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BAY: PRUIHE R B R A (DPNV) X245 S [ K7 Netrin-1 2
RSN, P82 Netrin-1 fE A2 55 T40/ (ADSCs) 19%E . iT# A2 DPNV
R A . B Netrin-1 XF ADSCs I 515 H 5 B AR FhLEl . APRZE DPNV
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F55E: OFREUEPARNE PRI 5 HE B PR 835 1T IRk ML JUL A ZH 23 DA R A0 Jo) I s
W R A ISk, Western Blot. ELISA 257515620 Mk M40 49 &% ik b
Netrin-1 5 5 AE BF F I IA KL /NALE 35 FE LA & Netrin-1 5 L8 A R2 40 A 14 3
SENLTE L, B G244 B Netrin-1 3R 7KF5 DPNV IR M. @
SREL C57/BL /NERARIIAZL, /7y B IERE % ADSCs, FR M o7 Jk D6 5% e ik R A
ADSCs i ik 4t 198 6 5 H (GFP) & Netrin-1(N-ADSCs) . ifiid CCK-8. Western
Blot. s, Transwell 545l N-ADSCs 5 ADSCs £ RIS R (K85 . 175
FEBR 10N B A A S BE I 2 R 22 7. M 2 TR SR (T2DMD ZNER
(db/db) JE R, fRNFEHE N-ADSCs 5 ADSCs, ML 25 #)
MG MR AE, 8 e v Ak, VP ADSCs IERNAAE . IT#. 4
AR I BT A, V89T DPNV IR . @R Western Blot 81 Netrin-1 /5[]
ADSCs 1%, iTH, FhMt, o0k, (R0 B A A8 Rgn R T RS S iEes,
F ELISA £l Netrin-1 /5] ADSCs 5543 ih 2 Fhdi i B+ 5 A K R . BRI
HARGy B

S5R: ORI 8 N B ML 2% 1 ML fE o Netrin-1 £k K 23 TR,
AR MLIMIE H IL-6+ IL-1B+ MCP-1 &5 5 i [K 1~ ) A Wb T Wl PR S8 T e
e UL PR 2B 2 A S R B, I L Netrin-1 5 103 Py R 40 A7 16 3 5 7 15
Bl: @I C57/BL /N 4 R EUE B ADSCs, B 5 (2 L g ) 15
FERGEH (MOD), Z57 NTN-1 i s 4% ADSCs it ik Netrin-1 1
Yk Z . N-ADSCs TEm B N RILH BE A= . B K. MW
Bz A 34k ST T RE T . @1k A FSA- N-ADSCs 15 i J#i4: T2DM /MR R
I 3 T v O 2 iR B B AR N I R, B O R
N-ADSCs 7G5 & K& oo e A B 8 B 1 2 . @Western Blot il
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ELISA #)45 5R 7R Netrin-1 7] fgidid_E i AKT/PI3K/eNOS/P-38/NF-kB 15 ‘5 i i
PAS A& 3 ADSCs 55 733 2 A i ] 5~ Ao A2 A R -7 AT 75 ADSCs 3558 . 342
KB UL SR M HT 4, 1697 DPNV,

£530: DPNV i T sk 2H 23 & i H Netrin-1 7KF 2 2 BRAK . R FH R 2525 A1
e Gtk 2l ADSCs 13234 Netrin-1 7] &7+ ADSCs 7E =i fE A EE T AU TE . 1L#2
R A BT TERE ST, Netrin-1 A g Fi AKT/PI3K/eNOS/P-38/NF-xB
55 B LA K EHE ADSCs 5543 ih 2 Fham i A 7 B A= K R 7 ROMLAI 75 ADSCs
RIS IEF8 AR HE I 8 A, $2 7+ ADSCs iR N FEHE 1R DPNV 76T 30K
ARTFURF S 45 S DPNV I KB V8 I TR TT 77 SR 3et 7 HR Al 5 k45 .
SREIE . B B MRS, Netrin-1, BEUFT-4000, Z0MufstE, M
A
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ABSTRACT

Objective: To determine the effect of diabetic peripheral neurovascular disease
(DPNV) on the axon guidance factor Netrin-1 protein, and to explore the role of
Netrin-1 in regulating adipose-derived stem cells (ADSCs) of their proliferation,
migration and repairment of DPNV. To elucidate the specific regulatory molecular
mechanism of Netrin-1 on ADSCs, which will provide theoretical basis for exploring
new options for clinical prevention and treatment of DPNV.

Methods: @ Ischemic hindlimb muscle tissue and peripheral blood serum from
diabetic and non-diabetic patients were obtained. The expression of Netrin-1 and
inflammatory factors in diabetic patients were analyzed by immunohistochemistry,
immunofluorescence, Western Blot and ELISA, as well as small vessel density, and
colocalization of Netrin-1 and endothelial cells. Statistical analysis of the clinical
correlation between the expression of Netrin-1 and DPNV in diabetic high glucose
environment was also performed. @ Adipose tissue was obtained from C57/BL mice,
ADSCs were isolated and cultured, and a gene transfection system was successfully
established to make ADSCs overexpress green fluorescent protein (GFP) and Netrin-1
(N-ADSCs). CCK-8, Western Blot, flow cytometry, Transwell, etc. were performed to
detect the differences in the proliferation, migration, adhesion, and differentiation into
endothelial cells of N-ADSCs and ADSCs in a high glucose environment. 3 A type
2 diabetes mellitus (T2DM) mice (db/db) lower extremity denervation model was
constructed, N-ADSCs and ADSCs were transplantated in vivo, and blood perfusion
was observed by laser Doppler, immunofluorescence and immunohistochemistry were
performed to evaluate ADSCs of the survival, migration, differentiation, angiogenesis
and treatment efficiency of DPNV in vivo. @ Western Blot was performed to
explore the Netrin-1-mediated signaling pathways of proliferation, migration,
adhesion, differentiation, angiogenesis and apoptosis of ADSCs, ELISA was applied
to detect Netrin-1-mediated paracrine secretion of ADSCs, revealing the underlying

molecular mechanisms.
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Results: (O The expression levels of Netrin-1 in the ischemic tissues and peripheral
blood serum of diabetic patients were significantly increased, while the expression of
nflammatory cytokines such as IL-6, IL-1 and MCP-1 was decreased in peripheral
blood serum. The vascular density in the lower extremity muscle tissue was decreased,
and Netrin-1 was found co-localized with endothelial cells; @ Sufficient amount of
ADSCs were successfully obtained from adipose tissue of C57/BL mice, the optimal
time and the multiplicity of infection(MOI) were determined, and an adenovirus
transfection system was established. N-ADSCs exhibit significantly improved
proliferation, migration, adhesion, differentiation into endothelial cells, and
anti-apoptosis ability in high glucose environments. 3 In vivo denervated T2DM
mice transplanted with N-ADSCs demonstrated significantly increased laser Doppler
perfusion index and number of new small blood vessels. Immunofluorescence showed
that the number of ADSCs survived and the number of differentiated endothelial cells
significantly increased. @ The results of Western Blot and ELISA demonstrated that
Netrin-1 may regulate the proliferation, migration, adhesion, differentiation of ADSCs
and promote angiogenesis in diabetic neurovascular diseases by up-regulating the
AKT/PI3K/eNOS/P-38/NF-kB signaling pathway and promoting the paracrine of
multiple factors of ADSCs to treat DPNV.

Conclusion: DPNV causes a significant decrease in Netrin-1 levels in blood and
ischemic tissue of the lower extremities. Overexpression of Netrin-1 by ADSCs can
enhance the proliferation, migration, adhesion and differentiation of ADSCs by using
a gene transfection system. Netrin-1 may up-regulate the
AKT/PI3K/eNOS/P-38/NF-kB signaling pathway and promote the ADSCs paracrine
of multiple factors to enhance the survival of ADSCs in vivo and promote
angiogenesis, thus improving the therapeutic efficiency of ADSCs transplantation in
DPNV. The results of this study provide a theoretical basis for a new option for
clinical prevention and treatment of DPNV.

Keywords: diabetic peripheral neurovascular disease, Netrin-1, adipose-derived stem

cells, cell transplantation, angiogenesis
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BEFRI (DMD & — P A Bk R ARAL Yo b . HOAR I — Pl fufE /K 1 ¢
ST A B AR EREL[L, 200 W PRE 4 N LR (TIDMD 27808 R
i (T2DM) | GEGREIFEIRM (GDMD , AR At e AU PR . L 20 p
PRI 2 5 8 W TR 2o W PR B 2 AR L, AR L AT e R B R
I3 WA B2 AV B TR B 2 2L A R B F AR U/ B R R B AR B T2 454 [1,3]

FEIE 2 JU-HAEEL, A ERWE PR 1) A0 2 RIRAT 2R AR I R T e Bl
R W NTE R T AR ARG 7 SRR S0, ARSRE R R R 2+
S Th v o MR FE o b BBk B R L P A A et A BRopl IR 5 i AN
1980 “FHJ 1.53 {ZHTH 2 2017 4EH 4.25 14, Tiit#] 2045 4, £MHFAHE 6.29
CNEE R[4, 5] Hrb, REPEZFHTAEGZFMENSE. AEKPRR
e LA S35 R B R AN RARTE SIAB, W RO G e e 3 . TR R R
KRR P E, e % 30 4F 58, H[ERE IR E 3 A 1980 4EIIA R4 A FH
1%HR T+ 2 2013 4E¥ 10.9%. HuTHE O HBIT 1.21 2 N EH IR, B5IRmEA
Bhr JE o —[6-9]. Sty FEERsERIEE R 2ERA 218 2.12 KB
PRIV S R OB PR o RLIRG, W PROS 1) S s A s 2 L 45 38 i [10,11]

PRI 1) 3 B T AR TR AR T v 0 R R0 2% B ARAH SUKIBER, oA m L

T, e 2823 51 AL 2 Fh B PRI T ORE o L HAA R A TR ATL i) 0, 47 25 L 30 A N 3 0
BB E RN R AARE T 7 SR [12]. BRI B S 3 R G4 ki R 7
FRAEER TH 25 (DKA) i pE SRS (HHS) . FLERIR h 8 AV pE, e IR
93 975 S AN BY T % 1R 0 5 R DA, R R T PR ) b B A S AR
[13,14]. Tt I ACRE 2 252 el O SR R MLER AR . BFE: (1) B PR K I
EHRRE, FEROIMERER (CVD), BHERCE H XA E 3 Bk i 7 5%
(PAD), ;= %2 J5 R 2 W P55 2 1) 2l ok 3 3 s A 5 B30 — R 91 R L A A2
(2) FEPRIRTIUILAE FEARIE : ALFE LRI (ESRD) HE AR AL 22 (DR
BRI A2 (DN) LA R SR 93 5 5500 R AU (LEA) o B PRI UL 35 5 JRRE
(IR AL AT e A dE . 7= 2R B R S AL 28 P~ I (AGES) . A& (R R R8s, 1T
A RIS [15-17]



Mntii S N 1 e n VA7 2t

VEAESR, B I PR 2= A S5 PROPE AR DA — D I, DA B R 38 {1 R
RAPER 3R, T 2 MR 2 e B 3. FFOBUITAE (38 2 DA R /IVAR
e Jig 1) 24 an o] =] DT AR A YT 25M 0 i F , ERSR B JR s S5 L R AR PR e S
[¥) CVD IR IFZARIR E HH 2-4 15, (H AT (¥, BRI B CVD (MR 3 DL K
CVD HHRHISE TR AERL 25 20 F N IEAERFEE T [ [18-22]. SR, PAIHE SR I
378 51 S A B AE B R R B, ROmE A S E AR E A LT
[23,24]. FLHJRRA, smRFAEARmHRE. LI BREE. WEK. 6T
(IR A5, AH S — 30 53 ER 2 DR DR PR JE Lo 205 4 5 06 P AU, b eV
55 I B R R R I 7 5 B P R L T 5 1 T B AT R i R
ST 2 ik It A R A DA SE RRER DR UG R AE R I B IR O RORE I A 2 ek
[25-28]. T H ML AL A FE AR R 2, HAT SBORERE — BN, T
R, M35 B SR 2 [29-31] IR BT a7 73, anzid
CREFIRYT . L EE . SR IENILE BB RS, BIRBEAN 5 T2 8 Hh 50 S35
RIS, (T ROF AR, BAERRINHBA — g RRE, o TkREF
ARHMA NGIT LSRR B S (CLI FIRE IR B, A R 2%, 8
oy B EL R A A fE I [32-35) . X AME L, g R B T, R N2 A
WORTTE B A R, RO PR ) A 22 ML AE (DPNVD, 12 A
W2 M RS, B B BT R, A T R AR R X R

AR, TAIMRSAE R AR J AR B AT R e, R FEIESE T 4 i
T AL F36 0 2 3 0 L J A 0l 1T /65 7 R [36-40], 503 AR A FRUBE IR » 2 v BB 1
ARSI R, IEEETT AR L B 8, AT T E R AR I CR R TR
IR FH AT, RO 24 BT FE (03 5 [41-45) . HRT, #R T4 O T4141 T
FEFIFFAEER %, T AU R Z A N =R IG T4 (ESCs). it )L T4 L (FSCs)
AN T- 21 (ASCs) o IEAG RIS BT 40 M L F5 e LA 2R 400 . ey 4. a4
7KL 38 I 20 AL (HSCs) A 18] 78 5 T 41 fe (MSCs) . BN 40 o] 73 N &
B 3E T4 L (BMSCs) . UL B A, #4E T 40 (NSCs) . i If. -4 g (HSCs)
R 5 R 5 T4 g (ADSCs)[46,47]. ESCs REM [ 3858 37 H- 40 1L ik PIAT ff 2578
I, (HR TR RBUAR R, IRAEK ESCs N A T IRKIT FURISE . 751
ZAe T4 (iPSCs) & —FhZid SR EA kg0, HA ESCs fuketk, SRim
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iPSCs B FRCR USRI B 28 B ST UAS, s HARAE R & 3R
AL [48,49] - ik AR A S v H A R F BN 41 32 224135 BMSCs. HSCs K&
N AHAAE (EPCs), FHEUS T — & IR YT AR [50-52], (HIEPR [ RAR AN 15k
EHETARS RO, BE AR, HEEZNEFEN, FEEGIEZ MK
Jpi, H BMSCs F4hE MR HSCs & EPCs MY g /b, i HIgE. T, o
B UL B 7735 5 AR, BT R I PR IR )2 LA [53] o T A 4 SR A A A
[¥] ADSCs HI WL FAEA A (B RE AT LS, L8 B2 N AR 7 A 9 B A [54], A
RINE FE MR FIRITHZ, JoH M R 38 1 A AR, IR i 224

R FE R i AR T AR 25 2 3R HOK == AR 7 40 255,561 70 B, Jig i 2H 41
54 KR ADSCs, RES /LN e dni. s dni. O,
MZANREE, BAARERNZ ML RE, fERE R T2 0E R ol 20 i R 40 &
P ULAAL, H ADSCs Refls 7l 2 M2 M8 AR R 7, AARECE SRR At s v
(R A A T A 50 /0N BRI B2 19 L9 [36,57] - BT L, 45 1 A B i
ANAH A T 4R b . ARSI L B B AR 2, BAMEN, HEF L,
Al B BMSCs B T 4B 2, JF Hid 25 AAV5 R Or B 4 i = 1Y
FNIE) 78 0 % BEPE[58-63]. M, MEiHLUR—FRIFE M. SLHM. BAREI M H
P2 B AL ZUR IR . 1Tl 4 2KV 1) ADSCs 1R A B2 ¥R 9T DPNV
(A& % -

AT R [ P A 2 3 E T 40 RS YA T Ja s B R IR Ly T R T K&
I 78 TAE, FB5 070 OO FH B0 ARRIG Hh, FEARLJS HE PR B3 T B B M RE IR 2
FWAEbS BN B — B R R, H LAY 8T ] 4 [36,64-70] . AR, Kogi
Z 5 NJDUE PRI e st i S8 AR 23 B AR EU) ADSCs 5 1E 5 4 1 3 5 e g DA
Je 557 WA RE I KR FRAR, AT /KF EFH[71]. Ja Hea Gu 5 N MK R I B8 2 44 N
Hi i B HL B R R R 9% ADSCs TEAICSA SR A 7™ AR ML N R AR KR (VEGF) Fl 5 2
IR AE DRI B B R Z IR S AR [72]. KESHYSER SR 7T IR R PR
JRI%/INER ADSCs [FIHGFE g 715240, AL 8 77 %2 P 22 3% 2K [73-76] - Rennert RC
5 N1 FH R P 3 BT SRR R I, W PR SO S5 2 72 JEAT 248 ADSCs (AR S A
6 P b R ) 08 LA T A DR 1A G BE TR P 4 ST B, AT 90 R ADSCs 1E
PARHI IR A S 56 o 2 B SZ A ) I T A2 B8 A1 [77]. LA RAF LR, WE IR R
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T P PRI 8 e R B3 FARAIG T 4K P RS ML FY) ADSCs 78 #5538 B I 4236 30 LA K
L BE 77, {#45 ADSCs % DPNV [FIIA Y7 RCR AT 40, ok /2 I 7R (1 75 22,
1 S ] BE 5 o O A2 P20 P A AR SR BRI 3 S LA 5%, (L
PRHLAD B AR 52 A RA[L5-17]. DRIk, ST gt ADSCs 7E4E R A I i A 5
VIFBAL AT o3 AR R R AN SCIE F W SR L I8 A, iR DPNV
AR R ERA EERE L

W, DPNV & —FiR & 1Em AL, R4 M5, #a M 2145177[28,78-80]
BEAE O 78 AR A R oeiE B — K K AE DPNV 697 RFIITE AR X, 3 E KA.
IR A — A BRI T RE BN REA T 78, L 206 i1 22 D) 3% 7 1A 42 oL 2 A= (1
TR, DHUbyT 202 IR [26,81-83]. 1hAh, 2RI R I H AL 5 44 53 S
AR, X BRI B AR [F] TR Bg A, SR R L& B BB AL . I
A2 SR R AR A 22 T R AR ABA I 2 B S AT T AT R 32 — L83 [6] 45 5 20 7 B 1 [84]
Jones Fl Li 7L REH, —E8YE 50 LT p Ml eE &k 5 FE[85], JuH
FE AN YU AP A 30 R A A 3 ) T 15 28 1 4 X SRR 3244, 3K ER 70 F TR
S H AR 2 5 I ) A 1 [86-88] - Netrin-1 & 55 — AN 5 AP & i 2 S H) A 7
Netrin-1 A1 G-netrin 5 ZREE B v 8B4 RN, 2K — a5 K0 X i VI
(13 600 MRIEM L, RS HEM 3 NEMER R KKK T (V-1 V-2, V-3)
A=K X 3K [89]. 73— FL KB, Netrin-1 AMUSH#E RS 1) RE
WEl, S5 ME RGMThEEESh. Ding 2 AIER Netrin-1 AL A% fei 2
RGPPLTTIT AN I3, T Hk 15 JE & 23 A Bz 40 A0 =40 P ) 470
Kb, B, BAEEAIME, FEIEAh R4 T2[90,91]. Wilson £ A & S A
FOPE Lt A FLENY), UESE Netrins 7] LA I 4 il . Netrin-1 i#iid 5 UNC5H
ARG Sre/FAK/paxillin AHIGAE Tl EE, (R & N R A0 RGBT, SR8 AN
R, BRI B INE 2%, 1% DhRE AT LAl I 6 DE S 1 NTN-1 mRNA 17 4%
BELIBT[92]. Lu %5 AJ& &3 Netrins W Il L2040 1) 1L AR B sk sk ifi 26 23 1
M4 . ZS KT Netrin-1 524k DCC K75 ERK/eNOS 15 5 # #[93].
Brunet 2 AR Netrin-1, Netrin-4 il VEGF {3 & 4E s, 1H Netrin-1 7E{2 i3
PN B 4 L 43 A R Aok 28 453495 D 52 V00 A FH O T LA SR K AR 34 [94] . k4L,
Netrin-1 ANH 2 5302 A2 KRNI AR B 83 T DA i A L35 AR 2 R G A [
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B B R AN A 2253 34, ST R RUKG PR [95] o Rt FRATTIA il icd 2[R 4% %« ADSCs
I 3RIA Netrin-1 AT LAt ADSCs 7E i MUE 2644 T (193% 71, IERE AN L4 P 5 4
fsr4k, ik DPNV I B2 o
KT AR 28 A KR M B AR AR FH I Netrin-1 (1) = alifF 75 7E ik
WNFEBEAT BRI, PR XS Netrin-1 BG5S HHRSY, BEEIRRIT RIS 2 5
RN, Netrin-1 5 2 55 PR B0 IR I PRAR SC 1 HTHA 1. Mulero P &3 g X
IR 90 191 22 & MERE AL AE £ 2 K 30 5%t BE L Iy b A (AT 52 R IR, 22 R MR AL AR
B, RHEEERENEE S, M+ Netrin-1 & 88 Z X TFEM A, R
Netrin-1 7] BeEN 2 K HEAEAGRE &b T 98 RE 1& BRI AE b E4)[96] . Reeves WB
SRR B Netrin-1 1 Z 78 B Bl i, 5 7= 389, A0 3G v i — ol R o 4. 21
T3 AR N PR R . /DN BB BRI 51 R 1 S AR CAKD 8 R N
Netrin-1 FiEFREH Netrin-1 /K-35 F5[97]. X — W 8245 RAE — Wi AT BEYE R
I RIREG 73 3] T 04E, Ramesh G ZRUF SO I FA G 1B E R Netrin-1
KPFES AKIL IR AERA BN, 3278 Netrin-1 7] DUER 24 B 404
I AEYAR EA[98] . FECNLER M FEE T T, 2B Netrin-1
FE O UBR L P RO OR O L AR, RS TT Re A — AN O Lk L 7
FEREHETFARME ST HE R[99-103] 0 [FIN & Z W FUR I, FERE IR BV PRIP I RAE
F1, Netrin-1 B A 1EAEFR ST RE . Jung &5 N il i) — T PR A 7235 B
Netrin-1 7] i /2 5 30 25 JE I % 22 B (IFG) sk T2DM ) — it I ZE Wb 264
AT RIS X RRZHAR LG, IFG B T2DM &3 I Netrin-1 /K- F R E T, 135
Netrin-1 575 I L B% . B% 4k 1l 21 25 & (HbALlc) . HOMA 32 fif & 2 #9148 4L
(HOMA-IR) . 2l (AST) . WM 2l (ALT) 5535 IEAH%, Netrin-1
SEEEREE (HDL) JHFEEE. B/ NERIETE (eGFR) R EMAE. Ak,
IMiF Netrin-1 5 IFG 8¢ T2DM K47 E A S AH L1 [104] . S5bAHK, Liu SEA
X 56 44 N SZARE BEAT T IR IRAR 7T, Forf 30 44007 & 2 ZHE s (38 i o e BvA
ST, HAM A E R IEZL, LAPPAG Netrin-1 7248 JR & b R FEE . fih
AR IUNE R 99 535 (1) Netrin-1 7P B A TAE R 2. 5540, Netrin-1 72 R
55 [ 5 AP R RE (B R S RS R HU =G (TG, 4 Alc
KPR ALV A 2 A DG [105] o F 3R P TG AT 78 7E Netrin-1 7K-F 5 DM Iifi
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PR A 1) R I A EL I S (1, DR b 75 30— 20 1 v o 2 0F R 5 T 2 I 1
PR IE R TEWEIRIR I RAE T, J. Liu Z556F DR HIBE SO0 N R0 3 18
fil, F 7 10 4512y DR &35, 8 49 7C DR % . DR B BHE A P Netrin-1 F1 VEGF
KT BH S v o B ZH [106] . K Miloudi 4538 3o %+ i R 9 25 BRE /K i 1 28 8 Foust B 2
TR PRI BCPEK i 8 1R LR L, W PR BB i F8 8 BB R 1 Netrin-1 (3%
TG 8 £5[107] . ME4E SR (3% 22 0F 78 $3 B Netrin-1 765 F 55 400 4 JEL05 2% b 7] i A2
— P A A b R RN TE (VR YT 0 A5 o TERE R P B #2058 J5 THT, Netrin-1
BT RARARMER G 68 ), & R RE, £ 5 MRAME RG &
#ik. Dun M Parkinson HISZE&ZREA, Netrin-1 7F4EFF it /7 40 sE, FEIhe
FAERNER S O E B AEM . Bk, v 7 B0 0 A ME el 4 1) 1 52 A0
ATHIEIVRE, BE Netrin-1 {5 5 I8 B8R & —FioBr 67 5% [108,109] . X Lo
IEFRH, Netrin-1 AT B2 3240 70 i #20 Hpjita 5 48 i) 4 Y508 97 R [109] . BRI,
X [FI R 0 s I R (R B J s M AR5 42, Netrin-1 7] et 2 — /M E
(K14 B 5 18T HE A

Netrin-1 FAH SCEERIATIE PRAF 78 IEAE WK s thodb AT, SR, B AT AR A AE
ATl AH A FEUE K Netrin-1 5 DPNV - [8] (1)1l RAH S5, BL A Netrin-1 %} ADSCs
RAFERIAYTT DPNV 20 EAWTEM . H2, 456 R SCIRpE o4 R LK
AT RTIATAE, FATA, Netrin-1 5 DPNV Z A1 2A — & IR ARAE G, 51
VrAE DPNV e (AR 54 . 17 HL, 33 2 K 3% e fd ADSCs it %&3& Netrin-1,
e 0% ADSCs /& N REAELG , ZERE PRV e LW 2% A T R34 5 . DA% A ) ILAE 7
B AR oA RE S, AT (23 DPNV IR L BT A

PRI, AR SGURF 400 7 S SR EUNE AR PR 5 =l Ja s 563 1 B sl L UL A 2H 21
CAJ AN SR A, i e Ak 5. WBL PCR S 43 BTl FR o 8
AR Netrin-1 J 25E R F RIRIE KT N HE. EVEgn g bk
Netrin-1 5 Py 57 20 fa ) 35 e B L, 5043 Bt WA 0% PRI =5 A PR 58 R Netrin-1
{7155 DPNV FIIGRAH G . FLRTEANR S8 77 TH, 3RHEL C57/BL /)N UG i 41
23, IR SR ADSCs, HNLARE 13k Rl Je ik 2l ADSCs i Rk (7R
4 (GFP) X Netrin-1 (N-ADSCs). i#id CCK-8. WB. iz, Transwell 254l
N-ADSCs 5 ADSCs 7E i fE P52 T I3G 58 . JEA% KEFR . ) P R 4 i oAb 55 e



IR PN e DA %it
IR, ARSI ST, K T2DM /N (db/db) R e iRy, 1k
NFHE N-ADSCs 5 ADSCs, B0 Z B8 s M m i e wot
oAk, VP ADSCs EFRPIARIG TR SRR M B A 1. &a,
M Western Blot #51+ Netrin-1 /53 f) ADSCs #54, T/, Kk, 204k, {2
A AR RN A M T4 S, S ELISA K Netrin-1 /15 /) ADSCs 5%
YU R T WIHf Netirn-1 4% ADSCs $858 . 358 LA K236 77 B PR 975 J& ] 1 A
PREIp AL (¥ BAR Sy HL




F—E Netrin-1 5 DPNV IERBEX SRR

1. 51§

b NS5 e N AR TS ZKP (R 3 v DL 78 A il AR S0 158 113
e, PRI OO fa S N RAg e 1) — K AR [1-3] o B PRI 1) s T AN AE T FF 48
(1 v IMURRDR A5 45 FLARB QS kOB AR RE AL . 1 L o e DA SR e M i F it 1
RIEITRIR, BN 2 8B S fE G R 2, (A8 BTG i i 2 AO0E
AN N MR B [12-17]. TEWE PRI 118 2 RCRE BB PR J& Bl 22 1 5
T (DPNV) HH T2 ML 52 UK B G AR G e A8, S B0k
e, AR T A AN, SR A A DUORE PRV 2 135027 2 T JBEE ity R I R B 4
2, YRt W PR R — AR R R I ) XU P R ik 25% . B PR SR
N AR RS AR RE PR BB 0 15 £, 1 BBk 2 TR PR R AL B 4 R
O 1.9%%E 2.2%[110-112], K& NHEIRM Lz i B, B a, EEE,
BAEE, BTRERIAARNFER RERL, SBFESES 28T EE
M FET-[113-115]. PRk I EAR A Z9003R 7 « A AR L 40 5 i Py I BB AR (3K
T R SN ERIT 5, BAAE R A RS  E i DPNV R
I P LR T B SN T PR 55 ) R, 2 SR 2O AN A [116-119] [RIUL,
DPNV A E BT ARG R T E KK 5.

DPNV 1) 322550 DX 2 4l PR AR 35 L 51 S 1 e e e v BB [120] . Bk Bk 2
W FC R I, 9 RELE e MUK XS Jo) L4 20 200 Mt K% ML/ P 2 240 MR PR BB T AR 3 T 8 G B
SEINE o v IR X ) Bl 4ot 28 4 e P 453 00 L 1) 3 22 bR T v UK S50 P P 3 12
H (ROS) &btk A: 48, ROS SH % DNA B, BETME0E 2 R — ik
R IR AZHE R A (PARP). 4R J5 PARP 1811 T WL H ihEE I &6 (GAPDH),
M0 FEE - B0, PRI GAPDH T VIS 2 SRS R, B4 i AGEs
TERG BUEE BN C (PKC) MBEE R K 7«B (NF-xB), FHHuEChE

o T IX DU FLA S de Sk im ot A T I R p38 44 B4 Ak B 1
(p38 MAPK) EALAEAE 2 S ML £ B2 ) ROS, MR 1 —Fh H sl iy
PRARALEI[122] o T v LW 51 76 PR ML PRy R A 493 £ WL 1)t 5 S A R A 6

8
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YL PN =R FE AT 0 S B PKC Ak, SR 5 0T R 34 i 28 JOR e M e 4 — A%
MRWEEE (NADPH) A fLREA p66° e e, r=A K1) ROS. Jal I i %Ak B
WA — AR (NO) PR RVE, FHUH 5T & 5T AN A I S 7 S I
EBIET (ONOO) K=k, [FINF PKC A SeBiEE 1, AT 3 58 py Jlz 70—
ANEEHE (eNOS) MRMBIEGIE FE A hEEMBE— PR H—J1H, &lpEE
PRI eNOS JiEME, J8ES Serll77 HINHALBERRLL . [FIWS @ MLHE 5 510 PKC iELS:
BN 4R AK-1 (ET-1) W& 8, 755 i & e fn i /MR 5. A B
FINFR BRI S NF-xB {5 5% 3R 12 48 1k B8] S 2 A 2 51 R ) 2 1
-1 (MCP-1), IEHHMALF 5 T-1 (VCAM-1) FI4HA AL B 4> F-1 (ICAM-1)
() B XSS RO OR B, TR AR Y, AR BT R B
Ao R B VLIRS AR SRE PR A 0 A T AR DA ST LA M B 58, AT
TR S R RE AL IR o W BRI T (% P R T e B RS VR TR I R B AR A -2
(COX-2) @GN B LA FEACLE AT FIMA R Gl (PGIS) &I RKIG LAz 2
A2 (TXA2) HJ&E M. AL, ROS M & d AUy it o &, 33
AGE/RAGE 15 5 1% 3 FII S AL 75 OB e Al 22 T REs A2 & [122-129] . (AU,

v L 2 S 5| R o 20 200 B R 1L 57 PN 2 400 R N — R A1 ST 2 ) RS
MR BT ThfE, &S5 DPNV, LR FRIG E BRI 4 . [Fn
Papanas N 25 70 A& B, B J s Tk 48 o 0 T A AR KT B JOREIRAS, (45
FLESTE N PR I 393010 2657 0 T 52 457 (0 15 10 S T 2 R A A 4 T ITLL A T e e i
[130] A _boxsf ALl (gt 7 B0 0ot 52 7 s KO A1 33 58 SREATL f) Fy o 22 DA % 3
T EEE

VLK, Netrin-1 762 P 9 AE MG h 1912 W7 SR 7 B A Wi 42908 HoR

W FC I, Netrin-1 BEREHNHI JORE, PRI IEH 4HAR[131-135]. 2 S8 1 4R %
Jirh, #AEBEE Netrin-1 #3800 L7 T F[96-105]. X ] 5 HL44 N Netrin-1
I SO AT R, H0 ) 9 RE 20 A D5 A G DR = A, s H ] NF-xB 3
i COX-2 MRIL, RiEEVRMMmBT R M2 FERA M, PUAGEE
MAPKs. ERKs. p38 &5 5 Fii A5 17 4O e S ZEHLH #H 5C[136-137].  [RIAY,
Netrin-1 Bl 538 fe 05 B Co LR L FFHE VA I 1 J0RE BN, 00 1) 28 4 P B 1T 55 PN
4 B SE AL N A0, B4R T2[100-107]. {H Netrin-1 [3RiE 2 55 K IE
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Jr3 1) DPNV A Il AR AH S v R I 438 , Netrin-1 7E DPNV KR A2 K e i B
PRAE ML AN B . R, ARHIF 7 300 SRIBIE RO R o3 5 AR08 PR 58 1) R i
SR I ZHZA L) A0 LG, i e A4k %58t Western Blot. ELISA
SO MR PRI BB R AR LR R b Netrin-1 5 4808 R 7 (R 335 KT /)8 L 4%
FELL K Netrin-1 5 P B2 A0M 3L Ar gL, IS4 i B F s e A B8 1
Netrin-1 f2i% 5 DPNV [l RAH <

2. ARl E

2.1. ¥
2.1.1. EERF

TBS et (AR AEamEsy ™ (Rig) FRAR, $ED
PBS MMM (1x, PH7.2-7.4) (LR REERHEAMRAR, FED
TBST 22l (1x) (AL ZEKRERHLAR A=, )
ORI CETAMTRE (R BROARAF, HED:
FMEABEA (BSA, Sigma, USA)

4%% KRR (RS EAEDEARARAR, HED:

il (R EIREER AR, PED

95% L MF (b g A2 30 K A = o e BRI S J LN RIS )

75% LT (AT R 27 B 2 e b I 26 T LN R EE B )

AN EE(Sigma, USA)  (ElAEAMBISA R AR, FED
Z1Ji(Sigma, USA)

Pt CD31 ZrifEPLiR (Abcam, UKD

/INER BT Netrin-1 £ 5 FEHi& (Abcam, Cambridge, UK)
FITC-EHi/MR 196G Z 5ekEdifk (Abcam, Cambridge, UK)
Fluor 555-£ 4t 19G £ 5ifEHifE& (Invitrogen, Carlshad, CA)

10
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i

DAPI (PU s LR AT IR~ =], A ED

P HE (Epon, Merck, Darmstadt, Germany)

OCT 5| (DAKO, USA)

wOtE 7 (DAKO, USA)

Matrigel %t (Sigma, USA)

ELISA il{5fl& (Bl —®HEMREARAR, HED

212 FENFEESRE

15 ml 0% (Corning Inc., USA)

50 ml &% (Corning Inc., USA)

B0HL (Thermo, USA)

EBET/KZS (Millipore, USA)

e TAE G GLIrTmeERE, HED

{31 & 245 (Olympus, Japan)

LumiStation 1800Plus fb57 K OGEEbRAL (i INIE AR IR AR, A ED
PR MBS (Nikon, Japan)

K2 RF (Mettler Toledo, Switzerland)

RV CEEFBAEEACRE R A7, ED

UKFE B RHUSACE RTUE AR, I ED

6 fLi#k (BD Falcon, USA)

B£3%1M (BD Falcon, USA)

0.22 pm £k JE 2 (Millipore, USA)

40 pm JEM (BD Falcon, USA)

PCR 1% (Thermo Hybaid, USA)

Image J 4 (Rawak Software Inc., Stuttgart, Germany)
e CEEs s — T, RED

EWAMEFF RS QLI ESER AR AR AR, FE)
FLA L R H K Pl (LABSUN GERMANY, Germany)
KD-2850 il fE# VI Al (bt ZRHERF S AR A", ED

11
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i

2.1.3 IImRFRA

i PR A A< BB b i A8 3 K2 I 2 e Y ) 55 U N IR E= Be L A8 AP RHT- 2017 21
2019 A2 M CRBR R /NIR D) AR AR &, i DRV s ™ Mg ™ i e L 78
B 15 N, ARRE IR S TR ke ZE BN 13 N, BERF MG F S
Ja, BEAETARTIEE TR ALS A, 3t 28 fil. SIS A I E
AT B AU T ) DB B AR AT i

22. HE&

2.2.1 IRARHEE AR IREL S 2032

2.2.1.1 MiBHEALLIE

AW FCAN NI BT R PRI T 5 7 e i % A 2 koA AR 0 A 3 2
THFE S, TARATHME 10mL SN EFEIKILG, /A7 TSR EE b, Rk
B SRy KR AL 37°CIRAE T E 30 208, fFILPRE)S, R
FEE LML BBy, 10009, 15 438, RS IR AS 70 B8 MIE 5 N RAEE N, B T-80°C
UKFETRAT, HT )54 ELISA Rl

2.2.1.2 IR RFRA AL IR

AR AR HIbR A RIS BNDK G, Wl # B0 %, TS b AT b
i, BARWR:

(1) X T3R4F N BRI SR A, B2 28T FL 70 B B 28 3 24 /)y
(>3>3>3 cm®) WAL, B F-80°CUKFRAT, FTJ54E Western Blot 5K
BT

(2) ¥ HR TR s ML A H IR A D) 225 0.6>0.6>0.6 cm® K/N &, B 4%
ZRPWHRIE, ACHKMENER, mIhEE. 0, KEE RSN
OCT G, FLHAHRY U FOESED)SUERE A 10 pm vKiEd) A fs . EN-20
CURFEORAF,  F T I 2 e 5 AN B Ao e 5 il

12
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i

2.2.2. FRARRERIEZ BN Netrin-1 5 CD31 X EHLLER

(1) FIHFMN 0.3% Triton-X #E47 10min B, 2R J5H PBS #H4T 3 I
Vebn A, BRHRFFSLZ) Smin;

(2) N 10%!11 2 13E F 37°CHEEE T & Flds A 30min;

(3) HWHBAIR, WKIIMA%RPL CD31 Fifk (1: 200 Fikk) /MR
Netrin-1 $ifk (1: 250 Foks), XTHRAIMMA PBS, ¥WHE T 4°C M7 )5, H
PBS AR A 3 Ik, REXFFEIZ) Smin;

(4) IR IAFRAANN Fluor 555 4t 19G ifk & FITC EHi/N R 19G Hifk
(1:500 #fe), ERME T HRETROE, T 37°CFEZ 60min, I F EHUE,
H PBS EEHehnAS 3 I, BRIXFFLEEL) Smin;

(5) F DAPI (1:1000 #iks) #AT4EMIAZ G40, W H 2min j5 H PBS IE¥tbR
A, 2R 5min;

(6) HZOGE FAIEATE . bR HIETER, ARG RS
ALK o

it

2.2.3 REENEEWRN Netrin-1 FEAR/NIMEZE

(D FKED T EN ImM EDTA 1, F 95°C M n#A 10 708, TR 7
AR, HThEBE,

(2) A3 FH 3 = 1 ] 7 Y e A M e ) s P B Qe (R R 0 2 1k, B
IR ZIFF4E Bmin;

(3) MINGPE B A, P Z1R-5: 60min;

(4 F—HUuiH 1, &Y BIFRRE B B AR S I FR R 1 — L,
FTRETEE LN, BU—5i. M PBS EWhrA 3, &IRFFEEZ) Smin;

(5) # ZPLUt B, & LR R —d. [l PR IR L i — 470,
TERTWE L/E, Bt F PBS EBEARA 3 1K, BRIKFFSZ) Smin;

(6) FF A, ARG d A fIEE R, 85 6% RAE Mg
Ko

13
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2.2.4. \Western Blot

(1 F5emE 2R, LUK I IR IR T FR i L PR ZH S BT R 5 5 24 it
WRAE OCHLIF G, SRAFLHL IR . A AU A, 25Ol B0 5 3R L,
B E PR e R

(2) BEAFABKE R 2/ 5N A, NS LE Y, S5HK
HInFRGF LR E] Smin, R HARNE, 4CTARAEIA-20"CERAT

(3) REABREEREE S, LI 10000rpm &0 1min JEHEGHPRECE
SDS-PAGE #Efi, AKX, HKILFIMAES, AN marker, i
AT HLIK s

(4) HHESRL PVDF JEME Imin, 5 JEBNE ISR A, HIkZE AR
B e 10min J5 5 PVDF BEILIFE , B him g AT 54 s

(5) TBS ¥ki% PVDF JEIE )G, WA THUARF, 1h EIMAFREL 1 —hidt
E, 4CRAER;

(6) =it ~, PVDF BTG S —HidkiF 2h;

(7) ¥ PVDF JEME 3 Ik a, 5 ECL K ML E G, EHLMESid%.

2.2.5. ELISA &0 I 5% & S FEFE F & Netrin-1 FiA7K

(1) THE I EFRAE S FLIER BRI 5N

(2) 1073 A FL SRR S AL OIRE , IRE F s e B R b e FL AR B — B

(3) e T 37°C I E, FFELI a2y 30min;

(4) FREIRADRI, & H;

(5) #IF B G T, FHPERBIEBE &L, 30s /5, HE 5 XEH
T

(6) [FFR 12 ASLAMOAEA LA I A R &2 1 BEbR . HE (3) (5) #
1

(7 &L I B A5 A & B, #E5/E#EDE, 37°CTIE 15min &,
SRIGIMANZ R, LR 2L

(8) KL E 0, NIRRT 450nm T lEFE 5 OD 1.

14
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2.26. ZitERE

AHE T b A B I Ge Tt Lo B 8 ] SPSS 18 B, BT giit o K K kA%
(123504 F GraphPad Prism 5 #4F, iy #dfl AMME R bRl % (SD) R,
SR FH 2 AR R0 AN R PR 3R T 22 A Hon] T8 BB HEAT LU M T, Bt 2 SUE SURP
<0.05, **p<<0.01; ***p<<0.001. FEADLIGIEAT T =L E,

3. LR

3.1 IlmpREE B EAFE

N1 Netrin-1 F2H7E DPNV w13 S PRARSR IGO0, AT E 63k T
BRI N s 87 195 s =l N 5 NN A AW & S VA 2 e NS S Y S s S e
ik ZE U B BN IBUL A AL SR A SR B I RAR A A %)

22 ML AR ™t ik PR DA 5 e 2 AU B 8 28 28 s [A) =15, R 3RAS
HIMBEEA, RPRGHBEINALR . LN B 28 N, HAFBEIRE K
e H GBI R 15 N, AERER SR T R sl ke ZEAR A 13 N, T A IR
B I FE LRI B AR 1-1:

& 11 BREHFARFIE—IL X

2 RUBEFR i AEEELR S
BE (AN g 8
e (A 6 5
ERy ) 69+9.3 T1+8.1
MLHE (mmol/L) 10.343.1 4,84 1. ks
W4 (omHe) 151.4412.7 157.8+33.2
EFkIE (omHg) 81.9+13.8 90.3+18. 7
HE[E 8 (mmol/L) 3.840.5 3.6+0.4
Hth =/ (mmol/L) 1.440.2 1.54+0.3
RFEERES (mmol/L) 2.74+0.4 2.54+0.5
i EIREN (mmol/L) 0.940.4 0.8+0.2
HE B RIS (mmol/L) 0.5+0.2 0.6+0.2

15
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230 P A R IR PRI LR R T LU FRAT T R, B B, T2DM
15N, B9 AN, Zh6 A, FIFE 69193 % . 4 DM E# 13 4], %8
N, etk 5 N, PR 7128.1 5 o I KA gt 2 R (P =0.934),
% T {EBENLIIAE T2DM 3 h 10.3+3.1mmol/L, iz K T-3F DM ## 4.8+
1.immol/lL, —FHEAGIT¥ZER (P<0.00D). HAME. HEE . HDL X
LDL 2571 —H Wit 2 5. Mk, af AEEPRALIIG PRARA 5 T #E4T R —
IR A M UG, WEE T2DM 59 DM B R Sk AL 41 23 o
Netrin-1 ik [HZ 7 .

3.2.Netrin-1 £ T2DM T Bk MM AN A 2H 28 N K2 S B L O 3204 B 2 TS P&

DPNV 5 3= B (F5 AR 76 Tl 3 S oK L I A5 MR S5 Tk e 2k . N TIRZR
Netrin-1 -5 DPNV [¥1l ARAH G o 15 56 BA T8 i e 2 BAA A 2 T Netrin-1
TE N P9 B2 40 B 5 P9 5 20 MRy S PB4 CD31 2L363E, 1IER T Netrin-1 5 14
AR Efn (B 1-1) 0 HIRIRATR F fe e H MG = HOR BB T2DM 3% 5
ST HEZH R Bk UL R Netrin-1 12k 8 0 S/ LA 2 B2 o ZHER5 K Gt o i )
K, T2DM EE FIENLAH Netrin-1 FIA7KF A /I8 L8 5% 2 35 W 2K T % HEZH

(K 1-2, K1-3, K14, B 15, [AK, FHESMVLIZZE Western Blot &
FEHEHE T T2DM B E WA 24 Netrin-1 £IEKTFEE T (B 1-6). 4
LI035 ) ELISA 28 B4R I Netrin-1 (255K 5.3 N (8 1-7). AH#F
FE R B Netrin-1 7E5Z 45150070 5 4 & MR AR b (1235 7K 7 55 DPNV (1 79 52 48 ffd
Ho M BIRFEEEAC, Netrin-1 FRiA/KF5 DPNV BAIHRAH .
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B 1-1 T2DM # &4k A Netrin-1 5 CD31 %1%, Netrin-1 5 R & m a2 4x

Figure 1-1 Co-expression of Netrin-1 and CD31 in T2DM patients, colocalization of Netrin-1
with endothelial cells
& I DAPI (&) #RBA&AeAE, Netrin-1 & Fl 4k & % EHARARY], CD31 & Al e ikt

PR, (et R=100pm)



Netrin-1

Control &

DPNV

B 1-2 T2DM &% T LA A & 9 Netrin-1 & 35 K-F81 2 F &,
Figure 1-2 The expression of Netrin-1 in the lower limb muscle endothelial cells of patients

with T2DM was significantly decreased.

A Sk BT A5 3042 A M R e & & Netrin-1 % 2L, (K] R=100pm)

g 1.5+

‘@

w

5

"a kkck

2 1.0

o

>

l;

=

)

& 0.5

o]

1

=

=

b5t

Z 0-0_ T
DPNV Control

B 1-3 %itF 547 £ 5 T2DM &% FAALA A & 298 Netrin-1 £ 3% K-F 2 T

(*** | P<0.001)
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Figure 1-3 Statistical analysis showed that the expression level of Netrin-1 in the endothelial

cells of the lower limbs of T2DM patients was significantly decreased(***,P<<0.001).

CD31
LN "\m'\: AN e
SRS S
‘ éf ‘ T N “\,?', \fp\
NE VR, N o
Control }‘ ‘ﬁf“‘”{ B e S SN
‘»f‘@ A :@ - &_’,s, \N \’ §\
: \}‘o-‘.tﬁ"\t ,\: Lot
B &4\,\& \i' \‘y\ \\‘.\'%‘
> o 3 oS
‘ = :
\Q' \ s
Ny
DPNV , el s
\)\A, S ' % N\'E:l' |
W =

B 1-4T2DM &H T MR i E EEH LT,
Figure 1-2 The microvessel densities in the lower limb muscle endothelial cells of patients
with T2DM were significantly decreased.

A Sk BT 45302 A ) fn g R s fie & R CD31 #94 2Le  (Fef] R=100pm)

40—
=
B Fkk
Z 304
‘@
=
L
=)
< 20
7]
wn
5}
>
=
-
=
=

I
DPNV Control

B 1-5 4%t A& 9% T2DM &F T LA s o 55 B B 2 F I (**, P<<0.001).
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Figure 1-5 Statistical analysis showed that the microvessel densities in the lower limb muscle

endothelial cells of patients with T2DM were significantly decreased (***,P<<0.001).

A Control DPNV B
1.5
. Seksk
Newn-1 ~ A £ T
S 1.0
=
. E 0.5
B-actin . | - 2
0.0-! :
DPNV Control

& 1-6 Western Blot 4 (A) & % i1 5 547 (B) & B0 T2DM & T BLILIA 2842 Netrin-1 &
kK F R ZF T B>, P<0.001)
Figure 1-6 Western Blot (A) and statistical analysis (B) showed that the expression level of

Netrin-1 of the lower limbs of T2DM patients was significantly decreased (***,P<<0.001).
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- doksk
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= 1.0

5}
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=
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4

o 0.5

>
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0-0_ |

DPNV Control

B 1-7 ELISA # ] B %3t 5 547 % 8 T2DM %% 4MJE fo b Netrin-1 £k K-F 2% T4

(***, P<0.001)
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S E

Figure 1-7 ELISA and statistical analysis demonstrated that the expression level of Netrin-1

in peripheral blood of T2DM patients was significantly decreased(***,P<<0.001).

3.3. KAEFEF7 T2DM BESNF M FREKFRAEFAS

BT RIBATN A ELISA X T2DM A BEZH i 4h J I f i o 1L-6. IL-1PB
MCP-1 DA J¢ 1L-12 &5 J0E Rl 1 W28 K- EAT K ELISA 45 2R K giit7 0 3k
W, SXRELLA A Mg AR L, T2DM R 4ME A L 98 RE N 7R 2R IK K SF
EIHE (P<<0.05, 1 1-8). AHFFu4: W] DPNV A P RF 28 i AR R T
Netrin-1 5 % i Rl F-7E 41 & 1 iR I8 7K P A — 8 R FE I UM Gk

Bl DPNV
1 Control

*E 2.0 s sk
g skek
£ 1.5 *
[~
: I |
et
© 1.0 T
[
<P}
wn
<P}
Z 0.5
~—
~
K

0'0 | | | |

o R N O
Y R é\ﬁ Q

B 1-8 ELISA # M| B %1t 5 A7 % B T2DM &% 9 F fo b 1L-6.1L-1 8 \MCP-1 Z IL-12

FRERTERZEKFRF EF(**, P<0.001; **, P<0.01l. *, P<0.05).

Figure 1-8 ELISA and statistical analysis demonstrated that the expression level of IL-6. IL-1

B . MCP-1and IL-12 in peripheral blood of T2DM patients was significantly increased

(***,P<<0.001;**,P<<0.01, *,P<<0.05).
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4. g

DPNV S5 b2 — it e B Ja s A\ 42 A PR s v 1 LU i e 1
FIEPES . Michael Brownlee S5 1 VR HS (1B FRI% H RE K AN LI K —Gi 88
WA TE R T KA RS S BURK P MR 2O oA SE,  ATfTE I A4
AL 2 1 22 FhAIL A A DR I8 Py B2 400 i LA B e 2 A i 1 T e [121] T A 42 4
B 5 LA P9 R A B AR R ELARAR B FR A ELARAE G R, AT S 80— b 3h
Bt — A, TR RGBT SRR, A5 SR TR, R R R PR
By PRAETIRE AT U, AL, R Lk AEm[122-129].
PR _EBUA IV AR 26T I A BREEY 5k USSR N L L5 55 % 1fE
B g A5y BRI AR, RIS A HE[110-119] . X BERERATHE IR
BB A R AT 23R R, USSR BE/E DPNV B [ i 3 A — S84 b b 51
WS, BRF BRSO B A IR I PR TR T AR

Netrin-1 /R —ANRER G ORI MW R [, | AR T s R H
H 5 3P RENEBIR I R RIZWTH T, IEBAERTVE 2 28 M SOE VRSN I A b
EY, X ATRES IR A Netrin-1 #0 SEAUAIERS , H0f) 0 4 A N 1Ak fh A
TR, B HE NF«B iU COX-2 MIFRIE, et EVGE 4 A 47T 45 1
M2 BELRIMK, LLAZiETS MAPKs. ERKs. p38 Z5(5 54 S 20 3 AO0E I o
SEHLHIAEOC[136, 137]. BEAEAFFTIREA, Netrin-1 &5 —ANHE AR R 517
PRI, FRAUE B LE MU 37 A DA R P B A0 M i R P AR, e A S
QIR IE) o TR E R 51 7 FATEAL, 1 Netrin-1 /£ DPNV X L& 5
M2 R A T AL PR A 53 1R R AT AT AR, i DA, ASHF 54 S e
17 Netrin-1 7 PR 8357 (¥ N SR 0 UL AT 4124 DA R A1 Jo L L35 o FR) i 7K

ASTFRTFCANN T 15 (54 R T 0 e i 788 A 28 1 SEZ B 2 DA % 13 451
PER IR B0 ke ZEARE B R B2, et 2o i BRI AL RR 1 pE 2 4 gttt
S, T DAHEAT N B E . 5 Netrin-1 55048 P 5 40 ) S8 5 e S s i 2
W] Netrin-1 35 T M8 A R 4IiD 2 1, CD31 4 2 4 Ak 45 2% B F s T B ok
11 2H 2 P AL I S kD, K AT BB T i s e S T R ) SR AR A e
T B A AL RN Rk, AR R, R, 24 /NG AL
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RUB N R REBR AL BE, [RIG, RAT T B AE R, AAEESR LG RS SR
BFE WA A RS S R, R R B, KRS & IR 2K AR Rl
MAVEFETARR, FENJAREER, BRI B S0 B, R “— R
B ORAS . B Netrin-1 (1) 50.9% 2H A0 G € 25 A s if 2H 23 ) Western Blot £
DUFRATT AT, A PR S5 T e R ITLULP A ) Netrin-1 ik 7K -F & KT R 3h ke
FEHUN B PSP, - H ELISA (45 B3 W 4ME ML IiE A Netrin-1 & A4
(K KTt 2 AR, AR R, IL-6. IL-1B . MCP-1 PAK IL-12 S5 %
K78 EF R, REFRTFHFEEIET DPNV & —Fi8tk JOE G, i
Netrin-1 7K B2 R FRATTZE DPNV S8 71, Netrin-1 [R5 5 58 i K 13
TR AAHINE o AT RE I JE A2 Netrin-1 A B & — Rt & A 241 2% BLid T &
1, TR 1 v TURIR 25 1 73 2H 2R 40 i — BLAL T U0 RO S AE A e v, 1
DPNV &A= i AR B, Netrin-1 sivrAa [ v i &, (EA I 0 2 RE A 35
SBWFEIR ZH LA I AR 2 4 A (¥ Netrin-1,  [R)RS L9 P 1) Netrin-1 tH3Z 7
b, MR RY Liu C S5 MWt 745 BAR— 2, A TR LTI T2DM &3 1L
W Netrin-1 Fik/K-PELARRE IR 253 15 2 PR MIK[105] . FRATTI SRIG ot Fu 4 SR 3%
B, EREPRR B R, 0 IL-6. IL-1p. MCP-1 DL IL-12 25 R I5EH 11
RETHE, HHE T DPNV 2 —FMgPE RAEPER 458 . [RIIN, Netrin-1 /E R —
FRBT AR WA i 1, HAHEUS IERIA K5 DPNV ik 2 G, 45
ERATUCA, Netrin-1 ZEHLAIEHT DPNV [ £ 5 R i S E BRI, Hk
B KRG TT L B DPNV 5 Rk Je t i, SRR vT e & — PR B 18 0 1)
DPNV A Mbr & . SR HE AR 1E 50U & 2 — DR N T 5 &
o

SRS
A S Bk 30 3 35 s PR PR 9 45 AR P 6 1) B st i UL AT AL DA
SRR, JEE A HsEP 6. Western Blot. ELISA S5HF 58 I VLS5
ST T ORE IR B T B AL Netrin-1 15 P9 52 40 (3 i S0 L. Netrin-1
(PRI IR /IS LA 2 B DA R 40 Ja LT3R A Netrin-1 fz 285E R 7 IR IA K P . I
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Se it o> M B R PRV e LR PR35 T Netrin-1 (113634 5 DPNV GRS, 45
FRIL DPNV &35 N B 40 1 255 Netrin-1 221, (E7E H A0 il 1 37 DA T i
ERIMILAIZH LA, Netrin-1 FE /KPR35 T, 1 2 05 AEAH G R 1 Rk /K1
SR EFh, O (0 Sont FRZEL B 2 N B . ARSI FE 45 R B, Netrin-1 fF
N—FHEPIRAEE D, 257 DPNV B4R EFREFE, JFREEEIER.
FAHZ R g I RIE /K P 5 DPNV 5 If i3k e 2 7R SG o Netrin-1 72 AR Sk 7]
RESX A —FIA 7 711 DPNV Abr &4, HAE DPNV IR AR it vh B
PRI P BN 43 WL A 5 T 58 2 IR 7 3k — D AR R AR B o
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FE Netrin-1 {FIMBIESHEIE T ADSCs ThEERIF R
1. 8l8

DPNV kWi MR bk . gk, MELlaE, 0 S8
Hafdrfals, HuilhR a8 KeT 7%, BEEAEEZRmEEKE,
X T IX B PR b G4 NI s R IT T E R , BHA IR HTR Bt m 7 R A
% A1 AT RE (< R T 40 A 1—— T4

It 5 X6 20 MU FC IR N, R 7E 26 R I DA I8 FH 2 22 (1 2 1) 70 o 440 M

(MSCs), ‘Bfilg—RAR;WIgnIE, set% BRI I 018 2 Fioke € A2k

T[138]. LIAB FAHE 2 12 B BE I 78 T4 (BMSCs), {RTERS 25 JLAF
FORKI, MSCs SEfr FAFE T 22 E MG i, BB, B, B,
158 17N 1 D i N T R - (5 P B s T = 7 T S (PR )
MSCs[139]. 1 ik A7 7E S IR A0 P S ARAMOGR A BB A TR A ) . AR, 3K
B BMSCs 5 ELb AT B, 7524 5 BRI T HARX RS 5 05, makE
BMSCs 40 ™ & XARMK[140] . e kI, JaDiH 2545 T4 i) — MR G
)2 AR SRIR, P B R B G 28 1 n, AEAH R L5 T3k A TEBE 224
AE T R AR R pr, AT AR RS AR B A A 1 IR 7 [141] o SEERRAE R
2T 40 FTIRAIE TR, XEEF R4 100 =542 3 FHLL BRI LR, mixX
S22 K5 [142] . dhAk, RENTA 2 ADSCs & &, o KIHASME IR,
BEAR T Yetafh 7w XK [141, 143, 144]. ADSCs 7E¥F£ AW F AR T
BMSCs, 045 G 2 1 15 1 AN 22 Fh A= DR A0 4 P ERT - 4] 933 DA R Bt T R 9T
#AEF[145-149].

ADSCs AU FERE Rl S B2 50, 1 HIE w2 H T Ik R AR BE 2
ADSCs ] LURIT VR 2 AN R, FEAA P 4H USSR 7 8 Gale SR 77 THI 2 R
BRI J1[147]. >k B AEEE LA 1) ADSCs J2& 2% B F5- 42 AR 2L 51 77 140 g >k
JR[150]. XL vl R AR AN S IR 2 R B, Bl S T 2 2 23 1 A [151].
ADSCs fEARSME I HAT 1Sk ae, o7 Ao v N IRERISMNIRE (i
FFEERD FIIRE (B 4iffD SRIER & FhIhBe 4 i [151-154] . ADSCs 1] BAK
kTR, BHRAERMA S RILRE S, TEMCR PR AR, mHAA. H5H
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AL RE 135245/ . ADSCs f B 51 77 T E AT S e sl e ik, T8
Wi A 6 N B4R (HLA) TCREAN{AT, #5m) U#E4T ADSCs # i
[155]. Uk4h, ADSCs AILARIEANFZRALE FRA T, REMs 0T v Qg fa e 4 |
CRUEAL . LA A R G 3 25 [156-163]. 3 4h, ADSCs AT B & (o4 i I
T2, PrAk, UATETE, X R HAT BT AU A ) B [164-168]. 124N
1k, 7E47 Kk ADSCs ) 160 R Il Rik%: 1, ADSCs # FH TVRI7 &M, an#
REVEZNT, FDIResEss, SRS AE, 2R MERERE, B RbEW, B
Ko AL I RN R AR 0 S o AN TR I R iR R I8 451E ] T ADSCs
MR S AR (1 22 A SR R, I L H ATy b 5 T8 = A ™ R R A AR G
K [169-187]. [Kt, ADSCs A %M AEIT DPNV H&EZ %,

ADSCs H #ifi pi o R FH T Bt S50 J I PRAJE T 24T “ -4 ”. Hoi
JE AR AT A R YT AR 3 T IESE, (RIRSMAFLE T 2 SR BRA 5 o ik e sk Ay
it o (At A FE RS A7 35 B AR 1) 1) . S8 I BT A (0 48 0 P RS S I K 1K
MSCs [{] 1F L7 R 5T 244 (PET) BREZEOR, BAH)E 10 K, fEsgHkmC il
HAEE T K2 6% 1) MSCs[188]. Toma %5 ANFR3HE, 78 s Bia /N o EF% 1 5
554K, £7I5H MSCs Rt 0.44%[189]. [FIFERT, fESRIGME MI RO EFRS
TG 24 /N BRI 2K Z) 1% () MSCs[190,191]. 2 W7 KB, FEHE o B R
T3 T R MR IR 2o % AR 19 3 — @ R FE I 50, (H O YT 8T SR R A
[36,64-70]. KEHFFLIMIES: B8 IR BBl 45 405 00 A7 1E i S B AL 28724
FEAE AR SRR SR AN 5 5 A LR, 915 AT 2 7 BRI 40 4 AT B v B B 5
NIRRT RS R A L A R R A, S A B AR G I
7E[15-17, 71-77]). R, it ADSCs 7ERE bR & BRI 3645 3 AL A7 305
I B AR IR SR 2 SO i B PR I (AR A, XF R DPNV AR R A2 KR
HERERZEZ L.

WAL, DPNV je—MiE-avER AR, A L5, MM 245i17[28,78-80]
i Netrin-1 {F Ry —A e 5 F G A K ORI 03 B 1, Sl A e 22 1 R 30
S5 N LA, R, TR, MEATET, HEZ R RN
IS LN PRI B PRI CRE P R HEAM ] 9 RE 20 LI , 490 1] % RE 200 ff X1 -
Fatb R = A, I ] NF-«B AL 4% COX-2 [3RIL, (i B WEgH g it
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R M2 BERAME, DLGET MAPKs. ERKS. p38 2515 54 S 07 R 9E
SR AEHI[136-137] 0 BRI RATIN ViEId R R #5  ADSCs i ik Netrin-1
A LA ADSCs 78 i LB A& T 109& J0, IERe A0 ) LA P9 B A B Ak, 2k
DPNV I #4: . AW 5T 3KEL C57/BL /N RUIBITZHER, 4» B 455 5% ADSCs, #
S EER B Ye ik R A8 ADSCs il ik s th ot # H (GFP) ¢ Netrin-1 (N-ADSCs ).
it CCK-8. Western Blot. Jiizi4iffii R, Transwell 545l N-ADSCs 5 ADSCs
FEREAEE NG GE . iR . RGP N B A A S R D 2 IR 22 5, R AR
AR Netrin-1 %) = HE3AEE T ADSCs HISZ o

2. Rl E

2.1. ¥
2.1.1. FEKLF

PBS BERZZ T (1x, PH7.2-7.4) (AL ZRERRIFEAR AR, FED
JERG-EDTA (Trypsin-EDTA, 0.25%, dbiifis et RARAR, FE)
DMEM ¥ :

1g/L Dulbecco’s modified eagle medium (DMEM; Gibco, USA)

10% fetal bovine serum (FBS, Hyclone, Australia)

NB4 JK 55 Bl 5 V7K -

0.2%/1 J5 i NB4 (Serva, Heidelberg, Germany)

DMEM ¥ ¥ e i

TBS 22l (SR AEdr e~ (Rl AIRAR, FED

PBS MR (1x, PH7.2-7.4) (L ZREFERHEHARA R, HED
TBST Zeiil (1x) (LR ZKERHLAR AR, HED
FOW T CETAYTRE (B BOERAR, FED:
FIMiEASEA (BSA, Sigma, USA)
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4% KWl (EEREEDEARARAR, FED:

HEE (B EMRHR AR, FED

95% LM (L Ag il KA o B I s 5 JUN R B )

75% L (LA R 18 2 e Bt 28 L N RBE B )

A EE(Sigma, USA)  ( EIFRAT AR E R AR, FED
4% (Sigma, USA)

DAPI (PE 24 BB A IR A A, TED

i HE (Epon, Merck, Darmstadt, Germany )

OCT 5| (DAKO, USA)

RotE A (DAKO, USA)

Matrigel #Ef% (Sigma, USA)

¢ )& Collagen I (Abcam, Cambridge, MA)

CCK-8 (Dojindo Laboratories, Kumamoto, Japan)

Pl 4« (Sigma, USA)

FRREAS MR RO (SRR ROBD (ERZRFEREAER AR,

)

PE-$i /N R R P& CD90. CD1lb. CD31. CD34. CD45. CD133.

MHC-II(eBioscience, San Diego, CA)

PE-#i1/) Rt A $i 4 Sca-1 (eBioscience, San Diego, CA)
FITC-3£H1/NR 19G £ 3gFEPifA (Invitrogen, Carlsbad, CA)

DAPI (lInvitrogen, Carlsbad, Canda)

Ml (Epon, Merck, Darmstadt, Germany)

W3 7 (DAKO, USA)

Matrigel &tz (Sigma, USA)

b2 (RHEASE R R e B bt e 258 LN RSB, D
Ak pHBAJ-EF1-MCS-GFP ( B EAMEH AR AR, HED
KW #F B Bk DHSo CInvitrogen, Carlshad, CA)

BRI VIBE (Thermo Fisher Scientific, USA)

One Step Cloning Kit (Fga{iaMERR AR R AR, FED

kL DNA KEMIR A& At RN Z MR IR AR, FED
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g oA CEEER Y TRAR A, HED
WERE, TRt CE LAY IR ROARAR, SED
DNA ladder (Thermo Fisher Scientific, USA)

NG 20 5= HEK293 cell(_Fifg A [E R B, 1 ()
LipofiterTM #4487 ( BilgpUEAYRHEHR AR, HED

212 FENRS T

fHiR CO, K578 (Forma Scientific, USA)

B0HL (Thermo, USA)

EBET/KASG (Millipore, USA)

He ARG QLapgsER, HED

FIE BME (RGBS AR, FED

WIEEMEE  (Nikon, Japan)

5% K7 (Mettler Toledo, Switzerland)

R CRilggEFEPF R AR AR A, P ED

UKFE GRER, HED

6 LB (Corning Inc., USA)

R F7=1 (Corning Inc., USA)

50ml &0 (Corning Inc., USA)

15ml 55.0% (Corning Inc., USA)

96 fLi (L BAMRIHEAIRAFD

B CogmBAEmEHEARARD

0.22 um #3kyE# (Millipore, USA)

40 um JEM (BD Falcon, USA)

BT ARG (LSRR 7E RN )RR AN RER, FE)D
JaR4n i (Beckman Coulter, Fullerton, Canada)
Image-Pro Plus #/4: (Media Cybernetics Inc, Rockville, MD)
IRIRAEFR KA Polystat (Cole-Parmer Instrument Comapny,USA)
HAAER KB (R —EREARAFD
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KA CEEERBERHEA IR A A

PCR ¥ #41%¢ (Applied Biosystems 2\ &)

B R LRSS REHRAE, FED
AR 21X (Eppendorf, Germany)

MINI .0 4L (Tomy Seiko Co., Ltd. Japan)

¥ PCR X (Eppendorf, Germany)
EIENEREPE N (S = INQ/ARE X D)

AR OHL (Eppendorf, Germany)
ik g (LB EREERARRAR, $E)
52 IR RIEAH & 0HL (Eppendorf, Germany)
K A (i 2By s i), ED
EE YA B D HL (Thermo Fisher Scientific, USA)
BIREGEZS (Bl REERCHIR AR, FEH)

2.1.3. XLzh¥

S 8W 1) C57/BL6 /N (iR R E I IR A E], HED.
2.2. 5k
2.2.1. ADSCs HU3REX. 15575418

(1) Fe IR LG Z BRI RE Dy 8W (1) C57/BL6 /NER, SR )5 it FA SUAE AR K,
JRN T5%3P9kE Hiz it 10min LAFE 40 T8 5

(2) FHRGRIZE TS 7 B B UM v, B35 R4, & T/b& DMEM ¥
W

(3) SRR B SR I e i AL 78 0 B0 RE, B & K/NN Immd A4,
RN C.H DMEM 001 /2 5 0.2%NB4 [ 50mL B5.08 o, ONEIR R, HBE
WE AN 37°CiEAT 2h 7870 1HAL:

(4) B S 784 WET 5Smin, &0HLH BL 1200rpm R Smin, W% B
W N B 171 ADSCs 1575 (DMEM Ml 10% fiLi% I 5%4i42 &) 5mL PLE
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(5) A 10° N4 f/om? )% FEFEFR4H M B T 10cm B5R I, B T 40 s
FAAHIRE ;

(6) 3 KRG M FEARAIM, 7T IWANE@E A2 90% A 4, RImJAE4R,

(7) ¥ 2ml 0.25% /K AE-EDTA IR FR b, BrFeffrh s & 3min 5, B
JIN 5BmL ADSCs £5F- 2 1EiH . 7840 RFT Ja 5 N\ 50mL &0, 1500rpm J#
FE B0 5min;

(8) {84 iE, A ADSCs 15777 10mL =2 5440 ;

(9)LL 10° A4 ffa/om? (1) % B LA 1:2 (1 Ll g B Fp A A2 T 10em B5 = M,
BT E

(10) 48 /MiFJGE, EELILE (7) (8) (9) I, £L5P 1% ADSCs.

2.2.2. ADSCs BN K E

(1) /B SR ML) _E 2SR AE 37°C F FH PBS e — 1k, 354301 0.25%
(1) trypsin-EDTA 2mL. 4K 2 £ 40 B 4 i[RI, I ADSCs 3578 . F 3mL
WAREE 3 AL

(2) AKRZ 40 um S JESS R EN 15mL 2504, 1500rpm 33 & 250> 5min
JEER FEEW;

(3) F] Buffer 5221 g 294 5 > 108 N/mL, i 1.5mL EP 45 &% 100l
AR I G =

(4) #¥IN PE #ric MR B4 CD90. Sca-1 CD90. CD1lb. CD31. CD34.
CD45. CD133. MHC-II (1:20) 1% R Hifhk, 4°CUkFE A EDECE 30min;

(5) FHZEP e — 1k, 1500rpm & 2.0 5min, ZE3F L JETE G B
3K;

(6) HARUNM TR, UK EARAE S 2 I 2RI A A A

2.2.3. GFP-Netrin-1 EFFFEEHFHLE, 8%

(1) AP SCHR, ARYE SC 23 1 Netrin-1 E2 R 78 NCBI F17 ID 5, 3T
F NCBI, {E All Databases Hi%4% Nucleotide, 3L ID S A=, FREL
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Netrin-1 [ F51) .
(2) pHBAd-EF1-MCS-GFP #fA& ] EcoRI fg1J), BEUIARMNT
40ul BEYIMA £ 37°C, 2h iA

2ul #Ak (400ng/ub)
2ul EcoRl

4ul 10>puffer

32ul H20

AR 56 UG R RN

(3) K2 PCR [alYf Netrin-1 Jy B

(4) AEFRLFI H R B S s AOE i MR & (20uD), B ESEHSRAE 37 i
# 30min, A fEIGE B T oK UK 1-2min.

(5) FEAL(KZ SN DH5a). Pilt:Amp; 37°C, B .

(6) FEALJE T Netrin-1 FARPRE, 37°C 250 #1402 W 14h, F BT
PCR %78, H4BH M o b B v 6 MU 15 2 w1 Y

(7) K il 2% B 20 o b

(8) HAMMFFEMAIICLE, W &Y 1, BAEME): s, i,
B, Wi (PL. MR, 8. i

(9) P3AHERS 4 Sl E .

2.2.4. 37 Netrin-1 {£4ME3: ADSCs BUIR R

(1) H P3 fARAKHERER) ADSCs WAL IFiH4, £ 10cm BRI A11A] 610
AN B S NTN-1 MANE NTN-1 ) GFP B e, KRR
(MOD #5EN=4: 250. 500 F 1000, FFaLmSHBEE N 24 /N AT 48 /N
I EAR R PO R NS, WU G ADSCs (5 £ MOI MIRFEERT 8] ASR

R RR, ErFERIER,
(2)381d RT-PCR. Western Blot 5577 72 L 4t 4 GFP #1 GFP-Netrin-1 (1) ADSCs
) Netrin-1 RIEHE .
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2.2.5. 55 K REEL Netrin-1 B ADSC By CCKS8 #&;M3&58 fE

W P3AREL Y Jo K % Netrin-1 ff] ADSCs PAAEFL 210 /N4 Jifd 1) % i b T
7496 FLESFRIR Y, W 4 FLONAS IR R s FR i s At AL, smeE LL e,
PAZS AAUERRE . BEFRBURN CO. I E A5 9%,  LUJS B JAH A B 8] 9 2H 43
HEL 6 FL, LI CCK-8 & (10, WHE 2h, Wik ik, #3% 450nm 3
Ko, TERIE G R e S AR IE (OD), idskgs &, &M 7 K, Frid
20t A R 2%

2.2.6. B REES Netrin-1 B9 ADSCs B3 & Western Blot #6301 T=

v el

(1) /ORI BERE IR LK _E 2359, 7E 37°C R A PBS e — Ik, FH¥8IN 0.25%
[¥] trypsin-EDTA 2mL. 4k % % Netrin-1 %% 4 J R 55 4L (¥) ADSCs 75 mibiFR 51 1
7= R P3 AR GU AU 4 B TR, N ADSCs 55953 . I 3mL i fAfs 1k 4k ;

(2) WAL 40 nm i JE S E N 15mL 2504, 1500rpm 3 & 2.0 5min
& A7 EEIET;

(3) Fi] Buffer =2 21 Jig 2494 5 >y 108 N/mL, ] 1.5mL EP & &% 100l
LI TREN

(4) ¥ PE bRt IR BRI A Annexin VA% PI(L:20)Fx B4 Bk, 4°C ok
e N B TCE. 30min;

(5) HIZEM b —k, 1500rpm S Z 2.0 5min, 3 bR WRE Fh bk
3K

(6) HEEAMMTEMF, VK L7 2 A A AR I
Western Blot:

(1) T 5eRCERRIL  H ORI PRI SR i L P ZH 2 BT 1 ) 5 2
WAL OCHLI T, RAFALISII . A SCP e, BOplh &0 535 15,
B8R AR A SE A

(2) B AT S 2pg/U JEIIN FREE M, BN OE T, 5K
FOINFARREEIS [R] Smin, AR, 4CHA RS RN-20CIRAE:

33



St N e i VAT B

(3) SBEARHEREE=E, LI 10000rpm B0 Imin 5123508 i E
SDS-PAGE #tig, ALK, HIkFLPmAER, FSAFLHmA marker, i
AT B

(4) FFEHZIE PVDF JEME Imin, 0GNNSR N, HLIK 2 R
PHHOELIZE Ve 10min J5 5 PVDF EILEE , ZEahirhdE 4T 55

(5) TBS ¥tvk PVDF JE )5, W E TH MRS, 1h JE ARG —$idt
WE, 4CRAER;

(6) =il b, PVDF AT S It s 2h;

(7) ¥ PVDF JEME 3 kWG, 5 ECL RGN E R, FHME 5id%.

2.2.7. ‘MBTFE LI K AMBEXIIR SEIEHM Netrin-1 J83% ADSCs iIT#HI&E

2.2.7.1 AT LG

(1) P3f{ GFP-ADSCs F1 Netrin-1-GFP-ADSCs 43 7/ 2x103 N4, EiF
T#N78H 0.5%FBS K 100uL /=% % i DMEM .,

(2) {iH Boyden Z 1 8-um XK — B 4 —BERE (PET) B, i
A Transwell &% E#8, 7EMEZE N EMA 600uL ADSCs 55777 -

(3) ¥ Transwell # & 40 ffa 35 77246 4 24h.

(4) BREdyEds, JHEHMERmR = EE g, A 4% 2%
[E 2 TR B N = d ) ADSC, HAEH 2% 2B 1% 45 i SR e th . Seib
2=

(5) WAE TR,
2.2.7.2 YHRAXIR SL38

(1) FSbHE £ A AT KR AR IR KB , FEAERAE Z At R, 28184 30
GBS )

(2) L SR 6 LRI, FHERIEmE—FKHELKKFLE, 24
0.5~lcm. #FMLEDEIL 5174

(3) JmA 1054~ P3 f{ GFP-ADSCs F1 Netrin-1-GFP-ADSCs.

(4) R, FMRREIFEKTFERIH — %L, IR IZE B AR
1At
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(5) PBS yeskdifi =k, HUBRIFM4uie, hniciig DMEM.
(6) B TYNMus 7460 . 78 04 6. 12, 24h BURE B 00es T Mgt iE.

2.2.8. 4ABEAkL MISZIE 46 Netrin-1 835 ADSCs kL MiE &

(1) HY P3 % GFP-ADSCs #1 Netrin-1-GFP-ADSCs, trypsin-EDTA2mL. 4
K2 $ Netrin-1 5 4e Jo 5% e () ADSCs 75 i B A B85 97 T 1) P3 1040 i e 4 pi 154
JERF, I ADSCs B5 8. H 3mL 45 1R 1L,

(2) H PBS 50k 3 k4, FHAHMTHEES % HL 5>10* N4, 3508tk T
6 FLI

(3) # 6 SN =40, 30min JEHUH;

(4) F PBS ¥t 6 LN 3 5, FI DAPI (1:1000 #i%e) HEAT4H A% Y
t, BF 2min J5H PBS JEUEhRAS, Z1FFEE Smin;

(5) HZHE AT E AR HE R, RISTER G RS N
MEL AR

2.2.9. YABARKESCIEH M Netrin-1 Y835 ADSCs R EI8EH

(1) #4 ECM B AR, FHl &R 1x (5 B8 i

(2) fFFHTHEEM 96 FLA, 431K S0uL A ECM BRI &N FL.

(3) ¥ ECM B 96 FLIRE T 37°CiRAH N, 1h J5, ECM ERIE L
[ A5 AR

(4) HX P3 f{ GFP-ADSCs F Netrin-1-GFP-ADSCs, trypsin-EDTA2mL. ¥4
K Z 3 Netrin-1 55 Y J A B2 YL f) ADSCs 1E s PR B 1 7% 1 11 P3 AR 4H A i 4 i 15
JERE, B ADSCs ¥: 353 . H 3mL 45 1k 1k

(5) ¥ AHRAE S 10% FBS [P K40 M s 772k vh H B & 4x10° M /mL.

(6) ¥ 150ul [¥) ADSCs 2 N\ ECM Etik I, 37T FiFH 96 LIk 12h.

(7) TE B R AE N F BBt W88 ADSCs [ 1 I . BV 22 i
FER 33 2 /D KAl vk S . HAIRIERI A Imaged Pro Plus software (NIH,

Bethesda, MD, http://www.imagej.nih.gov) € & 77T
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2.2.10. Git=FHE

AT T R B Ge it Ko B8 SPSS 18 Bk, BT Guit B Ak
(123501 A GraphPad Prism 5 #4F, iy 8l AMSME bR (SD) R,
SR FH 2 AR R0 AN SR PR 3R T 2 A0 Mon] T8 BB HEAT LU MM, Bt 5 SUE SURP
<0.05, **p<<0.01; ***p<<0.001. FEANLIGIEAT T =L E,

3.1. ADSCs B E =454

HRBATHRINERICT C57 BL6 /NRIIEMVARIIHE, SRJ5 b 45
ADSCs F AT HEY 1 . P3 4% ADSCs ¥R t BET 4R LR 7 AR A0 (P
2-1A). Ik, B RAMAT IR AT, P3 X ADSCs X4 i
FKipE B A RFIRPEM:, W CD90 (99.2 3.73%) Al Sca-1 (99.6 3.08%) (]
2-1), 1fj CD11b, CD31, CD34, CD45, CD133 Al MHC-I1 M2 FI{E T CHedl £
IR KT, P6 A% ADSCs FJ i H T~ 3 = I H] (1 8K BL S A AMEARAR B 3 2
SRR ARSI, LSBT s (B 2-1B). i Ngi A
43T 7~ ADSCs T4l ks 5 bR &4 CD90(65.443.42 % ) A1 Sca-1(59.8+43.15% )
KEPLEAF (B 2-1C, D) BWiFEIL, ZRASH7E X (P<0.05). K,
B2 N oRIATK K P3-P5 4R f) ADSCs 4l it 47 BT Ja 22 (1) S 5 o
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CD90 Sca-1

Bright Field
%

P3

C * D
100} L 100}
. 8o} ~ 8Ot
60} 60t

=3 =5
2 a0t g 40p

O @
20 20
0 0

P3 P6

B 2-1 ADSCs 9 % % BUR X mIe K5 # o
Figure2-1 Characterization and flow cytometry analysis of ADSCs.
P3 X ADSCs % ¥ £) &) ik 45 2 tm o A% 45 42 15 254K (A) o P6 X ADSCs & I ih R ALN 143§ A
R FESHFIR (B)o AN @ia e £~ P3 4= P6 49 ADSCs 49 CD90 #= Sca-1 % & #L/7
KPR H R, £FH%iT5EEL (FP<0.05 C, D) I R=100um. P3, % 3X;P6,
% 6 /X; ADSCs, fi5h5 &R 89T mit.

3.2. EFEFERIRRAETL

5 AR B A R GAH LG, IR R EUA B AT 2 e EYEEDE HEE AR T A
AIRBURE o IX Le A AT DUAE S GE AN E 3 JE 20 g Hh RO AR IR S B R, T AN B
GRGL O, ARABERARNE, LRI RIE A BRI A, e LR
AR P R, T DA S N R AR A, @R /N192] . i AR B
4 NTN-1 # 3\ ADSC ;i el A il S EEARRATTAR I, St % (MOD 2y
500, %4 ADSCs FIRFEENT ] 48 /MBS, Dk Bl KE R (K 2-2). &id
i &L, 7E ADSCs 4ilfirf, Netrin-1 1 GFP Z [H (s ek e B 2R (K
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2A, B). Western Blot. PCR K& &tit2% 4 HriE s N-ADSCs ZHH Netrin-1 {5814

BETE, MESEERZ, £ ADSCs A4, Netrin-1 JLF&HREL (P

<0.05) (] 2C-E), iEMEMEIRA N ADSCs HiA HANFKIE Netrin-1 iX 53k

BE, Bk, REERE TR Netrin-ImRNA [ si-RNA-NTN-1 4145 A2 X8 .

FEB, FRATTRRIN AL 1 — 4> NTN-1 2 R4 v 2508 4 - /E ADSCs H 3R 1A 1) Netrin-1
B

A DAPI GFP/GFP-Netrin-1 Merge DAPI GFP/GFP-Netrin-1 Merge

MOI=250| MOI=250
GFP| GFP
MOI=250) MOI=250
GFP-Netrin-1 GFP-Netrin-1
MOI=500 MOI=500
GFP| GFP
MOI=50
GFP-Netrin-1 GFP-Netrin-1
MOI=1000) MOI=1000
GFP| GFP
M01:1000- - -
GFP-Netrin-1 GFP-Netrin-1

MOI=1000
D
R p—
2.0+

%k
B-actin R N G
o ® & = -
N O,;\» ¥ x”\ = 1.54 _
o o o 131
A &
=%
E = 1.0
. -
g =
£ =
£ °
= 210 Z 0.5-
<
=
2
;é: 254 0.0 T T T
s N B SR\
% O 4 4 7
& 50 2 o & &
H S > ¢
=
<
5

ADSC N-ADSC

B 2-2: K AR 4G4 ADSCs i & ik NTN-1.
Fig.2-2 Gene transfection was adopted to overexpress NTN-1 by ADSCs.
#£ ADSCs @i P ALK 2] NTN-1 A= GFP Z 106945 £ L 2 % %2 & (B A, B). Western Blot,
PCR Aot it 3 5 #7iE5%, 5 ADSCs 48+ & Netrin-1 % k48, N-ADSCs 48 % Netrin-1 49 %
R FHZH (P<0.05) (B C-E). A R=100um. *P<0.05. ADSCs, fghskikayFm
i, GFP, % &% &% &; N-ADSCs, Netrin-1 4% % 49 ADSCs.
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3.3. Netrin-1 X5 #E T~ ADSCs RY15H &7 2200

FERA IO, FATRAARSL m bl 72 5 DMEM(33.3 mmol/L i %] #)
M & 1) ADSCs 15 7735 7% ADSCs, DAL T2DM A& A ey HLBE A% 100 13647 J 282 5K
Ko MEE L RPN 7K, i/ CCK-8 gLty ADSCs A1 N-ADSCs HII FEH
DL AEKIE 7y, DARZER Netrin-1 XPA0AIE 7 r0sem (Bl 2). 3). w4 RiltiT4
T2 TR, 7EHT 3 K, ADSCs fl N-ADSCs [4E KX FasE, ZRAK.
MEE 3 REE 7 K, WFAMERIE 70 EE KA. 5 ADSCs AL,
N-ADSCs {£25 3 KA 7 Rz 5 H A K#EAR (P<0.05, n=5), &
WFFEIESE 7 Netrin-1 X ADSCs 38 5 4 32 1 FH o

2.0+

1.8-

1.6~

1.4~
1.2-
1.0+
0.8+

OD Values

0.6+
0.4+
0.2+

0.0

1 2 3 4 S 6 7
Time (Day)

B 2-3: N-ADSCs % ADSCs & #2335 69 CCK-8 A K oy & b Ak
Figure2-3. Comparison of CCK-8 growth curves of N-ADSCs and ADSCs under high glucose
M 3 R4, A Netrin-1 4% 9 69 m i & I b K A& 3269 7 b 34 B8 ADSCs % % 693878 % (P
<0.05, n=5) ;*P<0.05. ADSCs, fi§hs&ikay-Fmia; OD, #% &; N-ADSCs, Netrin-1
$ 49 ADSCs,
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3.4. Netrin-1 3= #E T ADSCs JAT-HIZ Mg

DAL IR SR I, & LEXT T2DM i35 ADSCs (3G 5 A T2 47 1 2,
T2DM /)L f) ADSCs E 3 K IE DA E R T2 [15-17, 71-77]. 4 T 483 Netrin-1
X i s~ ADSCs P T[540, FRATH Annexin V / PIL B4 4 fi, Jilad =t
AACHEAT 73 B . N-ADSCs I T H 70 EE Ny 7.7240.44%, 17 ADSCs 411 40 /il
THT-FON 10.940.32% (& 2-4A, B), “HERAASE L (P<0.05) (K
2-4C). Bcl-2 HAREKEMHIFET:, M Bax & AREE MR T . AL
[¥) Western Blot F14t 114 & B, FEmiBEactF T, N-ADSCs [ Bel-2/Bax HUAH
T ADSCs, EAG 2= L (K 2-4D, E), %W N-ADSCs fIIHT- R 22 3|
], MITAERA T Netrin-1 f&4hxt ADSCs FIFTRT-AE M - 2 BT, % Netrin-1
93| ADSCs 1 Re e (2 it FLAE sy B PR B T IR 3G 5, [R) I S 2 4k L

A B o
Q8-UR] % 5Q8-UL Q8-UR
0.3% 50.2% 0.3%
hE
*3
I
b
) LT )
Q8-LR (ol ) Q8-LR
e . 11.1% -~ 19 ‘a 8 2%
T TTi TTTmer_ 1T rnmy Ela TTIT T T T 1T
PO S Y R T Y 5 S Y S . S o
Annexin V Annexin V
C 124 D E 1.0+
*
o — *
'="’ 104 0.84
g ' _
= 5 ADSC N-ADSC £
~ - (.64
1 »
T Bcl-2 ®oee a
:: l':l 0.44
g 4 ol
2 Bax s - - &
2 0.24
EEE
B-actin D WD o
ADSC N-ADSC ADSC N-ADSC

B 2-4: Netrin-1 *F & 4% 54T ADSCs AT 69 % ",
Fig.2-4. Effects of Netrin-1 on the apoptosis of ADSCs under high glucose.
A, Bl iR XI5 547 £ & 48 T B & A Netrin-1 4% % 49 GFP-ADSCs ¢yl BB . C
BT FE %t 5 A7 & 9 Netrin-1 89 i£ & 3£ 2 F 44K T ADSCs #9 8 — %, 48 % 7 ADSCs 89 71
D, EWesternBlot fettit #4547 &=, A&mAEFKHT, N-ADSCs ¥ Bcl-2/Bax #9147 2.3
% T ADSCs; * P <0.05. ADSCs, i 7 k% 9 F mfe.; GFP %k &.5¢ £ % & ; N-ADSCs, Netrin-1
# 4 &9 ADSCs
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3.5. Netrin-1 X =#E T ADSCs iT# a5

W R, RANTESFSAE R ADSCs 22T B2 HIX %, MifiiE
SRR SE BRSSO A I LA R 55 43 i K B TR SR R B HAB AR o R, Il £
ADSCs [FIER B8 178 A I8 RS 52 BT 72 T o A4 LB A T Netrin-1
I F kN ks T ADSCs IERERE JIHURZIR . RIJRSEEG 45 54K B0, N-ADSCs
15 12 1 24 /B FE RS B35 P ADSCs X TRIBE X 35, P <0.05) (& 2-5A,
B). Transwell iX%4: (Corning Inc.) HIZ5 5K, N-ADSCs i & 1T #4502
# T ADSCs (ADSCs, 231.67+9.50 /M4Hiffl/4)%F; N-ADSCs, 375.6746.51 M4
HI/ALEF; P <0.05) (B 2-5A, C). M/NMITHSLIRHE INsaA JyHiER, Netrin-1
MRILEE R T ADSCs (ERFE& 1 R EE T

A 0Oh 12h 24h 24h
; e ) -/'_-?' ._1

S "': Y, 5

e 5

ADSC Pall DG

i ('\')“"\ et

e

e e

e FB ;t'\L/

~ ¥ 1 '~"u =

N-ADSC &" J_' u-r"‘;« =

LS

X | o
I R
"’Sﬂ‘;)‘}~ ’3.4
v Vs
%
)‘ ‘f;"!»»{l

1 ADSCs

1.5- HE N-ADSCs
- ) 300+
e z
2 2
= 10 w E 200
5 z
) ot 3
Z 0.5 100
=
=
&

2 " Absc N-ADSC

N o &

Time (hours)

B 2-5: Netrin-1 *f ADSC it #% 49 %5vh .
Fig2-5. Effects of Netrin-1 on the migration of ADSCs.
JE S ¥E AT 385k 24 /NEHJS RIJE 52 3o A= Transwell 523069 R EZ R EE (A). RIJEFEI £,
¥ 54T, N-ADSCs 286948t 18] [ @ A2 8f 2. F ADSCs 42 (B). Transwell 52 3 2 7,
B ZHEFAFT, N-ADSCs 4+ fymiait# a9 4F b ADSCs A+ #9% (C). *P<0.05, it
5] R =100mm. ADSCs, f%#75 %k k&9 F4mfe; N-ADSCs, Netrin-1 4 4 &9 ADSCs.
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3.6. Netrin-1 3= #E T ADSCs &I LR B & BE S8 2200

RN FEAE ) ADSCs SER HE N SZIRA LA IS, FLRG PR BE A7 i s i use 1 4l
PR S RE K B TEZ BT, AN LS N R A S 55 4 il K 4 R 7, i
BEME A HHLBEE . FAIK N-ADSCs J ADSCs HEAT4HMOKGFT 5256, PBS
TEEJE B TS FLAR 4 R IR B I A0, I HLAE DG 6 At T T DAL 82 3|
TSGR (B 2-6). Fiitrriias, N-ADSCs ZH B2 MRS BT ) HE
BEE T ADSCs 41 (ADSCs, 20.67+2.08 M/AL%f; N-ADSCs, 60.00+2.65 4/
MEF, P<0.05) (& 2-6A, B). HAETHIZREN, Netrin-1 it RERERS T
ADSCs 7E E iR 5L R K68 /1. T ADSCs MR SEIn kW], mpEsrss |
N-ADSCs HIE4MILE LKL ADSCs F-& , 1l H. ek 775 N-ADSCs ) 51
RE K KT ADSCs (1.21 5, P <0.05) (& 2-6C, D). HETHIZFEKHE, (£
ADSCs H* Netrin-1 Fyid ik i 25 52 5 1 H B A 5L T 02 I8 A B g

ADSC N-ADSC
A B .
%
60+
DAPI
. 50+
)
=
= 404
=
Z.
GFP = 30+
-
~ 20-
104
Merge 0
ADSC N-ADSC
C D -
ADSC N-ADSC
. . = ”
)=
2 104 —
=
-_
=
©
-= 0.5
_:_'Q
Q)
=
0.0
ADSC N-ADSC

B 2-6: Netrin-1 34 & 42 54+ T ADSCs #b I Foff fn & £ B AE 7 69 %S 7R 6
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Fig.6. Effects of Netrin-1 on adhesion and the proangiogenic ability of ADSCs under high
glucose.

5 ADSCs *fféntark, A N-ADSC A+ WK 2| K2 MA@ (A). £ 2547 %%, Netrin-1
TR R FHIERT ADSCs 8945 M (B) o /£ & 48 T 44+ 2] Matrigel i< £ 12 /78449 N-ADSCs
F= ADSCs 89 s & R 1 ey X E M BE(C)e £ =04 &, N-ADSCs 649 R AR E KERF &
F ADSCs (C). * P <0.05, ] R=100 =K, ADSCs, f&hskik4-Fmie; N-ADSCs,

Netrin-1 %% 4 49 ADSCs; DAPI, 4'6- =k 3 -2-3K & 93] =,

4. itk

ADSCs LAH 5 3RHC. Femm sMGRe o, s iR mal, Hamony
S FH T LA S50 R I PRAE 7 Hh 28T (e 4, A BN TR &R e IR
ARFBREE . WK XMELIVA@EN DPNV wh. HASH 5 (et 4 U A (a7 1F
192 T AR T B RS (R 52, (H — A A o (1 M Rl & R S5 A7 0
WAL . Gyongyosi M %5 N Ji i 2 T 35 19480 I S 135 1) MSCs [ IEH T K
SRR (PET) BREFE R, BAEHIE 10 K, fESEEmCNLF RAEE 7 R4 6%
(1) MSCs[188]. Toma % Nkl , 7E H % ka7 BRC JIEREHE S 55 4 R, 4775 1K) MSCs
AN 0.44%([189]. [FIFEM, FESZIEME MI K EOIEREAE G 24 /N H e Al
FIRZ) 1% 1) MSCs[190,191]. EEZ AT FC AT, FEHEJEHE fRIps 3 T RCBR IR
Fe s a1 2 — e R e, (H L 11T B8R R ££[36,64-70]. KA FL
TRUESE, W PRV JE B L4005 3007 A7 AE e SR BEAL 28 P2 s P AR R O B A i
AL, AEASR R T 2 7R S L0 0 A B R B ER B R B4R L 3RS K]
AR ML G I RE ) 3B DA, 2 5 020 M A ) G B T E [15-17, 71-77]
Rk, A SR G RITE I SRR ADSCs 767 FR I oA 55 T 1795 Rtk — 2B B
f§ ADSCs HIEITAERIRITHr40. AL, anfar {2t ADSCs 7E5E bR i Jil [ ifiL 4
PRI IIAEE « 434 S AR A 22 SCIC J5 W PRSI AR A, KB 7E DPNV
BHIRA . KRR AEER L.

WAL, DPNV je —MiE-aVERAR, A ML, M m 2{45i17[28,78-80]
T A P AL R 22 R A A AR R A U B LB B, X e — e R IESE T i
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FHMAMELATIRR. MR B R RIS N IE A, HEE R
FES— RS h R IEEBERI/EM . Netrin-1 J& 55— AN E HIM L5 S B 1,
Netrin-1 A1 G-netrin 5 E K& E B v 8 HA RN, 2K — a5 K X i VI
(il 600 MREEAL R, IEEE EE N 3 DMERER R L AK R F(V-1. V-2, V-3)
F—NRFER U X IR[B9]. J3 — A 5T KL, Netrin-1 MU Z 5HE KRG KD fe
W5, EZ5IME RSGHIThEEES). Ding 2 AEY] Netrin-1 A{U 3k AX 2
RGHIMZTTIT A 73 ilh, T HLIE 5 R A 423 Py Bz 20 A0 40 B A7 0%
KM, e, BEEEAME, FEEIHIAA TR T2[90,91]. Wilson %5 A\ & G A
FUE L A LB, ESE Netrins 7 LU S 1L A2 . Netrin-1 i@ 145 UNC5H
ARG G HAE Src/FAK/paxillin 155 Sl EE, (edt e N B A0 MRS BT, AN
FEEE, TR RECHT I BANME S, 1ZDREn] LLEHIE 5 1 NTN-1 mRNA T
FEIT[92]. Lu &5 N3k &I Netrins R 330 L2040 i I8 A B Ino sk i 2 2R 1)
M E MR ZL R T Netrin-1 %24k DCC K17 ERK/ENOS 15 5l #£[93] -
Brunet 25 A1IFBH Netrin-1, Netrin-4 #1 VEGF {g i & 4= 5, 1H Netrin-1 7E{ 3k
P 4 43 A A 22 45340 Wk R ) R EEL AR F O T R A SR IR AL [94] . kA,
Netrin-1 AMH 2 5 20 A= KR AR B B0 mT A3 5 A A 078 Rk B2 R G AN TR
P BE N B AR 22503, SERRIURGFH[95]. Netrin-1 & 72 52 E. W
AL, RhEE, 3ERE, BBEAETS, AR, Netrin-1 76 2 Bh 4 fE M
RS T BRI B A 2R ok . BFFE R B, Netrin-1 RERSHNEIJAE, R
TEH 4 [131-135] . V72 S8 It S RES I ELAEWE PRI SO FRI% JE RRE T, #EAEBE
A Netrin-1 £k ETFEE N F%[96-105]. X Al AE S5 MR Netrin-1 5 28 i 2
LR, ) SOAEAN L R TR AL R AR, I NF-xB S AL I+ COX-2
Rk, 2k E R R P A 1) M2 AR AL 504k, DLREIE MAPKs. ERKs. p38
SRS 5 FIRAR I ROE S ML AF HLAI AR 9<[136-137]. [, Netrin-1 #3RiE AEGS
BERALGCo LR L T J 100 AT SR, o8] A9 22 4 i % LB PAY e 4 o ) S R 38 5
RIE, PUANLIIT-[100-107] o (HJRATTAT S50 8 1 o i ACHE RIS 55 ARRE PR 16
()R s e afiL UL PRV L 2R A R A I s, 3t S s Ak . S 9. Western Blot.,
ELISA Z5 M R B, ¥l PRI B3 B R i 224 Netrin-1 72755 P % 4 i A 3 5
A3, T Netrin-1 Fk K 23 BEAC, RAER T IR EKFIIE B, /NI
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B E TR, BURG MR BB PR IR T Netrin-1 [RIE/K 5
DPNV 2456, [Hitk, Netrin-1 Alfig & DPNV BB AV EY), ek
IBIKF BT RE AUk SE DPNV HI 1% %Ak .

PR, FRATTA A IE I L (R 5% %« ADSCs it %1% Netrin-1 7] L% ADSCs £ i
MBS TGS IER R ) ML P B 4E M o048, iR DPNV I B A= . At
FORLTIAREL Co7/BL /N IRITAHZR, 4385 B53R 0 14 ADSCs, I & JetEfA bt
AT YT, KO Pe RARIEAL S, ZH™E. FI, JFEsti R
P3 % P5 f{ ADSCs. # Tk, FRATIN A s s dem iy 2, @Bk R gufh &
f# ADSCs it KIELE 6 E A (GFP) & Netrin-1 (N-ADSCs), KB 25 it
57 (1) AN IEE DR A 1 N A0 B R R 2, DR bk 7 Rt R HE IS FH o — ol LL 18 97
T AR HL 5 22 4 (1 75V [193] o I SERGBRATT A I e IR e S 4 (MOD) 2y 500,
i Y ADSCs [FIFFEEI H] Ay 48 /N, A fE SR SR FR AL T S k4 . EAHER
[Fii2, IEF/NR ADSCs A& IFARKIE Netrin-l [, XILRBATAHEE
Si-RNA JTERALIFIRS, WS hnh & QLR AE R NTN-1 A ADSC Hy= . &1
S Pl i L 7E ErRERA S R ) CCK-8. Western Blot. izl Transwell. %ot
EJ71%EE N-ADSCs 5 ADSCs, KILFE = HEFREE N N-ADSCs M55 . 142 .
RibE. A RE 132 % = T ADSCs, J H N-ADSCs [ 122 i Z ik T ADSCs.
TR SEIGAIE B T 4 M i 3RIE Netrin-1 BBA% K K42 % ADSCs [IAETE . T Kl
Bt BCERE ST, I HAKHT ADSCs AHARTE SpEEAEE R AO4a s 1o L EAA S THL
WA, AR BERS R, RN AJE 844K ¥ ADSCs FAE A bl
PRI T IR AN AR, IRR AR N EIRTT DPNV IR RAR I BAR 7
PR AL T SE0 B

5. N
AT FUAE AT IARE A, SREL C57/BL /N R 4121, 793 K5 9% ADSCs,
A I P B e G ) VR ST DR B AR Al ADSCs i RIA SRt Ot H (GFP)
J Netrin-1 (N-ADSCs). it CCK-8. Western Blot. 7iizt. Transwell. %%
655248 N-ADSCs 5 ADSCs fE i TG SE. 3B/ KB, R B2
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YL AL SERE ST Z B I 2 5, UESEARAPIABE R Netrin-1 A28 52 = B A 52
ADSCs (5 . IE# . KBS 131N 4 /AL I RE ST, B35 B fIK ADSCs (3 1=
Ko NIRSBARAKE ADSCs FEAEABEFRIA T R A2 /N AR A, IRR AR A2
SIRYT DPNV (R B ARG B AR T HLHIS 0 1 Seaa kAo

46



HE PRI JE Bl A 26 I P48 (DPNIV) 2 I3 5 4 48 DA K ) R 2H 45 495 (VR A
WA, SEGRBIRE, WK T, R DU R L 55 K
NI R LR O 2 o HRGETE, W LR AR — A v R R 1 XU T R
i 25%. PRI A T IR SR AERE PR R 1 15 £, 1 BB 2 BURE SR R
BB A R RN 1.9%% 2.2%[110-112], K& AR Eim i B,
BEENL, EEE, HAEEE, BTN EASM TR KERIL, FEUTE
54 By 2 SR ThBE M T AU TS [113-115) . PR B EARG Z54A T . M EE A
2R NI BB AR BRIEY 5K 5 32N SR8 Y7 7710, (RAFAE Bl iU 42 ]
ToiEANH] DPNV BEJE . FH M8 N AR T SR P i A SE S 1), 3z BT A
FFAFEAE[116-119]. Pk, DPNV R EERIT ARGk 7 BRI MAHHE X T
B TO A RO PRI T N, T A R R R — P A B R T T A
T2DM [ 53 B PRt HLR I & A R i 447, e {8 B0 22 4 (0 g i oA /T AR
BREMRNIHL, BRI T3 ADSCs B £ ok, WILERE, BE
LR TSR o AR N RS AL A7 ZRAR R S FL 7 0 e o 0 HL 2 Sk 2
A N RE S RS 5 B0 i R A= P AR AR RO B AN S A S %
AN RIEEHE— BB T ADSCs HIAER 3, 8 H oV KRG I T RE . T Netrin-1
A — ol ) B FE A 22 A0 LA o R F (B R A B R P B B A K A7 RGN
TR MEAPURT R WEN, AiEE MAPKs, ERKs. p38 45 54 Fi&
P JORE OB R FE BT A AE FI[136-137],  Seil R BUAE V% S8 I JORE R
A A ACE 53 b ThEl R F[96-105]. i S FRA 138 1k s il AR AR A< O 73 K
LA PRI e PR A8 B R IE K5 DPNV 26426, EW] T Netrin-1 5
DPNV Il PRAH I . [RIE i5 Bek b2 00 KR 3R ADSCs Jio, 5L T s #e
Gt ADSCs Mfe e SR gk R, B IESSAR SN RS Netrin-1 G2 2 & 42 &1 s
PEIAEL T ADSCs HUIGHE  IE4% . RGP L [a) N 4B AL I e ), 35 F#{IK ADSCs
FIETZ7KF . 4 Netrin-1 45 ADSCs 14 A FEAEAH FHLAR N FE B FRO T B 2
ZNRABR, IRIERIRIT DPNV I RCR DL R B AR 43 HL i AS B M
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RILTEAWE e 2, AT T2DM /MR (db/db) R AR, (AP
#HH N-ADSCs 5 ADSCs, FR IO 28 #0 s Uit iEvE, 18I % e 52 e A 4
FEAAL, YEAl ADSCs TEAAPIA7IE 3T A% « A A I 45 37 2E O 2R o B2 FH Western
Blot ¥R+ Netrin-1 /3 /) ADSCs 458, 1T, K, 404k, (21 A pae /A
MR T IR S, N ELISA K Netrin-1 /-5 1) ADSCs 5% 73k 2 F (K 1+
W5 Netirn-1 4% ADSCs 858 IT# LKA WE bR Ja B ML w0 2055 A% 1 LA
G- AL v DPNV B 6 TR A5 8 B A1 B AR .

2. Rl E

2.1, ##
2.1.1. FEKLF

PBS BFRZZ T (1x, PH7.2-7.4) (LR ZERFIFEARAR, FED
J#Elg-EDTA (Trypsin-EDTA, 0.25%, dbuifBw G fRGR AR, HED
DMEM ¥ :

1g/L Dulbecco’s modified eagle medium (DMEM; Gibco, USA)

10% fetal bovine serum (FBS, Hyclone, Australia)

NB4 I Ji Bl P 1

0.2%/1% 5. /i NB4 (Serva, Heidelberg, Germany)

DMEM ¥4 i il

TBS Zertil (AR AEamEy i (Rilg) GIRAR, HED

PBS MR (1x, PH7.2-7.4) (L ZREERHEARA R, HED
TBST Zeiil (1x) (IR ZRERHLAR AR, HED
HOW R CETAYTRE (B BOERAR, FED:
IMiEASEA (BSA, Sigma, USA)

1% KHEE (LERMEMEARERAA, HED:
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[1]

i

il (R EMRRA R A, PED

95% LM (b AT K A o e I 5 T LN R EE B )
75% LT (AT R 27 B 2 e MY & 26 LN R B )
S ANEE(Sigma, USA)  (LBREF AR IR AT, HED
)i (Sigma, USA)

DAPI (VUi EMRIEA IR AT, FED

g (Epon, Merck, Darmstadt, Germany)

OCT ful#7] (DAKO, USA)

w3 7l (DAKO, USA)

Matrigel #tf% (Sigma, USA)

JiZJ5 Collagen 11 (Abcam, Cambridge, MA)

BRI 2 S R A B (S5 AR R D (1%) (AL R ERHEA R A, HH)

Pl CD3L Z [Pk (Abcam, UKD

Fluor 555-* 44 19gG £ wikEdifk C(Invitrogen, Carlsbad, CA)
DAPI (U EMRHEAT IR AR, D

ELISA W& (L —WHAEMRAR AR, PED

DAPI (lInvitrogen, Carlsbad, Canda)

PiAE (Epon, Merck, Darmstadt, Germany )

#Hd 7 (DAKO, USA)

PG b2 (RHEAsE R R e B bt e 28 U N R BB, ED

212 FEMNESE®E

fHi% CO, 94 (Forma Scientific, USA)
EOHL (Thermo, USA)

EET/KZS (Millipore, USA)

e TAEG QLapgssEd, HED

I8 BEE (EPOCHAER S AR, FED
BB (Nikon, Japan)

¥ 25 ] (Mettler Toledo, Switzerland)
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KV CEigsk TR AR A7, ED

UKFE iR, HED

6 fL# (Corning Inc., USA)

R:F=1L (Corning Inc., USA)

50ml &0 (Corning Inc., USA)

15ml 0% (Corning Inc., USA)

96 fLiRk (L BAYRHARA D

BiE CoBimBAEMRHEAARAAD

0.22 um £F3kJESS (Millipore, USA)

40 um JEM (BD Falcon, USA)

BT ARG (LEEASE R R B b w28 LN REEBE, HED
a4 fe{% (Beckman Coulter, Fullerton, Canada)

Image-Pro Plus %4 (Media Cybernetics Inc, Rockville, MD)
TRIEAEIA /KIS Polystat (Cole-Parmer Instrument Comapny,USA)
R VEIR K (Rl —ERHCA R A D

HLPKAX CEEERBERHA IR A7)

B R R BEZAACSE RE AR AR, SEH)D

MINI B.0:HL (Tomy Seiko Co., Ltd. Japan)

P EFF TAES CPEE)

AEEOHL (Eppendorf, Germany)

kG ERME (L EREARA AR A, HE)
AL aEEEAR A B Ll (Eppendorf, Germany)
s K A (i 22 BT s i), T ED

EEA R EOAL (Thermo Fisher Scientific, USA)
B R g (LHEERBERHR AR, HE)

WO 2 BhHEVE %% (moor-FLPI; Moor Instruments, Devon, U.K)
Odyssey ZL/Mif% %48 (LI-COR, Lincoln, NE, USA)
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1]
I

2.1.3. LI

AR (WT) C57 / BL /MR 2 AUk R/ (BKS.Cg-m + / + Leprdb)
T E A R AR T R O o BT ShA) S 63 48 BRI R 22 IR 22 B Bt
J& 25 U R Bt sh W40 38 23 G 2> 0 o W PR AR v IR /) BRU A TUARE 7K1 i S =
16.67 mmol/L, RA XL/ T-Ff 5 AR N5 .

22. F#&
2.2.1. T2DM PR TR HEERHES ADSCs HIF51E

PTG Z0) S 538 2 Fg A8 R e 2 B P 58 SN IR R e s A0 3 25 D o2
LU, B SPF 2N T2DM /N (BKS.Cg-m +/+ Lepr®) (18-20 F# K/, n=
18; [ it F 7 B A AR ST ) BEHLAY N 3 2H. B, AR T 24 (0.5
mglg) DI/ R o 85 RN BRI 7 5 AR E o BB S TE BRI T 40 B AL
%, Fmn TR, 2B 1.0em [W#H1£4:[194,195]. B J5 H 5-0 JB le4k
ELREEGNIA, F 3-0 Je s & R85 5 Ktk . M EE T2DM /B i St 22 A
B, 24 /MBS, ERMESCECR R B =S ORI, B uR i
VUKL VESS 100uL &6 10° MR ILER IR A #/N BBENL 3 =4
ADSCs 4 (n=6), N-ADSC #4H (n=6) Fl#:5Z PBS yEH X IEA (n=6). 7F
M % 7,14 F 28 K, N FH#EOE 2 M 8 #EE AR 4 CmoorFLPI; Moor
Instruments, Devon, UKD JEAZ AL PFAili 5 5 MR REVE IS Ot -

222 BIERNAMBIZAELNWF BN

ARIGH 7. 14, 28 RS AWM BAEN . ARG 28 REf, ff
MREZAH (0.5 molg) FDIRRIF /N RS, ] 4%22 58 B VA TROREVE: [ 5 /)y
B, AEE/INER, 2 B RSRICOUN S LAY, 10% B /K 1.5-2h J5 241415 N\ 30%
REFR IS G OCT E3VKIRYI . WLARES, DL 10um JEEEESD) . V)
FrEREGE AL IR N TR, R R B B8 B R A T -80°C UK
GEIDE
2.2.2.1 A RER R SR Z RS

(1) =idHMNHA 0.3% Triton-X #H47 10min #/5, 485 PBS #E4T 3 WIE
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1]
I

Vebras, BRHRFFE:Z) Smin;

(2) R 10%1th 2 i3 37 C L R 3 FAr 4% 30min;

(3) UL BAR, KK RPT CD3L Pifk (1: 200 #k) H/ANRDL
Netrin-1 fifd (1: 250 #ike) , XN PBS, ¥WHE T 4C F#Hird s, H
PBS EebrAs 3k, REKRIFEEZ) Smin;

(4) HIRFFRAAIIN Fluor 555 4% 19G Ptk & FITC EHi/ME 19G ik

(1:500 #ike) , EREBCE T BEhEe, § 37CHREL 60min, % H UG,
FI PBS E5ehr A 3 Ik, RHRFFSEL) Smin;

(5) H] DAPI (1:1000 #fe) #EATAIMZ S, W H 2min J5 1] PBS IE¥thn
A, ZIFES: Smin;

(6) HZOGH BT E F, AR HETS R, RIETER I RIS~
ML
2222 AN REHLHAFERE

(D FKED T EN ImM EDTA 1, F 95°C M n#A 10 708, TR 7
R EW, THR B

(2) A P I 2 1 I e v e A R B D) s P s e L BR TR 6 2 K,
IR ZIFF4E Bmin;

(3) NGy Jett B AL, 5t AL RFS: 60min;

(4) F—Prvt B, &t BIRRE—dt. [ RS IR R L I — 470,
FEETEE LN, BU—5. M PBS EPhiA 3 %, &IRFFEEZ) 5min;

(5) # ZHUutiH 1, &M EIFRE B, B AR IR R (Y — T,
FRETEE LN, B . M PBS EWhrA 3 %, RRRFFEEZ Smin;

(6) HF A, ARG d A fIE SR, S5 6% RAE Mg
Ko

2.2.3. Western Blot #:3| Netrin-1 i81% ADSCs BI{E =B R

MAER A R 2 R 1595 48h [ N-ADSCs 1 ADSCs 43 B3R5 M & 1,
M55 N-ADSCs. ADSCs A1 PBS 1] T2DM R i 2 #i£2 /IN B KL A 4H 21
EPEREA. SRR A R SR AT E R, Ik, RS
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#| PVDF i b, H&ESMHUALE 4C TIFE R, Pk R: it Akt T P-AKT
Pk, $t PIBK AL P-PI3K #ifk, $it P38 FHit P-P38 ik, 1 eNOS Fifi P-eNOS
PUA, H1 NF- x B AT P-NF- x B 44, $1 INK Fi44, $1 ERK 1/2 HiA& 1471 B -actin
Pufk (1: 500; Abcam). Odyssey ZL4Mf4 %4t (LI-COR, Lincoln, NE, USA)
FH 5 B A 28 S 7 25 O AR 6 1 . LA SEZ I A5 B LR Rl SCE 0 PP VR 4G

2.2.4. ELISA #3 Netrin-1 i3 ADSCs BYZE 7 EFZT L

PR HIE R T, K ADSCs fil N-ADSCs 7£ i Bl 1 7% 35 rp 5 77 48 /i,
BLOIRI BB, ik ELISA GRSl Eis b i A A K RF (VEGP),
Bl AT ARG KT (b-FGF), AF4IMA KK F (HGF), RIRIER F-o

(TNF-a), I/MRATAAEKR T (PDGF), #EAKKET (EGF) LIRS R
FEAE KT (IGF-1) 1 Netrin-1 (R&D Systems Inc). =i DMEM 157 5
TEXTIRE . AR B ADE =AML EE =R b

2.25. ZitFEHE

AHE T T B G TE Ko A SPSS 18 B, BT givt 2 B K k%
(Rig 3545 FH GraphPad Prism 5 #4t, FrA 4 LA Kbtz (SD) R,
SR FH 22 AR R0 AN R PR 3R 22 A0 R T8 BB HEAT LU AT, B 5 i SUE SURP
<0.05, **p<<0.01; ***p<<0.001. A LIwEDEE =K L.

3. &R

3.1. N-ADSCs ¥ TRy #8142 T2DM /)R /G B I S B9 22N

JERTHINT RN, ARE PP A S 48 2 T BUNLE R =1 AN B 40 L BT 2K
TR F BN AR IS YR, THIXINIE 7 T2DM /N DPVN ik — 5%
1k[194,195]. TEAMFFEH, FRATIELSE] Netrin-1 4% ADSCs St Jim 518 14 S 1 )
AL PR KRR T2DM /NERIIPER . FRATHE ADSCs 5 N-ADSCs 4ffif4 i A
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T2DM /IR R AR S, 7E55 0,7,14 Al 28 Rl it (ot 2 X 8t e i
MR PR HEAT S (& 3-1A) . N-ADSCs #1 ADSCs #H3) &7 Hi H PBS Xif
WZH B2 s I BOC 2 S ¥R fa 2. h4h, N-ADSCs ZH7E 28 K& b
ADSCs #H & B m ot 2 8 #4848 (ADSCs 4, 0.58+0.03; N-ADSCs
1, 0.83%0.03; PBS #4H, 0.26+0.02; P <0.05). K 3-2).

B 3-1 A#EEH 07 2 28 RAAFREABRMNHER LS EHEAR, T TEAWEEMHG XX
KBTI

Figure3-1 Representative color laser Doppler images of the superficial blood flow in the
denervated hindlimbs were acquired on days 0, 7, and 28 post-transplantation.

ADSCs, &M & k&) F4mfie; N-ADSCs, Netrin-1 4% 449 ADSCs, PBS, &% %5 R.
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4

1.0-

—a— N-ADSC
—eo— ADSC
—— Control

&
o0
1

o

=
=
]

Blood perfusion ratio

0.0
Ow 1w 4w

Time (Week)

K 3-24 Art, 5 ADSCs #= PBS #f &4 48k, N-ADSCs 4869 ik E iz 154 2 F 50
Figure3-2 The blood perfusion index was significantly higher in the N-ADSCs group as compared
to that in the ADSCs and PBS control groups over 4 weeks.

ADSCs, fig ik i F4afe; N-ADSCs, Netrin-1 4% 449 ADSCs, PBS, #BR%% o 35k,

*P < 0.05,

3.2. N-ADSCs X} Ak ##42 T2DM /MR ERALA S R B K2 S i R S I RN

AWK, 7EES ADSCs M N-ADSCs 40 28 K Jo, £S04 3T i) i
AL JYUPR S 2% B A T R R SR AR . BRATTIE T G U B B TR v
ADSCs [ N-ADSCs HJ/) 5 Ja B IR A ar i 21 =6 5 Y GFP AR B2 . CD31C AL
), DAPI G WLt GBI M if) GFP (€0 TIESE T 4t Jfa [a] 15 4: Bk

55



”g;‘ii\
AR IO S A A S s

MEBALANLE X IR 1 KA, Horh— S8 fg A L i N e il (&1 3-3). A
WS RUE T N-ADSCs 25 2 i ML 45 M IR I Az . St bk
i}, N-ADSCs 2H 17 4H i £ 9 & =5 T ADSCs F1 PBS % ffi4H (ADSCs 41, 22.67
+4.16 MHP/ALE; N-ADSCs 41, 68.331+4.04 AN 4HA/ALEF, P<0.01) (K 3-4),
deAh, B H AR R, 5 ADSCs Al PBS ZHAHLEL, N-ADSCs &35 140
T T2DM /SRR AP L J5 5 A At 5 2 B (PBS 41, 2.50 4 1.91 A I & /4L #F ; ADSCs
H, 4.25+1.71 NMMEMLE; N-ADSCs 41, 14.25+1.89 L& /HLEF, P <0.05)
(K 3-5, & 3-6). iEA] Netrin-1 $& / ADSCs LB B EMRE 1. AW ITIHI4E
FAUEM] T Netrin-1 f£ ADSCs MR NAFTE, TR A AL N B4t e 1) 1 g
e

N-ADSC

K 3-3PBS, ADSCs #= N-ADSCs #8F CD31 (4 &), ADSCs (4k&) #=BA DAPI (&)
MR ERBER AR E,

Figure3-3 Representative fluorescent staining for CD31 (red),ADSCs (green), and nuclei with
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DAPI (blue) in the PBS, ADSC, and N-ADSC groups.
Al R=100um. ADSCs, fgh7 kR &9-F4mie; PBS, BRER 34 5%, N-ADSCs, Netrin-1

# 4 44 ADSCs,

80 1
70 1
60
50 1
40 1

30 -

20 -

Survived Cell Number

10 1

ADSC N-ADSC

B/ 3-5 %4it 5 A& ¥, N-ADSCs 44 4 %49 ADSCs 2% % T ADSCs 4 (P <0.05)
Figure3-5.Statistical analysis indicated that the survived ADSCs were significantly higher in
N-ADSCs than in ADSCs (P < 0.05).

* P <0.05. ADSCs, fighskiRayFamii; PBS, B4R 4% o 5ik; N-ADSCs, Netrin-1 # J 8%

ADSCs.
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B N S v S DA o=
PBS

CD31 [P A0

B 3-6 PBS 41, ADSCs 44= N-ADSCs 487 CD31 89X & 1 %z B F R &,
Figure3-6. Representative immunohistochemical staining for CD31 in the PBS, ADSCs, and
N-ADSCs groups.

Hp] R=100um. ADSCs, f&H5 Rk iRa9FmAe; PBS, AHER 34 o %5ik; N-ADSCs, Netrin-1

% J 49 ADSCs,

Microvessel density/PF

C C

o
S

)
L

»

K 3-6 &5 472w, N-ADSCs 48 #) it ¥ % & 2 % & T ADSCs #84= PBS f #& 28.(P <0.01)
Figure3-6 Quantitative analysis revealed that microvessel densities were significantly higher in the
N-ADSCs than in the ADSCs and PBS control groups (P<0.01).

* P <0.05, ** P <0.01, ADSCs, fi& 7 & /& &9 T 2a j; PBS, #4E2 3 4% »F /5% ; N-ADSCs, Netrin-1

4% 4¢84 ADSCs.

58



el e VAT g

1]
I

3.3. Netrin-1 if§#% ADSCs 7#5&, 185, %%, fHMAIMESE RIS FHlE

Western Blot iR, Toit@{EfRIMERZARP, 5 ADSCs 414HL, N-ADSCs
YR f) PISK / AKT / eNOS / P-38 / NF-xB {5 5B B (BB AL ¥ iE -l (K
3-7A, 3-8A). Giit iR, fEMRSMNIAN, N-ADSCs ') PI3K / AKT / eNOS
/ P-38 | NF-xB {5 51& S %1k W% =T ADSCs 41 (P<<0.05, K 3-7B,
3-8B). J—7Jilfl, 5 ADSCs Zi#fLl, ERK1/2 F1 INK [)3RiL7/E N-ADSCs H1i%
A E, BT ERKL/2. INK K P-38 =342 MAPK 25 58 b 1 Gk Hiif
BH, FULRATHENE Netrin-1 X ADSCs i, MAPK {558 % 7 fg H 8
i P-38-MAPK, {H/27%4 ERK1/2-MAPK 5 INK-MAPK {55 il 4% H1 3435 - A FT
JE%1, PIBK / AKT / eNOS [J3#0E %) ADSCs M5 , 43 AL AN 1 28 5% B B[ 196] .
BEAh, SCHRIRIE Netrin-1 7T UEIE PISK / AKT / eNOS 15 538 B 75 iR B &S R K
S8 A B 400 M ) 400 B A2 0 A0 (i 2 ML BT A2 [197] - L Ah, P38-MAPK #iiE sk 5
WMAET, SRR A 5[198]. 1 NF-«B 78 BA H4i i T /M, 9 Hfg
it i VEGF [3RIE, 1XAT R M B A . ASHFSC IR IIES] 1 Netrin-1 7E & 41
AN U5 ADSCs [IA7EE, S85E, iTF, REPHAIILE £ R i E 2 T Re

q ADSC N-ADSC B T3 ADSC
-——— Hl N-ADSC
P-AKT |

pprak ———
PI3K
ppyg T —
pig  ——
PLENOS | — e—
eNOS
o E " T I
L‘ QT Q@*Q o \‘-.“* S

JNK —— £ S\“—* & \_}0 &
ERK1, T
B-actin ‘—-

E
ﬂ
|

e = =
™ =] [X]
1 1 h
Es

=

e
-
1

Relative kinase ratio

H
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P 3-7 Netrin-1 24k sF AT ADSCs 8915 5 i@ % .
Figure3-7 Signaling pathway of Netrin-1 on ADSCs in vitro.
a9 ADSCs 5 N-ADSCs st b dg P-AKT, AKT, P-PI3K, PI3K, P-P38, P38, P-eNOS,
eNOS, P-NF-xB, NF-xB, JNK #= ERK1 / 2 #) Western Blot % (A). &itF o4&,
5 ADSCs #a4atk, N-ADSCs 42 PI3K / AKT / eNOS / P-38 / NF-kB 1z 5 il % 69 B BR AL K -F =
B2 EiF, @ INK 5 ERKL / 2 W R#& (B). * P <0.05. ADSCs, A&l kik&yTFmia;
N-ADSCs, Netrin-1 4 % # ADSCs.

ADSC N-ADSC B [ ADSC
A EE N-ADSC
P-AKT S e

AKT  'W— -

P-PI3K
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K 3-8: Netrin-1 /£ /& ALk 4¥ %2 T2DM /s RAK A 7857 ADSCs #9125 i@ % .
Figure3-8. Signaling pathway of Netrin-1 on ADSCs in vivo in T2DM denerved mice.
R % ADSCs 5 N-ADSCs *t kb 49 P-AKT, AKT, P-PI3K, PI3K, P-P38, P38, P-eNOS,
eNOS, P-NF-kB, NF-kB, JNK #= ERK1/2 ¢ Western Blot 3% (A). %t ok, 5
ADSCs #a48t, N-ADSCs 2 PI3K / AKT /eNOS / P-38 / NF-kB 13 5 i 5% & B B A K- &
2% LA, @ INK 5 ERK1/2 I & (B).* P <0.05, ADSCs, i§ I % & &4 -F 4@ ftL; N-ADSCs,
Netrin-1 4% 4 49 ADSCs.

3.4. Netrin-1 g% ADSCs 5= 47 3h 20 Bl (& F Fn 4 < E Fr91E F

¥ ADSCs F1 N-ADSCs 1E =] % i 55 72 3L 55 57 48 /INb, SRS UREE HIBTIR
Fraad ELISA HEAT M7 . 25 5K 81, 4 f (A1 F A= K R -F- 4 VEGF, b-FGF, HGF,
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Fig3-9 Cytokines and growth factors in N-ADSCs. ELISA showed that the levels of cytokines and
growth factors, including VEGF, b-FGF, HGF, TNF- o, PDGF, EGF, IGF-1, and Netrin-1, were
upregulated in N-ADSCs as compared to ADSCs.

ADSCs, J& 7%k k49T 4mie; N-ADSCs Netrin-1 4 %49 ADSCs; VEGF % 1 B 4 K H-F;
b-FGF, #ltm 4f 4 mie 2 K B F; HGF, M @i+ K ®F; TNF-a, I¥98 3% H T -o; PDGF,
AT A A KE T EGF, A HAKET; IGF-1, MRBHAHAKET-1, *P<0.05,
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Introduction

Diabetes (DM) is a globally comorbid non-communicable disease. It is
essentially a systemic metabolic disorder with elevated blood glucose levels [1, 2].
Diabetes is usually divided into type 1 diabetes (TLDM), type 2 diabetes (T2DM),
gestational diabetes (GDM), and other specific types of diabetes. Type 2 diabetes is
the most common form. Diabetes has a variety of pathogenesis, and its specific
pathogenesis may be impaired insulin secretion or due to insulin resistance of target
organ tissues and / or extensive damage of pancreatic beta cells [1,3].

In the past few decades, the incidence and prevalence of diabetes worldwide has
shown a significant increase. As more and more people form unhealthy lifestyles and
eating habits, the future incidence is expected to continue to rise. According to the
International Diabetes Federation and the World Health Organization, the number of
people with diabetes worldwide has risen from 153 million in 1980 to 425 million in
2017. It is estimated that by 2020, 629 million people worldwide will have diabetes [4,
5]. Among them, the growth rate of diabetes in developing countries is particularly
significant due to the improvement of economic conditions, the improvement of living
standards and the acquisition of bad habits from developed countries. As a
representative of developing countries, in the past 30 years, Chinese diabetes patients
have soared from 1% of the population in 1980 to 10.9% in 2013. At present, more
than 121 million people in China have diabetes, and the number of people with
diabetes ranks first in the world [6-9]. At the same time, the International Diabetes
Federation estimates that as many as 212 million people with diabetes worldwide
have not detected diabetes. Therefore, the actual incidence of diabetes is even higher
[10,11].

The main hazard of diabetes is the destruction of the target organs and tissues by
the continuously elevated blood glucose. Without intervention, it will eventually cause

a variety of diabetic complications. Its specific pathogenesis includes certain genetic
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and epigenetic modifications, nutritional factors and sedentary lifestyles [12]. Acute
complications of diabetes include, for example, diabetic ketoacidosis (DKA),
hyperglycemia, hypertonic state (HHS), lactic acidosis, and hypoglycemia, which are
important causes of high morbidity and mortality in diabetes, and greatly increase the
difficulty and cost of diabetes nursing[13,14]. Chronic complications are mainly
vascular lesions caused by diabetes. Including: (1) diabetic macrovascular
complications, mainly cardiovascular disease (CVD), including coronary heart disease,
stroke and peripheral arterial disease (PAD), the main reason is a series of
atherosclerosis and macroangiopathy caused by diabetes. (2) Diabetic microvascular
complications: including end-stage renal disease (ESRD), diabetic retinopathy (DR),
diabetic neuropathy (DN), and lower extremity amputation (LEA) caused by diabetes.
The pathogenesis of diabetic microvascular complications may include: production of
advanced glycation end products (AGEs), creation of a pro-inflammatory
microenvironment, induction of oxidative stress, etc. [15-17].

In recent years, as clinicians' awareness of diabetes has deepened, and patients'
health awareness and compliance have increased, the application of various
hypoglycemic drugs such as insulin, metformin, and antiplatelet and lipid-lowering
drugs such as aspirin and statins have become popular. Although the incidence of
CVD in diabetic patients is still 2-4 times higher than that in non-diabetic patients, it
is gratifying that the prevalence of CVD and CVD-related mortality in diabetic
patients have decreased in the past 20 years [18-22]. However, the total amputation
caused by diabetic microangiopathy has not only decreased significantly, but reported
to be on the rise in some countries [23, 24]. Due to its high incidence, early but
insidious onset, long course of disease, and difficulty to cure, a considerable number
of patients are not sensitive to pain due to diabetic peripheral neuropathy, and thus
cannot be diagnosed early by diabetic peripheral vascular disease. Symptoms of
typical arterial stenosis and occlusion, such as intermittent claudication and rest pain
caused by lower limb ischemia, are often treated in the event of severe vascular

complications [25-28]. The complexity of vascular lesions combined with neuropathy
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often leads to further deterioration of the disease, prolonged unhealed condition, and a
considerable number of patients progress to diabetic foot [29-31]. Clinically available
treatments, such as conservative drug therapy, vascular reconstruction, and
percutaneous transluminal angioplasty, can improve the patient's condition and
prognosis to varying degrees, but the long-term efficacy is not ideal, and there exists
limitation to clinical applications. Diabetic patients with severe ischemia (CLI) of the
lower limbs who have lost the opportunity for surgery and intervention often end in
amputation, and some patients are even at risk of life [32-35]. This not only brings
great suffering to patients, but also brings a heavy financial burden to medical and
health care. Therefore, solving the problem of diabetic peripheral neurovascular
disease (DPNV), restoring peripheral nerve vessels, avoiding amputation or even
death, has become an urgent problem to be solved.

In recent years, stem cell transplantation technology and regenerative medicine
have been developing rapidly. A large number of studies have confirmed that stem cell
transplantation can promote the formation of ischemic limb collateral vessels [36-40],
improve and restore the blood flow of the affected limb, improve the quality of life of
patients, and achieve therapeutic limbs. Stem cell treatment of severe limb ischemia
has demonstrated a good clinical application prospect and has become a hot topic in
current research [41-45]. Currently, various stem cells have been used in tissue
engineering and regenerative medicine. Stem cells are mainly divided into three major
categories: embryonic stem cells (ESCs), fetal stem cells (FSCs), and adult stem cells
(ASCs). Embryonic-derived stem cells include fetal tissue cells, cord blood cells,
placenta and amniocytes, hematopoietic stem cells (HSCs), and mesenchymal stem
cells (MSCs). Adult stem cells can be divided into bone marrow stromal cells
(BMSCs), muscle satellite cells, neural stem cells (NSCs), hematopoietic stem cells
(HSCs), and adipose-derived stem cells (ADSCs) [46, 47]. ESCs are capable of
self-renewal and differentiation into any type of cell in the body, but due to ethical
and political considerations, it is difficult to apply ESCs to clinical research and

practice. Induced pluripotent stem cells (iPSCs) are genetically recombined somatic
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cells that have the characteristics of ESCs. However, the lower induction efficiency of
IPSCs and the complexity and cost of acquisition methods make it difficult to obtain
and apply in large quantities [48, 49]. Adult stem cells, including BMSCs, HSCs and
endothelial progenitor cells (EPCs), have been used clinically and experimentally, and
have achieved certain therapeutic effects [50-52], but the risk of collecting peripheral
blood or bone marrow stem cells is high, and the patient experience was poor, and
most of the patients are elderly, often combined with a variety of underlying diseases,
the number of HSCs and EPCs in BMSCs and peripheral blood is not only reduced,
but also proliferation, migration, differentiation and angiogenic capacity are
significantly reduced, it is difficult to meet a wide range of clinical applications [53].
ADSCs, which have become hot spots in recent years, can be found in any type of
white adipose tissue, including subcutaneous fat and omental fat [54]. Humans have
abundant subcutaneous fat tissue, especially in patients with diabetes, often with
obesity, liposuction can easily acquire large amounts of adipose tissue and was
clinically safe without side effects [55, 56]. Studies have found that adipose tissue
contains a large number of ADSCs, which can differentiate into adipocytes,
osteoblasts, chondrocytes, cardiomyocytes, nerve cells, etc., with strong
multi-directional differentiation potential, they can differentiate into endothelial cells
and smooth muscle cells under specific induction conditions. And ADSCs can secrete
a variety of pro-angiogenic factors, promote autologous blood vessel formation after
autologous or allogeneic transplantation, and improve blood flow in the ischemic
lower limbs of mice [36, 57]. The study found that compared with autologous bone
marrow and peripheral blood stem cells. Adipose tissue acquisition is much cheaper
than bone marrow, less invasive, more numerous, and has a higher stem cell
proliferation rate than BMSCs, and still retains stem cell phenotype and mesenchymal
pluripotency over 25 generations [58-63]. Therefore, adipose tissue is a rich, practical,
and attractive source of autologous cell replacement donor tissue. Adipose
tissue-derived ADSCs are promising as a suitable treatment for DPNV,

In recent years, domestic and foreign scholars have carried out a lot of research
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work on stem cell transplantation for the treatment of lower limb ischemia in diabetic
patients. Some studies have been applied in clinical trials. Although the symptoms of
lower limb ischemia and objective indicators of diabetic patients have improved to
some extent, its long-term efficacy is still poor [36, 64-70]. At the same time, Koc¢i Z
et al found that ADSCs extracted from patients with diabetic lower extremity ischemia
had significantly reduced proliferative capacity and paracrine ability compared with
the normal group, and the level of apoptosis increased [71]. Diabetic ADSCs extracted
from the body fat of diabetic patients by Ja Hea Gu et al. showed significant damage
and deficiency in producing vascular endothelial growth factor (VEGF) and inducing
cell proliferation under hypoxic conditions [72]. A large number of animal
experiments and studies have also found that the proliferation of ADSCs in diabetic
mice is impaired, and the angiogenic ability is impaired or even lost [73-76]. Rennert
RC et al. used single-cell analysis and other techniques to discover that the
microenvironment of diabetes changes the niche of ADSCs in situ and selectively
depletes subpopulations of cells expressing angiogenesis-related genes, thereby
making diabetic ADSCs in vitro and in vivo show impaired angiogenic capacity [77].
The above studies show that the persistent high glucose environment in diabetic
patients reduces the survival, migration and angiogenic ability of ADSCs transplanted
in the target lesions, which makes the treatment effect of ADSCs on DPNV greatly
impaired, unable to meet the clinical needs, its mechanism may be associated with
advanced glycation end products, production of pro-inflammatory microenvironment
and induction of oxidative stress, but the specific mechanism is not fully understood
[15-17]. Therefore, how to promote the survival and differentiation of ADSCs in the
diabetic vascular injury sites and promote the regeneration of diabetic blood vessels
after denervation is of great significance for the prevention and treatment of DPNV
lesions.

Studies found that DPNV is a mixed lesion with vascular, neurological and tissue
damage [28,78-80]. Previous studies have often focused on the role and significance

of a single factor in the treatment of DPNV, without the functional units of nerves and
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blood vessels as a whole, and neglecting the important role of neurological factors in
regulating angiogenesis, so the efficacy is limited [26, 81-83]. In addition, nerves and
blood vessels exhibit similar complex branches and growth patterns that follow the
same migration path to the same target organ or site. The similarities between
angiogenesis and axon growth suggest that they may be regulated by some common
signaling molecules [84]. Studies by Jones and Li have shown that some signaling
molecules can regulate neural and vascular developmental processes [85], especially
four pairs of ligands and receptors that were originally thought to affect axon
growth-directed regulators, and most studies have confirmed at the same time
participate in the formation of blood vessels [86-88]. Netrin-1 is the first identified
axon guidance factor. Netrin-1 and G-netrin share homology with the laminin gamma
chain. The peptide consists of nearly 600 residues of an amino terminal region VI.
Repeated three layers of adhesion-type epidermal growth factor (V-1, V-2, V-3) and
one carboxy terminal region [89]. Another study found that Netrin-1 not only
participates in the functional activities of the nervous system, but also participates in
the functional activities of the vascular system. Ding et al. demonstrated that Netrin-1
not only promotes neuronal migration and secretion in the central nervous system, but
also regulates the survival, adhesion, migration, proliferation and differentiation of
endothelial cells and stem cells in non-neural tissues, and inhibits their apoptosis [90,
91]. Wilson et al. systematically studied zebrafish and mammals, confirming that
Netrins can induce angiogenesis. Netrin-1 activates the Src/FAK/paxillin-related
signaling pathway by binding to the UNC5H receptor to promote adhesion, migration
and proliferation of vascular endothelial cells, forming a new capillary network that
can be inhibited by inhibiting zebrafish NTN-1 mRNA[92]. Lu et al. also found that
Netrins stimulates angiogenesis in mammals and accelerates angiogenesis in ischemic
tissues. This process relies on the Netrin-1 receptor DCC to regulate the ERK/eNOS
signaling pathway [93]. Brunet et al. demonstrated that Netrin-1, Netrin-4 and VEGF
promote angiogenesis, but Netrin-1 has a greater advantage in promoting the dual

roles of endothelial cell differentiation and recovery of nerve damage [94]. In addition,
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Netrin-1 is involved not only in nerve growth and angiogenesis; it also enhances
mitosis, migration and adhesion of endothelial cells at different stages of human blood
vessels and lymphatic systems [95]. Therefore, we believe that overexpression of
Netrin-1 by gene transfection of ADSCs can improve the viability of ADSCs under
hyperglycemia, migration and differentiation into vascular endothelial cells, and
promote DPNV angiogenesis.

With regard to the basic research of Netrin-1, which has both the dual effects of
promoting nerve growth and angiogenesis, the clinical attention to Netrin-1 is
increasing day by day. With the increase and deepening of clinical research, Netrin-1
and the clinical relevance of various inflammatory diseases is also becoming clearer.
Mulero P et al.examined 90 patients with multiple sclerosis and 30 blood samples
from the control group and found that serum levels of Netrin-1 were significantly
lower in patients with multiple sclerosis, especially in relapsed patients.. It is
suggested that Netrin-1 may be a biomarker of active inflammation in multiple
sclerosis [96]. Reeves WB et al found that the expression of Netrin-1 in the kidney
increased in the renal ischemic response, presumably as a homeostatic measure
limiting tissue damage. Acute kidney injury (AKI) model induced by renal ischemia
in mice showed a decrease in renal tubular Netrin-1 expression and a decrease in
Netrin-1 levels in urine [97]. This observation was validated in a prospective clinical
trial. Ramesh G et al. confirmed that elevated levels of Netrin-1 in the urine of
patients after cardiovascular surgery were significantly associated with AKI,
suggesting Netrin-1 can be used as a biomarker for acute kidney injury [98]. In
myocardial ischemia-reperfusion, many cell and animal experiments have shown that
Netrin-1 plays an important role in protecting myocardium during myocardial
ischemia-reperfusion, and may serve as a non-surgical therapeutic target for
myocardial ischemia-reperfusion in the future [99-103]. At the same time, many
studies have found that Netrin-1 also has potential as a biomarker in diabetes and
diabetic complications. A recent clinical study by Jung et al. showed that Netrin-1

may be a new biomarker for early detection of impaired fasting glucose (IFG) or
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T2DM. They found a significant increase in serum Netrin-1 levels in patients with
IFG or T2DM compared with controls, serum Netrin-1 versus fasting blood glucose,
glycosylated hemoglobin (HbAlc), HOMA insulin resistance index (HOMA-IR),
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
significantly positively correlated, and Netrin-1 was significantly negatively
correlated with high-density lipoprotein (HDL) cholesterol and glomerular filtration
rate (eGFR). In addition, serum Netrin-1 has an independent association with the
presence of IFG or T2DM [104]. In contrast, Liu et al. conducted a clinical study of
56 patients, of which 30 new patients with type 2 diabetes were assigned to the
treatment group and the rest were assigned to the control group to assess Netrin-1 in
diabetic patients. They found that Netrin-1 levels were significantly lower in diabetic
patients than in healthy controls. In addition, the degree of Netrin-1 was negatively
correlated with the steady-state model evaluation of insulin resistance and blood
glucose (fasting and postprandial), fasting insulin, triglyceride (TG), and hemoglobin
Alc levels [105]. The findings of the above two clinical studies at the Netrin-1 level
and DM clinical relevance are contradictory, so further high quality studies are needed
to determine the actual relationship between the two. In terms of diabetic
complications, J. Liu et al. included a total of 18 patients with diabetes, including 10
patients with DR and 8 patients without DR. The levels of Netrin-1 and VEGF in the
vitreous of patients with DR were significantly higher than those in the control group
[106]. K. Miloudi et al found that patients with diabetic macular edema and controls
without diabetic macular edema found that intravitreal Netrin-1 was significantly
increased 8-fold in patients with diabetic macular edema [107]. Many studies in
recent years have shown that Netrin-1 may be a new biomarker and potential
therapeutic target in diabetic retinopathy. In terms of diabetic peripheral neuropathy,
Netrin-1 has a long-lasting chemical attraction capacity, which can enrich axon
extension and is highly expressed in the adult nervous system after injury. Dun and
Parkinson's experiments showed that Netrin-1 plays a crucial role in maintaining

Schwann cell proliferation, peripheral nerve regeneration and migration. Therefore, in
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order to stimulate the recovery and available recovery of damaged peripheral nerves,
targeting the Netrin-1 signaling pathway would be a new therapeutic strategy [108,
109]. These data also suggest that Netrin-1 may be an endogenous trophic factor for
Schwann cells in damaged peripheral nerves [109]. Therefore, Netrin-1 may also be a
potential biomarker and therapeutic target for diabetic peripheral neuropathy, which is
also a diabetic complication.

The relevant basic and clinical research of Netrin-1 is in full swing. However,
there are no clinical studies to confirm the clinical correlation between Netrin-1 and
DPNV, and whether Netrin-1 has a regulatory effect on the treatment of DPNV in
ADSCs. However, combined with previous literature studies and our previous work,
we believe that there is a clinical correlation between Netrin-1 and DPNV, perhaps a
potential biomarker for DPNV. Furthermore, overexpression of Netrin-1 by ADSCs
can improve the ability of ADSCs to proliferate, migrate and differentiate into
vascular endothelial cells after transplantation in vivo under conditions of
hyperglycemia, thereby promoting angiogenesis of DPNV.

Therefore, this study intends to first obtain the ischemic muscle tissue of the
lower limbs and peripheral blood mononuclear cells in clinical diabetic and
non-diabetic patients, and analyze the Netrin-1 and inflammation in the pathological
tissues of diabetic patients by immunohistochemistry, immunofluorescence, WB, PCR,
etc. Factor expression levels, small vessel density, number of macrophages, and
colocalization of Netrin-1 and endothelial cells, and statistical analysis of the clinical
correlation between the expression of Netrin-1 and DPNV in diabetic hyperglycemia
environment. Secondly, in the cell experiment, the adipose tissue of C57/BL mice was
obtained, ADSCs were isolated and cultured, and a stable gene transfection system
was established to make ADSCs overexpress green fluorescent protein (GFP) and
Netrin-1 (N-ADSCs). CCK-8, WB, flow, Transwell, etc. were used to detect the
differences in the proliferation, migration, adhesion, and differentiation into
endothelial cells of N-ADSCs and ADSCs in a high glucose environment. In vivo, it is

proposed to construct a T2DM mouse (db/db) lower limb denervation model,
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transplant N-ADSCs and ADSCs in vivo, and observe the blood perfusion by laser
Doppler, and evaluate the ADSCs in vivo by immunofluorescence and
immunohistochemistry. Survival, migration, differentiation, and efficiency of
angiogenesis. Finally, Western Blot was used to investigate the signaling pathways of
proliferation, migration, adhesion, differentiation, proangiogenic ability and apoptosis
of Netrin-1 mediated ADSCs. ELISA was used to detect Netrin-1 mediated paracrine
secretion of ADSCs to clarify the specific molecular mechanism of Netirn-1
regulating ADSCs proliferation, migration and treatment of diabetic vascular

neuropathy.
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Chapter 1  Study on the clinical correlation between
Netrin-1 and DPNV

1. Introduction

With the prolongation of life expectancy, the improvement of people's living
standards and the popularity of western life and eating habits, diabetes has become a
major chronic disease that jeopardizes people's health [1-3]. The danger of diabetes is
not only that the persistent hyperglycemia state provides a breeding ground for other
diseases such as atherosclerosis, hypertension, cancer and infectious diseases, but also
becomes an independent risk factor for many major diseases, and many complications
were caused by it. It also constantly threatens the health of the people [12-17]. Among
the many complications of diabetes, diabetic peripheral vascular disease (DPNV) is a
mixed disease of blood vessels and nerves and surrounding tissue damage, leading to
insidious onset, long course of disease, and often ulceration of diabetic foot, ended
with the distal avascular ischemia and necrosis. According to statistics, the risk of
suffering from foot ulcers in diabetic patients may be as high as 25%. The lower
extremity amputation rate of diabetic patients is 15 times that of non-diabetic patients.
The annual incidence of foot ulcers in patients with type 1 or type 2 diabetes is 1.9%
to 2.2% [110-112], and patients with diabetic foot ulcers develop toe ulcer, in severe
cases, amputation, and more, due to the massive absorption of toxins from the
extremity of the extremities, leading to death of multiple organ failure such as liver
and kidney [113-115]. Although there are medical treatments, revascularization,
percutaneous transluminal angioplasty (balloon dilatation and stent implantation), but
simply blood glucose control could not control the DPNV progression and intra-stent
occlusion, the long-term efficacy is not ideal [116-119]. Therefore, DPNV brings a
huge burden to China’s health care system.

The main culprit of DPNV is persistent hyperglycemia caused by metabolic

disorders in diabetes [120]. More and more studies have found that inflammation
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plays a crucial role in the destruction of peripheral nerve cells and vascular
endothelial cells by hyperglycemia. The mechanism of hyperglycemia damage to
peripheral nerve cells is mainly due to the increase in intracellular reactive oxygen
species (ROS) mitochondria production. ROS causes strand breaks in nuclear DNA,
which in turn activates adenosine diphosphate ribose polymerase (PARP). PARP then
modified glyceraldehyde phosphate dehydrogenase (GAPDH) to reduce its activity.
Finally, reduced GAPDH activity activates the polyol pathway, increases intracellular
AGEs formation, activates protein kinase C (PKC) and subsequent nuclear
factor-kappa B (NF-«B), and activates the hexosamine pathway. These four
mechanisms, in turn, produce more ROS through pro-inflammatory responses such as
endoplasmic reticulum stress and activation of p38 mitogen-activated protein kinase
(p38 MAPK), thus forming a self-reinforcing disease mechanism [121]. The
mechanism of vascular endothelial cell injury caused by hyperglycemia is also related
to oxidative stress: high concentration of glucose in cells leads to PKC activation, and
then activation is linked by reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and p66Shc protein, which produces a lot of ROS. The dramatic
increase in oxidative stress causes rapid deactivation of nitric oxide (NO), resulting in
the large production of the prooxidant peroxynitrite (ONOO-), which is responsible
for protein nitrosylation. At the same time, PKC activates the related enzyme activity,
thereby enhancing the uncoupling of endothelial nitric oxide synthase (eNOS) and
leading to the further accumulation of free radicals. On the other hand, hyperglycemia
reduces eNOS activity and attenuates the activation phosphorylation of Serl177. At
the same time, hyperglycemia-induced PKC activation leads to increased synthesis of
endothelin-1 (ET-1), induction of vasoconstriction and platelet aggregation.
Superoxide anion accumulation also promotes pro-inflammatory gene monocyte
chemoattractant protein-1 (MCP-1), vascular cell adhesion molecule-1 (VCAM-1)
and intracellular adhesion by activating NF-«xB signaling. Upregulation of molecule-1
(ICAM-1). These events lead to monocyte adhesion, migration and blood cell

exudation, forming foam cells in the sub-endothelial layer. Inflammatory factors from
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foam cells cause blood vessels to be in an inflammatory state as well as smooth
muscle cell proliferation, thereby accelerating the atherosclerotic process. Endothelial
dysfunction in diabetes is also due to increased thromboxane A2 (TXA2) by
up-regulating cyclooxygenase-2 (COX-2) and inactivating prostacyclin synthase
(PGIS) by increased nitrosation synthesis. In addition, ROS increases the synthesis of
the glucose metabolite methylglyoxal, leading to AGE/RAGE signaling and activation
of the pro-oxidant hexosamine and polyol pathways [122-129]. Therefore,
hyperglycemia mainly causes nerve cells and vascular endothelial cells to enter a
series of intensifying inflammatory states, thereby destroying their functions,
eventually leading to the outcome of DPNV and diabetic foot ulcer necrosis. At the
same time, Papanas N and other studies have found that the low level of
pro-inflammatory state produced by persistent hyperglycemia in diabetes makes
neuropathy and vascular dysfunction even in pre-diabetes and impaired glucose
tolerance [130]. The above research on the mechanism highlights the importance of
hyperglycemia to promote inflammation and the need for early intervention.

In recent years, the diagnostic and therapeutic value of Netrin-1 in various
inflammatory diseases has been continuously explored. Studies found that Netrin-1
inhibits inflammation and protects normal cells [131-135]. Many acute and chronic
inflammatory diseases are accompanied by an increase or decrease in Netrin-1
expression [96-105]. This may inhibit the migration of inflammatory cells, inhibit the
production of inflammatory cytokines and chemokines, inhibit the expression of
COX-2 by inhibiting NF-kB activation, and promote the differentiation of
macrophages to anti-inflammatory M2-like phenotypes. And mechanisms related to
the regulation of inflammatory responses through signal transduction pathways such
as MAPKs, ERKs, and p38 [136-137]. At the same time, Netrin-1 has been reported
to reduce inflammatory response after myocardial ischemia-reperfusion, inhibit
oxidative stress and inflammation of nerve cells and vascular endothelial cells, and
resist apoptosis [100-107]. However, whether the expression of Netrin-1 is clinically

relevant to inflammation-mediated DPNV has not been reported. The specific
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mechanism of action of Netrin-1 in the development of DPNV is not clear. Therefore,
this study intends to obtain the lower limb ischemic muscle tissue and peripheral
blood serum of clinical diabetic and non-diabetic patients, and analyze the expression
levels of Netrin-1 and inflammation factors in diabetic patients pathological tissues
and blood, the small vessel density and colocalization of Netrin-1 and endothelial
cells by immunohistochemistry, immunofluorescence, Western Blot, ELISA, etc. And
make statistical analysis of the clinical correlation between the expression of Netrin-1

and DPNV in diabetic high glucose environment.

2. Materials and methods

2.1. Materials

2.1.1. Primary reagent

TBS Buffer (Bole Life Medical Products (Shanghai) Co., Ltd., China)

PBS phosphate buffer (1x, PH 7.2-7.4) (Beijing Suo Laibao Technology Co., Ltd.,
China)

TBST Buffer (1x) (Beijing Suo Laibao Technology Co., Ltd., China)

Coomassie Brilliant Blue Solution (Bio-Bio Engineering (Shanghai) Co., Ltd.,
China):

Bovine serum albumin (BSA, Sigma, USA)

4% paraformaldehyde (Shanghai Jingdu Biotechnology Co., Ltd., China):

Methanol (Shanghai Daixuan Biotechnology Co., Ltd., China)

95% ethanol (Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)

75% ethanol ((The Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)

Isopropyl Alcohol (Sigma, USA) (Shanghai Daixuan Biotechnology Co., Ltd., China)
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Chloroform (Sigma, USA)

Rabbit anti-CD31 polyclonal antibody (Abcam, UK)

Mouse anti-Netrin-1 polyclonal antibody (Abcam, Cambridge, UK)
FITC-Sheep Anti-Mouse IgG Polyclonal Antibody (Abcam,Cambridge, UK)
Fluor 555-Sheep Anti-Rabbit IgG Polyclonal Antibody (Invitrogen, Carlsbad, CA)
DAPI (Xi'an Huert Biotechnology Co., Ltd., China)

Resin (Epon, Merck, Darmstadt, Germany)

OCT embedding agent (DAKO, USA)

Fluorescent sealing tablets (DAKO, USA)

Matrigel Gel (Sigma, USA)

ELISA kit (Shanghai Yiyan Biotechnology Co., Ltd., China)

2.1.2. Main instruments and equipment

15 ml centrifuge tube (Corning Inc., USA)

50 ml centrifuge tube (Corning Inc., USA)

Centrifuge (Thermo, USA)

Deionized water system (Millipore, USA)

Ultra-clean workbench (Jiangsu Sujing Group, China)
Inverted microscope (Olympus, Japan)

LumiStation 1800Plus Chemiluminescence Microplate Reader (Shanghai Flash
Biotechnology Co., Ltd., China)

Fluorescence microscope (Nikon, Japan)

Precision Balance (Mettler Toledo, Switzerland)

Balance (Shanghai Chengyang Instrument Co., Ltd., China)
Refrigerator (Beijing Tiandi Jingyi Co., Ltd., China)

6-well plate (BD Falcon, USA)

Petri dish (BD Falcon, USA)

0.22 um needle filter (Millipore, USA)

40 pm filter (BD Falcon, USA)
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PCR instrument (Thermo Hybaid, USA)

Image J software (Rawak Software Inc., Stuttgart, Germany)

Dissecting microscope (Shanghai Optical Instrument Factory, China)

Microsurgical instruments (Jiangsu Bomeida Life Science Co., Ltd., China)

Vacuum fully enclosed tissue dewatering machine (LABSUN GERMANY, Germany)
KD-2850 Low Temperature and Constant Cooling Slicer (Beijing Century Science
and Technology Instrument Co., Ltd., China)

2.1.3 Clinical specimens

The clinical specimens were taken from the Department of Vascular Surgery, the
Ninth People's Hospital of Shanghai Jiaotong University School of Medicine, who
received amputation of the lower extremities (thigh and calf) from 2017 to 2019.
Among them, 15 were diabetic patients , 13 patients were non-diabetic with acute
lower extremity arterial embolism, the patients signed the informed consent form, the
doctor took the patient's lower limb ischemic muscle tissue specimens, a total of 28
cases. The ischemic muscle specimens were taken from the proximal end of the limb

of the proximal patient's amputation.

2.2. Methods

2.2.1Acquisition and management of clinical samples

2.2.1. Management of blood sample

All patients with severe ischemic lower limb ischemia and acute arterial
embolization were enrolled in the study. After extracting 10 mL of peripheral venous
blood, they were stored in a gel-promoting tube and quickly transferred to the
laboratory. The blood collection tube was put in a 37 <C incubator for 30 minutes.
After the blood clots were agglutinated, the blood collection tube was centrifuged on a
centrifuge, 1000 g, 15 minutes, and the serum was separated by a pipette and placed

in a frozen pipe in a -80 °C refrigerator for subsequent ELISA testing.
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2.2.1.2 Management of tissue sample

The specimens obtained during the operation were immediately placed in the ice
box and quickly transferred to the laboratory to perform treatment measures in a
sterile environment, as follows:

(1) For obtaining the ischemic muscle tissue specimens of the lower limbs, the
tissue was cut into several pieces of tissue pieces of appropriate size (>3>3>3 cm?®)
and stored in a refrigerator at
-80 T for subsequent Western Blot experimental analysis;

(2) Cut the remaining ischemic muscle tissue specimens of lower limbs to a size
of about 0.6>0.6>0.6 cm?, place them in 4% paraformaldehyde, and sterilize them in a
refrigerator at 4 <C overnight. On the second day, the fixed specimen was embedded in
the OCT embedding agent, and it was continuously cut into frozen sections with a
thickness of 10 pm using a cryostat, placed in a refrigerator at -20 <C for subsequent

immunohistochemistry and immunofluorescence detection.

2.2.2. The co-localization of Netrin-l and CD31 was detected by

immunofluorescence staining

(1) Using a 0.3% Triton-X solution for 10 min at room temperature, and then
rinsing the specimen 3 times with PBS for about 5 min each time;

(2) Using 10% goat serum to seal the specimen at 37 <C for 30 min;

(3) Adding rabbit anti-CD31 antibody (1:200 dilution) and mouse anti-Netrin-1
antibody (diluted 1:250) in turn according to the instructions, and adding PBS to the
control group, and place at 4 ©C overnight. Rinsing the specimen 3 times with PBS
for about 5 min each time;

(4) Adding Fluor 555 goat anti-rabbit 1gG antibody and FITC goat anti-mouse
IgG antibody (1:500 dilution) to the specimen in turn, placing it in a black box and
protecting it from light, and placing it at 37 <C for about 60 min. After the incubation,

Rinsing the specimen 3 times with PBS for about 5 min each time;
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(5) The cells were stained with DAPI (diluted 1:1000), and after 2 min
incubation, the samples were rinsed with PBS for about 5 min;

(6) The film was sealed with a fluorescent sealing tablet, and the fluorescent
sheet of the specimen was prepared, and then recorded under a fluorescence

microscope.

2.2.3 The expression of Netrin-1 and the density of small blood vessels were

detected by immunohistochemical staining

(1) The frozen sections were placed in 1 mM EDTA, heated at 95 <C for 10
minutes, and cooled to room temperature at room temperature to perform antigen
retrieval;

(2) Fixing the cells or sections with an appropriate fixing solution, and washing
them twice with the immunostaining washing solution for about 5 minutes each time;

(3) Adding an immunostaining blocking solution, and blocking for about 60
minutes;

(4) According to the primary antibody instructions, the primary antibody was
diluted in an appropriate ratio. After the blocking solution was recovered, the diluted
primary antibody was added, and the mixture was incubated at room temperature for 1
hour to recover the primary antibody. Rinse the specimen 3 times with PBS for about
5 min each time;

(5) According to the instructions of the second antibody, diluting the secondary
antibody in an appropriate ratio. After the blocking solution was recovered, the diluted
secondary antibody was added, and the mixture was incubated at room temperature
for 1 hour to recover the secondary antibody. Rinsing the specimen 3 times with PBS
for about 5 min each time;

(6) The tablet was sealed with a sealing tablet, and the immunohistochemical
preparation of the specimen was completed, and then recorded under an optical

microscope.
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2.2.4. \Western Blot

(1) The lysate was firstly configured, and then the clinically acquired lower limb
ischemic muscle tissue was chopped and incubated with the lysate at 0 ©C to obtain a
tissue homogenate. The cells were disrupted in the ultrasound system, and the
supernatant was obtained by centrifugation in a centrifuge, then, the total protein
extraction was completed;

(2) The total protein was adjusted to a concentration of 2 pg/ul, and then the
loading buffer was added, placed in a centrifuge tube, and heated in boiling water for
5 min to denature the protein, cooled at 4 <C, and stored at -20 °C;

(3) After the total protein was taken out, it was returned to room temperature,
centrifuged at 10000 rpm for 1 min, then the SDS-PAGE gel was set according to the
instructions, the electrophoresis apparatus was assembled, the protein was added to
the electrophoresis well, and the marker was added to the blank well for
electrophoresis;

(4) Soaking the PVDF membrane with methanol for 1 min, rinsing it and putting
it into the membrane buffer. The gel obtained after electrophoresis was rinsed for 10
min, and then incubated with the PVDF membrane, and the membrane was
transferred to the membrane;

(5) After washing the PVDF filter with TBS, incubating it in the blocking
solution, and after 1 h, adding the diluted primary antibody and incubate at 4 <C
overnight;

(6) The PVDF filter was washed at room temperature and then incubated with
the secondary antibody for 2 h;

(7) The PVDF filter was washed three times, and then incubated with the ECL

luminescent solution, and then observed and recorded on the machine.
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2.2.5. Serum levels of inflammatory cytokines and Netrin-1 were detected by

ELISA

(1) Calculating and setting the gradient concentration and sample loading of the
standard well;

(2) Adding the sample to the blank hole and the sample hole to be tested, and the
amount of dilution after the sample was kept consistent with the standard product
hole;

(3) Incubating at 37 <C after sealing, the duration was 30 min;

(4) diluting the concentrated washing solution for use;

(5) After uncovering the sealing film, drying it, washing the holes with liquid,
pouring off after 30s, repeating 5 times and then drying;

(6) Adding the same amount of the enzyme labeling reagent to each well except
the blank well. Repeating (3) (5) operation;

(7) Adding coloring agents A and B to each well, shaking well, avoiding light,
incubating at 37 <C for 15 min, then adding a stop solution, and the reaction of each
well is terminated;

(8) The blank hole was set to 0, and the sample OD value was measured at 450

nm using a microplate reader.

2.2.6. Statistics

All the data in this study were analyzed using SPSS 18 software. All statistical
charts and tables were drawn using GraphPad Prism 5 software, and all data were
expressed as mean and standard deviation (SD). Quantitative values were compared
by Student's t test and one-way ANOVA. The statistical significance was defined as
*P < 0.05, **p<0.01; ***p<0.001. Each experiment was performed more than three

times.
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3. Results

3.1. Baseline characteristics of clinical patients

In order to express the clinical relevance of Netrin-1 protein in DPNV, we first
obtained the lower extremity muscle tissue and corresponding blood specimens of
patients with severe ischemic amputation of lower limbs, and the lower limb muscle
tissue specimens of patients with acute arterial embolization amputation and the
corresponding blood plasma samples were as a control.

Patients who required amputation after a strict clinical evaluation by a vascular
surgeon signed an informed consent form, and were obtained a blood sample before
surgery, and amputated muscle tissue during surgery. A total of 28 patients were
enrolled, including 15 patients with severe ischemic amputation of lower limbs and 13
patients with non-diabetic acute lower extremity arterial embolization. The baseline
characteristics of all clinical patients are summarized in Table 1-1.

After comparing the clinical baseline characteristics of the two groups of patients,
we found that in the amputation patients, there were 15 T2DM patients, 9 males and 6
females with an average age of 6949.3 years. There were 13 non-DM patients, 8
males and 5 females with an average age of 7148.1 years. There was no significant
difference in age and gender composition (P = 0.934). Except for 10.343.1mmol/L in
T2DM patients with randomized blood glucose, which was much higher than
4.8+1.1mmol/L in non-DM patients, the difference was statistically significant
(P<0.001). The rest were not statistically different in terms of blood pressure,
cholesterol, HDL and LDL. Therefore, the next step of proteomics and histology
could be performed in the clinical specimens of the two groups to observe the
difference of Netrin-1 expression in the ischemic muscle tissue of the lower limbs of

T2DM and non-DM patients.
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3.2. The expression of Netrin-1 in ischemic muscle tissue and peripheral blood of

T2DM was significantly decreased

The most important lesion of DPNV is the structural destruction and loss of
function of microvessels and large blood vessels. To explore the clinical relevance of
Netrin-1 to DPNV. First, we determined that Netrin-1 was co-expressed with
endothelial cell-specific marker CD31 on human endothelial cells by
immunofluorescence assay, demonstrating the colocalization of Netrin-1 with
endothelial cells (Fig. 1-1). Secondly, we used immunohistochemistry to determine
the expression of Netrin-1 and small vessel density in the ischemic muscles of the
lower limbs of T2DM patients and the control group. Histological and statistical
analysis showed that the expression level of Netrin-1 and small blood vessel density
in the lower extremity muscle of T2DM patients were significantly lower than those
in the control group (Fig. 1-2, Fig. 1-3, Fig. 1-4, Fig. 1-5). At the same time, Western
Blot of ischemic muscle tissue of the lower extremity quantitatively confirmed the
significant decrease in Netrin-1 expression in muscle tissue of T2DM patients (Fig.
1-6). ELISA of peripheral blood serum also showed a significant decrease in the
expression level of Netrin-1 in peripheral blood (Fig. 1-7). This study showed that the
expression level of Netrin-1 in the damaged part and systemic blood circulation was
related to the number of endothelial cells and the degree of vascular destruction of

DPNV. The expression level of Netrin-1 was clinically correlated with DPNV.

3.3. The expression level of inflammatory cytokines in peripheral blood of

patients with T2DM was significantly increased

Next, we used ELISA to detect the expression levels of IL-6, IL-18, MCP-1 and
IL-12 in peripheral blood serum of T2DM and control groups. The results of ELISA
and statistical analysis showed that the expression levels of inflammatory factors in
peripheral blood of patients with T2DM were significantly higher than those of the
control group (P<0.05, Figure 1-8). The results of this study indicate that there is a
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certain degree of negative correlation between the expression level of Netrin-1 and
inflammatory factors in peripheral blood in patients with DPNV under continuous

hyperglycemia.

4. Discussion

DPNV is essentially a chronic inflammatory disease caused by persistently
elevated blood sugar that is poorly controlled by diabetics. Michael Brownlee and
other first proposed "the theory of the mechanism of diabetes complications” revealed
that long-term hyperglycemia leads to low levels of pro-inflammatory
microenvironment, thereby destroying vascular endothelial cells through multiple
mechanisms based on oxidative stress. And the function of nerve cells [121]. The
nerve cells and vascular endothelial cells have mutual interdependence of providing
nutrients, which leads to further deterioration of the environment of the two, forming
a waterfall reaction, which causes the disease of the affected limb to deteriorate
rapidly, and eventually develops into a diabetic foot, which could not be healed. The
ulcers and gangrene eventually end in amputation and even endanger life [122-129].
Clinically available methods such as optimal drug therapy, intravascular balloon
dilation, stent implantation, and vascular bypass revascularization can control
symptoms in a short period of time, but their long-term effects are poor [110-119].
This suggests that deeper mechanism remains to be explored, and that if we can get a
glimpse of some biological indicators in the early stages of DPNV, we may receive
better clinical treatment results.

As a secreted protein that inhibits inflammation, Netrin-1 is widely found in
blood and tissue fluids. Its relationship with various inflammatory diseases is
becoming clear, and it is used as a biomarker for many acute and chronic
inflammatory diseases, which may be related to the body. Netrin-1 inhibits
inflammatory cell migration, inhibits the production of inflammatory cytokines and
chemokines, regulates the expression of COX-2 by inhibiting NF-xB activation,

promotes the differentiation of macrophages to anti-inflammatory M2-like phenotypes,
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and through MAPKs. Mechanisms such as ERKSs, p38 and other signal transduction
pathways regulate inflammatory responses [136,137]. Previous studies have shown
that Netrin-1 is the first identified axon guidance factor and has been shown to play an
important role in angiogenesis and endothelial cell proliferation, with its
"double-sided” activity in both the vascular and neurological domains. We paid
attention to it, and whether Netrin-1 has significant changes in the mixed lesions of
blood vessels and nerves of DPNV has not been reported. Therefore, this study
focused on the detection of Netrin-1 in the lower limb tissue and expression levels in
peripheral blood serum of diabetic patients.

This study included 15 patients with diabetic lower limbs chronic ischemic
amputation as the experimental group and 13 patients with acute lower extremity
arterial embolization as the control group. Statistical analysis showed that there was
no statistical difference between the two groups except blood glucose, which could be
compared. First, the immunofluorescence colocalization of Netrin-1 with vascular
endothelial cells indicated that Netrin-1 was expressed on vascular endothelial cells.
The immunohistochemical results of CD31 showed that the number of microvessels
in the lower limb ischemic tissue was significantly reduced, which may be due to
patients with lower extremity arterial embolism often have embolism falling into the
lower extremity arteries, they often have acute onset and progress quickly. If there is
no effective salvage within 24 hours, they can only be amputated. Therefore, the
lower limbs are basically healthy before the onset, and there is no ischemia; while the
lower limb ischemia of diabetic patients is often a chronic process, when the
amputation develops, the persistent hyperglycemia has exhausted the compensated
microvascular depletion and entered the decompensation period, so the number of
microvessels in the lower extremities is significantly reduced, showing a picture of
desert state. By the immunohistochemical staining results of Netrin-1 and Western
Blot detection of ischemic tissue, we found that the expression level of Netrin-1 in the
ischemic muscle of the lower limbs of diabetic patients was significantly lower than

that of the lower limb ischemia muscles due to arterial embolization. The results of
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ELISA showed that the expression level of Netrin-1 protein in peripheral blood serum
was also significantly decreased, while in the blood, inflammatory factors such as
IL-6, IL-1p, MCP-1 and IL-12 were significantly increased. Elevation confirms that
DPNV is a chronic inflammatory disease, and the decrease in Netrin-1 level suggests
that we have a negative correlation between the expression of Netrin-1 and the
expression of inflammatory factors in DPNV lesions. The possible reason is that
Netrin-1 itself is an anti-inflammatory and anti-apoptotic protein against blood vessels
and nerves, and the long-term hyperglycemia state makes tissue cells always in the
inflammatory microenvironment of oxidative stress, in the very early stage of DPNV.
Netrin-L may be reactively increased, but the long-term inflammatory
microenvironment will gradually deplete Netrin-1 in the vascular nerve cells of the
tissue, and Netrin-1 in the blood will gradually decrease, and this result is related to
Liu C et al. Consistent with the findings, they found that the level of Netrin-1
expression in the blood of newly diagnosed T2DM patients was significantly lower
than that of non-diabetics [105]. Our experimental results show that inflammatory
factors such as IL-6, IL-1B, MCP-1 and IL-12 are significantly elevated in the blood
of diabetic patients, confirming the conclusion that DPNV is a chronic inflammatory
disease. At the same time, Netrin-1 acts as a secreted protein against inflammation,
and its tissue and blood expression levels are inversely related to the progression of
DPNV. In summary, we believe that Netrin-1 plays an important regulatory role in the
development of the body against DPNV. The change in expression level can reflect
the progress of DPNV disease, and may be a promising biomarker of DPNV in the
future. However, its specific regulatory roles and mechanisms require further research

and discovery.

5. Summary

In this study, we obtained the clinical analysis of the lower limb ischemia tissue
and the peripheral blood serum of patients with diabetes and non-diabetes. The

immunohistochemistry, immunofluorescence, Western Blot, ELISA and other
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methods were used to analyze the Netrin-1 in the ischemic tissue of the lower limbs of
diabetic patients. Colocalization with endothelial cells, expression levels of Netrin-1,
small vessel density, and expression levels of Netrin-1 and inflammatory factors in
peripheral blood serum were also analyzed. And statistical analysis to determine the
clinical correlation between the expression of Netrin-1 and DPNV in diabetic
hyperglycemia environment was performed. It was found that Netrin-1 protein was
expressed in endothelial cells of DPNV patients, but the expression level of Netrin-1
was significantly decreased in peripheral blood serum and ischemic muscle tissues of
lower limbs, and the expression levels of multiple inflammation-related factors were
significantly increased, and the density of microvessels was significantly lower than
the control group. The results of this experiment indicate that Netrin-1, as a protein
against inflammation, participates in the pathological process of DPNV development
and plays an important role. The expression levels in tissues and serum were
negatively correlated with the progression of DPNV disease. In the future, Netrin-1
may become a potential biomarker of DPNV. Its specific mechanism of action and
molecular mechanism in the development of DPNV need further research and further

exploration.
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Chapter 2 Study on Netrin-1 regulating the function of
ADSCs in high-glucose environment in vitro

1. Introduction

The incidence of DPNV is high, with early but insidious onset, long course of
disease, difficulty to cure, eventually it leads to amputation and is even
life-threatening. There is currently no effective long-term treatment plan in clinical
practice. With the rapid development of regenerative medicine, scientists have
gradually turned their attention to the "seed cells" with multi-directional
differentiation potential--stem cells for these diseases that have no clinically
satisfactory treatment methods.

With the deepening of stem cell research, mesenchymal stem cells (MSCs) are
currently used in laboratory and clinical applications. They are a class of
undifferentiated cells that can self-renew and differentiate into a variety of specific
cell types [138]. Bone marrow mesenchymal stem cells (BMSCs) have been studied
in the past, but studies in the past few years have found that MSCs actually exist in
many organs and connective tissues. MSCs with similar sources of bone marrow were
successfully isolated from different tissue sources such as periosteum, synovium,
skeletal muscle, skin, peripheral blood and umbilical cord [139]. However, there is a
widespread problem of low harvest cell yield and limited harvesting tissue. At the
same time, obtaining BMSCs requires bone marrow aspiration, requires general
anesthesia and is relatively painful and expensive, and the cell yield of BMSCs
obtained is very low [140]. It has recently been discovered that adipose tissue is a
good alternative source of stem cells, especially as the incidence of obesity increases,
making tissues rich and accessible. In a safer, less expensive liposuction procedure, a
large amount of fat can be collected from the donor site [141]. About 400,000
liposuctions are performed each year in the United States, which produce 100 to 3

liters of liposuction, and these tissues are usually discarded [142]. In addition, high
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levels of ADSCs in adipose tissue do not require long-term in vitro culture, reducing
the risk of chromosomal abnormalities [141, 143, 144 ]. ADSCs are superior to
BMSCs in many biological characteristics, including immunoregulation and secretion
of wvarious growth factors and cytokines as well as anti-apoptotic and
anti-inflammatory effects [145-149].

ADSCs are not only widely used by basic sciences, but are also widely used in
clinical regenerative medicine. ADSCs can treat many different diseases and show
great potential for tissue repair and regulation of host immune responses in vivo [147].
ADSCs from healthy donors are a very attractive source of cells for organ
regeneration [150]. These cells can be cultured in vitro to a sufficient number for
subsequent regeneration of damaged tissue [151]. ADSCs have broad-spectrum
differentiation potential when induced in vitro and can differentiate into various
functional cells derived from mesoderm to ectoderm (such as hepatocytes) and
endoderm (such as beta cells) [151-154]. ADSCs can be cultured for a long period of
time without passaging without losing their ability to differentiate, and can survive at
low temperatures, while their ability to survive, proliferate and differentiate is less
impaired. The most attractive aspect of ADSCs is their immunosuppressive properties,
which allow for the transplantation of ADSCs regardless of the matching of human
leukocyte antigen (HLA) between the host and the donor [155]. In addition, ADSCs
can express different types of trophic factors, such as cell proliferation, fibrosis,
angiogenesis, and immunosuppression [156-163]. In addition, ADSCs have
significant anti-apoptotic, anti-oxidative, anti-inflammatory activities, which are
important properties that contribute to tissue regeneration [164-168]. To date, in more
than 160 clinical trials of ADSCs, ADSCs have been used to treat various diseases
such as inflammatory diseases, liver failure, diabetes-related complications, multiple
sclerosis, orthopedic diseases, hair loss, and fertility. Problems and diseases such as
salivary gland damage. Different preclinical and clinical trials have demonstrated the
safety and efficacy of ADSCs transplantation to promote tissue regeneration, and

there have been no reports of serious side effects so far [169-187]. Therefore, ADSCs
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are also expected to be a suitable choice for the treatment of DPNV.

ADSCs are increasingly becoming the popular "seed cells” for basic and clinical
research. The therapeutic effect of promoting tissue regeneration after transplantation
has been confirmed, but there are still many limitations to be overcome. The most
urgent problem to be solved is the problem of extremely low survival after
transplantation. Positron emission tomography (PET) tracking of MSCs delivered via
catheter-based trans-endocardial injection showed that only about 6% of MSCs
survived in porcine ischemic myocardium 10 days after transplantation [188]. Toma et
al. reported that surviving MSCs did not exceed 0.44% on day 4 after heart
transplantation in immune-deficient mice [189]. Similarly, only about 1% of MSCs
were detected 24 hours after cardiac transplantation in experimental MI rats [190,
191]. More studies have found that the symptoms of lower limb ischemia and
objective indicators of diabetic patients have improved to some extent, but their
long-term efficacy is still poor [36, 64-70]. A large number of studies have also
confirmed that there are advanced glycation end products, inflammatory
microenvironment and oxidative stress in the vascular injury site around diabetes,
which makes the survival and migration of transplanted stem cells in the target
vascular injury site and high glucose environment. The ability to differentiate
significantly is the key to affecting the efficacy of stem cells [15-17, 71-77].
Therefore, how to promote the survival and differentiation of ADSCs in the vascular
injury sites in diabetes and promote the regeneration of diabetic blood vessels after
denervation is of great significance for the prevention and treatment of DPNV lesions.

Studies found that DPNV is a mixed lesion with vascular, neurological and tissue
damage [28, 78-80]. Netrin-1, a secret protein originally discovered in nerve growth,
has recently been increasingly found to be involved in angiogenesis, endothelial cell
survival, adhesion, migration, proliferation and apoptosis, and in a variety of
inflammatory properties. Diseases, including diabetes and diabetic complications,
inhibit inflammatory cell migration, inhibit the production of inflammatory cytokines

and chemokines, regulate the expression of COX-2 by inhibiting NF-xB activation,
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and promote macrophage to anti-inflammatory M2-like phenotype, as well as
anti-inflammatory effects such as inflammatory responses through signal transduction
pathways such as MAPKs, ERKs, and p38 [136-137]. Therefore, we believe that
overexpression of Netrin-1 by gene transfection of ADSCs can improve the ability of
viability, migration and differentiation into vascular endothelial cells of ADSCs under
hyperglycemia, and promote DPNV angiogenesis. In this study, we obtained the
adipose tissue of C57/BL mice, isolated and cultured ADSCs, and established a gene
transfection system to make ADSCs overexpress green fluorescent protein (GFP) and
Netrin-1 (N-ADSCs). To explore the difference between the proliferation, migration,
adhesion and differentiation of N-ADSCs and ADSCs in high glucose environment by
CCK-8, Western Blot, Flow Cytometry, Transwell, etc, and explore the effect of

Netrin-1 on ADSCs in high glucose environment in vitro.

2. Materials and methods

2.1. Materials

2.1.1. Primary reagent

PBS phosphate buffer (1x, PH 7.2-7.4) (Beijing Suo Laibao Technology Co., Ltd.,
China)

Trypsin-EDTA (Trypsin-EDTA, 0.25%, Beijing Boaolong Immunotechnology Co.,
Ltd., China)

DMEM solution:

1g/L Dulbecco's modified eagle medium (DMEM; Gibco, USA)

10% fetal bovine serum (FBS, Hyclone, Australia)

NB4 collagenase solution:

0.2% collagenase NB4 (Serva, Heidelberg, Germany)

DMEM solution preparation
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TBS Buffer (Bole Life Medical Products (Shanghai) Co., Ltd., China)

PBS phosphate buffer (1x, PH 7.2-7.4) (Beijing Suo Laibao Technology Co., Ltd.,
China)

TBST Buffer (1x) (Beijing Suo Laibao Technology Co., Ltd., China)

Coomassie Brilliant Blue Solution (Bio-Bio Engineering (Shanghai) Co., Ltd.,
China):

Bovine serum albumin (BSA, Sigma, USA)

4% paraformaldehyde (Shanghai Jingdu Biotechnology Co., Ltd., China):

Methanol (Shanghai Daixuan Biotechnology Co., Ltd., China)

95% ethanol (Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)

75% ethanol ((The Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)

Isopropyl Alcohol (Sigma, USA) (Shanghai Daixuan Biotechnology Co., Ltd., China)
Chloroform (Sigma, USA)

DAPI (Xi‘an Huert Biotechnology Co., Ltd., China)

Resin (Epon, Merck, Darmstadt, Germany)

OCT embedding agent (DAKO, USA)

Fluorescent sealing tablets (DAKO, USA)

Matrigel Gel (Sigma, USA)

Collagen Collagen Il (Abcam, Cambridge, MA)

CCK-8 (Dojindo Laboratories, Kumamoto, Japan)

PI dye solution (Sigma, USA)

Ammonium oxalate crystal violet staining solution (crystal violet staining solution)
(Beijing Suo Laibao Technology Co., Ltd., China)

PE-anti-mouse flow antibody CD90, CD11b, CD31, CD34, CD45, CD133, MHC-II
(eBioscience, San Diego, CA)

PE-Anti-Mouse Flow Antibody Sca-1 (eBioscience, San Diego, CA)

FITC-Sheep Anti-Mouse IgG Polyclonal Antibody (Invitrogen, Carlsbad, CA)
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DAPI (Invitrogen, Carlsbad, Canda)

Resin (Epon, Merck, Darmstadt, Germany)

Fluorescent sealing tablets (DAKO, USA)

Matrigel Gel (Sigma, USA)

Sodium pentobarbital (Ninth People's Hospital, Shanghai Jiao Tong University School
of Medicine, China)

Vector pHBAd-EF1-MCS-GFP (Shanghai Hanheng Biotechnology Co., Ltd., China)
E. coli strain DH5a (Invitrogen, Carlsbad, CA)

Restriction enzyme (Thermo Fisher Scientific, USA)

One Step Cloning Kit (Nanjing Nuoweizan Biotechnology Co., Ltd., China)

Plasmid DNA Large Extraction Kit (Beijing Kangwei Century Biotechnology Co.,
Ltd., China)

Gel Recovery Kit (Shanghai Jierui Bioengineering Co., Ltd., China)

Agarose, agar powder (Bio-Bio Engineering (Shanghai) Co., Ltd., China)

DNA ladder (Thermo Fisher Scientific, USA)

Human embryonic kidney cell line HEK293 cell (Shanghai Chinese Academy of
Sciences, China)

LipofiterTM Transfection Reagent (Shanghai Hanheng Biotechnology Co., Ltd.,
China)

2.1.2. Main instruments and equipment

Constant temperature CO> incubator (Forma Scientific, USA)

Centrifuge (Thermo, USA)

Deionized water system (Millipore, USA)

Ultra-clean workbench (Jiangsu Sujing Group, China)

Inverted microscope (Chongging Optoelectronic Instrument Corporation, China)
Fluorescence microscope (Nikon, Japan)

Precision Balance (Mettler Toledo, Switzerland)

Tianping (Shanghai Hanyu Hengping Scientific Instrument Co., Ltd., China)
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Refrigerator (Haier, China)

6-well plate (Corning Inc., USA)

Petri dish (Corning Inc., USA)

50ml centrifuge tube (Corning Inc., USA)

15ml centrifuge tube (Corning Inc., USA)

96-well plate (Wuxi Nice Biotechnology Co., Ltd.)

Pipette (Wuxi Nice Biotechnology Co., Ltd.)

0.22 pum needle filter (Millipore, USA)

40 pm filter (BD Falcon, USA)

Microsurgical instruments (Ninth People's Hospital, Shanghai Jiao Tong University
School of Medicine, China)

Flow Cytometry (Beckman Coulter, Fullerton, Canada)

Image-Pro Plus software (Media Cybernetics Inc, Rockville, MD)

Low temperature circulating water bath Polystat (Cole-Parmer Instrument Comapny;,
USA)

Electric thermostatic water bath (Shanghai Yiheng Technology Co., Ltd.)
Electrophoresis Instrument (Shanghai Tianneng Technology Co., Ltd.)

PCR Amplifier (Applied Biosystems)

Electronic balance (Beijing Sartorius Instrument System Co., Ltd., China)

Protein Nucleic Acid Analyzer (Eppendorf, Germany)

MINI Centrifuge (Tomy Seiko Co., Ltd. Japan)

Gradient PCR instrument (Eppendorf, Germany)

Vfertical clean bench (Shanghai net purification)

Refrigerated centrifuge (Eppendorf, Germany)

Full temperature oscillation incubator (Shanghai Yiheng Technology Co., Ltd., China)
Desktop multi-function high speed refrigerated centrifuge (Eppendorf, Germany)
Autoclave (Shanghai Shen'an Medical Instrument Factory, China)

High speed refrigerated centrifuge (Thermo Fisher Scientific, USA)

Gel Imaging System (Shanghai Tianneng Technology Co., Ltd., China)
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2.1.3. Experimental animal

C57/BL6 mice aged 8W (Shanghai Nan Fang model biology co., LTD., China).
2.2. Methods

2.2.1. Acquisition, culture and amplification of ADSCs

(1) Anesthetized C57/BL6 mice aged 8W with pentobarbital sodium, then
sacrificed by dislocation of the cervical vertebrae, and immersed in 75% alcohol for
10 minutes to fully disinfect;

(2) Fully expose the bilateral groin with an anatomical instrument, cut off the
adipose tissue, and place it in a small amount of DMEM solution;

(3) Fully cut the adipose tissue obtained by microdissection until the size is about
1mm?, put it into a 50mL centrifuge tube which has been filled with 0.2% NB4 in
DMEM solution, put it into the constant temperature shaker, and set the temperature.
Full digestion for 2h at 37 °C;

(4) After taking out, thoroughly blow for 5 minutes, centrifuge at 1200 rpm for 5
min, aspirate the supernatant; add 5 mL of the configured ADSCs culture solution
(DMEM plus 10% serum plus 5% antibiotic) to resuspend the cells;

(5) Seeding the cell suspension in a 10 cm culture dish at a density of 105
cells/cm 2 and incubating in a cell culture incubator;

(6) After 3 days, the primary cells were observed, and it was found that the cells
were fused to about 90%, and they could be passaged.

(7) 2 ml of 0.25% trypsin-EDTA was added to the culture dish, and after being
placed in the incubator for 3 minutes, the 5 ml of ADSCs culture solution was taken
out and the digestion was terminated. After fully blowing, transfer to a 50mL
centrifuge tube and centrifuge at 1500rpm for 5min;

(8) Pour off the supernatant, and resuspend the primary cells by adding 10 mL of
ADSCs culture solution;

(9)Seeding the cell suspension in a 10 cm culture dish at a density of 105

127



=i
. e
R A KA AR ) \ A i) 1R 52 18 S B %

cells/cm 2 at a ratio of 1:2, and incubating in a cell culture incubator;
(10) After 48 hours, the above steps (7), (8) and (9) were repeated, and the

ADSCs were passaged and expanded.
2.2.2. Flow cytometry identification of ADSCs

(1) Carefully pour off the supernatant of the Petri dish, rinse once with PBS at
37 =C, and add 0.25% trypsin-EDTA 2 mL. When most of the cells contracted into a
circle, ADSCs medium was added. Stop digestion with 3 mL of liquid;

(2) The liquid was filtered through a 40 um filter into a 15 mL centrifuge tube,
centrifuged at 1500 rpm for 5 min, and the supernatant was discarded;

(3) Resuspend with Buffer to make a final cell concentration of 106 cells/mL, and
use a 1.5 mL EP tube to hold 100 pl of liquid and number it;

(4) Add PE-labeled diluted CD90, Sca-1 CD90, CD11b, CD31, CD34, CD45,
CD133, MHC-I1 (1:20) and control antibody, and place in the refrigerator at 4 <C for
30 min in the dark;

(5) Rinse once with buffer, centrifuge at 1500 rpm for 5 min, discard the
supernatant and rinse 3 times;

(6)Resuspend the cells in buffer and store the strips on the ice to the flow

detector for detection.
2.2.3. Construction and packaging of GFP-Netrin-1 gene adenovirus vector

(1) Review the relevant literature, open NCBI according to the ID number of the
Netrin-1 gene mentioned in the NCBI, select Nucleotide in All Databases, input and
search the gene ID number, and obtain the Netrin-1 gene sequence.

(2) The pHBAd-EF1-MCS-GFP vector was digested with EcoRI, and the
enzyme digestion system was as follows:
40ul digestion system 37 °C, about 2h
2ul carrier (400ng/ul)
2ul EcoRl
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4ul 10>puffer
32ul H20
After the carrier is cut, the glue is recovered;

(3) The Netrin-1 fragment was recovered by PCR.

(4) The treated target fragment was ligated to the carrier (20 ul), and the above
ligated solution was incubated at 37 for 30 min, then rapidly placed on ice for 1-2
min.

(5) Transformation (competent cells: DH5a). Resistance: Amp; cultured
overnight at 37 <C.

(6) The transformed Netrin-1 plate was picked up, shaken at 37 <C for 250 rpm
for 14 h, and identified by PCR. The positive cloning bacteria were sent to the
sequencing company for sequencing.

(7) Preparation of recombinant plasmids in large quantities

(8) Packaging, collection and amplification of recombinant adenovirus vector,
the specific operations are: planting cells, transfection, liquid exchange, poisoning
(P1), freeze-thaw, amplification, and poison collection.

(9) P3 generation virus amplification and poison collection.

2.2.4. Establishment of a system for transfecting ADSCs in vitro with Netrin-1

(1) The P3 generation vigorously growing ADSCs were digested and counted,
and the packaged GFP adenovirus containing NTN-1 and NTN-1 was added to 6104
cells in a 10 cm culture dish to multiply the infection (MOI). ) Set to three groups:
250, 500, and 1000, and the duration is set to 24 hours and 48 hours. The best MOI
and duration of transfection of ADSCs were studied by direct immunofluorescence
microscopy to obtain the maximum transfection efficiency, and a transfection system
was established.

(2) The expression of Netrin-1 in ADSCs transfected with GFP and
GFP-Netrin-1 was compared by RT-PCR and Western Blot.
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2.2.5 Proliferation ability of CCK8 in transfected and untransfected ADSCs with
Netrin-1

ADSCs transfected with P3 and untransfected with Netrin-1 were seeded in 7
96-well culture plates at a density of 2x103 cells per well, and 4 wells were blank
control wells without cells plus culture medium. In the final colorimetric, a blank hole
is used as the zero adjustment. The culture plate was cultured in a CO2 incubator, and
then 6 wells were taken at the same time every day, and each well was added with
CCK-8 solution (10 pl), incubated for 2 h, the supernatant was aspirated, and the
wavelength of 450 nm was selected in the enzyme-linked immunosorbent assay. The
light absorption value (OD) of each well was measured, and the results were recorded

for 7 days, and the cell growth curve was marked.

2.2.6. Flow cytometry and Western Blot detection of apoptosis in transfected and

untransfected ADSCs with Netrin-1

Flow cytometry test:

(1) Carefully pour off the supernatant of the Petri dish, rinse once with PBS at
37 °C, and add 0.25% trypsin-EDTA 2 mL. When most of the Netrin-1 transfected
and untransfected ADSCs were contracted into a round shape in a high glucose
environment, the ADSCs medium was added. Stop digestion with 3 mL of liquid;

(2) The liquid was filtered through a 40 pum filter into a 15 mL centrifuge tube,
centrifuged at 1500 rpm for 5 min, and the supernatant was discarded;

(3) Resuspend with Buffer to make a final cell concentration of 10° cells/mL, and
use a 1.5 mL EP tube to hold 100 pul of liquid and number it;

(4) Adding PE-labeled diluted Annexin V and PI1 (1:20) and control antibody, and
keeping it in the refrigerator at 4 <C for 30 min;

(5) Rinse once with buffer, centrifuge at 1500 rpm for 5 min, discard the
supernatant and rinse 3 times;

(6) Resuspend the cells in buffer and store the strips on the ice to the flow
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detector for detection.
Western Blot:

(1) The lysate was firstly configured, and then the clinically acquired lower limb
ischemic muscle tissue was chopped and incubated with the lysate at 0 ©C to obtain a
tissue homogenate. The cells are disrupted in the ultrasound system, and the
supernatant is obtained by centrifugation in a centrifuge, that is, the total protein
extraction is completed;

(2) The total protein is adjusted to a concentration of 2 ug/ul, and then the
loading buffer is added, placed in a centrifuge tube, and heated in boiling water for 5
min to denature the protein, cooled at 4 <C, and stored at -20 °C;

(3) After the total protein was taken out, it was returned to room temperature,
centrifuged at 10000 rpm for 1 min, then the SDS-PAGE gel was set according to the
instructions, the electrophoresis apparatus was assembled, the protein was added to
the electrophoresis well, and the marker was added to the blank well for
electrophoresis;

(4) Soak the PVDF membrane with methanol for 1 min, rinse it and put it into
the membrane buffer. The gel obtained after electrophoresis was rinsed for 10 min,
and then incubated with the PVDF membrane, and the membrane was transferred to
the membrane;

(5) After washing the PVDF filter with TBS, incubated in the blocking solution,
and after 1 h, add the diluted primary antibody and incubate at 4 <C overnight;

(6) The PVDF filter was washed at room temperature and then incubated with
the secondary antibody for 2 h;

(7) The PVDF filter was washed three times, and then incubated with the ECL

luminescent solution, and then observed and recorded on the machine.

2.2.7. Cell migration assay and cell scratch assay to detect the ability of Netrin-1

to regulate the migration of ADSCs

2.2.7.1 Cell migration experiment
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(1) 2x103 cells of P3 generation GFP-ADSCs and Netrin-1-GFP-ADSCs were
respectively suspended in 100 pL of high glucose DMEM supplemented with 0.5%
FBS.

(2) Using a Boyden chamber and an 8-um polyethylene terephthalate (PET)
membrane, liquid was added to the upper portion of the Transwell chamber, and 600
pL of ADSCs medium was added to the lower portion of the chamber.

(3) Place the Transwell plate in a cell culture incubator for 24 hours.

(4) Remove the filter and use the cotton tip to remove the cells in the upper
chamber. The ADSCs migrated to the lower chamber were fixed using 4%
paraformaldehyde, and the cells were stained with 1% crystal violet in 2% ethanol.
The experiment was repeated three times.

(5) Take a picture under the microscope.
2.2.7.2 Cell scratch test

(1) Instrument preparation: All sterilizable instruments should be sterilized, and
the ruler and pen should be irradiated for 30 minutes before operation (super clean
bench)

(2) First use a marker on the back of the 6-well plate, and draw a horizontal line
across the hole with a ruler, about 0.5~1cm. Each hole passes at least 5 rows of lines.

(3) 10° P3 generation GFP-ADSCs and Netrin-1-GFP-ADSCs were added.

(4) The next day, use the tip of the gun to draw a straight line along the
horizontal line. The tip of the gun should be vertical rather than tilted.

(5) Wash the cells three times with PBS, take out the crossed cells, and add
serum-free DMEM.

(6) Place in a cell culture incubator. Samples were taken at 0, 6, 12, 24 h and

observed under a microscope and photographed.

2.2.8. Cell adhesion assay to detect the ability of Netrin-1 to regulate adhesion of
ADSCs

(1) Take P3 generation GFP-ADSCs and Netrin-1-GFP-ADSCs, trypsin-EDTA 2
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mL. When most of the Netrin-1 transfected and untransfected ADSCs were contracted
into a round shape in a high glucose environment, the ADSCs medium was added.
Stop digestion with 3 mL of liquid;

(2) rinsing the cells three times with PBS, taking 5x104 cells each with a cell
counter, and uniformly plating the cells in a 6-well plate;

(3) Put the 6-well plate into the cell culture incubator and take it out after 30
minutes;

(4) After rinsing in a 6-well plate with PBS for 3 times, the cells were stained with
DAPI (1:1000 dilution), and after 2 min incubation, the samples were rinsed with PBS
for about 5 min;

(5) The slide was sealed with a fluorescent sealer, and the specimen was made into

a fluorescent sheet, and then photographed under a fluorescence microscope.

2.2.9. Tube formation assay to detect the ability of Netrin-1 to regulate the
formation of ADSCs

(1) The ECM gel was frozen and prepared into a 1x staining buffer.

(2) Using a sterile 96-well plate, 50 puL of liquid ECM gel was added to each well.

(3) The 96-well plate containing the ECM gel was placed in a 37 <C incubator, and
after 1 h, the ECM solution formed a solid gel.

(4) Take P3 generation GFP-ADSCs and Netrin-1-GFP-ADSCs, trypsin-EDTA 2
mL. When most of the Netrin-1 transfected and untransfected ADSCs were contracted
into a round shape in a high glucose environment, the ADSCs medium was added.
Stop digestion with 3 mL of liquid;

(5) The cells were resuspended in endothelial cell culture medium containing 10%
FBS to 4 x 105 cells/mL.

(6) 150 pl of the suspension of ADSCs was transferred to an ECM gel, and the
96-well plate was incubated at 37 <C for 12 h.

(7) Observing the tube formation of ADSCs with a microscope under

high-resolution field of view. Visually observe the length of the tube and the number
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of branch points to estimate the tube condition. Take a photo and apply quantitative
analysis using ImageJ Pro Plus software (NIH, Bethesda, MD,

http://www.imagej.nih.gov).

2.2.10. Statistics

All the data in this study were analyzed using SPSS 18 software. All statistical
charts and tables were drawn using GraphPad Prism 5 software, and all data were
expressed as mean and standard deviation (SD). Quantitative values were compared
by Student's t test and one-way ANOVA. The statistical significance was defined as
*P < 0.05, **p<0.01; ***p<0.001. Each experiment was performed more than three

times.

3. Results

3.1. Biological characteristics of ADSCs

First, we successfully obtained the inguinal adipose tissue of C57 BL6 mice, and
then isolated ADSCs and rapidly expanded them. P3 generation ADSCs all showed a
fibroblast-like spindle-like appearance (Fig. 2-1A). Next, phenotypic analysis by flow
cytometry showed that P3 generation ADSCs had strong double positives for stem cell
surface antigens, such as CD90 (99.2 3.73%) and Sca-1 (99.6 3.08%) (Figure 2-1).
CD11b, CD31, CD34, CD45, CD133 and MHC-II were negative (data not shown).
However, P6 generation ADSCs may exhibit irregular shape and aging or
dedifferentiation characteristics due to prolonged culture time and increased in vitro
passage algebra (Fig. 2-1B). Flow cytometry analysis showed that ADSCs stem
cell-specific markers CD90 (65.443.42%) and Sca-1 (59.843.15%) surface antigen
levels (Fig. 2-1C, D) gradually decreased, the difference was statistically significant
(P <0.05). Therefore, next we will use P3-P5 generation ADSCs cells for all

subsequent experiments.
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3.2. Establishment of gene transfection system

Adenoviral vectors have a broad host range and are less pathogenic in humans than
other viral vector systems. These vectors can infect and express target genes in
proliferating and non-proliferating cells without integration into chromosomes, they
are not mutagenic, and can simultaneously express multiple genes; in addition, they
can be produced and packaged at high titers. The expression of the transgene is long
and the side effects are small [192]. NTN-1 was transduced into ADSC by adenovirus;
by detection and comparison, we found that the optimal multiplicity of infection
(MOI) was 500, and the duration of transfection of ADSCs was 48 hours to achieve
maximum transfection efficiency (Figure 2-2). After comparison, there was no
significant difference in transfection rates between Netrin-1 and GFP in ADSCs cells
(Fig. 2A, B). Western Blot, PCR and statistical analysis confirmed that the expression
of Netrin-1 was significantly increased in the N-ADSCs group, and it is worth noting
that Netrin-1 was almost not expressed in the cells of the ADSCs group (P < 0.05)
(Fig. 2C-E), it was confirmed that the secreted protein of Netrin-1 was not expressed
by itself in the ADSCs in the normal state, and therefore, the si-RNA-NTN-1 group in
which Netrin-1 mRNA was silenced was not required to be used as a blank control.
Here, we successfully established a Netrin-1 overexpression system in which the

NTN-1 gene was efficiently transfected and expressed in ADSCs.

3.3. Effect of Netrin-1 on the proliferation of ADSCs under high glucose

Throughout the experimental study, we used ADSCs cultured in high-glucose
medium DMEM (33.3 mmol/L glucose) to culture ADSCs to simulate the
hyperglycemia in T2DM for subsequent experiments. From day 1 to day 7, the
proliferation and growth viability of ADSCs and N-ADSCs were assessed using the
CCK-8 assay to explore the effect of Netrin-1 on cell viability (Figure 2). 3).
Statistical analysis of the results showed that the growth of ADSCs and N-ADSCs

were relatively stable within the first 3 days, with little difference. From day 3 to day
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7, both cells showed a pattern of logarithmic growth. Compared to ADSCs, N-ADSCs
showed significantly higher growth rates from day 3 to day 7 (P < 0.05, n = 5). This
study confirmed the promotion of proliferation of ADSCs by Netrin-1.

3.4. Effect of Netrin-1 on apoptosis of ADSCs under high glucose

Previous studies have found that hyperglycemia has a negative impact on the
proliferation and apoptosis of ADSCs in T2DM patients. ADSCs in T2DM mice show
low activity and high apoptotic rate [15-17, 71-77]. To investigate the effect of
Netrin-1 on apoptosis of ADSCs under high glucose conditions, we stained cells with
Annexin V / Pl and analyzed by flow cytometry. The percentage of apoptosis in the
N-ADSCs group was 7.730.44%, while that in the ADSCs group was 10.940.32%
(Fig. 2-4A, B). The difference was statistically significant (P<0.05. Fig.2-4C). Bcl-2
protein represents inhibition of apoptosis, while Bax protein represents the promotion
of apoptosis. The Western Blot and statistical analysis of this experiment showed that
the Bcl-2/Bax ratio of N-ADSCs was significantly higher than that of ADSCs under
high glucose conditions (Fig. 2-4D, E), indicating the apoptosis of N-ADSCs. The
mortality rate was inhibited, demonstrating the anti-apoptotic effect of Netrin-1 on
ADSCs in vitro. In conclusion, transfection of Netrin-1 into ADSCs promoted its
proliferation in a high glucose environment while significantly inhibiting its

apoptosis.

3.5. Effect of Netrin-1 on migration of ADSCs under high glucose

The study found that in vivo injection of transplanted ADSCs gradually migrated
to the damaged area of the tissue, thereby exerting its repairing effect by
differentiating into specific types of cells and by secreting a large number of factors.
Therefore, how to improve the migration ability of ADSCs has become a research
hotspot and has received extensive attention. This part of the experiment examined
the effect of Netrin-1 overexpression on the migration ability of ADSCs under high

glucose conditions. The results of the scratch test showed that the migration speed of
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N-ADSCs at 12 and 24 hours was significantly faster than that of ADSCs (relative gap
region, P < 0.05) (Fig. 2-5A, B). The results of the Transwell test (Corning Inc.)
showed that the migration of N-ADSCs through the membrane was significantly
higher than that of ADSCs (ADSCs, 231.66749.50 cells/field; N-ADSCs,
375.6746.51 cells/field; P <0.05) (Figure 2-5A, C). Two migration experiments have
more strongly demonstrated that overexpression of Netrin-1 significantly enhances

the ability of ADSCs to migrate under high glucose conditions.

3.6. Effect of Netrin-1 on adhesion and tube forming ability of ADSCs under high

glucose

After the transplanted ADSCs migrate into the damaged tissue site, the adhesion
ability determines whether the cells can remain in the damaged site for a long time,
differentiate into vascular endothelial cells, and secrete a large number of cytokines to
promote angiogenesis and tissue repair. We performed cell adhesion experiments on
N-ADSCs and ADSCs. The cells attached to the six-well plate after PBS washing
showed a circular appearance, and blue fluorescence and green fluorescence were
observed under a fluorescence microscope (Fig. 2-6). Statistical analysis showed that
the number of cell adhesions in the N-ADSCs group was significantly higher than that
in the ADSCs group (ADSCs, 20.67+2.08/field; N-ADSCs, 60.00+2.65/field, P <0.05)
(Fig. 2-6A, B). The current results indicate that overexpression of Netrin-1
significantly improves the adhesion of ADSCs in high glucose environments. The
tube formation experiments of ADSCs showed that the capillary formation of
N-ADSCs was richer than that of ADSCs in high glucose environment, and the
cumulative tube length of N-ADSCs in high glucose medium was larger than that of
ADSCs (1.21 times, P <0.05) (Fig. 2 -6C, D). The current results indicate that
overexpression of Netrin-1 in ADSCs significantly increases the ability of

angiogenesis in high glucose environments.
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4. Discussion

ADSCs are increasingly popular seed cells for basic experiments and clinical
research because of their advantages of easy access, high yield, strong differentiation
ability and low immunogenicity. They are expected to be used in high incidence, early
onset, and insidious onset DPNV, which has a long course of disease and is difficult to
cure. The therapeutic effect of promoting tissue regeneration after transplantation has
been confirmed by a large number of basic and clinical trials, but a major problem to
be solved is that the survival rate after transplantation is extremely low. Positron
emission tomography (PET) tracking of MSCs delivered by catheter-based
transendocardial injection by Gyongyosi M et al. showed that only about 6% of MSCs
survived in porcine ischemic myocardium 10 days after transplantation [188]. Toma et
al. reported that surviving MSCs did not exceed 0.44% on day 4 after heart
transplantation in immunodeficient mice [189]. Similarly, only about 1% of MSCs
were detected 24 hours after cardiac transplantation in experimental MI rats [190,
191]. More studies have found that the symptoms of lower limb ischemia and
objective indicators of diabetic patients have improved to some extent, but their
long-term efficacy is still poor [36, 64-70]. A large number of studies have also
confirmed that there are advanced glycation end products, inflammatory
microenvironment and oxidative stress in the vascular injury site around diabetes,
which makes the survival, migration and migration are low of transplanted stem cells
in the target vascular injury site and high glucose environment. The ability to
differentiate significantly is the key to affecting the efficacy of stem cells [15-17,
71-77]. Therefore, the survival rate of ADSCs with low survival rate after
transplantation is further reduced in the diabetic microenvironment, which greatly
reduces the therapeutic effect of ADSCs. Therefore, how to promote the survival and
differentiation of ADSCs in the vascular injury sites in diabetes and promote the
regeneration of diabetic blood vessels after denervation is of great significance for the
prevention and treatment of DPNV lesions.

Studies found that DPNV is a mixed lesion with vascular, neurological and tissue
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damage [28, 78-80]. The blood vessels and nerves in the body often follow the same
trajectory to reach the tissues and organs, which confirms the relationship between
blood vessels and nerves to some extent. Many of the earliest proteins found in nerves
or blood vessels have gradually been found to play an important role in another
system. Netrin-1 is the first identified axon guidance factor. Netrin-1 and G-netrin
share homology with the laminin gamma chain. The peptide consists of nearly 600
residues of an amino terminal region VI. Repeated three layers of adhesion-type
epidermal growth factor (V-1, V-2, V-3) and one carboxy terminal region [89].
Another study found that Netrin-1 not only participates in the functional activities of
the nervous system, but also participates in the functional activities of the vascular
system. Ding et al. demonstrated that Netrin-1 not only promotes neuronal migration
and secretion in the central nervous system, but also regulates the survival, adhesion,
migration, proliferation and differentiation of endothelial cells and stem cells in
non-neural tissues, and inhibits their apoptosis [90, 91]. Wilson et al. systematically
studied zebrafish and mammals, confirming that Netrins can induce angiogenesis.
Netrin-1 activates the Src/FAK/paxillin-related signaling pathway by binding to the
UNC5H receptor to promote adhesion, migration and proliferation of vascular
endothelial cells, forming a new capillary network that can be inhibited by inhibiting
zebrafish NTN-1 mRNA[92]. Lu et al. also found that Netrins stimulates angiogenesis
in mammals and accelerates angiogenesis in ischemic tissues. This process relies on
the Netrin-1 receptor DCC to regulate the ERK/eNOS signaling pathway [93]. Brunet
et al. demonstrated that Netrin-1, Netrin-4 and VEGF promote angiogenesis, but
Netrin-1 has a greater advantage in promoting the dual roles of endothelial cell
differentiation and recovery of nerve damage [94]. In addition, Netrin-1 is involved
not only in nerve growth and angiogenesis; it also enhances mitosis, migration and
adhesion of endothelial cells at different stages of human blood vessels and lymphatic
systems [95]. In addition to participating in angiogenesis, endothelial cell survival,
adhesion, migration, proliferation and apoptosis, Netrin-1 has been continuously

explored in recent years for the diagnosis and therapeutic value of various
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inflammatory diseases. The study found that Netrin-1 inhibits inflammation and
protects normal cells [131-135]. Many acute and chronic inflammatory diseases,
including diabetes and diabetic complications, are accompanied by an increase or
decrease in Netrin-1 expression [96-105]. This may inhibit the migration of
inflammatory cells, inhibit the production of inflammatory cytokines and chemokines,
inhibit the expression of COX-2 by inhibiting NF-xB activation, and promote the
differentiation of macrophages to anti-inflammatory Mz2-like phenotypes. And
mechanisms related to the regulation of inflammatory responses through signal
transduction pathways such as MAPKSs, ERKSs, and p38 [136-137]. At the same time,
Netrin-1 has been reported to reduce inflammatory response after myocardial
ischemia-reperfusion, inhibit oxidative stress and inflammation of nerve cells and
vascular endothelial cells, and resist apoptosis [100-107]. However, our previous
experiments through the analysis of immunohistochemistry, immunofluorescence,
Western Blot, ELISA, etc. in the lower limb ischemic muscle tissue and peripheral
blood serum of clinical diabetic and non-diabetic patients, the presence of Netrin-1 in
the ischemic tissue of the lower limbs of diabetic patients The co-localization of
endothelial cells, the expression level of Netrin-1 was significantly decreased, the
expression level of inflammatory factors was significantly up-regulated, and the
density of small blood vessels was significantly decreased. Statistical analysis showed
that the expression level of Netrin-1 was negatively correlated with DPNV in diabetic
hyperglycemia environment. Therefore, Netrin-1 may be an important biomarker in
DPNV, and increasing its expression level may slow the progression of DPNV.
Therefore, we believe that overexpression of Netrin-1 by gene transfection of
ADSCs can improve the viability, migration and differentiation of ADSCs under high
blood glucose conditions, and promote DPNV angiogenesis. In this study, the adipose
tissue of C57/BL mice was successfully obtained, and ADSCs were isolated, cultured
and expanded, and firstly analyzed by flow cytometry in vitro. It was found that the
P6 generation cells were morphologically mutated and aging was severe. Therefore,

subsequent experiments using P3 to P5 generation ADSCs. Next, we used adenoviral
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transfection to establish a gene transfection system to overexpress green fluorescent
protein (GFP) and Netrin-1 (N-ADSCs) in ADSCs, because the foreign gene carried
by adenovirus was not inserted into the cell genome. Therefore, it is a superior and
safer method than basic lentivirus in basic and scientific applications [193]. Through
experiments, we found that the optimal multiplicity of infection (MOI) was 500, and
the duration of transfection of ADSCs was 48 hours, which provided a reference for
subsequent experiments. It is worth noting that normal mouse ADSCs do not express
Netrin-1 protein per se, suggesting that we do not need to set up the si-RNA silencing
group, but also highlight the significance of transfecting the foreign gene NTN-1 into
ADSC. Next, we compared N-ADSCs and ADSCs by CCK-8, Western Blot, flow
cytometry, Transwell, and immunofluorescence in a high glucose environment, and
found that the proliferation, migration, adhesion, and formation of N-ADSCs in a high
glucose environment. Tube capacity was significantly higher than ADSCs, and the
apoptotic rate of N-ADSCs was significantly lower than that of ADSCs. Our
experiments demonstrate that overexpression of Netrin-1 in vitro can greatly improve
the survival, migration, adhesion, and tube forming ability of ADSCs, and resist the
apoptosis of ADSCs cells in high glucose environment. The specific molecular
mechanism is still unclear, and we need to further explore and discover it. At the same
time, it provides an experimental basis for the subsequent transplantation of ADSCs
into the mouse model of diabetic lower limb denervation, exploring the effect of

repairing and treating DPNV in vivo and exploring the specific molecular mechanism.

5. Summary

Based on the previous studies, we obtained adipose tissue from C57/BL mice,
isolated and cultured ADSCs, and established a stable gene transfection system by
adenovirus transfection to overexpress green fluorescent protein (GFP) and Netrin-1
in ADSCs. (N-ADSCs). CCK-8, WB, flow, Transwell, immunofluorescence and other
methods to detect the difference in the proliferation, migration, adhesion,

differentiation to endothelial cells of N-ADSCs and ADSCs in high glucose
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environment, confirmed in vitro environment Netrin-1 can increase the proliferation,
migration, adhesion and differentiation of ADSCs into endothelial cells in high
glucose environment, and significantly reduce the apoptosis level of ADSCs. In order
to carry out the transplantation of ADSCs into the diabetic lower limb denervation
mouse model in vivo, it is necessary to explore the effect of in vivo repair and

treatment of DPNV and explore the specific molecular mechanism.
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Chapter 3 Study on the regulation of DPNV by ADSCs
regulated by Netrin-1

1. Introduction

Diabetic peripheral neurovascular disease (DPNV) is a mixed disease of blood
vessels and nerves and surrounding tissue damage, leading to insidious onset, long
course of disease, and eventually end with ulceration of diabetic foot and ischemic
necrosis of distal extremities. According to statistics, the risk of suffering from foot
ulcers in diabetic patients may be as high as 25%. The lower extremity amputation
rate of diabetic patients is 15 times that of non-diabetic patients. The annual incidence
of foot ulcers in patients with type 1 or type 2 diabetes is 1.9% to 2.2% [110-112], and
patients with diabetic foot ulcers develop toe gangrene, in severe cases, amputation,
and more, due to the massive absorption of toxins from the extremities, leading to
death of multiple organ failure such as liver and kidney [113-115]. Clinically,
although there are medical treatments, revascularization, percutaneous transluminal
angioplasty (balloon dilatation and stent implantation) and other treatments, there is
no simple blood glucose control to inhibit the progression of DPNV, reconstruction of
intravascular thrombosis, and stenting. Problems such as occlusion, long-term
efficacy is not ideal [116-119]. Therefore, DPNV brings a huge burden to China's
health care system. Stem cell transplantation is a promising treatment for such
diseases without effective clinical cure. T2DM patients are rich in adipose tissue,
especially in the abdomen. A large amount of adipose tissue can be obtained through
cheap and safe liposuction. ADSCs cultured in vitro have multi-directional
differentiation, resist inflammation, and repair excellent properties of tissues.
However, low survival rate after transplantation in vivo is the key limitation to its
efficacy. In particular, adverse conditions such as advanced glycation end products,
pro-inflammatory microenvironment and induction of oxidative stress caused by

persistent hyperglycemia in diabetic patients further reduce the survival rate of
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ADSCs, making them unable to perform their functions. Netrin-1 acts as a secreted
protein that promotes the growth, survival, adhesion, migration, proliferation and
anti-apoptosis of nerve cells and endothelial cells in nerves and blood vessels. It can
also be transduced by MAPKSs, ERKSs, p38 and other signals. The pathway regulates
the inflammatory response to exert anti-inflammatory effects [136-137], and has
recently been found to have a significant increase or decrease in expression levels in
many acute and chronic inflammatory diseases [96-105]. In the early stage, we
analyzed the clinical specimens and found that its expression level in diabetic
hyperglycemia was negatively correlated with DPNV, which proved the clinical
correlation between Netrin-1 and DPNV. At the same time, after obtaining a large
number of ADSCs in vitro, a stable gene transfection system for adenovirus
transfected ADSCs was established. It was confirmed that Netrin-1 can significantly
increase the proliferation, migration, adhesion and adhesion to ADSCs in high glucose
environment. The ability to differentiate significantly reduces the level of apoptosis in
ADSCs. It is not clear if Netrin-1 enhances the transplantation of ADSCs in vivo in a
mouse model of diabetic lower limb denervation. The effect of in vivo repair and
treatment of DPNV and the specific molecular mechanism are still unclear.

Therefore, in this study, we constructed a T2DM mouse (db/db) lower limb
denervation model, transplanted N-ADSCs and ADSCs in vivo, and used laser
Doppler to observe blood perfusion, and evaluated by immunofluorescence and
immunohistochemistry. The efficiency of ADSCs in survival, migration,
differentiation, and angiogenesis in vivo. Using Western Blot to explore
Netrin-1-mediated signaling pathways of proliferation, migration, adhesion,
differentiation, proangiogenic ability and apoptosis of ADSCs, ELISA was used to
detect Netrin-1 mediated paracrine secretion of ADSCs. To clarify the specific
molecular mechanism of Netirn-1 regulating ADSCs proliferation, migration and
treatment of vascular neuropathy in diabetes, and provide new ideas and theoretical

basis for the prevention and treatment of DPNV.
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2. Materials and methods
2.1. Materials

2.1.1. Primary reagent

PBS phosphate buffer (1x, PH 7.2-7.4) (Beijing Suo Laibao Technology Co., Ltd.,
China)

Trypsin-EDTA (Trypsin-EDTA, 0.25%, Beijing Boaolong Immunotechnology Co.,
Ltd., China)

DMEM solution:

1g/L Dulbecco's modified eagle medium (DMEM; Gibco, USA)

10% fetal bovine serum (FBS, Hyclone, Australia)

NB4 collagenase solution:

0.2% collagenase NB4 (Serva, Heidelberg, Germany)

DMEM solution preparation

TBS Buffer (Bole Life Medical Products (Shanghai) Co., Ltd., China)

PBS phosphate buffer (1x, PH 7.2-7.4) (Beijing Suo Laibao Technology Co., Ltd.,
China)

TBST Buffer (1x) (Beijing Suo Laibao Technology Co., Ltd., China)

Coomassie Brilliant Blue Solution (Bio-Bio Engineering (Shanghai) Co., Ltd.,
China):

Bovine serum albumin (BSA, Sigma, USA)

4% paraformaldehyde (Shanghai Jingdu Biotechnology Co., Ltd., China):
Methanol (Shanghai Daixuan Biotechnology Co., Ltd., China)

95% ethanol (Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)

75% ethanol ((The Ninth People's Hospital, Shanghai Jiao Tong University School of
Medicine)
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Isopropyl Alcohol (Sigma, USA) (Shanghai Daixuan Biotechnology Co., Ltd., China)
Chloroform (Sigma, USA)

DAPI (Xi'an Huert Biotechnology Co., Ltd., China)

Resin (Epon, Merck, Darmstadt, Germany)

OCT embedding agent (DAKO, USA)

Fluorescent sealing tablets (DAKO, USA)

Matrigel Gel (Sigma, USA)

Collagen Collagen Il (Abcam, Cambridge, MA)

Ammonium oxalate crystal violet staining solution (crystal violet staining solution)
(1%) (Beijing Suo Laibao Technology Co., Ltd., China)

Rabbit anti-CD31 polyclonal antibody (Abcam, UK)

Fluor 555-Sheep Anti-Rabbit 1gG Polyclonal Antibody (Invitrogen, Carlsbad, CA)
DAPI (Xi'an Huert Biotechnology Co., Ltd., China)

ELISA kit (Shanghai Yiyan Biotechnology Co., Ltd., China)

DAPI (Invitrogen, Carlsbad, Canda)

Resin (Epon, Merck, Darmstadt, Germany)

Fluorescent sealing tablets (DAKO, USA)

Sodium pentobarbital (Ninth People's Hospital, Shanghai Jiao Tong University School
of Medicine, China)

2.1.2. Main instruments and equipment

Constant temperature CO> incubator (Forma Scientific, USA)

Centrifuge (Thermo, USA)

Deionized water system (Millipore, USA)

Ultra-clean workbench (Jiangsu Sujing Group, China)

Inverted microscope (Chongging Optoelectronic Instrument Corporation, China)
Fluorescence microscope (Nikon, Japan)

Precision Balance (Mettler Toledo, Switzerland)

Tianping (Shanghai Hanyu Hengping Scientific Instrument Co., Ltd., China)
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Refrigerator (Haier, China)

6-well plate (Corning Inc., USA)

Petri dish (Corning Inc., USA)

50ml centrifuge tube (Corning Inc., USA)

15ml centrifuge tube (Corning Inc., USA)

96-well plate (Wuxi Nice Biotechnology Co., Ltd.)

Pipette (Wuxi Nice Biotechnology Co., Ltd.)

0.22 pum needle filter (Millipore, USA)

40 pm filter (BD Falcon, USA)

Microsurgical instruments (Ninth People's Hospital, Shanghai Jiao Tong University
School of Medicine, China)

Flow Cytometry (Beckman Coulter, Fullerton, Canada)

Image-Pro Plus software (Media Cybernetics Inc, Rockville, MD)

Low temperature circulating water bath Polystat (Cole-Parmer Instrument Comapny,
USA)

Electric thermostatic water bath (Shanghai Yiheng Technology Co., Ltd.)
Electrophoresis Instrument (Shanghai Tianneng Technology Co., Ltd.)

Electronic balance (Beijing Sartorius Instrument System Co., Ltd., China)

MINI Centrifuge (Tomy Seiko Co., Ltd. Japan)

Vfertical clean bench (Shanghai net purification)

Refrigerated centrifuge (Eppendorf, Germany)

Full temperature oscillation incubator (Shanghai Yiheng Technology Co., Ltd., China)
Desktop multi-function high speed refrigerated centrifuge (Eppendorf, Germany)
Autoclave (Shanghai Shen'an Medical Instrument Factory, China)

High speed refrigerated centrifuge (Thermo Fisher Scientific, USA)

Gel Imaging System (Shanghai Tianneng Technology Co., Ltd., China)

Laser Doppler perfusion imager (moor-FLPI; Moor Instruments, Devon, U.K)

Odyssey Infrared Imaging System (LI-COR, Lincoln, NE, USA)
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2.1.3. Experimental animal

Wild type (WT) C57/BL mice and type 2 diabetic mice (BKS.Cg-m + / + Leprdb)
were purchased from Shanghai Southern Model Biological Research Center, China.
All animal experiments were approved by the Animal Ethics Committee of the Ninth
People's Hospital affiliated to Shanghai Jiao Tong University School of Medicine.
Blood glucose levels in diabetic and hyperglycemic mice were defined as >16.67

mmol/L, and only these mice were used for subsequent in vivo studies.
2.2. Methods

2.2.1. Construction of a model of lower limb denervation in T2DM mice and

transplantation of ADSCs

All animal experiments were approved by the Animal Ethics Committee of the
Ninth People's Hospital affiliated to Shanghai Jiao Tong University School of
Medicine. SPF male T2DM mice (BKS.Cg-m +/+ Leprdb) (18-20 weeks old, n = 18;
Shanghai Southern Model Biological Research Center, China) were randomly divided
into 3 groups. Subsequently, mice were successfully anesthetized with sodium
pentobarbital (0.5 mg/g). The left hind limb of each mouse was shaved. The sciatic
nerve was then isolated under direct vision and a 1.0 cm long nerve was removed as
previously described [194, 195]. The muscles were then sutured with a 5-0 nylon
suture and the skin was sutured with a 3-0 nylon suture. Successfully constructed a
model of lower limb denervation in T2DM mice. After 24 hours, 100 pL of
serum-free medium containing 10° cells was injected at three different sites
(gastrocnemius, gracilis and quadriceps) on the denervated hind limb. Mice were
randomized into three groups: ADSCs (n = 6), N-ADSC (n = 6), and PBS-injected
controls (n = 6). On the 7th, 14th and 28th day after transplantation, the blood flow
perfusion of the hind limbs was evaluated non-invasively using a laser Doppler

perfusion imager (moorFLPI; Moor Instruments, Devon, UK).
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2.2.2. Immunofluorescence and immunohistochemical staining

The overall condition of each group of experimental animals was observed on
the 7th, 14th and 28th postoperative day. On the 28th day after surgery, the mice were
successfully anesthetized with sodium pentobarbital (0.5 mg/g), and the mice were
perfused with 4% paraformaldehyde solution, the mice were dissected, and the
bilateral hind limb muscles were isolated and obtained. After the sucrose was
dehydrated for 1.5-2 h, the tissue was transferred to 30% sucrose and soaked
overnight. A section was continuously sliced at a thickness of 10 um along the
transverse axis of the muscle. The sections were dried overnight at room temperature
in a dark place, and the sections were loaded into a slice box the next day and sealed
in a-80 °C refrigerator.
2.2.2.1 Immunofluorescence detection of muscle tissue

(1) using a 0.3% Triton-X solution for 10 min at room temperature, and then
rinsing the specimen 3 times with PBS for about 5 min each time;

(2) using 10% goat serum to seal the specimen at 37 <C for 30 min;

(3) Add rabbit anti-CD31 antibody (1:200 dilution) and mouse anti-Netrin-1
antibody (diluted 1:250) in turn according to the instructions, and add PBS to the
control group, and place at 4 <C overnight. Rinse the specimen 3 times with PBS for
about 5 min each time;

(4) Add Fluor 555 goat anti-rabbit IgG antibody and FITC goat anti-mouse 19G
antibody (1:500 dilution) to the specimen in turn, place it in a black box and protect it
from light, and place it at 37 ©C for about 60 min. After the incubation, Rinse the
specimen 3 times with PBS for about 5 min each time;

(5) The cells were stained with DAPI (diluted 1:1000), and after 2 min
incubation, the samples were rinsed with PBS for about 5 min;

(6) The film was sealed with a fluorescent sealing tablet, and the fluorescent
sheet of the specimen was prepared, and then recorded under a fluorescence
microscope.

2.2.2.2 Immunohistochemical staining of muscles
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(1) The frozen sections were placed in 1 mM EDTA, heated at 95 <C for 10
minutes, and cooled to room temperature at room temperature to perform antigen
retrieval;

(2) Fix the cells or sections with an appropriate fixing solution, and wash them
twice with the immunostaining washing solution for about 5 minutes each time;

(3) Adding an immunostaining blocking solution, and blocking for about 60
minutes;

(4) According to the primary antibody instructions, the primary antibody is
diluted in an appropriate ratio. After the blocking solution was recovered, the diluted
primary antibody was added, and the mixture was incubated at room temperature for 1
hour to recover the primary antibody. Rinse the specimen 3 times with PBS for about
5 min each time;

(5) According to the instructions of the second antibody, dilute the secondary
antibody in an appropriate ratio. After the blocking solution was recovered, the diluted
secondary antibody was added, and the mixture was incubated at room temperature
for 1 hour to recover the secondary antibody. Rinse the specimen 3 times with PBS
for about 5 min each time;

(6) The tablet was sealed with a sealing tablet, and the immunohistochemical
preparation of the specimen was completed, and then recorded under an optical

microscope.

2.2.3. Detection of the signaling pathway of Netrin-1 regulating ADSCs with

Western Blot

Total protein was isolated from N-ADSCs and ADSCs cultured for 48 h under
high glucose conditions in vitro, and total protein was isolated from muscle tissues of
T2DM lower limb denervated mice injected with N-ADSCs, ADSCs and PBS,
respectively. The total protein in tissue samples and cell lysates was quantified,
electrophoresed, and transferred to a PVDF membrane and incubated overnight at

4 <C with appropriate antibodies. The antibodies were as follows: anti-Akt and
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anti-P-AKT antibodies, anti-PI3K and anti-PI3K P-PI3K antibody, anti-P38 and
anti-P-P38 antibody, anti-ENOS and anti-P-eNOS antibody, anti-NF-xB and
anti-P-NF-kB antibody, anti-JNK antibody, anti-ERK 1/2 antibody and anti-beta Actin
antibody (1:500; Abcam). The Odyssey Infrared Imaging System (LI-COR, Lincoln,
NE, USA) was used to quantify the relative cumulative density of immunoreactive
bands. The specific experimental steps have been described in detail in the previous

section.

2.2.4. Detection of paracrine factors in ADSCs regulated by Netrin-1 by ELISA

ADSCs and N-ADSCs were cultured in high glucose medium for 48 hours
according to the manufacturer's instructions. The supernatant was obtained by
centrifugation, and the supernatant was assayed for vascular endothelial growth factor
(VEGF), basic fibroblasts by ELISA kit. Growth factors (b-FGF), hepatocyte growth
factor (HGF), tumor necrosis factor-o. (TNF-a), platelet-derived growth factor
(PDGF), epidermal growth factor (EGF), and insulin-like growth factor (IGF-1) and
Netrin-1 (R&D Systems Inc). High glucose DMEM medium was used as a control

group. Each experiment was repeated more than three times in at least three wells.

2.2.5. Statistics

All the data in this study were analyzed using SPSS 18 software. All statistical
charts and tables were drawn using GraphPad Prism 5 software, and all data were
expressed as mean and standard deviation (SD). Quantitative values were compared
by Student's t test and one-way ANOVA. The statistical significance was defined as

*P < 0.05, **p<0.01; ***p<0.001. Each experiment was repeated at least three times.
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3. Results

3.1. Effects of N-ADSCs on blood perfusion of hind limbs in lower limb
denervated T2DM mice

Previous studies have shown that sciatic nerve denervation leads to vascular bed
remodeling and progressive loss of capillaries, and impairs arterial and post-ischemic
recovery, which accelerates further deterioration of DPV in T2DM mice [194, 195]. In
the present study, we observed the effect of Netrin-1 on the regulation of ADSCs in
T2DM mice with sciatic nerve removal from chronic hindlimb ischemia. We
performed imaging of the blood flow of the hind limbs by color laser Doppler on days
0, 7, 14 and 28 after transplantation of ADSCs and N-ADSCs into the T2DM mouse
lower extremity denervation model (Fig. 3-1A). Both the N-ADSCs and ADSCs
groups showed significantly higher laser Doppler perfusion indices than the PBS
control group. In addition, the N-ADSCs group showed a significantly higher laser
Doppler perfusion index than the ADSCs group at 28 days (ADSCs group, 0.58 =+
0.03; N-ADSCs group, 0.83 £0.03; PBS group, 0.26 +0.02; P <0.05. Figure 3-2).

3.2. Effects of N-ADSCs on immunohistochemistry and immunofluorescence of

hind limb muscles in lower limb denervated T2DM mice

This study found that no tumors or teratomas were formed in denervated
ischemic muscles or other organs 28 days after injection of ADSCs and N-ADSCs.
We detected GFP-labeled cells in the hind limb muscles of mice injected with ADSCs
and N-ADSCs by immunofluorescence microscopy. CD31 (red), DAPI (blue) double
staining and GFP (green) transfected into cells confirmed the migration of cells to the
chronic ischemic and vascular regions, some of which eventually differentiated into
vascular endothelial cells (Figure 3-3). The results of this study demonstrate that
N-ADSCs are involved in the recovery and revascularization of damaged vascular
structures. Statistical analysis showed that the number of surviving cells in N-ADSCs
group was significantly higher than that in ADSCs and PBS control group (ADSCs
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group, 22.6724.16 cells/field; N-ADSCs group, 68.3334.04 cells/field, P < 0.01,
Figure3-4). In addition, immunohistochemical analysis showed that N-ADSCs
significantly increased microvessel density in the denervated hind limbs of T2DM
mice compared with ADSCs and PBS groups (PBS, 2.50 £1.91 vessels/field of view;
ADSCs, 4.25 =+ 1.71) vessels/field of view; N-ADSCs group, 14.25 + 1.89
vessels/field of view, P < 0.05) (Figures 3-5, Figures 3-6). Netrin-1 was shown to
increase the ability of angiogenesis in ADSCs. The results of this study demonstrate
that Netrin-1 plays a key role in the survival, migration and differentiation of ADSCs

into endothelial cells.

3.3. Molecular Mechanism of Netrin-1 Regulating Survival, Proliferation,

Migration, Adhesion and Angiogenesis of ADSCs

Western Blot demonstrated that phosphorylation of the PI3K / AKT / eNOS /
P-38 / NF-«xB signaling pathway was up-regulated in the N-ADSCs group, both in
vitro and in vivo, compared to the ADSCs group (Figure 3-7A, 3-8A). Statistical
analysis showed that the expression of PI3K / AKT / eNOS / P-38 / NF-«xB signaling
pathway in N-ADSCs was significantly higher than that in ADSCs group in vitro and
in vivo (P<0.05, Figure 3-7B, 3- 8B). On the other hand, the expression of ERK1/2
and JNK was not up-regulated in N-ADSCs compared with the ADSCs group. Since
ERK1/2, JINK and P-38 are both key upstream proteins of MAPK important signaling
pathways, we It is speculated that in the regulation of ADSCs by Netrin-1, the MAPK
signaling pathway may only pass P-38-MAPK, but there is no activation of
ERK1/2-MAPK or IJNK-MAPK signaling pathway. It is well known that activation of
PI3K / AKT / eNOS is critical for proliferation, differentiation and anti-apoptosis of
ADSCs [196]. In addition, the literature reports that Netrin-1 can restore vascular
endothelial cell damage and promote angiogenesis in the high glucose state through
the PI3K / AKT / eNOS signaling pathway [197]. In addition, P38-MAPK has been
shown to be involved in cell survival, differentiation and migration [198]. NF-«B also

has an anti-apoptotic effect and can up-regulate the expression of VEGF, which is
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beneficial to angiogenesis. The findings of this study demonstrate that Netrin-1
regulates important functions in the survival, proliferation, migration, adhesion, and

angiogenesis of ADSCs in vitro and in vivo.

3.4. Effect of Netrin-1 on the regulation of paracrine cytokines and growth

factors in ADSCs

ADSCs and N-ADSCs were cultured for 48 hours in high glucose medium, and
then the supernatant was collected and analyzed by ELISA. The results showed that
the expression of cytokines and growth factors such as VEGF, b-FGF, HGF, TNF-a,
PDGF, EGF, IGF-1 and Netrin-1 was significantly higher in the N-ADSCs group than
in the ADSCs group (Fig. 8). More and more studies have shown that the paracrine
effect of stem cells plays a crucial role in promoting the repair of tissue damage.
VEGF, b-FGF, HGF, TNF-a, PDGF, EGF, IGF-1, etc. are essential positive regulators
for cell growth, proliferation, migration, adhesion and angiogenesis. The above
factors of ADSCs can be paracrine. At the same time, it promotes the survival and
repair of ADSCs and vascular endothelium in vivo. Netrin-1 itself promotes the
growth and repair of endothelial cells. Therefore, Netrin-1 can enhance the paracrine

secretion of ADSCs, thereby promoting revascularization in vivo and treating DPNV.

4. Discussion

In the previous study, we successfully obtained ADSCs from mouse adipose
tissue and established a highly efficient and stable adenoviral gene transfection
system to obtain N-ADSCs stably overexpressing Netrin-1. Our previous in vitro
studies have demonstrated that Netrin-1 can significantly improve the proliferation,
migration, adhesion and angiogenesis of ADSCs, and prevent the apoptosis of ADSCs
induced by high glucose, suggesting that we further investigate the effect and
mechanism of N-ADSCs repairing DPNV in vivo. . In this study, we successfully
implanted N-ADSCs into the hind limbs of T2DM mice that are denervated by sciatic

nerve. In the continuous observation and monitoring within 28 days after surgery, the
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blood flow in the hind limbs of the N-ADSCs group showed a significantly higher
laser Doppler perfusion index than the ADSCs group and the PBS control group.
Immunofluorescence measurements of muscle samples obtained from dissected mice
28 days after surgery showed that N-ADSCs survived in the chronic ischemic hind
limb muscles after T2DM denervation and migrated to the damaged tissues and blood
vessels, and some differentiated into endothelial cells. And small capillaries are
formed. Immunohistochemistry results showed that the microvessel density of hind
limb muscles was significantly increased in the N-ADSCs group compared with the
ADSCs group and the PBS control group. Western Blot and statistical analysis of
proteins in vitro and in vivo showed that the mechanism of Netrin-1 improving
survival, proliferation, migration, differentiation and promoting revascularization of
ADSCs in vitro and in vivo may be related to up-regulation of PI3K / AKT / eNOS /
P-38 / The signaling pathway of NF-«kB is involved.

Some studies have shown that adipose tissue is a natural abundant reserve of
ADSCs, and ADSCs have multipotential differentiation and great potential for
repairing tissue and organ function [199-201]. However, clinical and laboratory
studies have found that a large number of transplanted cells do not provide a
satisfactory therapeutic effect. And as shown in our study, ADSCs cultured and
passaged to the P6 generation showed a pattern of severe aging, and a reduction in
dryness would further lead to a decrease in proliferation, differentiation, and
migration. Therefore, we can only select a narrow range of ADSCs between P3 and
P5 for subsequent research and experiments. In addition, T2DM or hyperglycemia
greatly limits the angiogenic effects of ADSCs, making effective treatment of DPNV
a challenging task. Therefore, how to improve the survival, differentiation and
migration ability of stem cells after transplantation is an urgent problem to be solved.
In this study, we selected the Netrin-1 protein, a secreted protein that positively
regulates both neurological activity and vascular system function. Numerous studies
have shown that it plays a vital role in the survival, proliferation, migration, adhesion

and differentiation of endothelial cells, nerve cells and stem cells, as well as inhibition
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of apoptosis. Ke et al. studied the positive effects of Netrin-1 on proliferation,
migration, and angiogenesis of BMSCs during vascular regeneration following limb
ischemia in rats. This study measured plasma and tissue levels of VEGF and
demonstrated that up-regulation of VEGF is a major cause of the positive role of
BMSCs transfected with Netrin-1 in ischemic revascularization in rats [202]. The in
vitro part of this study reveals the role of Netrin-1 in the proliferation, migration,
adhesion and differentiation of ADSCs as well as its specific signaling pathways and
molecular mechanisms. The adenovirus we use is a superior and safer method than
lentivirus in clinical use because the foreign gene on it is not inserted into the genome
of the target cell [193]. Therefore, we transfected the NTN-1 gene into ADSCs by
adenovirus. It is worth noting that the results of Western Blot demonstrated that
Netrin-1 has almost no expression in ADSCs in the natural state, while Netrin-1 is
highly expressed in ADSCs transfected with NTN-1, which further confirms the
transfection of NTN into ADSCs. The necessity of 1. Previous studies have shown
that Netrin-1 inhibits apoptosis of mesenchymal stem cells (MSCs) through
DCC/AKT signaling pathway under hypoxic conditions [203], increasing its survival
rate. The results of Western Blot in this study showed that the proportion of Bcl-2 /
Bax in N-ADSCs was significantly higher than that in ADSCs, so Netrin-1 enhanced
the proliferation of ADSCs and inhibited apoptosis under high glucose conditions. In
vivo immunofluorescence and immunohistochemistry showed that the survival rate of
N-ADSCs in chronic ischemic muscle of T2DM hind limb denervated mice was
significantly higher than that of ADSCs, and some ADSCs also differentiated into
endothelial cells and formed small capillaries. This phenomenon increases the density
of microvessels and the laser Doppler perfusion index of the lower extremity blood
flow, thereby greatly enhancing the function of the hind limbs. Previous studies have
shown that differentiation and paracrine effects are the two main mechanisms by
which ADSCs migrate to the body to repair damaged tissue [62]. The results of this
study demonstrate that overexpression of Netrin-1 in ADSCs greatly increases the

expression levels of a range of growth factors and cytokines (such as VEGF, HGF,
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bFGF, and PDGF), providing a good microenvironment for tissue regeneration. It
reduces the pathological remodeling of hind limb ischemic muscles and promotes
angiogenesis. At the same time, the highly expressed secreted protein, Netrin-1 itself,
iS a potent angiogenesis regulator that restores cellular damage and promotes
angiogenesis in vascular endothelial cells in a high glucose environment via the PI3K
| AKT-eNOS signaling pathway. In addition, we found increased expression of the
PI3K / AKT / eNOS / P-38 / NF-«xB signaling pathway in vitro and in vivo, which
plays a crucial role in the proliferation, differentiation, anti-apoptosis, migration and
adhesion of ADSCs. effect. However, this study is only a preliminary exploration of
the underlying mechanism. Further follow-up of molecular mechanisms related
experiments is needed to clarify the specific molecular mechanism by which Netrin-1
regulates the therapeutic effect of ADSCs on promoting DPNV angiogenesis. Despite
the limitations of this study, current studies have shown that Netrin-1 can improve the
survival, proliferation, migration, adhesion, differentiation and treatment of ADSCs in
vitro and in vivo to promote angiogenesis. In summary, the results of this study

provide new insights into the treatment of DPNV disease.

5. Summary

In this study, T2DM mice (db/db) hind limb denervation model was successfully
constructed, N-ADSCs and ADSCs were transplanted in vivo, and blood perfusion
was observed by laser Doppler. The survival of ADSCs in vivo was evaluated by
immunofluorescence and immunohistochemistry. , migration, differentiation, and the
efficiency of angiogenesis. Western Blot was used to investigate the signaling
pathways of proliferation, migration, adhesion, differentiation, angiogenesis and
apoptosis of Netrin-1 mediated ADSCs. ELISA was used to detect Netrin-1 mediated
paracrine secretion of ADSCs. It was confirmed that Netrin-1 can pass the signaling
pathway of PI3K / AKT / eNOS / P-38 / NF-kB and promote the secretion of VEGF,
b-FGF, HGF, TNF-a, PDGF, EGF, IGF-1 and Netrin-1. The expression of factors

enhances the efficiency of survival, proliferation, migration, differentiation, adhesion
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and angiogenesis of ADSCs in vivo and in vitro, increases the density of small blood

vessels and the degree of blood perfusion, and significantly improves the chronic
ischemia of the denervated hind limbs in T2DM mice. Function to treat DPNV. This

study provides a new idea and theoretical basis for the prevention and treatment of

DPNV.
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Summary and innovation of the full text

The incidence of DPNV is high, early onset, insidious onset, long course of
disease, difficult to cure, and often leads to amputation and even life-threatening.
There is currently no effective treatment plan in clinical practice. Stem cell
transplantation is a promising treatment. The body of T2DM patients, especially the
abdomen, is rich in adipose tissue. A large amount of adipose tissue can be obtained
through cheap and safe liposuction. The ADSCs obtained by in vitro culture have
multi-directional differentiation, resist inflammation and repair the excellent
characteristics of the tissue. This study also confirmed that a large amount of adipose
tissue was obtained in the inguinal region of experimental mice, and a large number
of ADSCs were successfully isolated and cultured. Therefore, ADSCs are seed cells
for the treatment of DPNV with great clinical application prospects. However, a large
number of basic and clinical studies have found that the low survival rate of ADSCs
after transplantation is the key to its efficacy. In particular, adverse conditions such as
advanced glycation end products, pro-inflammatory microenvironment and induction
of oxidative stress caused by persistent hyperglycemia in diabetic patients further
reduce the survival rate of ADSCs, making them unable to perform their functions.

Netrin-1 is a secreted protein that promotes the growth, survival, adhesion,
migration, proliferation, anti-apoptosis and anti-inflammatory of nerve cells and
endothelial cells in both nerves and blood vessels. It has recently been found in many
acute and chronic inflammatory diseases. There is a significant increase or decrease in
its expression level. In this study, we analyzed the expression of Netrin-1 protein in
endothelial cells of patients with DPNV by analyzing clinical specimens of ischemic
muscles in lower limbs of diabetic patients, but the expression level of Netrin-1 was
significant in peripheral blood serum and ischemic muscle tissues of lower limbs.
Decreased, and the expression levels of multiple inflammation-related factors
increased significantly, and the density of microvessels decreased significantly

compared with the normal group. It was confirmed that the expression level of
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Netrin-1 in diabetic hyperglycemia was negatively correlated with DPNV, which
proved the clinical correlation between Netrin-1 and DPNV. Therefore, we believe
that overexpression of Netrin-1 by gene transfection of ADSCs can improve the
viability of ADSCs under hyperglycemia, migration and differentiation into vascular
endothelial cells, and promote DPNV angiogenesis.

In the in vitro experiments of this study, a large number of successful
acquisitions of ADSCs led to the establishment of a stable gene transfection system
for adenovirus transfected ADSCs. It was confirmed that Netrin-1 can significantly
increase the proliferation, migration, adhesion and adhesion of ADSCs in high
glucose environment. The ability of endothelial cells to differentiate significantly
reduces the level of apoptosis in ADSCs. In the in vivo experiment, this study
successfully constructed a hind limb denervation model of T2DM mice (db/db),
transplanted N-ADSCs and ADSCs in vivo, and confirmed that Netrin-1 can pass
PI3K / AKT / eNOS / P-38 / NF-kB signals. Pathway and promotion of expression of
paracrine factors such as VEGF, b-FGF, HGF, TNF-a, PDGF, EGF, IGF-1 and
Netrin-1 enhance the survival, proliferation, migration, differentiation, adhesion and
promotion of ADSCs in vivo and in vitro. The efficiency of angiogenesis, increased
small vessel density and blood perfusion, significantly improved the chronic ischemia
and function of the denervated hind limbs of T2DM mice, and treated DPNV. This
study provides a new idea and theoretical basis for the prevention and treatment of
DPNV.

Although this study completely analyzed the clinical correlation between
Netrin-1 and DPNV from clinical samples, and confirmed the important role of
Netrin-1 in promoting survival, migration, differentiation and repair of chronic
ischemia of DPNV by detailed in vivo and in vitro experiments, There are some
shortcomings and limitations. First of all, because the clinical specimens are precious
and difficult to obtain, this is a small sample size study. We will continue to expand
the sample size and use a larger sample size to illustrate the clinical correlation

between Netrin-1 and DPNV, thus obtaining more persuasion. A more credible
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conclusion. Secondly, in the study of the specific molecular mechanism of Netrin-1
regulation of ADSCs in vitro and in vivo, this study only discussed the protein
molecules of the classical signaling pathway. How does Netrin-1 regulate the survival
of ADSCs in vivo and in vitro, respectively? The specific molecular mechanisms of
proliferation, migration, differentiation, adhesion, and the efficiency of angiogenesis
have not been explored. In future studies, we will further refine the experimental steps
and further clarify the use of signaling pathway-related agonists and inhibitors. Its
specific molecular mechanism provides a more detailed and more convincing
theoretical basis for the application of Netrin-1 modified ADSCs in the prevention and
treatment of clinical DPNV. In addition, as more and more studies reveal that
paracrine effects play a crucial role in the promotion of tissue damage repair in
ADSCs, many of the paracrine factors that have been detected in this study have been
elevated in Netrin-1 to regulate ADSCs. The role of treatment in DPNV also needs
further exploration. The above deficiencies are also the focus of follow-up research,

and follow-up research has been initiated and is underway.
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