( body-transcription regulating
sequences, TRS-B) ,SRJGWT 3 57 -3 BY 7 M 4k LG hL,
TP

(4) NS SRR« 5 i 58 Bl e sRAR AL Y
DOMNTE T AL s RN i K e T2 B
FEANFHIE SR R 20 5 B 07 B R PR A 5 et 7 rh
HE H I A i TRS-B B {55, TRS-B fi
HEGUEE RNA [5] 57 3 (1 TRS-L B 5L M T #F 171 4% 0
FEPRAL A " T DL R AR A K I i Y
BSEZE IS

T8 Bl e SR BRI A 2 S e SR Y 1Y) OC At
ST g A A v B e s 45 % 31 (transcription
regulating sequences , TRS) , 1 P F 15 75 i 4] 8% 12
TR 8 B (nidovirales ) T 9% 5 (19 7. & K]
A (HBEE B A WA BF 583 35k A
R EE H T 0 25 A % L1 SRR 5E I
FHEA G

IR 4 BTz N AT R R £ 7 A B A [
37 R Ui IV A PR 2 38 e 7 A I PR 2 O 8 1A
oo B S ] 1) SRS T BE S 1R T 7 1 RNV R Ak
(132 52 5 A B PR LS A T X —
SR A S IHT  BE i PR 7R 5 RN ] B ) 2 S AR
U DR EEAE S 7 R R R EE E T AR
G B DR A 1Y) B Bt S ol e A 3 S B SR ok o8
i

2 Beta BEEBRFESAKETEREA

Beta Ji IR 5 75 J& 5 Alpha 76K B2 J& (alpha
coronavirus ) . Gamma 7 IR W F B ( gamma
coronavirus) [i] J& T & 9% 5 B T 5 R 9w = B
( coronaviriade ) TR IK B R} ( coronavirinae ) , L]
AT LU NI | S P IR o 1 7 o e IR o 7
LA S BlUE T Beta 7R 27 8 . HCoV-0C43
HCoV-HKU , SARS-CoV . MERS-CoV F1 SARS-CoV-
282721 HCoV-0C43 \HCoV-HKU1 J& Y = Z 5| e &
ULE A BRAE P TE R, SARS-CoV  MERS-CoV

FI SARS-CoV-2 FyRR G ] % Ji oy P B Y 30 3 5 [
A A B G 0 R R A5L45 2 . Beta SR 2
R B B R BAAE S RNA JREE , g B 0K P R AR e
5 H (nucleocapsid protein, N) & i i B2 g A< 5¢ 5 %k
KIZH RNA 20 A0 ANl e s e 19 &
B R E M (spike, S) JEEE 11 ( membrane,
M) FIL AR 1 (envelope  E ) .

SRR AN RNA 5 75 P 3 PR 2 e K
S EE, R 5 AEBHIEIX (untranslated region, UTR) 22
J&i B FF 1R 32 [X 1ab (open reading frame lab,
ORFlab) fdifls T B4R 2/3 RIS, ORFlab |
T NEAEE 1l B A S U G R SR R A SR
AR 37 UTR, BIF5E 3R WY BT A e IR A5 B 1) B
PR EAT 5 -5 il -S-E-M-N-3" X — B [ 5 1Y
£ (R

AR BE S 1A T A MRS S HEA AN DLIE
HEREIN 41 RNA WA, R 1 3 B B XT ORFl1a
F1 ORFlab #17#PE, 724 ppla Hl pplab X P~ K
M2k, BTOIDHE R L Um0 S I BEE . IEBE
B AR TR VR T A K BRI 4, OF
PLCAE Ry AR A & Ui . 40 2 19 7
A3 T EELSAR B RV RE B B 1 AR (B R Tl
AR AR, S5 40 A 1 A B AR R LT
PRIZH A, f 46 Beta SRR 55 I8 76 N 10 T A &
O EE H N A8 T3 40 R T AN 32 2 J SRS AL 58 i
W PR A

SEEARGG BE IEBE WA A FE 57 /i P8
TRS Al H B HFIEHF] 37 polyA B HY ¥4 = HB434H
i, BFFEE SUES ARG FE mRNA (Y BFAKT
5 SIGIREEF T B 5 w7 80 AT LA 4 I 3k
Wy 5, A R T 95 B L 4L R AR G 8 R
R0 TRS S W 5 PR 41 S o B2 AR Bk R 14 56
FEO S, AZOIT S5 F 37 ISR 3 3 = &84 4
B P R O Y R AL O P B A% 0 P A e — B
= ERSF )T 81, SARS-CoV 5 SARS-CoV-2 FZ.0>
JE5134 8 57 -ACGAAC-3" " MERS-CoV 4% .0>
J¥51 0 57 -AACGAA-3" ) HCoV-0C43 Fil HCoV-
HKUT 420 )5 81 4 £ A 57 -UCUAAAC-3” PV
R T S5/ NS BE PR ZH A1, A 10 37 Bk R A R 5 2
T EHE (open reading frame , ORF) | {H 78 #15
W U S0 1Y ORF W BRE, [HIL, A5 K %
BOWHE R AL E R 2+ (HFE D RE b 5
N F BT BRSSO , H R R R e
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TR 75 3. 5 R 2 7 S At 8 4 o 1 5 X A o 45 T vl
ITEH

SEEPR I BE 7F A0 e B ACMURE o 2 B 1 f 2
RNA 07, % FHE N 41 RNA (1) 3 8 2 1 — Fh 5
FEVEREE ALY RNA JTHA RSBy, (HAE M SE R 24
RNA H A A BLX FhOT/, O 3 P 40 RNA AN
A B A g 7 R Y

3 Beta BRRFESTEREAMEN

W OC T 2 W0 25 0 L A 20 1 A0F 90 32 X
B B 8 (flaviviras ) . 8 2 R 9% 3% (hepatitis C
virus, HCV ) F1 7% 4 1 % 9% B ( hepatitis E virus,
HEV) %, H IR 43 1 AF 57 82 vh 78 0 366 PR A AH DG 1Y
SrFALAN T 2 S PR A A 1 Y A Dy
AR RLHIF S A RE SR . SARS-CoV-2 k& K ) , #%
PG DN v TR S IO B 106 A , T 7 B 7 5 A
R SE I ) A A S B AT HAE R A R A X
T PR 2 A A AT LR | SR B i R T
B AT AR

Wi gEH Ll i Iy 25 BIESE T SARS-CoV-2
WAL AF e, Kim 56050 58 o i A il i e 3
K ( sequencing by synthesis, SBS) Fl3&F 4 KfLAY E
B ORNA W F ( nanopore-based direct RNA
sequencing, DRS) ¥ i B #b 19 75 7 0 % T SARS-
CoV-2 HYFERZH ANV FE K40 UESE T SARS-CoV-2 fif
FH TRS A S BB P A L AT AN i e e S ok 7
FEEHEI 2, 25 R SARS-CoV-2 AT L7 Az 9 Fif
AR IR, Hod N R H AR R R RETN
st AR ok & S ORF 7a,ORF 3a,ORF 8 M.E,
ORF 6 F1 ORF 7b, Doddapaneni %" iff 55 & B , i
AR AR O O AT B 3R v LU A
AR AR AR 4K I PR 2 R I i PR 2

My DR 20 A A I 55 5 7 % 5 22 ) B AH S PE
ZAFFIUESS . Kim 55 %F 20 4~ COVID-19 & 11
189 AMFEASHEA 799 75 4 it LA SO L R A A T I gk
Aot 55 . 45 2R W7 ik B 5 77 BH A A PR 21
G BH 0 P 2 45 22 ) E) g3 0l O BEGE R S
(11.39+10.34)d #1(13.75£11.22)d(P<0.437),
T B 48 1 P M 1 34 455 22 i ) o B0 E R R
(22.85+11.83)d(P<0.001) , 5EEREF 45 K 2 1]
A REBEGI 225 T HE 75 955 B 0k R 4 4G D 4
SEPESR T R AR AL . Perera 55 ICAR TR
SR B R S 70 d PR IR R AR AT A

W, 2355 5 S A A A IV 5 PR 2 1% ARG B 1 A B 8 9%
SE IR BHPE R Z AT ] — 2, SR I A 25 2R 5
R B 5 BE AR S 1, T LA ek 4G ) I 35 AT 4 e
BHIWEEETEE . Dagotto 25140 Xt Jgk e SARS-CoV-2
AP A0 1A g 28 o DA R 0 36 PR A A e s W
S5SNI B 8 IR I TG v DX A3 A 1) B
TS PR3 2 Tl P 0 5, T X 11 35 R 4 g A6
TS A AR PN BRI R B

VS PR A R R R N AT DA e e R =
PCR ( droplet digital PCR, ddPCR ) #F 47, Oranger
il g sy 7@ i ddPCR M 5E SARS-CoV-2 NS 1
FHEAR I, ddPCR 25 =18 PCR A, REE
15 RS AN T b o R 2 RN P 2 3 Rk e
DIXTE R Btk A7 4 o £, AER I AR 5, AN
TP R AR I, SR 2¢Ot E & PCR
(real-time quantitative PCR, RT-qPCR) 4% R il 4
FE ZEAR T RE RO RN R S A S, 0T RT-
qPCR Rz 35 PR 20 2 B iR 2800k 58 i FH G 7
. Wolfel %1 5 e @37 T RT-qPCR Kl SARS-
CoV-2 PSR B 7k, W 58 F UREE T 8 e Je e )
0 ER B TR VR 288 (5 A AN X s AR v I 3 PR 4 A
TR LIRS AN , 285 S S 7 P Wb AR A FE PR 4 &
il A S, DA T 0 A S e ) ST B 2 A L P
HATE I,

4 TFE E A R A

IV PR A4 7 A 41 T 4R & B A A
(14, LIV 5 DR 2 G 00 5 7 45 37 48 R LA v B A
S T LI 35 PR 2R A 41 DRI 3% 9 7 22 1 BE T O
MFEHRZ —, SARS-CoV-2 KFATHIEL T, 4 T8
Jek o 2 SV 25 DR 2 AR I )Y T A, H TR e
TP R 21 A I 2 28 0 T A A A | B A A T
Wr 259/ PE R A A S 2 A i
4.1 T0EFE B4 F A o Y Rz

Casagrande %5 it B el SE T H 34 1 F BB R A 7
S BE Ak B 3 DR A A A K B g 4 AR SE ST, A
TV H £A I A% Hi IF SARS-CoV-2 14 e 1 ] RE 1,
Truong %5 5 G2 T AR T (9 A B YL SARS-
CoV-2 Je s 7 WV 3 [K 20 i A5 £k , LA W9 25 15 Y 1k
(AR AR, o IV i PR 2E G I 5 9 25 0 2 o 32 A O I IR
bR R B SR ARG A R R R P B A
O, B T TR A Wi B B e AR5 1 &=
R 0, DT B e ik Rl 2 IO 9 e e D 5
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4.2 TFEFE A7 3 PR B R i R

B W 5% 3 76 s ) B AL 7 ¢ v i o W0 3 R 441
FR RGN St 4 7 9 7 &2 11 1% L . Haddock 251 fF 5%
TR e B 19 2 Stk S g v, R A B FEAS
TR PR A 15 100, (L SIW 35 DR A4 %9 A6 T 345 Sy B 2 15
HIARA R ITR B A s B A% R v B ik 1, 45 6 s
WESE T 3 JAE B« 29 5a i A2 B il 1 B iR sh
Falach 25" B 5% Jili 5 15 J& 75 82 0 CD-1 /N §UXF
SARS-CoV-2 Gy Bk it , A6 43 B A [ 2H ) /)~ Uit 26
ZUNREE R o L A & 5 SRR AR, UESE T Hilk
T BT 23l CD-1 /NEU SARS-CoV-2 gk, %
PR ™ A S A 405 RN S AE TSR, 53 A, Carroll
ZEUSIR) A BB B B SARS-CoV-2 A8 £k B.
1.427/1.429 5 B. 1 (350 ) 22 5 8, 38 5 A DU
R4 199 S 356 R A A A B 199 52 1 g

BN RY S PR T el i B HL A e AR
B AR M A HLH] 0 T B — B 2 S T A 254 DA
S 6 25 [a) I PR AN ] BB — B 4y, X T 1 B
VA 5 BB S A W R LR S e
P BRI S 45 JRE5 5 40 BT, 7T DL g 1) 4 W 25 7
SR N S G B, o6 3 55 0 2 2 W) A AL DT A
R, WG B T A,
4.3 TEERARNEHRY/ EEERNEENFH
W FH

TP PR 2 g S 0 e o7 FH T 254 9% A AR
W, #RE 2022 4E 3 A 2 H, 4L 10 Fogrd e
S F T A 4 41 ( World Health Organization ,
WHO) % fii # % 2 ffi 7] 7% 2 ) ) H v Moderna
mRNA-1273 il ChAdOx1 nCoV-19 ( AZD1222) Wi F
E B RTINS A4 VR R W5 v B 53 3 A
DS A=A it 6 8 Y0k Y 8 il 2L 2 5 o o 5 P i TR
4LV e B A RE PO, IF Mt mRNA
BNT162b2 JE i 56 4> 45 Fi J5 %I SARS-CoV-2 &4 11y
PRIV SR AR D1 S MR R e YA ot O iR AT
o 4 5 DR LRI 35 R A6 2 RNA R k4,
FEA rf I 5 PR 28 R D T BT AR DH1052 | 3
PG 45 AT U e 1 0 2

Sia 2 SVRFFTIERA TG R i Ak i LA AR et
Z AN AR ZR DRI AN 3 Ao Ay 0 9 2 28 o E Ik
TR s 2 52 1 BB ), U 3l I 12 A 2 4
PEWIATT R, A 2k 3 32 R ARG I AT DL 4 1 i 5 27
RS 2% NI A B T 40 0B 25 0 8 B 0 97 X 22 2
TR HIROR , 58 3% S & 259 S P IR &R B

J125%) FEIT R TAE,
5 RESRE

SARS-CoV-2 ELRFEEHILAT 2 47, R —BLif Al 4
W 5 N 2K A7, £ 6 2019 & R IR B R
( coronavirus disease 2019, COVID-19) K47 W —F
A BT e P U AR S SARS-CoV-2 J
BRSO R . BESE TR 22 A R A ) H
P PR A AR P DRI B 0% e, %k T R By 4
HEBME X, AAnl L2l F R S AR
G FEEY B E R (reverse transcription
recombinase add amplification, RT-RAA ) PR # § 44,
I 5 M1 R 4C 45 45 A (lateral flow dipstick, LED)
fEZE IR AT WAL, FF & FT AT A SARS-CoV-2 3 3 K 41
PRSI 7 220 719 2 5 U5 A e i B B BOR K &
FEHZAEH

WA, 9 B Y SV R D20 AN U2 48 1 G B
MR, A5 75 S i F i 2 vh 4 — VR AT, AT LAAE
YU TE A T TEAE FHE A, B PR A AG I 1
T SRS N Y 6 PR A 7 2 AL AT S S TR A
5T, HETRT Beta J& e R 06 75 0 2k P 20 7 A i
T A 1 B S RNA-RNA FH B4R FH B e 0
R DAL 2 P 05 R 30 R T o R SRR A R s AL
825 T VR A A5 R B IV G PR 2L 4 D00 ] DA
AIRZER TR, A )T 5 A3 550 9 B T BTy
SR, TR FT A58 50 50 5 s W) A AL B i e 2 ) 9
HAREPER AR 2R, B 0 B 50 38 P s RO i S 5
WEFE W TREG B A B

S 3k
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