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ABSTRACT Objective: To investigate the association between serum vascular endothelial growth factor (VEGF)-B and insulin re-
sistance in pre-diabetes and newly diagnosed type 2 diabetes mellitus (T2DM) patients. Methods: Fasting serum VEGF-B levels were
measured using ELISA in 160 normal glucose tolerance (NGT), 142 pre-diabetes, and 117 newly diagnosed T2DM subjects, and their as-
sociation with insulin secretion, insulin sensitivity, parameters of adiposity, glucose and lipid metabolism was studied. Results: Fasting
serum VEGF-B levels did not differ among NGT (130.8 pg/mL [IQR 61.3-227.5]), pre-diabetes (146.7 pg/mL [84.1-214.9]), and T2DM
patients (135.3 pg/mL [58.3-214.8]) (all P>0.05). Correlated analysis showed that no significant association was found with body mass
index (BMI), waist-to-hip ratio (WHR), lipid profiles, insulin secretion and sensitivity, as measured by a 75-g oral glucose tolerance test.
Conclusions: Fasting serum VEGF-B levels are not related to adiposity, lipid profiles, insulin secretion and sensitivity in humans. These
findings demonstrated that VEGF-B may be dispensable for insulin resistance and type 2 diabetes in humans.
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T2DMYTEBL T, 18 P 7 —38 A 5B 1 LA AT 22 I R Y
DyRebtpE, FIRBFE A SRR I VEGE-B {55 Al A& — 18 1E
TRYT I ZHCHUR T2DM [ 25 W) HE . A4S S K Pk
FEEERAR R A NG (ERAEAR PRI AT AUHHS WY 2 AU R
I B T VEGF-B /K15 B8 B BT AT 28 . b BB il v
VEGF-B 7K F- 50U . 1085 2 4KH0 R T2DM (1l PRAE G, 3%
TN 7 T8 X BE LW PR T RURE 2 W T2DM A8 35 103
VEGF-B /K-, 3t — 443 Hr i iE VEGF-B /K- 5 A M35
AR IR 2 [ B AR S 1

1 XEMT &

1.1 ARTHR

WFFTHAZE 2011 4F 7 H & 2013 4F 12 F e 50 K2R BE 2B
Kt JB B B B PN A IR 22 I AR 419 1], L Hh b £ 1
B0 R 160 ) BEIRIEHTI 142 FIATETHZ T 2 TSR 11741,
SRR W QA T 2 R RS R A . HE i A T A K
75 T O R A iR R 56 (Oral glucose tolerance test, OGTT),
I 2 55558 A FGE I s R s AN 2 WA YT S 0 [ 4
o HERRPRE: B B R Be I 48 SRR IR R R A
W /BT  SUE M B TR R & FURIR DB T b E /
ARBRTN REICRAE 5 Tt Mg sk 5 LR IA AN LI 1A 2 5 Sk
PR s SO U ZE s 2R D TIRER A A 25 ; IEFE
RN IE T FREE A RS2 i I | B 5 28 43D A sk
P25 o AT 5T AR5 piE I R e B o s PR B AR P 01 &
HEHE, T 2 5 E B R B IS E RS R E 1.
1.2 HEMEREHEX

Wi AR AR 1997 4ESEEME IR 2s (American Dia-
betes Association, ADA)Y I TR IR 2 Wibn iR 1, 251
I 3K 1% (FPG)<6.1 mmol/L H OGTT P /IN i Ifil 3 4 % 1 (2
hPG) <7.8 mmol/L #5& S At 1E % (Normal glucose toler-
ance,NGT);FPG fE 6.1-7.0 mmol/L 5 / 1 2hPG 7£ 7.8-11.1
mmol/L % & X PRI R ; FPG 2 7.0 mmol/L 1, / 1 2 hPG
2 11.1 mmol/L #li X 2 HUAH IR .
1.3 R RIEHRANE LSRRI
131 FRiERNE FHENES S AE JEFE TES
R U 2 b o5 NS SR AR ) A R (kB 186 KT DU S S
RS A MEHT 15 4340 P RASE LR IR AR K R %
MMMES KL 2z 3, 3233 IR TS AR, 10 4380
Jei o A AR LE A SR = i e 3 A R I 2 1k, LA Ko-
rotkoff 55 1 F A 5 & SN AET TR T, BRI (E
132 MBERAKRE A IEEX R K 8-12 h,
2SI T OGTT, HR¥E T 250-300 mL 7K P ) JC /K 4
¥E 75 g 76 5 S ph IR 5E , ARRBE 55— E R R T H i, T IR BE T
JRME S 2 /INESF 1 ZINES 2 /INBS 43 ) R SR ML R I . B Ak
MELHE H AE R TRE 58 2 ; R B G4y i , & T
-80°C IR KAR R A , FH T E 3% VEGF-B,
1.3.3 SRR SR I 20 0 4 Ah T v A U 2 e J ol
(FPG). AR5 5 30 min, 1 h K2 2 h IU#(2hPG);
SR FHRE I & 13 Hh =FER(TG) | SB[ BE(TC) | 5 %2 B g R
1 JA[7) B (HDL-C) I 25 B2 i 2 1 AR [ B (LDL-C); UV 0
MIE A5 NG (ALT) A FLAL 2 BE(AST) 5 & HeVOMH (1

BHLIMZT & 1 Ale (HbAlc)(HLC-73GS8, Tosoh, Tokyo, Japan);
ey K ek N AE 1ML 195 3% (Roche Diagnostics, USA).
1.4 3% VEGF-B 7k EHIME

% H ELISA i %€ 17 VEGF-B 7K 3F (Abnova, Taiwan,
China)., K5 A VEGF-B & B SR 017 05 vk, 5 HAR Y
VEGF Z M5 TCAE SR o 0 ARt A (A ) 28 433 /s
T 7.6% 1 8.4%,
LS 2XitE

PR TIE B (BMD= 1A E (kg)/ B 2(m); RJHFRASBEII DAL
REh JR 2 2R 0 AR 5 2R AU E - HOMA-%B=[%3 JIf 1ML 775 5k &%
% W E (FINS) (mUL) x 20/ [FPG (mmol/L)-3.5];
HOMA-IR=FINS (mU/L)* FPG(mmol/L)/22.5™, % ] Matsuda
1 15 Z 85U B (Matsuda insulin sensitivity index, ISIM) $¥4i4
ARG R AR, K TSIM AT ) Bif Sz W AL A4 BBk 41 ]
H UGS AT B, 55 10 8 FR A AT IRAF AR SCHED 1,
K A InsAUC30 /GluAUC30 (pmol/mmol)=[( Ins0 + Ins30)(pmol
/L)V[Glu0 + Glu30) (mmol/L)] i L if A7 i & 2% 73 A1, SR ]
InsAUC120 /GluAUC120 ( pmol /mmol ) =[Ins0 +4x Ins30 + 3%
Ins120) (pmol /L))/[(Glu0 + 4x Glu30 + 3% Glul20) (mmol /L)]
PO AT R A
1.6 FitZEa

Jit A K dfa i A SPSS 17.0 (SPSS, Inc., Chicago, IL)i# 174t
AT, SR IR AR (et $)FOR, ARIES
7% T AR DU 4337 5 (InterQuartile Range, IQR)# /R, 4
NP5 I FHAE S B06 56 P (1) Mann-Whitney U #6364 31 i3F
To3HT. PSR FAE DX Student t #5156, 224 [E] 3
B BER 117 2253 B ; Pearson AHOC /M 481t L7 VEGF-B 5
HABRBHEAR Z B AI D, P<0.05 A 22 S Giih24 .

2 &R

2.1 FREVEMmE A BRI FREHE

A []A 2 A ) I RAREAE L3R 1 55 M T & 1F 8 40
(NGT)H EL, BB PRI RTIIA 2 RUBEIRIR LA 5K (P<0.001), 1
BE RO HT WD T2DM 40 8] 4F % 22 5 TCGe 124 2 L (P>0.05),
NGT, HEFRWEHILIF T2DM =40 [R50 Ai 2 R s i 5
S (P>0.05), TAREMN AR RS , 5 NGT ZAHLL BRI HT I 4H
1 T2DM 21 1% BMI R T Ry (P<0.05). FEME PRI 2 A
T2DM £ %3 Ji7 Ji % 22 7K - (FINS) 4 NGT £ B 5 (P<0.01). AA
NGT- ¥ R 4% i # -T2DM,HOMA-IR £ 7% #i F} 5 #a %, 1
HOMA-%B ISIM 2 iZ #il It #4(P<0.05 5§, P<0.001), H R
HIHAN T2DM 4 1f3E TG /K-8 3 5 F NGT 4(P<0.05), 1 =
#HiE ALT AST . TC HDL-C.LDL-C %3 F4 22 X (P>0.05),
2.2 NGT 48 ¥EFRFRIEAZEFn T2DM A1 % VEGF-B /K FELL i

AWFEH, M3 VEGF-B /K4 29.3-1209.1 pg/mL, Pk
M3 VEGF-B 7K F-(th i #% 122.6 pg/mL[IQR 58.3-204.4]) i} 3
T4 (147.2 pg/mL[83.2-247.4])(P=0.002), NGT 41 BHFRH
i 4 2H A1 T2DM 4 1fiL i VEGE-B /K V43 %124 (130.8 pg/mL
[61.3-227.5]). (146.7 pg/mL [84.1-214.9]) F1 (135.3 pg/mL
[58.3-214.8]), fEWAEERIMFRS, Z4EyRENER
(P>0.05,3 1), £ NGT WEIRIEHTIVI A T2DM 41, 3¢ FEPE ) 43
25, 7 NGT 41 5 % il % VEGF-B /K F (100.3 pg/mL
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[53.2-183.7]) 4 241 T2 1 (142.7 pg/mL[90.2-283.8])(P=0.002),
TM7ENE FRIGHTHA A T2DM 4, BRIt VEGF-B K-
LA TE 1 2 22 7 (P>0.05) . NGT B FRIF AT AN T2DM 41 4% 17

& | NGT ¥EFRFRATHAFN T2DM H N B AU ES8F0 L R FHERRILER

Table 1 Comparison of the anthropometric parameters and biochemical indexes among subjects with NGT, Pre-diabetes and T2DM

BMIJy)z, HE /LRSS (BMI2 25 Kg/m?) SARALH G
(BMI<25 Kg/m?)[] [fiL{# VEGF-B /K370 i 325 7(P>0.05).

Variables NGT Group (n=160) Pre-diabetes Group (n=142) T2DM Group (n=117) P Value
Male/Female 62/98 55/87 57/60 0.179
Age (years) 448+ 153 50.4% 13.1%** 52.3% [3.4%** 0.000
BMI (Kg/m?) 244+ 4.7 252+ 4.2% 253+ 3.7* 0.039

WHR 0.86% 0.06 0.89+ 0.07** 0.89+ 0.06* 0.004

WC (cm) 85.1% 13.1 88.9%+ 11.4%* 88.0 9.3* 0.010
SBP (mmHg) 118+ 14 124+ 15%* 127+ 16%** 0.001
DBP (mmHg) 77+ 9 79+ 10 80+ 9 0.100
ALT (U/L) § 20(14-35) 25(18-40) 27(19-44) 0.292
AST (U/L) § 23 (18-31) 25(20-32) 25(20-31) 0.957
TC (mmol/L) 4.7+ 0.7 4.8+ 0.9 51+ 1.2 0.164
TG (mmol/L) 1.5+ 1.0 2.0 1.4%* 2.2+ 1.7%* 0.007

HDL-C (mmol/L) 1.3+ 0.5 1.2+ 0.4 1.3£ 0.6 0.347
LDL-C (mmol/L) 2.4+ 0.7 2.5+ 0.7 2.7+ 0.7 0.309
HbAlc (%) 5.5+ 04 5.9+ 0.4%** 6.9+ 1.2%¥*¢ 0.000
FPG(mmol/L) 4.9+ 0.6 5.5% 0.8%** 6.8+ 1.9%**} 0.000
Glucosey(mmol/L) 8.8+ 1.5 10.0+ 1.6%** 12.5% 2. 7%**¢ 0.000
Glucoseg(mmol/L) 8.5+ 2.4 11.6% 2.3%** 15.3% 3.0%**¢ 0.000
Glucose, (mmol/L) 6.4t 1.4 9.0+ 1.1%%* 14.7% 4.2%%*¢ 0.000
Tnsulin, (WU/mL) § 8.64(5.91-14.12) 10.84(7.12-15.13)%* 10.60(7.04-14.66)** 0.003
Tnsuling, (WU/mL) § 81.56(47.90-128.60) 55.08(35.60-90.49)** 37.42(23.55-62.42)% %% 0.000
Tnsuling (WU/mL) § 85.20(58.43-129.25) 80.28(52.91-118.70) 58.64(41.69-90.46)***: 0.000
Insulin,y, (WU/mL) § 61.94(39.64-99.55) 82.75(53. 52-132.25)*** 77.58(45.36-122.85)** 0.000
HOMA-IR § 1.83(1.25-3.16) 2.59(1.73-3.60)%** 2.93(2.06-4.38)***+ 0.000
HOMA-%B § 128.2(80.94-211.24) 101.29(68.20-178.27) * 74.07(42.74-124.84)*** ¢ 0.000
ISIM § 4.92(2.95-6.81) 3.64(2.51-4.78) *** 3.06(2.20-4.66)***+ 0.000
InsAUC;/GIuAUC;, § 44.65(27.73-77.81) 27.55(19.30-45.86)*** 18.75(11.66-29.74)*** 0.000
InsAUC,,/GluAUC,» § 61.90(40.28-102.13) 48.58(31.66-75.06) * 29.48(18.38-48.35) ***y 0.000
VEGF-B (pg/ml)§ 130.8 (61.3-227.5) 146.7(84.1-214.9) 135.3 (58.3-214.8) 0.889

Note. Data are means+ SD or median (IQR). § Log transformed before analysis. P values are calculated after adjustment for age and sex.*P<0.05 vs.

NGT. **P<0.01 vs. NGT. ***pP<0.001 vs. NGT. 1P<0.01, T2DM vs. Pre-diabetes. :P<0.001, T2DM vs. Pre-diabetes.

2.3 Mmi& VEGF-B /K E5E S R RS RH B EMEXE
TE NGT 21 . B5 bR 5 3H 41 70 T2DM 41 43 551 #6471 1 3
VEGF-B 7K 555 5 D e FH B i 25 USRIk A AE DT (3R2).
25 R PR RTI 4L VEGF-B 7K F- 5 HOMA-IR &%
FURI G (r=-0.173 , P=0.040), T2DM 41 [fiL 3% VEGF-B /K - 54F 4
BN (r=-0.184, P=0.047), FEFRPEEMERIFIAER)E , =41l
Tt VEGF-B 7K 5 5 5 T g A e 15 ZABURRAA G35 bR 4 FINS |
HOMA%B HOMA-IR ISIM.InsAUC30/GluAUC30.InsAUC 120/

GIuAUC120 H7C fi ZZ 40 1 (P>0.05).,
2.4 [Mi#F VEGF-B k5 &R T2 EHHE K%

FATHE— 25400 T 1% VEGF-B /K- 5 A A 48 b K
AR PRI AR DG, 45 3 0L 3% 3, 1V VEGF-B /K- 51
Il 5 2 A DG (r=-0.161, P=0.001), T 75 8 & L N AR 2 f
#4113 VEGF-B 7k F-5 BMI,WHR .SBP .DBP .FPG 2hPG
HbA, . ALT AST TG .TC HDL-C Fil LDL-C ¥J7C i 25 A ¢ 1
(P>0.05),
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3 2 NGT HEPRFRRITEAFN T2DM &AM E VEGF-B /K T 5 B3RS B R SR IEISIRAIAE X 547
Table 2 Correlations of serum VEGF-B levels with insulin secretion and sensitivity indexes in NGT, Pre-diabetes, and T2DM subjects by OGTT

OGTT

Age FINSa HOMA%B*  HOMA-IR® ISLy InSAUC/Glu- InsAUC/Glu-

Groups AUCy AUC "

r P r P r P r P r P r P r P
NGT -0.04 0615 0.025 0752 -0.004 0961 0032 0.686 0.003 0966 -0.089 0265 -0.063 0.432
Serum VEGF-Ba  Pre-diabetes  0.112 0.186 -0.149 0.078 -0.077 0.361 -0.173 -0.173 0.040 0.116 0.032 0.702 0.038 0.654
T2DM  -0.184 0.047 -0.075 0.420 -0.026 0.784 -0.098 0294 0.070 0451 0.029 0.752 -0.001 0.989
Serum VEGF-Ba NGT 0.861 -0.052 0.515 0.001 0989 0.042 0.601 -0.141 0.076 -0.126 0.114 0.861
(Adjustment for  Pre-diabetes -0.119 0.161 -0.042 0.619 -0.149 0.078 0.098 0247 0.063 0457 0.067 0431
age and sex) T2DM -0.135 0.147 -0.104 0266 -0.139 0.135 0.118 0.204 -0.041 0.659 -0.076 0.415

Note: “log-transformed for analysis.

% 3 % VEGF-B k5 A\ ENESHENL K EHEFRHEXES T

Table 3 Correlation of serum VEGF-B levels with anthropometric parameters, and biochemical indexes in 419 subjects

Serum VEGF-Ba

Variables
r P

BMI -0.049 0.322
wC -0.023 0.633
SBP 0.013 0.793
DBP 0.087 0.126
ALTa -0.048 0.497
ASTa -0.014 0.849
Gluose, -0.042 0.396
Gluoses, -0.045 0.359
Gluoseg -0.045 0.359
Gluose,y -0.005 0913
HbA -0.020 0.681
TG 0.035 0.626
TC 0.048 0.503
HDL-C -0.052 0.469
LDL-C 0.057 0.426

Note. log-transformed for analysis. Partial correlation analyses were performed after adjustment for age and sex.

3 PTig

JUE ST 45 5 R VEGE-B (5 57E 2 AU RG0S
JEA A BT S 2 ROBE R b & A AR AR (H I
PR I VEGF-B 5 55 ZACHIA 2 RUBE IR 5 A A6 . BE
AV HGENERE AR S VEGF-B /K- 28 5 T THE S,
SR, 30 o5 — W5 S s (3 HE A RERT 2 B0 PR HEU I 35
VEGF-B /KL B3 225, H'5 BMI JCARSCPED, [ 5Tk
B LW LE A IE B S VEGE-B /K- i 25 25 F 15 % %) 1R
NBE, H5BE RHCPT S A, i XA T S i i
VEGF-B 7K V-1 3 T B FL 3 RIRPIHCE™, B3 —/ DA
WFFEHRIEFHS WY 2 BB FRAE B 34 M7E VEGF-B /K- 8 2% Tt

o, HL SRR A B — R B 5 R 4 i A OGP, S T
— 25 B 8 W PR BT BORT 2 W i 2 BB PR 5 P i v
VEGEF-B 25 SRS ZABUHIC, AT KEEAH#IT T,
SR s NGT, BEPRI AN 2 RUME PR 75 AFEE L7 VEGF-B
KT E2ZS, B 5 RMBUICH M, 5 Sun FE1EAEH
LY 2 RUBEIRE B R BRI — 3, BLAb, A PR I
WA &3 VEGF-B /&2 A5 2 BUBE PRI 1 7] e fa i (22, [H
I, A& VEGF-B IR v] BE AR [RF 3.

PRI B VEGF-B 2 518750 JE R85 L
N S AR B AR TR B AR BUMER 2 @, 2 BRI A /N FGE a4
il VEGF-B {55 nI Wk &2 192 & 8 MU A e W £ . PR
db/db /NRIEF SR Vegfb R FFHAR BT RALUTRR, 3 hn&-#3 1
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7 1) B EBCRT A4 15 (14 U . 388 23 (PR 52 1) VEGF-B it
A VEGF-B {5 0] 23 db/db /| BB i 2k 5 1 5 e
BN GE B AN e, B M AEZRALE, LN ISR i & B
TERE R IR B IESR ( Diabetic kidney disease, DKD )]s FUAB 8 | B HiE
VEGF-B [y ik 5 DKD ()™ B & B 2 B & EAHC, i
VEGF-B {55 A2 B ERR Bk, oA 2 400 1 Jik £ 25 Ak
P, FETAI ] DKD (3 e, 55 WA 8 FH AR R 9 i A
W98 KB IR T 1) Vegfb /INEUAIEF Az /N B 4 i
T e YA 2 J 5 R AR 22 F 5, H Veegtb™ /N A BT
Az R/ IN RO WUBST A AR I A I AR S 35 [X 9 2 38 R 0 22 5B,
AR, FATEI NGT., 5% T & T2DM B I 7
VEGF-B /K5 FINS HOMA%B ., R} &5 2 B0 6 % (In-
sAUC30/GIuAUC30), i i /5 % B i 5 50 (InsAUC120/Glu-
AUCI120) . HOMA-IR \ISIM ¥ TG A 56 M, 287 A 251l
VEGF-B 7KV 5 5 T B & 2 BUset n RE AN OC

BEAE S 7K - B9RFSE S8k VEGE-B 1Eig Bt R 15 %
EEAEHY, VEGF-B 2L SIRAY db/db /N R i3 H i =FR /K
AL db/db X HER/NR I BEARE. SRS, 5Bl S iy 45 A
L, BATH AR s AR5 VEGE-B AY/K -5 137 H-ih
SFERACEIE MG, X450 Sun SR E AR —3, 1
AX—Z R TRER B SRR R KN . FIRFEFRZS P 5
R TR R 2 0 A DG, PR T T2DM B
H LT VEGF-B 7K SRS br SO 7 40 3 I AR S,
WFITANA 180 44 T2DM HEH 62 4 X IR, Fif T2DM
BHBHEZ DUIREERE 2500697 (BEIRIE 259 / I RUIK / e
ot AR ZjY)), 64.4% T2DM B E 2 MTT 2200 /R Z2 45
| VURRZRZRYIIGTT X BE 20 UPRE RS M AR 3 , 5 AMURTE 38 2 15
X 424 My 25 5 e 1L I VEGF-B /K-, i HLAE X —BF 58
T2DM B35 BBy 81.6+ 64.4 J1, Al REINY VEGF-B /K
SR REAZ BIRE TR SHRE YR o Folt — ST 408 JC I8 R b
IREIEIE VIR RFE, Vegfb™ /N BRI A= 78 X6 Bt/ B it 2 o
TG . TC. I BRI K T3 22 52, sk, VEGF-B #4 5
V3 [RGB B B A K BR O E AR T R A A BTG 22 57, 0
ik VEGF-B 1K B LA IR A -H-ih = B K7 S i B AR e,
A 5T 7R VEGF-B AR 2 i A 3 ik P9 Rz 40 At s 1 i 1
EUAE AL, 55 Robeiuc 5P HFSY A % I VEGE-B %L1
1 S /N BRAREE AN 107 ) S 0 ORR- G A , i AR R AH 56 Y 46
FEFERR SRR AR 0 5 G . BLAh 98 % B VEGF-B J&:—
T AE A BT AR ELAT b 2 A R A B VR RO, R 5T
L5278 VEGF-B 724y b 094 RS 1 Tk — 20 B
FEIAR AT D, ot NGT ABEIMLYE VEGF-B K- m T
B, R AT T2DM AR s VEGF-B 7K Vo 22
5, {3 VEGF-B 7K 7 B ) 22 5 1 AR BLEI R B . BEAT:
WF9E TR0 P MES 2% | SR AL B 37 19 L MCEF-7 F/INER S115
FLI I AN RAE 5% S /K - AR 52 0 VEGF-B 26355, BRIt A7
HE— BT AR R Z 2 A T2 I VEGF-B /K-,

R AT g A SR A W ek Rk BE OB PR R I BT 2 WY
T2DM ABfI7E VEGF-B /K ¥JC & 2 57, A2k VEGF-B
IR R | LTS 9 22 300 1 1y 28 B TOAR Sk, 5
LR IS VEGF-B 26525 T 2 BRI I & A= il

K&,
5 # 3L #k( References)

[1] Tammela T, Enholm B, Alitalo K, et al. The biology of vascular en-
dothelial growth factors[J]. Cardiovasc Res, 2005, 65(3): 550-563

[2] Lal N, Puri K, Rodrigues B. Vascular endothelial growth factor B and
its signaling[J]. Front Cardiovasc Med, 2018, 5(4): 39

[3] Zhu HY, Gao MM, Gao XD, et al. Vascular endothelial growth fac-
tor-B: Impact on physiology and pathology [J]. Cell Adh Migr, 2018,
12(3): 215-227

[4] Hagberg CE, Falkevall A, Wang X, et al. Vascular endothelial growth
factor B controls endothelial fatty acid uptake [J]. Nature, 2010, 464
(7290): 917-921

[5] Hagberg CE, Mehlem A, Falkevall A, et al. Targeting VEGF-B as a
novel treatment for insulin resistance and type 2 diabetes [J]. Nature,
2012, 490(7240): 426-430

[6] Mehlem A, Palombo I, Wang X, et al. PGC-la coordinates mitochon-
drial respiratory capacity and muscular fatty acid uptake via regula-
tion of VEGF-BJ[J]. Diabetes, 2016, 65(4): 861-873

[71 Wu LE, Meoli CC, Mangiafico SP, et al. Systemic VEGF-A neutraliza-
tion ameliorates diet-induced metabolic dysfunction [J]. Diabetes,
2014, 63(8): 2656-2667

[8] Elias I, Franckhauser S, Ferré T, et al. Adipose tissue overexpression
of vascular endothelial growth factor protects against diet-induced
obesity and insulin resistance[J]. Diabetes, 2012, 61(7): 1801-1813

[9] Zafar MI, Mills K, Ye X, et al. Association between the expression of
vascular endothelial growth factors and metabolic syndrome or its
components: a systematic review and meta-analysis [J]. Diabetol
Metab Syndr, 2018, 10(8): 62

[10] Albrecht I, Kopfstein L, Strittmatter K, et al. Suppressive effects of
vascular endothelial growth factor-B on tumor growth in a mouse
model of pancreatic neuroendocrine tumorigenesis [J]. PLoS ONE,
2010, 5(11): e14109

[11] Zhang X, Gregg EW, Williamson DF, et al. A1C level and future risk
of diabetes: a systematic review [J]. Diabetes Care, 2010, 33 (7):
1665-1673

[12] Selvin E, Steffes MW, Zhu H, et al. Glycated hemoglobin, diabetes,
and cardiovascular risk in nondiabetic adults[J]. N Engl J Med, 2010,
362(9): 800-811

[13] Report of the Expert Committee on the Diagnosis and Classi cation of
Diabetes Mellitus[J]. Diabetes Care, 1997, 20(7): 1183-1197

[14] Li C, Yang H, Tong G, et al. Correlations between Alc, fasting glu-
cose, 2h postload glucose, and B-cell function in the Chinese popula-
tion[J]. Acta Diabetol, 2014, 51(4): 601-608

[15] Abdul-Ghani MA, Jenkinson CP, Richardson DK, et al. Insulin secre-
tion and action in subjects with impaired fasting glucose and impaired
glucose tolerance: results from the Veterans Administration Genetic
Epidemiology Study[J]. Diabetes, 2006, 55(5): 1430-1435

[16] Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from
oral glucose tolerance testing: comparison with the euglycemic in-
sulin clamp[J]. Diabetes Care, 1999, 22(9): 1462-1470

[17] Stancakova A, Javorsky M, Kuulasmaa T, et al. Changes in insulin
sensitivity and insulin release in relation to glycemia and glucose tol-

erance in 6, 414 Finnish men[J]. Diabetes, 2009, 58(5): 1212-1221



. 4054

DREYESSHE  www.biomed.cnjournalscom Progress in Modern Biomedicine Vol19 NO.21 NOV.2019

[18] Gomez-Ambrosi J, Catalan V, Rodri guez A, et al. Involvement of
serum vascular endothelial growth factor family members in the de-
velopment of obesity in mice and humans [J].J Nutr Biochem, 2010,
21(8): 774-780

[19] Sun CY, Lee CC, Hsieh MF, et al. Clinical association of circulating
VEGE-B levels with hyperlipidemia and target organ damage in type
2 diabetic patients [J]. J Biol Regul Homeost Agents, 2014, 28(2):
225-236

[20] Cheng F, Zhao L, Wu Y, et al. Serum vascular endothelial growth
factor B is elevated in women with polycystic ovary syndrome and
can be decreased with metformin treatment[J]. Clin Endocrinol (Oxf),
2016, 84(3): 386-393

[21] Wu J, Wei H, Qu H, et al. Plasma vascular endothelial growth factor
B levels are increased in patients with newly diagnosed type 2 dia-
betes mellitus and associated with the first phase of glucose-stimulated
insulin secretion function of B-cell [J]. J Endocrinol Invest, 2017, 40
(11): 1219-1226

[22] Carmeliet P, Wong BW, De Bock K. Treating diabetes by blocking a
vascular growth factor[J]. Cell Metab, 2012, 16(5): 553-555

[23] Bonnefond A, Saulnier PJ, Stathopoulou MG, et al. What is the con-
tribution of two genetic variants regulating VEGF levels to type 2 dia-
betes risk and to microvascular complications?[J]. PLoS One, 2013, 8
(2): €55921

[24] Falkevall A, Mehlem A, Palombo I, et al. Reducing VEGF-B signal-
ing ameliorates renal lipotoxicity and protects against diabetic kidney

disease[J]. Cell Metab, 2017, 25(3): 713-726

[25] Dijkstra MH, Pirinen E, Huusko J, et al. Lack of cardiac and high-fat
diet induced metabolic phenotypes in two independent strains of
Vegf-b knockout mice[J]. Sci Rep, 2014, 4(8): 6238

[26] Robciuc MR, Kivel:d R, Williams IM, et al. VEGFB/VEGFRI1-in-
duced expansion of adipose vasculature counteracts obesity and related
metabolic complicatios[J]. Cell Metab, 2016, 23(4): 712-724

[27] Kivelid R, Bry M, Robciuc MR, et al. VEGF-B-induced vascular
growth leads to metabolic reprogramming and ischemia resistance in
the heart[J]. EMBO Mol Med, 2014, 6(3): 307-321

[28] Karpanen T, Bry M, Ollila HM, et al. Overexpression of vascular en-
dothelial growth factor-B in mouse heart alters cardiac lipid
metabolism and induces myocardial hypertrophy [J]. Circ Res, 2008,
103(9): 1018-1026

[29] Reihill JA, Ewart MA, Salt IP. The role of AMP-activated protein ki-
nase in the functional effects of vascular endothelial growth factor-A
and -B in human aortic endothelial cells[J]. Vasc Cell, 2011, 3(8): 9

[30] Ariunan P, Lin X, Tang Z, et al. VEGF-B is a potent antioxidant[J].
Proc Natl Acad Sci USA, 2018, 115(41): 10351-10356

[31] Di G, Zhao X, Qi X, et al. VEGF-B promotes recovery of corneal in-
nervations and trophic functions in diabetic mice[J]. Sci Rep, 2017, 7
(1): 40582

[32] Ruohola JK, Valve EM, Karkkainen MJ, et al. Vascular endothelial
growth factors are differentially regulated by steroid hormones and
antiestrogens in breast cancer cells [J]. Mol Cell Endocrinol, 1999,

149(1-2): 29-40

(#4010 TT)

[26] LiuJ, Xia H, Kim M, et al. Beclinl controls the levels of p53 by reg-
ulating the deubiquitination activity of USP10 and USP13 [J]. Cell,
2011, 147(1): 223-234

[27] Solano JD, Gonzalez-Sanchez I, Cerbon MA, et al. The products of
the reaction between 6-amine-1,3-dimethyl uracil and bis-chalcones
induce cytotoxicity with massive vacuolation in HeLa cervical cancer
cell line [J]. European journal of medicinal chemistry, 2013, 60:
350-359

[28] Salabei J K, Cummins TD, Singh M, et al. PDGF-mediated au-
tophagy regulates vascular smooth muscle cell phenotype and resis-
tance to oxidative stress [J]. The Biochemical journal, 2013, 451(3):
375-388

[29] Mateo R, Nagamine C M, Spagnolo J, et al. Inhibition of cellular au-

tophagy deranges dengue virion maturation [J]. Journal of virology,

2013, 87(3): 1312-1321

[30] Huang G, Zou B, Lv J, et al. Notoginsenoside R1 attenuates glu-
cose-induced podocyte injury via the inhibition of apoptosis and the
activation of autophagy through the PI3K/Akt/mTOR signaling path-
way[J]. International journal of molecular medicine, 2017, 39 (3):
559-568

[31] Sourbier C, Lindner V, Lang H, et al. The phosphoinositide 3-kinase/
Akt pathway: a new target in human renal cell carcinoma therapy[J].
Cancer research, 2006, 66(10): 5130-5142

[32] Frame S, Cohen P, Biondi R M. A common phosphate binding site
explains the unique substrate specificity of GSK3 and its inactivation
by phosphorylation[J]. Molecular cell, 2001, 7(6): 1321-1327

[33] Inuzuka H, Shaik S, Onoyama I, et al. SCF (FBW?7) regulates cellular
apoptosis by targeting MCL1 for ubiquitylation and destruction [J].
Nature, 2011, 471(7336): 104-109



