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Palmitate inhibits proliferation of pancreatic p cell tumor INS-1 via up-regulating Wnt5a gene expression”
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[ Abstract] Objective
pancreatic $-cell line INS-1. Methods
tion gradient experiments. The cellular proliferation rate was detected by adopting the EdU labeling staining
method. Changes of Wnt5a mRNA and protein expression were detected by RT-qPCR and Western blot. The

To investigate the mechanism of palmitate (PA) for inhibiting the proliferation of

INS-1 cells were treated with PA for conducting the time and concentra-

lipofectamine was used to transfect siRNA to interfere the Wnt5a expression,and the effect of PA on celluar
proliferation was detected by using the EdU labeling method. Results Compared with the solvent control
group, the cellular proliferation rate in each PA stimulating group was significantly decreased (P<C0. 05). In
the time gradient experiment,the expression levels of Wnt5a mRNA and protein 6 h after PA stimulating were
increased compared with the solvent control group (P<C0. 05). In the concentration gradient experiment, the
Wnt5a mRNA and protein levels in different concentrations of PA stimulation groups were significantly in-
creased compared with the solvent control group (P<C0. 05). Compared with transfecting nonsense siRNA +
PA group,the cellular proliferation rate in the transfecting siRNA-Wnt5a-+ PA group was increased (P <C
0.05). Conclusion PA can up-regulate the expression of Wnt5a gene at both mRNA and protein level, and
Wnt5a may mediate PA to inhibit the proliferation of INS-1 cells.

[Key words] lipotoxicity; Wnt5a;pancreatic f cell;cell proliferation

B 5 B AN 2452 2 B R (T2DMD [ R 1E 2
— U A BRI W R (FEAs) T i ] 5| e ik 5
B 4l B B W b IR A S & B, FEAs X
ViR sy e NI B 2 B 40 M ) B 7= A i 5 R T e
Tl BB BB L e A B KRS B FFAs
[ I 5 B A0 UA T . 41 FFAs 385005 i 28 I e 10 2
5| L A IS 451 495 S5 L 2 W IE SE S B 40 I T 3%
ZBmEY . SR FFAs 0] 8 5 B 40 A 3 i i AL 1
WA B . 2B WFSE FEAs M55 B 40 354 5 114

* BB KA EFRIHESTH (A2016097) s thildidt & A S BHEUF R BT HE BEy7 T A T KL 3(2016B1001)
BE1EE .E-mail:suns200707@163. com,

(1988—) . Hl it bt Wi+, R EMNFE o FizWiars. &

FIREMLED A B T 1 S 5 R KRR R
A R L DLl mT BRI 25 W) O & B 2 IR T R e Btk 4R
KR, Wit 5B E RS 5 SERE A
LA 22 53 4 45 ok B 1Y) B A 5 5l L AN () 2 T P £
SOy FAE R AL A AN R AR R 2Rk . B
BN Wt BCR KT 51 C B A 19 A A [\ Y
Wt 8 [ B A A [ 9 A ) 2 5000 . 28 3 i 5 F
FERI, Wntba WARILE B 240 MI R INS-1 4 ffd S /) B i
5y o FE T 2 5 S R L e T A R KO R



4576

P 1T (CaMK 1) 3 2% ™ 8 46 i J8 1 & 1 D1(Cyclin
DD Fik; JbAh . B IRMRE T WntSa 230 3 240 i 1
B I B BRI . AR SE R B, Wntsa 5 iR R i
ZEFLEYIA LT, SR Wntsa 28/ 2 540 FIEH M
TG B 20 R 3G 7 v R W R . A S I R T AR AN R D
FEMR IR (PAD JIBOR BUBE & B 240 M &R INS-1 21 g, %%
FOX Wnt5a HE PR 3R 3K B R4 T 2R PA 410 19 &
B 4t A 7 i AT RE AL . Ry i — 20 B AR wE R B0 B
I i S 3E T RE PR 4R B RS AR A

1 #R5RHE

L1 F2ME KBS B 40 H R INS-1 4 [ 356
] i 750 5% S M AR 8 0 CATCO) 4 2 ] /N4 i T
1 RPMI-1640 #5532 3 (£ [H Gibeo 24 1)) s PA 4 L
BH (BSA), 2-5i B 2 B, 42 £ H IR B 2 B R
(HEPES) , —H 3L A0 (3£ [E Sigma AHD s /N T4 RNA
(sIRNA, TN 3 $EA YR A R 22 5D s EAU 3257 4 (8
AR AR N FD 3 Ye i #) Lipofectamine™ 2000, PCR
5149 (£ H Invitrogen 23 7)) s S 4T Bl Wntba HTik  f
P BT e 1 -3 1R I A B (GAPDH, 14C10) #7144 (3£
[ Cell Signal Technology 24 ) ; HUAR & 48 1k ¥ 1 A%
it 1gG (I 75 2B Wy 4 R A BN WD 5 Eastep 38 7 4
RNA # B ist 7] & . GoScript™ & %% 5 % 7] & . Go-
Taq® qPCR Master Mix (3£ [ Promaga /A %)) . %6
A i PCR Y 7500 (& E ABI 28w 5 8] B 98 % B il 4
(H A Olympus A7),

1.2 Jiik

1.2.1 #fRE % Ko dl KBRS B 40 i 40 i
INS-1 H:3:7E 37 °C .55 5% CO, BB 46,4 100 =
FHATMRE FR W & A 1026 /AN ¥ L 126 7 /4% B R WL
Pr.2-H I LB 0. 35 pL BRER AN 0. 2 g.10 pmol/L
HEPES 0.1 mL. L& 0.25% G5 £k 40 i 1% 1, &
B 24 h B3 1 IRBGFRW . AR5y 41 (D EdU Frid 52
% v 40 i 43 R 9 00 % BB 41 (BSA 41) . 200 pmol/L PA
i3 24,48 h 2,500 pmol/L PA #il 3 24.48 h 4,
1000 pmol/L PA #il3# 24 .48 h £H 5 (2) SEIF 9% 6 1
PCR(qRT-PCR) 52 55 1 4ff Al 53 2y « %5 57 X R4, 200
pmol/L PA #il i 1.6.12.24 h 4, Pl & 200,500,
1 000 pmol/L PA Ji|#4 6 h 4; (3) Western blot S5
2 43 A < 1 R R B ZH L 200 pmol/L PA #il3 1.3,
6.12.24.36 h 2, Ll }% 200,500,1 000 pmol/L PA H#i
P06 h 4l s (4)sIRNA §% YL 525 vh 4 Jifl 43y « % YL To 3
X siRNA 2] (NC 40) 5 e siRNA-Wntba-1 40 | 55 e
sIRNA-WntSa-2 4 . % 4t Jo 5 X siRNA 4500 pmol/L
PA 4 4 siRNA-Wnt5a-1+500 pmol/L PA 41 % ¢
SIRNA-Wnt5a-2+500 pmol/L PA 4 (56 L4555 36 h J5
T PAgRZL3ENG 57 24 b,

1.2.2  EdU Fric 4% €8 75 o 0 20 Jf 388 58 %2 4 o g
LA 4 X100 A /L% BE Rl 24 A = 3 1Y 24
FUAR - 20 0 0 B J5 O 4 % R L AT A YL B IR B R L
WAL i 2 h BIEREFREE PN A EdU 3k (KR EE

FRES 2018 E 12 A% 47T %% 36 4

50 pmol/L) , #4550 &% 10 W [ 2 40 M L 4y 8 Sl A
S A 3 7 %2 T 2. 3 B 9 O0 R . W EE Appo-
10567 JL{afili F§ 550 nm 8 %G, W2 Hoechst3342 4
A 350 nm WOk OG . HKRAE R 400 £, BE AL
G0 4 RIR BRIP4 3 7K A [F] L5 B 7 3y
T 43 B354 20 M 4% (Hoechst) K 54 58 20 il ( Appo-
lo) YL o 4l ie %1 - Appolo/ Hoechst FCAE A 20 M 3% 51 2%
£ 5 L. Hoechst G4 FHAE4IME 0K T 1 000 4. [H]
B 3 DAL U T A S B AR UE 2%

1.2.3 JBEEREEY siRNA  # Lipofectamine™
2000 & QLA @ AR UL, 23 B & 1 pg TR X
siRNA, Wnt5a-siRNA-1 (5'-CAA GGA AUU CGU
GGA CGC ACG AGA AdT d-3',5'-UUC UCG UGC
GUC CAC GAA UUC CUU GdT d-3") & Wnt5a-
siRNA-2(5-GCA UCC UCA UGA ACU UGC ACA
ACA AdT d-3', 5-UUG UUG UGC AAG UUC
AUG AGG AUG CdT d-3") & BN A & JC 1L 15
FRIM EP EHIRA . 218 IMEF 1 pL Lipofectami-
ne™2000 [ 50 pL MG FRE T GRS G SR E
20 min IR A G, IR E SR SR 40
6~8 h 5 W th 5 Ge 51 40 5 A T Y 8 R SR Ak 2k
Ki gt R FRET ] 36 h, B K 52 00 2 o5 055 40 i
T Western blot 5% EAU i 4 o 35 17 4 i 3 55
I

1.2.4 gRT-PCR %] Wnt5a F£ik/KF RNA 45 35
5 cDNA . #3305 & Uk B A 32 75 oK T 8 4 45 5 Bk K
20 B S RNAL AT SORe o #3am) & 1 I kA7 e 5%
S NS5 :25 "CIR K 5 min, FEH 1 h, 70 CKiE
15 min, cDNA #£4 —20 CEAE % M. RT-PCR
MR RN B AR R A 20 pL o A 46 5% Sk WD RE
5 L. LR K 4 pL, 1E M5 H45 0.8 pL, Mas-
ter Mix 2X10 pL, CXR100X0.2 pL, R 495
C 10 min, 95 C 15 s J5 60 C 1 min(40 NE¥),
mRNA FHXF R IRKCE R 202 Iy kit 55 WAn &R A
A Bractin,

1.2.5 7 [ FED Ik i (Western blot) #; I 48 g
Wntba [R5 Ford A Ban i R E R G A 12%
| e A R - 3R TN M Tk M s S L UK (SDS-PAGE)
B L L. 4% BSA E1A] 2 h, PBS P 3 Ik
JEm—#HT (1 = 1000),4 CHER &5 Vel 3 Ym =4t
(1:5000)FE\EIFH 1 h, PG THE=E PmA &k
FL G ER . L GAPDH J N2, Image ] #44 K
BE G AL Wntsa SR HRIKZE R

1.3 Guifsb B4RE 3 IREE My LR, K
JH SPSS11. 0 AF# TSt b i Bk DL T4 s %
TN R B 2R 7 22 5y M itk A7 4 ) L8, BL P<<0. 05

hESAGIFE L.
2 % B

2.1 PAXSINS-1 48 FE A2 EdU Frid ik
A [R] e JE PA EFR INS-1 40 24 .48 h J5 20 M 44 5



FRES 201845 12 A% 47 £ % 36 4

R ER Bon . SN A A . PA &K E
Ab P2 5[] — e BE AN ) B R4 20 G A R B B R
W, 2% B Gt X (P<<0.05), PA )i INS-1 4f
it 15 5 LA i BE st R AR S L LI 1

== +200 mol/L PA
20 e

o +500 pmol/L PA

=3 +1 000 pmol/L PA

YHBIETER (%)

A

g

(=]

=2

8

8

2
PA(umol/L) 0 200 500 1 000
B

AEdU Fric 4iH 3% 38 32 43 M1 s B R ] 3B PA AR FLAT M 24 h
J& EdU fRit Je & (X 400) 5 *  P<C0. 05, 5775 B4 (0 h) b %%
A 1 PA xF INS-1 4 R 1% 58 &9 52 1

25 [0 mnindiad
55553 +200 pmol/L PA

hhd
=]

3}

o
T

Wint5a mRNAHHRS iz 7k

0.5 .

0.0
A 0h
[ — o <
0 +PAQumol /D

w

Wnt5a mRNA#BI% %7k F

0
B 0 20 500

A:200 pmol/L PA 4b $H28 g A [F] B 8] J§ Wnt5a mRNA ik K
S B AN EE PA AL RGN 6 h J§ Wnt5a mRNA Fik KT . P<
0. 05, 5 % B4R
2 PA 3F INS-1 41 Wnt5a mRNA # Rk B8 00

1000 (umol/D

2.2 PA X} INS-1 40/iff Wnt5a mRNA % 5 k5%
i) qRT-PCR #z il 200 pmol/L PA 4k 41 Jfl j5

4577

Wnt5a mRNA Ffiif [A] k4846, 45 R B, A 6 hile
M WntSa mRNA 2k /K0 8 T 5 (P<<0. 05) , |
Bl 2A, fd RN BE PA AN 6 b, 45 5 5%, 40
i Wnt5a mRNA ik /KR PA ¥ F+ 55 % Wi 1 m
(P<20.05), ILIA 2B,

2.3 PA X INS-1 41/l Wntba 8 11383k KV 10 5%
]  Western blot £l 200 pmol/L PA 4k B 20 i J5
Wnt5a 8 [ B I i) 1528 4k, 45 R o, A 6 holg 40
M Wntda 92 13235 7KW I T i (P<<0. 05) . WL [&]
3A. A BE PA RSN 6 b, 2551 o, 40
Wnt5a ({7 [ % 15 K 7 B PA ¥ 5 TF 5 % 7 49 Jin
(P<<0.05), JLI& 3B,

2.4 ULEK WntSa Fik %t PA 4 INS-1 4 a8 58 (19 5%
W PIALAE B SIRNA BRI e 0B WitSa, §5
Yt 36 h J§ Western blot B iF siRNA %1 14 5 .
DLPE 4, ffi ] siRNA-Wnt5a 5 Je 4] 24 h J5 T 500
pmol/L PA ZRZE R A0 A 24 b EAU 7 ic ¥ 6 I 40
HasE R 25 R R F P IO S siIRNA fif L F . PA
WA AR 200 M 384 5 2% 5 DU BR WntSa 5 PA 410 6 240t 36 5 #
RO S 5 . 22 S A G 2 L (P <C0.05) . L

Bl 5,
+200 pmol/L PA 0h 1h 3h 6h 12h 24h  36h
WntDa s s o IR BT S
w (D D GD O G & T&D
25 ) mpineeE . « *
53 +200 ol /L PA T . I R
B 20 k
%
X
®
= 1.5 |
z
i
B 1.0
8
+
£
0.5 |
0.0 el Py R
A 0h 1h 3h 6h 12h 24h  36h
+PA (umo | /L) 0 20 500 1000
Wnt5a o
ar D G G S
8 [ [ mwixdeae
E53 +pAGumol /L)
B 6
%
X
#®
@ 4
Z
i
e
8
£ 2r
0 .
B 0 200 500 1000 (umol/D)

A:200 pmol/L PA L HLAN A [R) B5) (8] J& Wntba i 8 1 2 15 K -5
B R[E W E PA B4 6 h J§ Wntba 98 11 £ ik K« . P<0. 05,
5 5% B4

& 3 PA %t INS-1 4B Wntsa BEE R IZEH I



4578

siRNA-Wnt5a
NC si-1 si—2

WntSa W

a—_—————— R

L5 N
53 siRNA-Wntba—1
@8 siRNA-Wntba—2

1.0
0.5}
0.0

B

A:Western blot ¥l %% 44 JG & X siRNA 8f siRNA-Wnt5a &4
Wntba & 1 3 ik; B: 5 4L JC & X siRNA 3 siRNA-Wnt5a £ 41
Whnt5a & [ &K B * 2 P<<0. 05, 57 e JC 3% L siRNA(NC 41)
Ho#K

B4 FHETE X siRNA 8 siRNA-Wni5a &4
i WntSa EARKIE

Wint5a 2 B HEXIFRIZK T

20 [ ==y +500 pmol/L PA

RIETEEE (%)

K |
NC NG+PA

AP R AN EAU FRiC e 181 (X 400) 3 B ¥ Y4 45 21 40 1 34 4if
FAYHIE; *  P<<0. 05,5 NC+PA 4 F 4%

& 5 EdU tRig2#5 siRNA-Wnt5a 3 PA ##) INS-1

4 B 38 5E 19 22 I
3 it it
JEEEVES B 40 i B i D % DIAH G FFAs X B

20 Y [v) Fsf 7 2 S O T B o 3 B B 0N R = B AR
CXf FFAs Qi 5 B 4 i ga o #E 47 1 3 S i pL
R < A 22 P A [ R 15 A SR S5 B 4 b 2 T g
FEOBAES S B Al Tk REED L FFAs /i S 4
R A 1 5 B — AR 0 Al R 7 Can g i 5 R OO B
B FTES B AN T . SR FEAs il R 5 B 40
HL 1G5 B HL A AN T RE . 7R T2DM i & g id fe v s

B siRNA-WntSa—1+PA  siRNA-Wnt5a—2+PA

FRES 2018 E 12 A% 47T %% 36 4

JE BEAC I 2L H A A B FEAs ] B g 400 1 A 2 0
VS0 B A MIIG 5 . HA Sr W DI RE Y B At M KR R b
BUIR B 28 0 AR08 & 8 i o T2DMSY [ i, 6 &
FEAs #0463 240 AL 38 78 i BL i X)L i T2DM & 9 L
il S Wi 586 TT R T

K& 5w, Wntba 5B EFLCRE Y
T2DM K BUFAE WntSa k7K 8 T+t s shi st
35 Wnt5a 5 P i R AT 98 2 g I 4 23 0% R M O g 5 I
[] I A 8 e 05 AR BT . Wntba K Hz k)12 ik
F £ Fi 4l 21, HELLER %" 3@ i3 RT-PCR £ &
B AE N & Wntba J& Wnt Bo & K% o 3R 38 F B
WM AZ —. o Kk Wntba 728 B 41 il iE
B R kB R R E AN B RIER
Wnt5a 7E ¥ 3 40 M 34 78 09 VE . 28 35 I i o
WERA, Wntba S 41 ] 3 40 i 3% 5 1) 55 228 45 W 10
I A9 & B THIRE Wntba 255 54 % FFAs
I B ARG FE . AW TR AR R PA
KEES) B4 INS-1, 48 EdU Fric 44 6002 21 44
it 358 5 B g A ] . TR B BE ST R B PA {2 #F Wntba
mRNA S8 0 558 5k B S i [ RO M . O Tk
— ] WntSa £ PA $ll il INS-1 48 g 3 58 b 19 1F
FH AW 53 4 AR 50 1A 1k W s 7 e A3 39 siRNA P
HIPLER Wntba JEH &5, 45 T PA B4 i, i
EdU Fricf il & 30, 5% 4 Jo g X siRNA+PA 441
oo 55 e siRNA-Wnt5a + PA 21 41 g 34 5 % W & [1]
T+, =W Wntba Z 5403 PA Ml INS-1 4 fifg 3 55 13
2. PA 38 L Wntba F [H &35 i INS-1 40 iy
5

AP MELF] PA AT JE 45 INS-1 21 s WntSa 35 [
FIB AHAHPREHLR R . A HGESE L E AR
Wntba 3 K J¥ 51 )3 2l 7 X 38 A7 76 #% ] F-«xB (NF-«B)
(-111/-101) ., Forkhead-box ( FOX, -780/-770) . Smad
(-1965/-1953) Z 5% SR T A 25 A s o 1 A8 B8 Wi
A0 e 9 B AN R PA AT OTE NF-«B % 5636 P
T B NG W7 TR W AIE 52 1] 42 FOXO1 4 5 i 5 &-1GF-1
SO B 4 B MING i T, BT
St T Smad2 1 Smad3, WA i 15 T A5 0
Ji 0 Bk A S R 200 344 4 B ) DDA SN L BTGB
5 B 4 A 5k 4 A R ST 5 4 At B 4 UE 4 4R R PA X
Wnt5a K& Ik By LS H AR A & F A5 3 —
HIF R IR R H B AKHLH . 2 F PA it Wntba
T B 4t A 7 A T U 38 B L oA R — 20 S
PRE . ARSI AT O 3 5 R Ah 52 56 3 52, FERR
AF Wntba il #5 88 /& CaMK L , F 8 4 4l i B-cate-
nin 7K, 1] B-catenin 5% W TCF/LEF JE B i £
MR EAY . 4T VR4 A W CycinD 1 By 3£
K 35 B0 A0 A VR T H PA R A i
Wnt5a/CaMK [I {55 5 3 i 4 il INS-1 2 Jifd 385 56 o5 A~
HAE AR — 5T

ZE LR  PA SIS B 4B R INS-1 4 f 3



TRES 201848 12 A% 47 £% 36 4

B, LR EELE S P Wntba JEH A L., ASLE
i PA A Wnt5a BE [ ek 46| INS-1 40 i 3% 58 14
FLARBLSI A B A Rk — 2RI R

&%k

(1]

(2]

[3]

[4]

(5]

[6]

[7]

(8]

CNOP M,WELSH N,JONAS J C,et al. Mechanisms of
pancreatic B-cell death in type 1 and type 2 diabetes[]J].
Diabetes,2005,54 (Suppl 2) :S97-107.

MAEDLER K,OBERHOLZER ]J,BUCHER P,et al. Mo-
nounsaturated fatty acids prevent the deleterious effects of
palmitate and high glucose on human pancreatic beta-cell
turnover and function[ J]. Diabetes,2003,52(3) ;:726-733.
MAEDLER K,SPINAS G A,DYNTAR D,et al. Distinct
effects of saturated and monounsaturated fatty acids on
beta-cell turnover and function[]]. Diabetes,2001,50(1) :
69-76.

KROEMER G, REED J C. Mitochondrial control of cell
death[J]. Nat Med,2000,6(5):513-519.

MOON R T, KOHN A D, DE FERRARI G V, et al.
WNT and beta-catenin signalling; diseases and therapies
[J]. Nat Rev Genet,2004,5(9):691-701.

WU X, LIANG W,GUAN H, et al. Exendin-4 promotes
pancreatic B-cell proliferation via inhibiting the expression
of Wnt5a[ J]. Endocrine,2017,55(2) :398-409.

L kA Eok. 2 i Wnt 5558 B 75 2 805 IR
K RARTORE YRR WP 22 B A 5 R R /e LT ], 4
JHFHE 3 22 7. 2013.21(7) : 537-542.

SHARMA R B, ALONSO L C. Lipotoxicity in the pan-

creatic beta cell:not just survival and function,but prolif-

[9]

(10]

[11]

(12]

[13]

[14]

[15]

4579

eration as well? [J]. Curr Diab Rep,2014,14(6) :492.
LETIC-GAVRILOVIC A,SHIBAIKE S,NIINA M,et al.
Localization of chromogranin A and B, beta-endorphin and
enkephalins in the submandibular glands of mice[]]. Shi-
ka Kiso Igakkai Zasshi,1989,31(4):453-462.

HELLER R S,KLEIN T,LING Z D,et al. Expression of
Wnt,frizzled, sFRP,and DKK genes in adult human pan-
creas[ ] ]. Gene Expr,2003,11(3/4):141-147.

KATOH M.KATOH M. Transcriptional mechanisms of
WNT5A based on NF-kB, Hedgehog, TGFbeta, and
Notch signaling cascades[J]. Int ] Mol Med,2009,23(6) :
763-769.

AJUWON K M, SPURLOCK M E. Palmitate activates
the NF-kB transcription factor and induces IL.-6 and
TNF-o expression in 3T3-L1 adipocytes [J]. J Nutr,
2005,135(8) :1841-1846.

MALONEY E,SWEET I R, HOCKENBERY D M, et al.
Activation of NF-xkB by palmitate in endothelial cells[ J].
Arterioscler Thromb Vasc Biol,2009,29(9):1370-1375.
MARTINEZ S C, TANABE K. CRAS-MENEUR C, et
al. Inhibition of Foxol protects pancreatic islet beta-cells
against fatty acid and endoplasmic reticulum stress-in-
duced apoptosis[ J]. Diabetes,2008,57(4) :846-859.
EL-GOHARY Y,TULACHAN S,WIERSCH J,et al. A
smad signaling network regulates islet cell proliferation
[J]. Diabetes,2014,63(1) ;224-236.

Clsc# H 1 :2018-06-12 &[] H 1 : 2018-08-25)

CEHEE 4574 30

[10]

[11]

[12]

[13]

activity of rosiglitazone,a peroxisome proliferator-activa-
ted receptor-gamma (PPAR-y) agonists in animal model
of bronchial asthma[]]. ] Pharm Pharmacol, 2015, 67
(10) :1421-1430.

71270 G, COHEN P L. The PPAR-gamma antagonist
GW9662 elicits differentiation of M2c-like cells and up-
regulation of the MerTK/Gas6 axis: a key role for
PPAR-gamma in human macrophage polarization[ J]. J
Inflamm (Lond),2015,12:36.

IDA S, MURATA K, KANEKO R. Effects of pioglita-
zone treatment on blood leptin levels in patients with
type 2 diabetes[J]. J Diabetes Investig,2018,9(4):917-
924.

BOLINDER J, LJUNGGREN O,JOHANSSON L, et al.
Dapagliflozin maintains glycaemic control while reducing
weight and body fat mass over 2 years in patients with
type 2 diabetes mellitus inadequately controlled on met-
formin[ J]. Diabetes Obes Metab,2014,16(2):159-169.
FORST T,GUTHRIE R, GOLDENBERG R, et al. Effi-

cacy and safety of canagliflozin over 52 weeks in patients

[14]

[15]

[16]

[17]

[18]

with type 2 diabetes on background metformin and piogli-
tazone| J |. Diabetes Obes Metab,2014,16(5) :467-477.
SINGH M,GUPTA N,KUMAR R. Effect of obesity and
metabolic syndrome on severity, quality of Life, sleep
quality and inflammatory markers in patients of asthma in
India[ J ]. Pneumonol Alergol Pol,2016,84(5) :258-264.
SALAH A,RAGAB M,MANSOUR W,et al. Leptin and
adiponectin are valuable serum markers explaining obesi-
ty/bronchial asthma interrelationship[ J]. Egypt J Chest
Dis Tuberc,2015,64(3) :529-533.

ZHENG H,ZHANG X,CASTILLO E F,et al. Leptin en-
hances TH2 and IL.C2 responses in allergic airway disease
[J].J Biol Chem,2016,291(42) :22043-22052.
SUTHERLAND E R. Linking obesity and asthmal J].
Ann N Y Acad Sci,2014,1311:31-41.

LEIRIA L O, MARTINS M A,SAAD M ]J. Obesity and
asthma:beyond T (H) 2 inflammation[ ] ]. Metabolism,
2015,64(2).172-181.

(W H 19 :2018-05-22 & [a] H 1 .2018-08-15)



