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[(E] BHR:ABFLPSH FH RAW24.7 e K EEA LA FAFMEERAFEARKTDE
AL R 18 K LA . iR RAW264.7 40 fi # 7t LPS(0.1 pgemL ™ )% %, 4 F /D& (1 pg-mL ™),
AR R E A M RNA T B RAFEFAFIN 2R Z2RAAEAERELER, %Lﬂ%
HAKGO)E & # £ H 5 X EAE M2 H (KEGG) & % & % 24, 15 Al STRING # 474 4|48 &
ERE(PPL) R ZREAEAMBEEHATERN KN EE PCRHAATRIE, R EALTEAL L P ER A
MR, EFAFEAH 1801 MERERELELE, KW 11 f £ 7 %K% HE Pdiad, ligam ,Hsp90bl , Prdx5 , Pdia6 ,
Myc,Fosll 1110 ,Ccl2 ,Lpin2 ,Pik3r2 5 R X ; B A RAF£BFF B Nz EkrEma , KB 10 M2FEH
& H Hsp90bl ,Pdia6 , Prdx5 , Pdia4 , Ttgam, Statl , Pgm2 , Ptgsl ,Nos2 ,Acth 5 R EMH X ; XA £Z2 R Kk F A F &£
BEA S A, i/ BER T i 2 8 WD R JE B F B 3%, B B B2 Hsp90bl, Pdia6 , Prdx5, Pdia4, Ttgam,
PTGS1,NOS2 fn IL-10 X 3§ A Pik3r2 Fo LPIN 2 B B A& R R K B U R1EA St — P Z MR ¥R M EE X
WL R N A R BT R .
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[ Abstract] Objective:LPS induces RAW264.7 cells to become an inflammation model, and uses transcriptomics
and proteomics techniques to explore the anti-diabetic chronic inflammation mechanism of berberine. Methods; After
RAW264. 7 cells induced by LPS (0.1 wg-mL~") were incubated with berberine (1 pg-mL™"), protein and RNA
were exiracted, and proteomics and transcriptomics analysis were performed. Proteins and genes that were
differentially expressed were found, and gene ontology ( GO) enrichment analysis and Kyoto encyclopedia of genes
and genomes ( KEGG ) pathway enrichment analysis were performed. STRING was used to draw interaction
diagrams (PPI) to perform real-time fluorescence quantification of common differentially expressed proteins and

genes PCR for verification. Results: By comparing the model group with the berberine group, there are a total of 1 801
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differentially expressed genes in transcriptomics, and 11 differentially expressed genes, such as Pdia4, ligam,
Hsp90bl1 , Prdx5, Pdia6, Myc, Fosll, 1110, Ccl2, Lpin2 and Pik3r2, are related to inflammation. Proteomics
obtained a total of 83 differentially expressed proteins, and 10 differentially expressed proteins were found, including
Hsp90b1, Pdia6, Prdx5, Pdia4, Itgam, Statl, Pgm2, Ptgsl, Nos2, Actb, are related to inflammation. There are
5 common differentially expressed proteins and genes. Conclusion: Berberine may achieve anti-inflammatory
effects by reducing the release of inflammatory factors, while reducing Hsp90bl, Pdia6, Prdx5, Pdia4, Itgam,
PTGS1, NOS2 and IL-10, and increasing the production of Pik3r2 and LPIN 2 genes to further relieve abnormal

metabolism and insulin resistance as well as reducing oxidative damage to the endoplasmic reticulum to treat diabetes.
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PR3 PR 2R 3 [R) AV T 2000 18 Pk 4 B ARtk R
T, 5 TR PN R I 2R 0 0 U B B B R T I R
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415 iRk LPS /NBEBR
2 HA DMEM: fif 4= ML iF =9: 1 0 0
AT 2 DMEM: 5417 =9:1 0.1 pg-mL™' 0
NBERRAL  DMEM: G217 =9:1 0.1 pg-mL™" 1 pg-mL™'

2 I RN

2.1 SRIHKF /PEER (LS 110713200911 ) ,LPS
(SIGMA 247 4145 :028M4094 V) |, Jif 4= 1fiL ¥ ( BT 24
AL, 5 :1913445) , DMEM %% 3% % ( HyClone 23 &],
M5 AE26872264 ) , PBS % Wik ( Solarbio 2\ &) , it 5 :
20170712) ,RIPA 75 %% 22 W ( CWBIO 24 ], 4t 5
141511) ,BCA & H & &1 H & (CWBIO A 7], #t 5.
20504 ) , JR % ( Sigma-aldrich 2y &, 3t 5 : BCBV4714) |
AL I BE B (Promega 23 H , 41t : 0000234509 ) , il
2. e (Sigma 2 7, it 2 SLBIATI6V ) , i R 2L
( Sigma-aldrich 2y &), fit 5. WXBB1027V ), Jif [
(Promega /¥ &) , it 5 : 0000154326 ) , C-18 it £ /N
( Thermo 2y ] , 4t 5 : T1274178 ) , H ik ( Sigma-aldrich
AW A5 BEBML192V) |, B (R ve 28 /], 415
1743230428), = 9 & R ( MACKLIN 72\ &), 4t 5.
C10425017) , Z s (BRFE /N ], 3t 5 . 10989807901 )
PrimeScript RT reagent kit ig 5| & ( TaKaRa 2\ &), it
5. AHE3187A ), TB Green Premix Ex Taq iz | &
(TaKaRa /A %], it 5 : AI11043A)
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@35 X ( Thermo 24 ] ), LTQ-Orbitrap Pro Jit i {X
(Thermo 2> %] ) ,EASY-SPRAY PEPMAP C18 ( Thermo
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je 75 2 7K A ( Milipore 2\ ) , E1x800 74 [iff #7 {% ( BIO
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Tek A ] ), 64132 Bk 45 25 .0+ 4 HL (LABCONCO 24
) ) ,BT225 H,F43-#t K (Sartorius 23 5] ) , Neofugel3R
AU X 2 R B0 L (Heal Force A H]) o

3 Raw264.7 NREBZEEAMEMFERAF

3.1 RNA §3%I%& 70 cDNA B4 M & RNA U 5
RAW264.7 417554525 6 h J5 , 73 SN Trizol , 1R
FT 2T WTTE s LA SUDT , PR35 , 15 20 6 T3 o
T, wmEEL, MR AKEE RS — O
SIS N B IR 2 E B L, 5 B I 75%
Ol IR AT B0, 37 B, TRUIE, R IE s
RNA {1 & il A DEPC &b B 7K %5 fift T 0E , 75 31 RNA
Mo i Agilent 2100 Bioanalyzer A% il RNA ¥
&, &8 5 1 BGI-SEQ 500 -5 I ¥ .

3.2 EWMERFSWM KBTI E &b,
ZESRABRROR T 2 By AL 22 S B I, 0 22 S i A
HEAT GO &7 Ml KEGG PATHWAY & 4 43 7 LU
KEABAER,

4 Raw264.7 NREBEZEBARMEARASF
4.1 EBEARMAES 1ESCIR[12] 0075 kLAl it
el k¥ 32 Ry 45 A i A RIPA (& 45 PMSF) %!
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VR 2 % o R A7 A8 M A 0k Bl 8 mmol - L7 A
T A IR BE BE (DTT) K 38 Il H 284k 2 0 10
mmol - L™", i AL 2 Bt i (TAA) ke e fk, 2 (%
25 mmol « L™ BB 82 %0 & ¥ W, I A DY 4 W T ,
it s R C g /MEREAT IR AR , LAV VR T4 A
0. 1% WK H W B W EAT BRI AT

4.2 MFARME-ZES FH-FBFEFHERS 5P
BB Ao #H WAL ES 4 UltiMate 3000 UH-
PLC system( Thermo Scientific,San Jose,CA,USA) HI

JE % AL #% & LTQ ORBITRAP VELOS PRO ( Thermo
Fisher Scientific,San Jose ,CA, USA) 474K [ it 4H 2# #f
5% o R F ACQUITY HSS T, {4i%4E (2.1 mm x 100 mm,
1.8 pm) , 44 JHWAH 25 PR 58 hy: B AR A ALK
0. 1% HIR/K ,B 40K 0. 1% H #R 2 fif , #i 3% 300 nL-
min "' HERERE 2 pL, W2,

F2 WEHAHMERE
i 18]/ min WA A/ % WA B/ %
0 96 4
5 93 7
85 78 22
100 68 32
110 10 90
120 10 90

4.3 EARMNEETENENMEEZSTW
LC-LTQ/OrbitrapMS 45 #| i) RAW 3 14§ Proteome
Discoverer 1.4 {4 3t 47 50 P 44 22, 2% J Sieve v2. 1
( x 64 ) BRAFHEAT B 5T A O 3 , A H 22 S A BB e
NL3MERLE (RN <0.7 8% >1.3), HG iK%
P <0.05, T A7 TC AR A A HE 20 A 4% 5 5 9 A
KEFREN 8 LRFANNE R ZFEN . A
FTEL B P KEGG X 22 5 8 1 HEA T 5 8 i o 4R
i i STRING 726 B4 e 4% Hh AR N 28 H 89 44 9K L&
GO 737, #E— P2 il Hh 2 A AR T 26 14
5 SEEEE PCR (RT-PCR) 5347

RNA B $EHL 2 % 5% 5 20 % RNA 9 32 HL, % ]
1) & AT B e s, SR A Light Cycler96 (Roche ) {1
AT 9 ik PCR 488 SO, R 27 iR 4
B RY AR mRNA ik, Wk 3,

4 nano-

®3 HEERNBSIYTFS

i 5 R w5195 51 J& 5197 51

B-actin TGAGCTGCGTTTTACACCCT GCCTTCACCGTTCCAGTTTT
Itgam GAGCATCAATAGCCAGCCTCAGTG CCAACAGCCAGGTCCATCAAGC
Pdia6 CCCTGGGAGGTCAGTATGGTGTC GGCGGCATCTACAATGGCTTCTC
Prdx5 CGCTCGCTGAAGAGAGTACACAC CGTGACAGTTCGTGACCCATAGC
Hsp90b1 GCAACGCTTCGGTCAGGGTATC GGTTCTTCTTCGGGCTCTTCTTCC
Pdia4 CACTGCAAGCAGCTAGAGCCTATC TTGGTCGTTGGTGATGTCGTTGG

& eS

1 Raw264.7 NRBEZERMAMMNERAFESN
1.1 2R REEEFIE  HMHEESH RNA 4fi 5 Al

a7 =
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1.2 £RRZEEAN GO EELH K2 ERT
ZSFRIBEN ) GO 5 HE T, 22 57 R IK N &
Z 5048 3 B F AL HE cellular process, immune
system process, metabolic process, response to stimu-
lus, developmental process 55 ; H Ik, 2 R F ik It
EES G4 T UM EE AR catalytic activity,

molecular transducer activity, signal transducer activity,
transporter activity, structural molecule activity % ; fix
JG, R KRB FEHS 5 040 M H kL F
cell,membrane , membrane part, synapse part, extracel-
lular region 55, Horfr |- 22 S 3% 3k 5 KRR 1 22 S
FIBHLHAE GO 1 3 A2 rh HeA —F

DEG GO analysis

Gene Number

cell
cell part ® 15
catalytic activity @ ® 260
intracellular ® 506
intracellular part @ 751
binding @ 996
small molecule metabolic process @
o Quvalue
response to external biotic stimulus [ [ ]
response to other organism | [ ] 0.0
response to biotic stimulus [ ]
phosphate-containing compound metabolic process @ 1.0e-5
metabolic process @
response to external stimulus - [ J
immune system process @ 2.0e-5
phosphorus metabolic process | @
response to interferon-beta | ° 3.06-5
positive regulation of biological process @
positive regulation of cellular process @
response to cytokine L ]
fatty acid metabolic process E ) ) )
0.1 0.2 0.3 0.4

Rich Ratio

B2 ZHRRKENE GO &L

1.3 =R XIEZEFR KEGG PATHWAY E& &
B3 R TR RN KEGG # B 5 4,
Hh 2R RIKENZS SHEBKILA 44 5, R H P A

5 08 5 RAEA O, EEALEG TNF signaling path-
way, IL-17 signaling pathway, fatty acid metabolism,
FoxO signaling pathway,PPAR signaling pathway, MAPK
signaling pathway, HIF-1 signaling pathway, inflamma-

tory bowel disease (IBD) ,NF-kappa B signaling path-
way , toll-like receptor signaling pathway, Insulin resist-
ance, type I diabetes mellitus, AMPK signaling path-
way, PI3K-Akt signaling pathway, insulin signaling
pathway , non-alcoholic fatty liver disease ( NAFLD) ,
type Il diabetes mellitus 55,
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PEMDAE 2021 F5E 30 EE5 H ‘



Chinese Journal of New Drugs 2021,30(5)

Peroxisome [

TNF signaling pathway |-

IL-17 signaling pathway |-
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3 ZFFRIBEEN KEGG il & £ fr

1.4 FEMAXERREIER @ LM GO I
Pr Al KEGG Pathway 73 #r, 3 A1 0 8 1 55 4% IR g A
KMEFRIKEAWER 4 R,

x4 SHERMEACH 2 R RINEENH

FEH D HAthFEH 1D 2 SR B
12304 Pdiad ~1.098 273 1 down
16409 Ttgam ~1.827 877 309 down
22027 Hsp90b1 ~1.113 368 557 down
54683 Prdx5 ~2.073 514 663 down
71853 Pdia6 ~1.042 921 813 down
17869 Myec ~1.216 276 53 down
14283 Fosll ~1.607 442 598 down
16153 110 ~1.881 629 705 down
20296 Cel2 ~3.919 053 729 down
64898 Lpin2 1.512 516 019 up

18709 Pik312 2.073 640 172 up

1.5 2R REEFRHEEEHAE i H STRING 7
LOrHT AR 4 Th S ERE ARG 11 4> 22 57 3Rk
S HAR BAE HIE Q& 4, B TR RATT AT LLE B AR
2705 a R RRR A A HAE T OC &, NI R AT AT LA AR
WL R 13 1R R 2, R
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2.2 ERRZFZEANGOEESH KO WRT
ZERFREAR GO i, ERRBEAZHNE
Yy 1 #2 B E AL FE protein peptidyl-prolyl isomerization,,
regulation of multi-organism process, regulation of sym-
biosis , encompassing mutualism through parasitism , cat-
abolic process 55, UL W, 25 17 R £ 1B
i, 7 /N B B 7 48 R AR A rp H AT AR 1 VR 5
W, 2Z2RFIREANSHH > T HHE E B cyclos-

porin A binding, peptidyl-prolyl cis-trans isomerase ac-

£ LC-MS B 1
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t/min

/ANEETR A

i

&

tivity , binding , isomerase activity, enzyme binding %,
£ GO Wy v IRy 2K h, TR SR MBS 5 A
K, ST MBS G MG, 25785
FEHZ5 M40 0 4H i 3 T AL 45 intracellular part, or-
ganelle part, cytoplasm, keratin filament, intracellular
organelle part % . 7E GO M4 L2 43 2, 5 40 i
A BB B ARG, B AT WL, /N BETH R S8 AE A RUAR
FEEE B2 T 4045 5 0 15 8 .
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Analysis of differentially expressed protein GO

Number of Gene

M Biological Process
W Molecular Function
m Cellular Component

Biological Process

B6 ZRKLEH

2.3 £RKRIEEAM KEGG PATHWAY E&£ 4
Mo K7 Bon T 2R R KEH KECG @ i#% & 40
P, 2R RREAS SHESEEA 38 4, KM
13 5 RAEH 6, FEALHE proteasome , metabolic
pathways , protein processing in endoplasmic reticulum,

insulin resistance, carbon metabolism , arginine and pro-

Metabolic pathways

Protein processing in endoplasmic reticulum
Proteasome

Regulation of actin cytoskeleton

Insulin resistance

Carbon metabolism

Non-alcoholic fatty liver disease (NAFLD)
Rap1 signaling pathway

Arginine and proline metabolism

Amino sugar and nucleotide sugar metabolism
cGMP-PKG signaling pathway

&quot; Alanine, aspartate and glutamate metabolism&quot

Citrate cycle (TCA cycle)

Molecular Function

Cellular Component

1) GO & L7

line metabolism, amino sugr and nucleotide sugar me-
tabolism , regulation of actin cytoskeleton, alanine, as-
partate and glutamate metabolism, non-alcoholic fatty
liver disease ( NAFLD ), citrate cycle ( TCA cycle),
rapl signaling pathway, cGMP-PKG signaling pathway
AR 1%

Count
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RS OGEEIRMMCH 2R RIBEH

HHAID HH fii ik Jik B 29SS wd R B

P08113 Hsp90bl ENPL_MOUSE Endoplasmin OS = Mus musculus GN = 11 12 190 0.561 down
Hsp90bl PE =1 SV =2

Q922R8 Pdia6 PDIA6_MOUSE Protein disulfide _isomerase A6 OS = Mus 2 3 70 0.551 down
musculus GN = Pdia6 PE =1 SV =3

P99029 Prdx5 PRDX5_MOUSE Peroxiredoxin_5 _ mitochondrial OS = Mus 2 3 29 0.406 down
musculus GN = Prdx5 PE =1 SV =2

P08003 Pdia4 PDIA4_MOUSE Protein disulfide _isomerase A4 OS = Mus 1 1 4 0.495 down
musculus GN =Pdia4 PE =1 SV =3

P05555 Ttgam ITAM_MOUSE Integrin alpha_M OS = Mus musculus GN = 1 1 2 0.143 down
Itgam PE =1 SV =2

P42225 Statl STAT1_MOUSE Signal transducer and activator of transcrip- 1 1 2 0.499 down
tion 1 OS = Mus musculus GN = Statl PE =1 SV =1

Q9DOF9 Pgm2 PGM1_MOUSE Phosphoglucomutase_1 OS = Mus musculus 1 1 1 0.402 down
GN =Pgml PE =1 8V =4

P22437 Ptgsl PGH1 _MOUSE Prostaglandin G/H synthase 1 OS = Mus 1 1 15 0.267 down
musculus GN =Ptgsl PE =1 SV =1

P29477 Nos2 NOS2_MOUSE Nitric oxide synthase_ inducible OS = Mus 1 2 2 0.112 down
musculus GN =Nos2 PE =1 SV =1

P60710 Actb ACTB_MOUSE Actin_ cytoplasmic 1 OS = Mus musculus 57 59 1139 0.639 down

GN =Actb PE=1 SV =1

2.5 ZERFRZECMHEEMAE I STRING 7 3 HERAEREBMEER qRT-PCR £ R

Lo Hr AR St SFE R A G 10 422 7 Rk
g, HEAMEEHEWE 8, MEH AT L
FEIRZ T AEAMAEMEER LR, T E R 10,
HR9,CEB A ER L8, PR RERE N
0.7,PPL B4 P {7 0.001 15,

B8 zEAREEAMEAMAE

HeF 2 FFRIE A MR PPLEILE 9, K
T i — 2 B mRNA §% 5% K F 5 8 (1 &8 KCF 1)
RS 2R, R FHSE RS 28 € & PCR X 5 4> cos-degs-
deps FENBEAT TIRIE, K10 ATRLE I, S (4 1
i BRI 3L B Pdia4 , ligam , Hsp90b1 , Prdx5 , Pdia6

VR SRR A L, N BE R AL B ) Pdiad, Tigam,
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12r HSP90B1 121 PRDX5 r PDIA4
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< l < l < 5|
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[= = £ 4r
g o e or g
i 6 i g gRor
S 4 [ T 47 I 22
14 24 14
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2r a 2r a 1+ 7
| L wm L )
(03 M B C M B C M B
1o- PDIAG 1.8¢ ITGAM
1.6
8- Il L
s -3 |
r oL el a
£ 6 2 E |l e T
2 I 2 sk
g 4r £
° o 0.6
= 0:04
2_ 8
VbA 0.2+
0 0
Cc M B C M B

C:EHM M BRI B /NBEG A 0 =3 BRI 55 A L% ,a:P <0.05,b:P <0.01;
PR 4] 5 /N BERR 41 HL % , ¢ P <0.05,d.P <0.01

& 10

it

5]
Tl SR 2H 2 R A R A A R — DI RRARAR T g

T & 75 1) S R ELRT , 57 37— AR 7 45 AR A8 7R AR A~
AR R 2H 20 R i 15 B ) 4 J R TR ) 3R R L
FIME LATE X 48 M A S P S B 9 1 Jsy B P, ) P A AR P
WFFE LK -3k o T 1 A5 8 20 45 /N BE B 4 4 L
B, 158 11 A2 F R, RAW264. 7 4 jd
i LPS 55l U SE AL AL, /E T TOLL A 52 4k
BTG Toll B Z {5 5 & 4, TLR4 #i% NF-«B {55
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