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domain-like receptor protein 3 ( NLRP3) inflammasome, microglia, and myelin in rats with post-traumatic stress
disorder (PTSD). Methods A PTSD rat model was established using the single prolonged stress (SPS) para-
digm. Anxiety and cognitive functions were evaluated through the open field test, elevated plus maze, and Morris
water maze. Histopathological changes in hippocampal neurons were assessed using hematoxylin and eosin ( HE)
staining. The expression levels of NLRP3 and iba-1 (a microglial marker) in the hippocampus were examined using
immunofluorescence staining. Immunohistochemical staining and Luxol Fast Blue staining were performed to investi-
gate alterations in hippocampal myelin. Results Hippocampal neurons in PTSD rats exhibited damage, with in-
creased activation of the NLRP3 inflammasome and microglia, and elevated myelin content. Conclusion  The
pathogenesis of PTSD may be associated with hippocampal neuronal damage, inflammatory responses, and changes
in myelin.
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otide, NAD) &/ i B H 1 , 2 5 RE AR 20 A3
DARBET S B A Y R R T AR R TR 5
TERL N B HEVE IS, B SN eNAMPT 3 % 35
VPR A 5. 200 PRBESE ) 20, 76 ff
Bl 5 FFL IR H 5 L eNAMPT 7P i, i
FRPERL GG . AN, RS K], eNAMPT
FER M4 E I P L 4R EEAE . SRT, % T eNAM-
PT I 3k 148 25 SR B RTF S SR D BOE

FIFIE 2 eNAMPT f) £ 553 I 25 B, {H eNAMPT
TEIFHE K e 2 J v B S RERIAE TR 0 = 560,
WIZIFE S 76 1 2R T 96 40 10 43 W6 o Y B9 eNAMPT
X A A BRI, FE000 44 7 HEVR A A LA

1 #E57E

1.1 8
L1.1 siemie  AJBFERIKA K400 HUVEC, A
AT 9% 40 e HepG2 . JHH-7 . Huh-7 . MHCC-LM3 #0
SUN-475 PO A7 TR S 56 % 41 2
1.1.2 24X # DMEM }5z3 (525 M1805) |
0. 25% JREE A (155 : VCM3012) (7 - HER & (1%
5:15140122) g 5 AL 5t 40 LA RH A w5 G 4 1
1H (575 : SPCS00V) g F P AusgeneX 23wl 5 D-Hj
ZE (575 : G8150) | L-4 & Ik e ( 525 G0200 ) Ity
BAEsU R Sk TR R Al s NAMPT $ipfA (1 ¢
1 000,4%5:11776-1-AP) F1I INSR Hrf& (1 : 2 000,
125-.20433-1-AP) i {A& g [ 3% [E Proteintech 2 H] ;
p-INSR(1 : 500, 455-:3023S) . & [ {# i B ( protein
kinase B,PKB B{ AKT) (1 : 1 000, %% :4691S) . f
AL F #8E B ( phospho-AKT, p-AKT) HL {4 (1 :
1 000, £7'5-:4060S) 41 it b I 35 2 1 B 1/2 (ex-
tracellular regulated protein kinases 1/2, ERK1/2) #ii
(1 1000, 555 :4696S ) I R T4 40 it b ] 9 2
H &% i 1/2 ( phospho-extracellular regulated protein
kinases 1/2, p-ERK1/2) HL & (1 : 1 000, 4% 5.
5726S) )0 B 3£ [E Cell Signaling Technology 7\ ] ;
GAPDH Hi&(1 : 1 000, 585 : ABL1020) Il B 37X
SRR AE Y HARA FRZS 7 5 4 /2121 RNA il 323
g (455 : CWO0599S) | RIPA £ Jifg 24 iff W (155
CW2333S) AJi =4 (1 : 2 000,455 . CW0103) F1
BRI P (1 2 2 000, 455 : CW0102) 1 H VLI5
2L A YRR AT BR 2 D5 SN eNAMPT 28 H
5. P43490) Wy H 2 [§ RayBiotech 7\ #]; anti-
NAMPT AR (1545 : ab240589 ) I [ &[] Ab-
cam A\ ) ; [ 1% 28 524K (insulin receptor, INSR) 1] 4]

F (425 . BMS-754807 ) M H 3£ [H Selleck 4\ 7] ; siR-
NA $ Y47 £ (4845 : R10035. 7)) Iy [ M 45 1A
IR BR 2>\l 5 BB (525 :354230) Ty A 6 [
Corning A #]; ¥ % 53 F & (5% 5 00005103-
140603 ) Wy 5 DL A D) FHA IR A W NN AR
R/ PENE TR ( Visfatin ) BB 5222 W BTS2 56 ( enzyme
linked immunosorbent assay, ELISA ) i& 7] & ( 5% 5 :
CSB-E08940) iy [ i e 56 A= ) TR AT B2 7] 5 KA-
PA SYBR FAST qPCR 5] (555 :0000138674 ) Ity
H 2€ E KAPA Biosystems 2\ o

1.1.3 £ZME  CO, fHIREFRA (5 Forma™
3111) =/ AR R4 (LS : Forma ' "3131) I H 3%
Thermo Fisher Scientific /& ; 3L} 5 Y E & PCR
A (#15- ; QuantStudio™ 3) 14 [ 3£ [E Applied Biosys-
tems 23 w5 {1 (£ 5 Spark ) Iy A %+ TECAN
3]G AR (A5 ECLIPSE Ti2 ) g H H 4 Ni-
kon 23w ; 4 H k22 KOG EME 0 i R gg (L5
Tanon 5200) 4 H | Tanon 2\ 7 ; SDS-PAGE H, jk
I (FY5:1658004) | HL AL (145 : M1703930 ) Iy
2 [E Bio-Rad A H] .

1.2 ik

1.2.1 @mpesdc AFrEfhkoy 40 HUVEC, A
JT 985 20 M9 HepG2 ., JHH-7 . Huh-7 . MHCC-LM3 I
SNU-475 fgiff} DMEM K3 Beifb A7 85 3%, B g Shrh
A 10% 4= 13 M5 -55 85 2 (100 pg/ml) UL, B
AU E T 37 C 5% CO, Bigesf b 3%, IF
Ff—E IR

1.2.2 ARSI KA I 107 A~/ fLEE
Fl T 24 LA IFAE S A 10% I3 .11 mmol/L fy
D-7j % .2 mmol/L L-23 2 k& 1) DMEM B33 £ v
HATREFR BT 37 C 3% 0, B4 IEFE 24 ~ 72
h, W FE A ML 3% 5% 135 W T Western blot #1 ELISA
il _E 3 h eNAMPT 562,

1.2.3 siRNA # % RH] siRNA 5 Ju il 7| & 1T
sIRNA B 7t , Br siRNA FEE G 3L [l E F 15 min
J& R FR R 1R 37 € 5% CO, 1Y
SAHE TR 48 h T IE 2, #Em INSR 1Y
sIRNA 8 1 AE W FHECA BRA W45 8, siRNA 731
W1,

1.2.4 @R masE YL siINSR D
FextBE4H (siNC) B9 HUVEC 40l jfa#% 18 10° 4~/ FL 3%
Fi ¥ 24 LB AE S A 10% L7 ) DMEM 55375
rhE TR SR RrAN M S8 A W BE IS, S0 AN B IV
XU REFREE X B A ISR TR 259 1) PBS , 555
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#&1 siRNA 573
Tab.1 siRNA sequence

%2 qRT-PCR 5|55
Tab.2 Primer sequence of qRT-PCR

Gene name siRNA sequence(5'-3")

Gene name Primer sequence(5'-3")

SINC TTCTCCGAACGTGTCACGT
siINSR TGCTTCACAGAAGACCATGC

2SR A eNAMPT 5 19 (100 ng/ml) 4
anti-NAMPT 1 FIPEHT 4 (10 wmol/ml) £H  INSR i
H57 BMS-754807(10 pmol/ml)ﬁﬂﬂ‘fﬂéﬁf]ﬂ@,zo min
Je AR 4 B 2K 11 A F Western blot A6 #H 5C 25 1
[ IRTE DL o

1.2.5 wpa . & Gi2 % Western blot 525 IiigE
S B B AT 1 DT TE T A RIPA 24 i 24 i
EHIRA)G BT vk B2 30 min, 12 000 r/min 2
L 15 min TR BRI IMA 2 x 1 EAEGE
W, 78 10 min, T -20 CORAAE T BB IE
P oA o A 4 5 i i A0 ML 77 B WO 3 000 1/
min &0 10 min, JEELC 59 LIHHIFIMA S x 8 H
ARG, BT UK EFEE 15 min, 2 10 min, T
-20 CHR-fEs M. MRIEEHMER S FREAE SIS
TR RE 1Y) SR N IR TR I B IEC , AR A T A (LUK MR
5% FREFLEA] 1 b —$i4 CHRBFE P = kb
A 1 h, BETEEER SR A #1752

1.2.6 ELISA %% 5l AWAE R/ N IERR DT 2=
AR KB S 75 W i 7] S AR AL A B AR L PO AT
IREAS R bR e i 2 100 pl, R CE 3 R fL, 37
CIFR 2 hy FF LMWK, SR mBAL I A D R br
TEHLIAR 100 pl, AR E RS, & 37 CHEE 1 h;
AN BT B AR, 3, T DR BRI e i B fL 3 3,
BRI 2 i ] AL ARG SR AR R HAR
AALPIERPRIC 100 wl,37 CHFE 1 he PEMR S KRG
] B LN A5 90 wl, R ARRR IR S, 37 CHL R
8,15 ~30 min J5 REFLINAZ 113 50 pl,5 min Nff
FHEEARXAE 450 nm A A0 E 45 I 5347

1.2.7 RNA REBE %R AZE PCR %8 bk
LA, Fe BRI A5 AR RNA a7 & 42
BUEL RNA I 5 e J3 -9 4 530y ¢DNA . AR 45 KAPA
SYBR FAST qPCR &3 & vd B 45 #17 qRT-PCR {£&
RBCE . ¥R RTE 96 fLlRP R IRS), BT
qPCR Y kA7 R0y, B & 3 S5 1L, L GAPDH
NS TR, A 274X mRNA &
SRPATIH— AL, BT qRT-PCR SE55 2 3E 47
ISR Z T, AHEBR IR RS Y 1S . 51751 0L
#£2,

1.2.8 HFANFEBREG EHH  FEH eNAM-

NAMPT F:GCAGAAGCCGAGTTCAACATC
R:TGCTTGTGTTGGGTGGATATTG
MMP2 F:CTTTGCAGGGAATGAATACTGGA
R:GACGGCATCCAGGTTATCGG
MMP9 F:TGCGCTACCACCTCGAACTT
R:GATGCCATTGACGTCGTCCT
VEGF F:CGGCGAAGAGAAGAGACACA
R:GGAGGAAGGTCAACCACTCA
GAPDH F:CGGAGTCAACGGATTTGGTCGT
R:TCTCAGCCTTGACGGTGCCA
PT 8 I B A1) HUVEC FR 8 RNA, b

DU E IR A= W) 2 R A PR 7] £ Ilumina HiSeq X
Ten V-5 1R 150 bp (1 X % 5 0 64 7 S 21
MR ( RNA sequencing, RNA-seq) . [, % Fastp
(v 0.23.4) BRI R B e T B PP, OF L BR
5T 5 1 £ 4 A 4% Sk ¥ 8. LA Genome Reference
Consortium Human Build 38 ( GRCh38/hg38 ) B K 2H
JP %% R HISAT2 (v 2.2. 1) i i & i
A7 B 7 B R4 7 17 40 EE X, 1 B FeatureCounts (v
2.0.6) X HEP IR FEAT RE B2 MR I R R AR
(B, P HEA T 0 B S 3 O S0 7 T R Y
Fr BE % (fragments per kilobase of exon per million
mapped reads, FPKM) {H, #—2F|H R &5 &4
L) DESeq2 (v 1.38.3) BEAT L[N 22 57 32 0k
#r, % A Benjamin-Hochberg ( BH) J5 ¥ X%} H 17 £
HAIAE KBS I eNAMPT £ 5 40 215 15 ) HU-
VEC gHifii+ ¥ log, (fold change) >0.3 & P <0.05
(L TR e SOy 22 S 3 TR A TR folf T 7 2 Y
Metascape ( https://metascape. org/ ) ¥f 25 5 2 ik £t
R AT D RE & 5 70 e B o, 2k A W 46 0 i
(Gene set enrichment analysis, GSEA ) {i i % {4
GSEA (v 4.3.2) LAFCAT2H (eNAMPT & 1 J1 AL S5
XTHRZH ) hy Heilh, 4 7 MR U B R AT HE R . AR
@1 A Kolmogorov-Smirnov 46 4 JA MsigDB Hf 7
E R AR R AR W PR R R LR (false
discovery rate, FDR) DAJE[RI4E 4L B 40t 1 000 YR FAT
R

1.2.9 ko bE AR EE AT IL R E 4 C
AR, FHTOTV FOAR Sk W B 150 wl il A 1) Bk JSJE Al 1
48 fLtk G A, 37 CIEE 30 min, % 5 x
10* /4~ HUVEC FE T 200 wl A4 BT A1 35 3 vh
Il TR |, 7E 37 °C 5% CO, RYZFMF T HiFR 8
~10 h, Fl R idsfa4t HUVEC 1 3 DEEHLALE b Y
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M4 2%, R ] Tmage] (v 1.8.0. 112) 7 Hr k4 4t
TE M 73 S5 RO 73 SR

1.3 %t 43 R A GraphPad Prism 9.5.0 &
PTG i S B A BRI DL« =5 TR,
PR ZH (] LG {6l FH M A7 AR A Student” s ¢ K55, 22 24H 1]
PR B R 2R 05 2200 B, A SR 20 >R ] Pearson
ALY, P <0. 05 WA Geit 7 o

2 #R

2.1 iNAMPT #1 eNAMPT 7 & f BT & A 15
BRIE  NIEF NAMPT 5 ik R A 56 &, il
i qRT-PCR FI Western blot #&:l] iNAMPT 7 JiT-¥&5 ZH
Jir i) mRNA FlEE 3R G8 K O 45 R R, iN-
AMPT 7E 4 /98 41 i 9 (HepG2 \JHH-7 .Huh-7 .MH-
CC-LM3 Fi1 SUN-475) 344 3 ik, H 4% 40 fifg [A] iN-
AMPT ) mRNA 7K (F =27.87,P <0.001) ( WL
1A) FMIZE /K (F =418.4,P <0.001) ( /L& 1B)
PIFFAE2E 5. Hir iINAMPT 76 HepG2 4l Jfd v 4 ik
AR, 76 SNU4T5 i h 23k i o

g ik — A 1 RE 45 B R AN B S 1) L A1 43
eNAMPT, D) }2 iNAMPT 534 7KF-5 eNAMPT 4347k
SFER] A D AR AR AL P 48 h 5 145 9 200 i
FEFR s WA S oA B A U H: o i) NAMPT 25
HAKF. SR ER, AL PE 48 h J5, ELISA (F =
103.1,P <0.001) (& 2A) Fll Western blot ( Fiy,ypr =
4787.0,F yupr =217.7,3 P <0.001) (& 2B) ¥5E
RSN ) 25 9 A M 855 5% 38 b eNAMPT A1 Py iN-
AMPT )ik, 3 H I 4h eNAMPT {153 16 7K -5 g
P iNAMPT 3k 7K SE 52 A 9E (r =0. 985, P <0. 01)
(K2D) . [F]A} Western blot il 45 5 8.7 | B & 1%

A 400p B
E koksk b
£ S 300t , ‘
25 iNAMPT
Seskok

2% * GAPDH
%; 200F .
o=
z3
£Z 100
Q
[=4

0

S AL PRI ] A3 I, 35 9% B3 o eNAMPT 7K -1
Bz T (1B 2C) .

2.2 PrEAMEKIER eNAMPT {2i# HUVEC {1l
BAERBES I AR TR () i AN A rh 200
HE RO A RS0 45 R WoR , 5 X IR A,
HNEPE eNAMPT 25 14(100 ng/ml) #1345 1 HUVEC
ML BAEAE 58 (1 = 10. 69, P <0.001) 54 K&
(1=3.03,P<0.05) ¥4 Z (LI 3A 3B), HifE—
A B0 S8 4 SR U5 19 eNAMPT %t HUVEC 48 i %,
B, BT E AL FE 72 h J5 1) HepG2 F1 SUN-
475 AL TR FIEW, 5 HUVEC 4iff 2 8s 35 3547 1
BRI 4R BR, 55 HX A (Mock )
Lo, TR AR G 77 s i AL BE A HUVEC 4 ifg i 58
ZENTR(1=3.83,7.02,% P <0.05) 54K (1 =
3.66 .4.76 % P <0.05) ¥y % (1K 3C 3D) ; 4 F
I3 IKT-HEARI HepG2 21, eNAMPT 434 7K - 45
) SNUAT5 ik 37 g Wit HUVEC 148 45
(1 =4.51,P<0.05) 54K JFE(1=3.02,P <
0.05) JE i RE ) B 58

2.3 eNMAPT S 5AEHARIEIB . MEEREE
S =FRIIENMLEE MY £ s R
Bon, 5% ZHAE I, eNAMPT 403 5 HUVEC A
63 LN R, 72 R TR (K 4A)
XTIk SEBL P HEA T I e W AR A0 b, 4 R R B 22
SR FE P E A T AT RS A AR R R AT
AR W2 AR I 5 T R G 25 S R R S IR 4R
TAHVBED A RS RE(E4B) . BRItz Ah, T
HEASFER FIK1E A GSEA 434 4% S — 0 B
I A= L I8 N 2 A [ 1 (vascular endothelial
growth factor, VEGF ) {5 5 B FN S Jik &) 3 AH OC I8 %
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Fig. 1 mRNA and protein expression levels of iINAMPT in hepatocellular carcinoma cells

A': The mRNA level of iINAMPT in hepatocellular carcinoma cells detected by qRT-PCR; B: The protein expression level of iNAMPT in hepatocellu-
lar carcinoma cells detected by Western blot and the statistical histogram of gray value; a: HepG2; b: JHH-7; ¢: Huh-7; d: MHCC-LM3; e: SNU475;

“P<0.05, **P<0.01, ***P<0.001 vs HepG2.
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Fig. 2 Hypoxia stress-induced continuous secretion of § -
eNAMPT by hepatocellular carcinoma cells

A: The protein levels of the eNAMPT in the superna-
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tant of hepatocellular carcinoma cells after 48 h hypoxia treatment detected by ELISA; B: The statistical histograms of protein levels and gray values of iN-

AMPT inside hepatocellular carcinoma cells and eNAMPT in the culture supernatant of hepatocellular carcinoma cells after 48 h of hypoxia treatment detec-

ted by Western blot; C: Western blot analysis result of the protein levels of eNAMPT in the supernatant of hepatocellular carcinoma cells cultured at differ-

ent time points (24, 48, 72 h) after hypoxia treatment; D: Correlation analysis between the secretion level of eNAMPT in liver cancer cell culture super-

natant and the relative expression level of intracellular iNAMPT protein gray level; a: HepG2; b: JHH-7; ¢: Huh-7; d: MHCC-LM3; e: SNU475;

***P<0.001 vs HepG2.
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Fig. 3 eNAMPT derived from liver cancer cells promoted in vitro vascularization of HUVEC

A . Representative visual showed the promotion of tube formation in vitro of HUVEC by eNAMPT protein (0 ng/ml, 100 ng/ml) X 100; B Statisti-

cal histogram of the number of nodules formed by HUVEC tubes and the total length of tubes; C: Representative visual diagram x 100 showed the promo-

tion of HUVEC angiogenesis in vitro by hepatocellular carcinoma cell culture supernatant ( HepG2, SNU-475) after 72 h hypoxia treatment; D Statistical

histogram of the number of nodules formed by HUVEC tubes and the total length of vessels; a: 0 ng/ml; b: 100 ng/ml; ¢: Mock; d: HepG2 cell culture
supernatant; e: SNU-475 cell culture supernatant; * P <0.05, *** P <0.001 vs 0 ng/ml; *P <0.05, *¥P <0.01 vs Mock; ¥P <0.05 vs HepG2 cell

culture supernatant.
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1E eNAMPT kb HUVEC Hh g4 (LK 4C —4E)
XSz LR eNAMPT {2 9 1y 45 A B8 FT A8 38 i 94
G R AR 5l %

2.4 eNAMPT i#373;E INSR 15 2@ 8512 3 HU-
VEC W &R bk iy 3R 8 55 5E 70 b i ow
eNAMPT 7] G 18 S 5k & 25 AHOCH f% 2 5 4% HU-
VEC #ii il (3 F1IL4E A= . A B ik eNAMPT X}
HUVEC 413 INSR i #1520, 1) A Western blot &
T INSR K1 i 19 s 53 1 B9 2R 38 S0 MK 22 4k
25 R, 56 B4 AH H, HepG2 4f i % U5 1Y
eNAMPT 4b H 5 9% S 5% i HUVEC 2 Jitg v INSR |
AKT 71 ERK1/2 B8 18 4K 7, (B2 {2 #F INSR
AKT F1 ERK1/2 {985 % 1k 7K 5F ( p-INSR | p-AKT Fil
p-ERK1/2) (DL SA 1 ~2 HLPKIE ) 5 1T A 2500 7E
PR anti-NAMPT 203 f5 153 2] 1 15 Bk (0 &
SAVH 3 HITKIE) o il — 2Bk eNAMPT £ S
HUVEC 4 Jfd b I8 [ 48 fb 02 5 4088 T INSR, 2R
JH INSR #1155 BMS-754807 ( ULIKI 5A 45 4 Yk ) 5%

U] INSR 19 siRNA (JLIE 5A 45 5 kB ) 4b# HU-
VEC, 255 7R, PIRPAL BRES AT LA INSR AR
A, T B R Ui AKT F1 ERKL/2 (@52 1L
KT R

PRSI A4S A2 B S50 R L (i anti-NAMPT Hrf]
PEPUA (1 g = 18. 19,140 = 10. 81,3 P <0.001)
BEAS U5 TR 40 i R VR Y eNAMPT X} HUVEC [fi 45
B ISCRE T B A2 32 4 FH 5 [ FE L, INSR 085 551 (245
=30.75, 144 =20.46,2 P <0.001) 5% INSR
(typg =40.46 14y, =32. 18,1 P <0.001) ¥ HE
% JH-Ji 20 MO Sk 5 1) eNAMPT %f HUVEC i 457 i RE
JIE#AER (18 5B .5C)
2.5 eNAMPT {gi# HUVEC £ i i MMP2 , MMP9
1 VEGF B3Rk 1 32 38 3% 54 DL J&. Western
blot SZEGIER] eNAMPT 3@ 8 & #S R MER 5
INSR %44, 375 F U PIBK-AKT #l MAPK-ERK1/2
IR S, t, B qRT-PCR i — 25 £ il
eNAMPT XJ T~ I AH G 5 R 36 38 7K1 1 52 ) o 25 21
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Fig. 4 Differential expression analysis of related genes between eNAMPT and control group

A Volcano map of differentially expressed genes (log, FC >0.3, P <0.05) stimulated by eNAMPT protein and control group; B: Functional en-

richment analysis of differentially expressed genes between eNAMPT protein stimulation and control group showed significant differences in biological

processes and signaling pathways; C — E: GSEA enrichment analysis between eNAMPT protein stimulation and control group.
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0. 001 vs eNAMPT group.
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#p<0.01, #P<0.001 vs siCtrl + eNAMPT group.

ERK1/2 fRZ5HK [ W, 41 1A 40 it 3 B 0 I 45 A= A
KHOILN MMP2 MMP9 F1 VEGF (335, R e ik
WA B o AR 25 oW Ji g 1) 2 R 11k, A
FUH R RESA T REFERE T la RBS
KA A, IE R VEGE 42 988 P9 i 45 A= .
AwFgEda R TARA TS TR O 58 048 AR B — 1~
AL, B S PR 95 175 5 i 40 B 7= 2B 1) eNAMPT
AT Rhid I INSR 27 P R 248 a5 A

YT NAMPT 72 Jif 6 i Je v i) 81 B4 T, 38 1)
NAMPT #ih hy i — FAR A i S G 97 kg . T
NAMPT HA P AR B APIE X, =z 4188 LL K 40
A S B ] INAMPT MG 23 WL T 3 2H 21 7
AEFERIVER o L IR PR AT T TR RE £ 5 o ik
FREZHZ A L N AR B AR T o PR LA o B A 2K
) eNAMPT , B3z F Hp FLPE ST E BA — Rl 0 40
) NAMPT (3697 S mg . ©oa Bt il , 76/ i
PR SEEE R A NAMPT rf P e K BB 65 4 850 %
ik eNAMPT {9 T Fofidi NAD 7P, i 24 T b
WA G I RERRAS o 8 I AN PED LA SR I & 8 7E
oAt 50T AR &, IR B T AR A AT S N 45
R BT HETCA R, AR RAT T 20k
B R SRS AE eNAMPT i AH G g v 197 28

SZ A B IRTE 4 MK P90 25 e T
Y5 ) eNAMPT {3 1 45 A2 B T RE , TR R &R
AR i A A B AL, BT A A R A5 4y
W eNAMPT Ff-454 HUVEC |- f%) INSR 31 ik 1% 3L
Jid P 1 PI3K-AKT 1 MAPK-ERK1/2 {Z2-i %, 1
I A8 A BSORE S RS RE D, i L M 45 A IGRE T, %Kk
IR A J 968 I P e i 9 A A s o SRR AL T

B PLEIEA] , #E R) eNAMPT A 52 B8 R i i
PRIGTT OB S o

Shackelford R E, Mayhall K, Maxwell N M, et al. Nicotinamide
phosphoribosyltransferase in malignancy: a review [ J]. Genes
Cancer, 2013, 4 (11 - 12). 447 - 56. doi: 10. 1177/
1947601913507576.

Garten A, Schuster S, Penke M, et al. Physiological and patho-
physiological roles of NAMPT and NAD metabolism[ J]. Nat Rev
Endocrinol ,2015, 11(9) :535 —46. doi:10. 1038/nrendo. 2015.
117.

Navas L. E, Carnero A. NAD * metabolism, stemness, the immune
response, and cancer[ J]. Signal Transduct Target Ther,2021, 6
(1):2. doi: 10.1038/s41392 - 020 — 00354 — w.

[4] Sun B L, Sun X, Casanova N, et al. Role of secreted extracellular
nicotinamide phosphoribosyltransferase ( eNAMPT ) in prostate
cancer progression; novel biomarker and therapeutic target [ J].
EBioMedicine, 2020, 61:103059. doi:10. 1016/j. ebiom. 2020.
103059.

Travelli C, Colombo G, Aliotta M, et al. Extracellular nicotinam-
ide phosphoribosyltransferase ( eNAMPT ) neutralization counter-
acts T cell immune evasion in breast cancer[ J]. J Immunother
Cancer, 2023, 11 (10) :e007010. doi; 10. 1136/jitc — 2023 -
007010.

Chen J, Sysol J R, Singla S, et al. Nicotinamide phosphoribosyl-
transferase promotes pulmonary vascular remodeling and is a thera-
peutic target in pulmonary arterial hypertension[ J]. Circulation,
2017, 135(16) :1532 - 46. doi:10. 1161/CIRCULATIONAHA.
116.024557.

Tang H, Wang L, Wang T, et al. Recent advances of targeting
nicotinamide phosphoribosyltransferase (NAMPT) for cancer drug
discovery [ J]. Eur J Med Chem, 2023, 258.115607. doi: 10.
1016/j. ejmech. 2023. 115607



FEMKFF]® Acta Universitatis Medicinalis Anhui 2024 Dec;59(12) - 2149 -

[8] Recinella L, Orlando G, Ferrante C, et al. Adipokines; new po- [12] Tirpe A A, Gulei D, Ciortea S M, et al. Hypoxia: overview on hy-
tential therapeutic target for obesity and metabolic, rheumatic, and poxia-mediated mechanisms with a focus on the role of HIF genes
cardiovascular diseases [ J]. Front Physiol, 2020, 11:578966. [J]. Int J Mol Sci, 2019, 20 (24 ). 6140. doi; 10. 3390/
doi; 10.3389/fphys. 2020. 578966. ijms20246140.

[9] Semerena E, Nencioni A, Masternak K. Extracellular nicotinamide [13] Zabka T S, Singh J, Dhawan P, et al. Retinal toxicity, in vivo and
phosphoribosyltransferase ; role in disease pathophysiology and as a in vitro, associated with inhibition of nicotinamide phosphoribosyl-
biomarker[ J ]. Front Immunol, 2023, 14:1268756. doi: 10. transferase[ J ]. Toxicol Sci, 2015, 144 (1) :163 - 72. doi: 10.
3389/fimmu. 2023. 1268756. 1093 /toxsci/kfu268.

[10] Lin Y C, Wu H C, Liao C C, et al. Secretion of one adipokine [14] Yoon M J, Yoshida M, Johnson S, et al. SIRT1-mediated eNAM-
Nampt/ Visfatin suppresses the inflammatory stress-induced NF-kB PT secretion from adipose tissue regulates hypothalamic NAD +
activity and affects Nampt-dependent cell viability in Huh-7 cells and function in mice[ J]. Cell Metab, 2015, 21(5) :706 - 17.
[J]. Mediators Inflamm, 2015, 2015:392471. doi: 10. 1155/ doi:10. 1016/j. cmet. 2015. 04. 002.

2015/392471. [15] Bermudez T, Sammani S, Song J H, et al. eNAMPT neutralization

[11] Audrito V, Managd A, Zamporlini F, et al. Extracellular nicotin- reduces preclinical ARDS severity via rectified NFkB and Akt/
amide phosphoribosyltransferase (eNAMPT) is a novel marker for mTORC2 signaling[ J]. Sci Rep, 2022, 12(1):696. doi: 10.
patients with BRAF-mutated metastatic melanomal J]. Oncotarget 1038/541598 —021 — 04444 -9.

2018, 9(27) :18997 —9005. doi:10. 18632/ oncotarget. 24871.

Hepatocellular carcinoma cells promote angiogenesis of
HUVEC via the eNAMPT-INSR axis

Wu Junjie', Li Shizhou”, Gao Chengming’, Cao Pengbo’, Zhou Ganggiao'’
('Dept of Life Sciences, Anhui Medical University, Hefei 230032 ;
*Academy of Military Medical Sciences, Academy of Military Sciences, Beijing 100850)

Abstract Objective To investigate the function and potential mechanism of hepatocellular carcinoma ( HCC)
cells-derived extracellular nicotinamide phosphoribosyl transferase (eNAMPT) in the angiogenesis of human umbili-
cal vein endothelial cells(HUVEC). Methods The eNAMPT secretion of HCC cells were stimulated by hypoxia
treatment and investigated the angiogenesis of HUVEC was investigated by tube formation assays. Transcriptomic
RNA sequencing (RNA-seq) analyses of HUVEC under eNAMPT treatment were used to explore the mechanism of
the effect of eNAMPT-insulin receptor (INSR) axis on angiogenesis. Western blot was used to detect the effects of
eNAMPT-INSR axis on protein expression of HUVEC cells. qRT-PCR was used to detect the influence of eNAMPT-
INSR axis on the expression of HUVEC intracellular related target genes. Results ELISA and Western blot results
showed that the protein level of eNAMPT in the culture supernatant of HCC cells increased significantly after hypox-
ia stimulation. In vitro angiogenesis assay results showed that eNAMPT significantly increased the nodules number
and total length of tubes in HUVEC. The transcriptome sequencing results of HUVEC showed that eNAMPT, as an
insulin analogue, participated in the regulation of biological processes such as cell migration and angiogenesis in
HUVEC, and might promote angiogenesis by activating insulin-like signaling pathways. Western blot results showed
that the eNAMPT-INSR axis affected p-AKT and p-ERK1/2 protein levels in PI3K-AKT and MAPK-ERK1/2 signa-
ling pathways in HUVEC. RT-PCR results showed that the eNAMPT-INSR axis affected the expression of angio-
genesis related target genes MMP2, MMP9 and VEGF in HUVEC. Conclusion eNAMPT secreted by HCC cells
promotes angiogenesis by binding INSR to activate the PI3K-AKT and MAPK-ERK1/2 signaling pathways.
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