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Effect of GAS6/AXL signaling pathway inactivation
on energy metabolism in mice
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DU Xiao-yan, WANG Chao, CHEN Zheng-wen, WANG Ju

( Capital Medical University Basic Medical College, Beijing 100069 , China )

[ Abstract] Objective To investigate the effects of growth arrest-specific gene 6 ( GAS6) inactivation on maintai-
ning mouse energy metabolic homeostasis. Methods Axl gene encodes the major receptor of Gas6. Wild type gene
(Axl*’*) and Axl gene-deficient (Axl ™~ ) mice were used as research models. For each genotype mice, the fasting glu-
cose, blood lipids, aliphatic index in the blood, and the mRNA expression and protein phosphorylation levels of PI3K,
AKT and glucose transporter 4 (GLUT4) in skeletal muscle were determined. After high fat high cholesterol diet-induced
type 2 diabetes mellitus (T2DM) models from the two genotype mice were generated, the plasma Gas6 concentrations of the
mice were detected respectively so as to compare the effect of Ax/ deficiency on the success ratio of induced T2DM models.
Results  Abnormal blood lipids in Ax/ ™"~ mice were observed, and the fat deposition rate was significantly higher than that
of the wild-type mice as well (P <0.01). The stability of blood glucose in Axl "~ mice was impaired, in which the fasting
glucose level in Axl ™"~ mice was significantly higher than that in the wild-type mice, and the mRNA level of Glut4 in skele-
tal muscle was increased significantly, while the phosphorylation levels of PI3K, AKT and GLUT4 proteins were slightly de-
creased. The GAS6 plasma concentrations in the T2DM mouse models were significantly lower than that in the respective

control groups, which was irrelevant to genotypes. Surprisingly, the success rate of induction of T2DM in Axl ™'~ mice was
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twice as high as that of the wild type mice (P <0.01). Conclusion Activation of GAS6/AXL signaling pathway contrib-

utes to lower blood glucose and inhibit fatty deposits to a certain extent.
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1.1.1 ZERshY

VEFHIE S B6. 129-AxI™ /NG (Axl =) K H: IR
P A /N (CSTBL/6] x 129) (Axl™ "), 6 J
WA HENE IR H 16 ~ 18 g, 4% 40 H ( [ Louisville K
SFOEE ARG ) W H AR B AR e B [ SCXK
(%2)2012-0004 ), Zh¥) 1 FEAEAT G B A5 HE 1) 57
REEHE [ SYXK ( 51)2010-0020 ] Y% IVC S 45H, B8
BEs il IR 20 ~25°C, H i 22 <3°C, M X i &
40% ~70% ,EFH 12 h YeIE B RAEER, A ke,
YOK FERIE 4 HIRSE R R 4 BRUJE 4R R —
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1.1.2 Rt RE
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WA 1% IRFEEE , SERIRL K & IR TRl R4 F
FEREFREBE LR S G,
113 F2EEH 500 &

HENRFE R (streptozotocin, STZ) , FE[H Sigma; Il
BT, M, =i B AL BB A BR A W) 5 /0 Bl
AR R S EER A 6 (GAS6) il K o 3 4 At
(ELISA) i34, 25 R&D; TRNzol A RNA 42 HUR,
7 £ B2 TIANScript ¢DNA 57— 45 & il £, RAR
AR PR A 7] 5 8 € R & (BCA #5) , %
FSRHE N B AR A RS w5 21 2 H 3300 & &
SDS-PAGE e ] £ 170 &, AL 5 R S it 22 A= Wy )
FoA BRA 7] 8 Marker M AL 2F & OGIE Y, 55 [H
Thermo; — $T 4 ¥ 4 % HL Bl: PI3K (1: 500, sc-
292114, Santa Cruz),P-PI3K (1:500, #4228, Cell
Signaling) , AKT (1: 500, sc-8312, Santa Cruz), P-
AKT(1:500, sc-7985-R, Santa Cruz), GLUT4 (1:
500, ab33780, Abcam ), P-GLUT4 (1 : 500, sc-
17558, Santa Cruz), GAPDH (1:2000, #2118, Cell
Signaling ) ; AR ALY AR 1C B 1L SE BT A0 — 90
(IgG, 1:5000, ZDR-5306, 424 HF) ; Hofth A58
RN B S Sigma 23 F
114 5I980H58 K

ARG GenBank 2341 B /N B Axl  Pi3k Akt . Gluid
H B-Actin BRI P HN BT AHIL 519, 5190 51 53531
A Axl: 5'-TACACCAGCAAGAGCG-3', 5'-CTGTTTC
AGCCGATTT-3"; Pi3k. 5'-AAGGCAAGTAGACCCA-
3’,5'-TACCCATCACAGCACAT-3"; Akt . 5'-GGAGGA-
CAACGACTACGG-3",5'-CACGATGTTGGCAAAGAA-
3" Glu4.5'-CAGCCTACGCCACCATA-3",5'-CCAT-
AGCATCCGCAACAT-3"; B-Actin: 5'-AGAGGGAAAT
CGTGCGTGAC-3", 5'-CAATAGTGATGACCTGGCCG
T3, i AR AW TR (L) A BRA R A A,

1.2 RWHE
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PR Axl ™ FEPRIH I Anl ™~ FER AL NRAS 40 2,
T R BN RUBEDL 2> 2 21 (20 H/4H) , — 4]
WL A AR IR T2DM 41, 55— 4140 M2 = B A et
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LGN, HalA 2K 2R 2 8 AR E TR
ik, AR EE AR

1.2.2  BER s As il

3k T2DM Z1/NERE] 8 Sl B, il B A5 AR 0 A i
() Al ™ B Axl ™'~ FER NS 6 K, 25 16 h
Je, FHSY R 1 5 AR R I, 42 BEUT I 5 359
B (T 70 W S A T R ) R 7 0 ARG 0 3 il
IMHEE
1.2.3  IMAgAfbsshn

B AL 328 BCAA B AH G A9 AE T2DM 4 Axd T
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e 1. 2. 3 BRI S W B 45 o5 S i 1 Ak
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VA 5 1 1 ) g I i AR EEAE (o/g) ], DA w0 25 B
Al BRI R i 105 DU B 5
1.2.5 #8580 A0 s AH DG 3 - FRaA A
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FIHH TRNzol & RNA 4 HURF$E HUS 4 3
BELZH 2L A RNA, BUAL RNA & 2 pg, H3E TIAN-
Script ¢DNA 2f—5E5 B &1 (10 wmol/L oli-
go dT 51%,70°C ,5 min, 2. EIFZ K I 2 min, % LA
TMRFFHIMA : M-MLV 5 x reaction buffer,5 wL;
dNTP,1.25 pL; RNasin,25 units; M-MLV RT, 200
units ; Il AJC RNase 1 H,0, & BAKFILF] 25 pL,
IRA),42°C, 1%/ 60 min, 95°C, 5 min) 2§45t H
cDNA , #47T PCR &3 , n] SOWAR R KUK MA » Taq

Mix,10 pL; sense (10 pwmol/L),0.4 pL; antisense
(10 pmol/L),0.4 pL;cDNA (100 ng/pL),1 pL;
JC RNase ) H,0,8. 2 wL;94°C HAE 1 5 min;94°C 7%
PE S50 s, B 45 R SR 5 1 9 i a8 R 3B ok
30 s,72°CHEf 1 min,35 MG ;72°C, 7 min, 7857
FEAH1;4°C ,20 min; PCR 7= YI7E 2% W B NR HEEE L L
HEATHLIK , FHBE AR R 58 ( Bio-Rad ) #:illl , 3347
FEF T,

(2) Western blot K {ill
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A1 h, —HiiEE ,4Ca%, LB H—biai R
HUEL; TBST YR 5 min x6 ¥ ; 91, EIRIERME 1
h, TBST $EME 5 min x 6 K, 1622 ZOGIRYIFF 30 s,
FHEE R EDE 24 38K I R 42 ( Bio-Rad ) B8O, I3
1TE I
1.2.6 T GAS6 & Al

F Axl ' Axl ™" Axl Tt -T2DM A Axl ™'~ T2DM
4 /N, BRSO E 6 L SR IR ER ML, 1fi 2% AE
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370001, SEEBERLA (x +5) Fos, HhZ4E
B 22 00T, WAL FLBCR ¢ kg, SEgR R
B3,

2 R
2.1 PBHET GAS6/AXL 15 Sif R ¥ 7 /MR M &
KERFE

ZEK I 3E T2DM 41 Axl ™/~ /NEL6 L JLAl i A
B4 (6.86 £0.63) ,Axl ™" /INEL 6 F, ZLAl il BB Ky
(5.38 £0.83) , AHIL-FH{E TR 1.5 mmol/L(P <
0.05), VAT Axl FEPRBE GRS /N BRUBEACE- H 3
T ETF, 7R GAS6/AXL ] fig 5 /N B v B 1Y 5
BV G,

2.2 PEET/NER GAS6/AXL 15 S i@ 8% 51l Pi3k,
Akt 5 Glut4 ) mRNA FRixKFE R FEABEERL KT
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INEE B IILT Pi3k Akt 1 Glurd FE PR B 3k 7K -l
B, Ho Akt 0 Glusd FEDR B%E S KBS sy
MW (1 a), [ PI3BK,AKT Fl GLUT4 45 4 )
IR ALK 2B A IR (B 1) .

a Pidk Akt Glurd P-actin
Axl Axl Axl Axl Axl Axl Axl Axl

p-pisk I poakT p.gLuT
PK - AKT GLUT4
GAPDH wamp@il  GAPDH - e \pDH -
Axl Axl Axl Axl Axl Axl

3 P-PIKPBK
[ P-AKT/AKT
P-GLUT4/GLUT4

el A
Protein phosphorylation level

0.0

T T
b >
= i~

Tica A~ A0 Axl** ANREBNULIH Pi3k Akt #1 Glurd (f) mR-
NA FERKFAYRM (P >0.05) o b, Axl ™/~ Fl Axl */* /NGBS LA
4irp PI3K . AKT Fl GLUT4 & F1 /KA (P >0.05)

Bl 1 AE T2DM 4 Axl ™" Al Axl ™ /N B HELAL N
Pi3k | Akt F Glwd %) mRNA J B AR IAKFE(n=6),
Note: a. The mRNA expression levels of Pi3k, Akt and Glut4 in Axl ="~
and Axl*/* mice. b. The phosphorylation levels of PI3K, AKTand
GLUT4 in Axl ™/~ and Axl*/* mice.

Fig.1 The mRNA and protein expression levels of Pi3k,
Akt and Glut4 in skeletal muscle in the Axl ™~ and Axl*"* mice
of non-T2DM group (n=6).

2.3 PBEMT GAS6/AXL 15 5 18 B X3 /)N R BE B i AR
il S =F: A

4k T2DM 20/ BUAR 3k 4k B3 726 B 5, 00 JEC o
NEVUIT A= AL bR, 45 5 R IR Axd =~ /DN B 2 e
(] P Y R e % B R AR K R IR T A
INEL(P <0.01) (& 1), TR FIRNER BN FUS B
RBUG KB Al /AN 10 2 BRI R BUR (0. 05 +
0.01), BEE T Axl ™ " 2H(0.02 0. 01) £ 10 H/©
FL(P <0.01), 25548 GAS6/AXL {5 5 i 10 i
A B T80 B W i TR
2.4 PBEET GAS6/AXL 15 S i B Xf/NR T2DM 4
BRI B 70

AN 755 07 il B Axcl 5 DR il o S HL B A
RU/NELAY T2DM BT 255K 7R bR Axl 529,20
HUNEA 14 HR 4 T2DM, 1 H B4 8 20 H/NE

HA 8 Hk4A T2DM, B4R, Axl ™/~ #H/NE R 4
T2DM [ JL% (40% ) 55 8774 (70% ) #H Lk i 2 4
(P < 0.01), #28 GAS6/AXL 15 53 I (1) B 1%
A B TARE 8

R Axl ™ /NE Awl 7 /0N BRI S AR T P
= TR =5 2 BE I 2R ORR 25 BE R 2 H KSR A (n = 10
mmol/L ,x £5)

Tab.1 Comparison of TC, TG, HDL-C and LDL-C con-

centrations between the Axl ™"~ and Axl*’* mice

oM BMAREEE HWh =R REEREAR REEREA

Groups TC TG HDL-C LDL-C
Axl*/*  1.46 £0.12 0.51£0.08 1.55+0.11 0.220.02
Axl™’~ 1.03 +0.05" 0.46 £0.05 1.17 +0.04"> 0.21 +0.01

H: 5 Axl ™7 S P <0. 0L
Note:"P <0. 01, vs. Axl*’* group.

2.5 4 TEhEEUNR A ILTE GAS6 K E L

A3 AR AR S 06 BT T A 4 FpasE AL /N BRI , 4
PR 6 /N B, A I A 4 1 H 4% 4/ BT GAS6
AT 22 5, S5 BB, Axl /N, I
GAS6 WEFE N (12.04 £ 1.15) , Axl ™/ FRHE R s 455 150
ZH/NEUMLTE GAS6 HRFEE M (5.79 +1.14) ;Axl ™~ 4
JNEUIMLTE GAS6 HeFE S (11.16 £0.76) ,Axl ~/~ B
PRIFAS I ZE /N BRI T GAS6 MR H (4.18 £1.06)
AL LR BN, 2 N THES L AR T2DM /Nl
THH GAS6 Mk B34 1B R T4 H 3R S 3h W
(P<0.01) . HE7/NEL 2 UM BRI 14 % 5 1T B i
K GAS6 K- TR IEAH G,

3 it

AW 38 T GAS6/AXL {5 5 38 kB
W /N ERAE AR I AR S R s i, AT R B, 7
R T, 24 GAS6 1 F ZZ 1k AXL #E m bR e, —
5 T 235 | 0 25 i [T st /K S b T T v 2 B AR AR
FIKSF T B 5200 it B 1) 20 2474 5 55— 5 1o, 76 3
YHAF AR AIRTIR T, Axl ' /NEBYIE T R0
BT Axl T AL BEOR B BR Al FER RN RE R 5 K
AREE, EREAR T I, 3K GAS6 /K- fs e vl
REA B T It e . B2, 5 AR B/ I,
Al ™~ 40N BRI S Al ot B (R BRH S
Pi3k Akt F1 Glur4 1 mRNA &3k H 30 7 34 im0, ifii #H
N B IR P B ) K BT BRAIG, B Awd ™~ 3
PRITRD/IN BRZEL 0% A (%) T WAL R Tk 555 . i — 20, i
R Axl FEP/INRZE N T35 & 2 B PR A HY 1) i )
FORPFA R 1. 75 f% . [FIEE, Joie Axl PR A8k
SR, — EX Se B a2 AUBE IR , DS i 2
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1 GAS6 /K- & B B PR, vl L, LI
GAS6/AXL {55 538 I 35 PR 1E 3 % e A 4 %
FL IR JE 2 A B, 3% GAS6 ¥R 1) el 48 5
FEE T2DM MY LR X R % Y], #iseit, T2DM 84
M3 GAS6 & i 25 A% T Wi &t 1 % A, HL i 3%
GAS6 /K5 25 I8 B (E . TNF-o \IL-6 LA} CAM-1
FROHERE AR 56, T AEE T2DM AR, 1L 3% GAS6
WP VD P R T2DM B XURS: e 5L Hk,
Gas6 FEH ¢. 834 +7 (i SNP 28 G >A Y
T2DM FHOC, Sk & 1F 5 A A AH LG, T2DM B8 35 1%
PLELIR) AA FERIRIA A JERBTCR G, T2DM B
o AA B Gas6 Y 7 & i i IS KR T GG
RO FRATTAE B K AR 5T 4 R 5 I PR AR T
(25 58 4 — B, BI85 1 TR RHEC 5 B JOK ity 22 4 2
JIiA% T2DM /NER, 46 Axl ™~ /NER S Al /N B
v 5 0 N 3 PR AR B R 1 ASE Sl ) A L, HG i 2R
GAS6 /K-35 25 T B, R WIWE s 1 K s 5
GAS6 7K F- R IEA G,
FEILIN S W 5T B & BE GAS6/ AXL i % Y 2k
T SRS A I R B, AXL AMUAEAE T
YRARAR I, AXL 5 X 5 1 5 28 A2 (0 KA
RLAY 2R PR A7 0, KA B K T, )
VS Axl FEDR R BEe AR L2 4 B Rk AT
N2 KB ™ E R T2DM SEARD . AR E A
F MoK AXL 5 GAS6 4545, i A T fig vk
BRUMIREE F B AXL 52 1A 2 1% /Bl B0 0 1 B
T, 40 SR SR FH s 0 200 B S M 38 Al 1% 3
PR 280, 12/ B 2 H R B 2 1 T2DML JEHR
AN [ 127 2 U S P 2 i TR B 0 ) it R v
T GAS6 FEMKE H: TNFa 7K-F, 1M H 2485 5% Gas6 %
NS 4] 2 4 S M 3R 08 Axd 6 IR0 3% 35 X IR 38
B, g2 & T e R U A FRf e L H% bt
BIER/INERGS F05 AXL 5 IR AT RE S {2 i X sb 2
LY b A A AXL 55 4 i 2K H Y GAS6, 1 Al
M3 H GAS6 ERKF TR (HE5 R 5 T2DM %
ML 25 AL, i — 205 R AR 40 i h GAS6/
AXL 38 F 5L T R, I T BESZ R 2] T LR X i
I, 25 E B GAS6 {5 5 38 4% A BEL I 45 /) B
AR AR 56, SR 1T GAS6/AXL 3 {6 3 15 1B 11 1fiL
B EAR S FHLHI AP, Insulin 5 GAS6 HY3Z
R34 )8 T SZ R B A R I R T 52 ) A e
T LT PN 15 538 [ OGS AR 1, G PI3K Rl AKT 45,

B WUE AL SR K IR W R E AL L 2L FIAT insulin
B ANEURIYH A Z —  7F insulin VEHF %4 B &%
PR S T ECEZEMMEMR" . EH Gas6 T
Axl H) B ZFERTEHEN . RN, GAS6 T HE
AT insulin (Y4 D B B A 3G 0248 MO in-
sulin FEURVEROTE 1, BT LA AR, FRATEEHCIN R
S WL PR LR RN BT Pi3k Akt FI Glutd 3 T
FEHIEAT T mRNA SR K- ARG, & 8045 UL
AN Pi3k Akt FI Glut4 1) mRNA F&i5 &3 H #0144
T, JLI Glud 19 % S K34 88k BH &8, i
PI3K AKT #1 GLUT4 84 & 1k 1) 7K V- Y 5 AN [m) 7
B R, P, GAS6/AXL 3 % (1% BELT 7] BE T 48 T
PI3K/AKT/GLUTA 3 % , I 2 o8 7] 42 9447 1 %
lie

AR, T GAS6/AXL FR G5 e 7542 2F g iy T AL
NHAEIBLHI AR, — I A IR # A IZ
RS R OB ¢, i (12 ~ 15 J8) 1R s g
BHE Gas6 =~ /INEUIE T AL 2L TR R S 2K 1 X R
A AR IIASH GAS6 BEfE#ERR Wi AR, H.55 i s 248 Pl
e tiimAg e AXL [0 R R428 4 e
IR /INERE 1 S JE AR R E R AR T R | Rz
R R R DORR, B AXL A7 L RE A E B
DURRU i AT 388 A G ) 7 e 35 PR AR /N BRUG F R
BRI GAS6/AXL Al [H 4 BH W7 J5 114 /0N BB 7 22 8K
T HLAR TS B DUR A R , AR T 5 R
TEHE—25 5% /0N BRUALYE HH 19 10 i PO SRS I oA J A
P, Axl =~ /NRUMSE o CH F1 HDL 7K 3 B KT
Axl ™ H/NEL T HDL 7E Axl ™~ /NER A B B R
% —7J71f , Holland 25"/ &3, L 25 mg/kg i) R428
LRI I F R B /N BGR 11 RS B A A
NS, AN GAS6 SIsHFUTAR I X, &
Z,GAS6 SR I R M A Tk — 20 5R

ARWFFEH AR 75 /N B GAS6/AXL 15 53l 4 1
AL SRR e AR A 56, IZE Yk
523 S UMM KT 85 I 14 I B 7 g TR, i ]
RES 0 fe 8 2 AUBE RS A ARG . ABIFSE A it — 20T
MG TR (0 BRAIL T A0 RGBT S48 8L T3
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