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Research progress of glucagon-like peptide in osteoporosis
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[ Abstract |

In recent years, the role of glucagon-like peptide (GLP) in osteoporosis has been discovered. GLP-1 can

not only increase insulin secretion, but also promote bone formation and inhibit bone resorption. GLP-2 can not only improve

the intestinal barrier and promote the absorption of nutrients, but also inhibit bone resorption. This article reviews the recent

studies on the regulation of GLLP-1 and GLLP-2 on bone metabolism, and focuses on the potential therapeutic effects of GLP-1

and GLP-2 and their related drugs on osteoporosis, with a view to exploring new ideas for the diagnosis and treatment of

0Steoporosis.

[ Key Words ]

B TGS e S A P R . A
o R 4 M COB) FIRk B 4 i COC) B RE
AT B B B D B 2O 5 A IR, 9
PR IR B TS 1) 50 Bk 2 40 L MR IR
ST 5 R A B B P S T A XU B
H R B BTHAS PTG 7 5 it 32 202 18 59 B W ISR
BT AH LAE TT B BB AL 14 245 490 LA B W A 410
A 3 AR T B 25 A FAR 55 IR R 2
Pt B Y BT 25 ) AL LA
T R B R

AR, B i R A B B AN AT AE R it 5
H % 8 2. B B R A K (glucagon-like
peptide, GLP){E 2k B M 18 3 2 1 51 22 20 j iR 4 il
SRR W B B AL B BAA R E . GLP
3k GLP-1 5 GLP-2, & R 5 it g s im i L
B W5 SRS 43 D HG T AELAE Y B () e AR R
ek S AKES -4 (DPP-4) /% . GLP-1 5 GLP-2 7E

[WimBEH] 2018-07-06 [#E=HH#] 2018-08-13

osteoporosis; glucagon-like peptide 1; glucagon-like peptide 2

A POGTAIE 8 IR 2 AL T AS (] o AEL R %A 38 g 7 4
T EEEER AL AE A . A Sl T 4ok GLP-1
F GLP-2 X8 1C 3 i 8 24 FHAOF 58, 3SR 1T
GLP-1 Fll GLP-2 X 2 4% 5 iU B A8 48 28 )5 B o3 B
P s Fe 2k T W5 IR0 8 i 25 5 HE (SBS) | 4 E M
93 (IBD) (14 2k & 1 S0 B WA RE (R s 2R T VE S DA
4R B A 1297 BT B

1 GLP-1 3B KiErIEE

GLP-1 X5 B A% 38 75 52 0L 1a] 1 o BE A] D)4 3
IR Rl A . AT e A i o R
3 U 5 PSS IR | I 20 U0 2 o R AIR R 4 2R 1Y
3R LA B B T i 1) 78 5 T 40 (BMIMISCs )
) GLP-1R SEBU B IR e .

1.1 GLP-1:@itfRutme & ok, K&K B E I
WECER R WY R, OB, OC K7
PN TR A2 AR 5 1 1% 2R 38 3 L A2 R4 5 T B,

T LD [EPAY S e % 2 570795). Supported by National Natural Science Foundation of China 570795).
[E£mB] ExEAKFAESm EWHE (81570795, S d by National N 1 Sci Foundation of China(81570795)

[EEBA] Huk)L, W14, E-mail: xber6666@163. com

* W= (Corresponding author). Tel; 021-65642662; E-mail; hu. yu@zs-hospital. sh. cn



998 Chinese Journal of Clinical Medicine, 2018, Vol. 25, No. 6

hERRESY: 20184F 12 H #5258 55 6 Y]

il H WA B ) 72 5T T 40 i (BMIMISCs) 1] OB
Ak, SCIRUEHET R, OB S £ Z Ik OB
R AT AN BT T B . AR BRI ]
fIEFE OB H458 e s MEws R EG (ALP) /) 61k 15, I
FEHE OB 431 e i, W ORI F 28 280 % [ st i ] 3
IHEIEE AR Y E (OPG) 20 i Sk 4 il OC f 38 5 43
b FERRS Rz /N AR ke B, 5 Z ez ]
WRCE D BB EA R, BRI £, JE
SECTMETER T . EARRES RIRPURTG R R S
K- 338 v (ELASE 8 7 I 355 2 5 25 7K A i 5 R K e
RAEI A MBI E RS . TE Aok T i
AV 2 P B A L T R g A R
Hh i Bz S5 AL It 3 S b g 7 TS B0CR G 1
XA S B PR BT B AL 1 & 9% R . Nuche-
Berenguer 25" & B, 78 2 B IR ok JBE & R BT
BERIR B GLP-1 a3 47 2 (OPG) FAZ A
F kB SZRTE AT (& (RANKL) fi b (8, 325 ifi 4 il
OC H458 16 1k I B Wi, Rt GLP-1 mf 3 i
AR R 15 2R 43 o o 3 J By 2R R4 o - R i £
PEE T
1.2 GLP-1 TiBid ik & fu i fo i RABIR K 55
JREAS RS R AU 00 1= g AT in A 4
PR IO 38 8 T g 300 B 3£k 7= 9 CAGEs) 7= 4z
77 AL s U S R Y AGEs B2 e Ji A2 B ke 245 B
SR ] 2 W PR B T B A R ) SR R A L
AGEs {38 il fin 58 4123 R AE KN . RIMIFZE
KB, AGEs i ] 38 1 1 i 01 b 3 Ak 28 7= ) 3% Pk
(RAGE) 1ty 22 35 B2 0 1 wnt., B 18 BE -3 35 il
(PI3K) (4l L 4 MJE 5 2 (3 (ERK) 4545 538 ok
i OB 34 58 4346, 508 i 80 2 e R & Bl 3
(caspase-3) £ 5@ % iE S OB 121, Tanaka
SENOTL B, 2 RURE PRI AL AL NSY /)N UL RS K- 5
BT, GLP-1 BEFAR 2 BB R H 3 1ML
B R A £T B A R ER

GLP-1 & AT A5 4 B ARG 38 s an AR AT 2% B g
FE A EEE (LDL-C) . =B H il (TG) L 32 s %
e 7E 141 H [ B2 (HDL-C) /K %, B 7E BF 58 & 3X
LDL-C. TG 5% & f A6 , HDL-C W] 55 %
FEIEAA S . R g A 5 | 76 % 1 P A Ui 1 M AL
2R s AN B R L 240 A R S B
Wik 20060 i 3 G 88 5 » 2 a0 4 E 4N 3R 4 R R E
A . B SRSE R F-o (TNF-o) . A 3
1RAIL-1R) S A2 4 PR - Aty 348 i 359 mT 12 0k 15 0 40 i 42

YE R T (M-CSF) fl RANKL [ %1k . 1 5]
OC gL EEREFE . BLAbh s i MR . = MR St 2 0
i L6 9 9 B A I A e AR R AR R TR B R
LA AR T W L A BE G HHE TEAE 35 B R %
W 1 LR SO0 B e 0D 5 A B R R AR
A%, HIL, GLP-1 n] il i oo 38 0% 05 AR . oSt it
TEER B B T o

1.3 GLP-1IR ®9 Mg sh 22 5 ARt % BEfE
52 220, A2k GLP-1R 7F OB.OC ¥ ANEFE
{A7E BMMSCs J i i 0+ 4 s CADSCs) A 3%
ik, Meng U FEMAMIF ST H K L, GLP-1 A 3@
5 BMMSCs M GLP-1R 454, B0 8 0 K
(PKA) /B-iE ¥ H (B-catenin) {5 5 1 % . JE My fg F
OB Fr LA runt AHEHE SRR 2(Runx2) (B
B 28 1 2 S TR L B R R R T W IR I (BALP)
mRNA [k ; Lee 217 % B, GLP-1 W] i i 38 1%
ADSCs 2R [fi ) GLP-1R T1fi 3% ERK {5538 % , #F
0 i i s 248 . 531 R DG 5 PR 3 A i A 34 3
PaE 2 & y(PPARY) mRNA (%35, LU L45
Wi, GLP-1 /] B $:15 57 BMMSCs 1 ADSCs fi¢ H:
HERCE 1 a0 IR I OIS oAk, A, GLP-1R
FEFF R IR A0 M bt A 2 3k, Rosol 2605 & B,
GLP-1n] g 1 K B FF AR Bt o3 WA A 45 3% [l 41 2 oy
AR k= O s A (SR B C NS NS
C 4RI E A BIHA

2 GLP-2 X&fitHAE

HATEFIE s » GLP-2 A 100 i - W e o {5 %
TS A . 5 GLP-1 AN, GLP-2 34~
REAR IR 5 28 43 0 o AEL AT IR0 B g A i T g .
LA ) R A P A P PT  A  nE E Y
WAL 9955 1 B R A S I SR
2.1 GLP-2 423t % 4 eyHok  SBS A1 IBD 1y
WA Ry 5 B 0 P e KU 1 A &, SBS
1 IBD B8 Y A7 758 579 o R W 2 B g 18 e
%5 R AE B B 3G IS B . GLP-2 n] 3§ i 1
P fiPR BT 3 R0 B 1 W AL 9 2> 800 Ik P A1 7 97 32
Ff, 0035 SBS HBH 1Y E R . Braga %5 &
M, SBS BEEHEESMEHREAR C.E.K KFIEH
XK PETRIXELYE AL 2R ] e S - . SBS.IBD DA
M N 2 5 0 AR B & i 4 D3 A
JE. GLP-2 n[fie gk VD3 () 0% i . 8 1 ol 38 45 1
T A A 2 2E 2K RS i 6 WL T . SBS



hERRES 2018412 H #5258 5§ oY

Chinese Journal of Clinical Medicine, 2018, Vol. 25, No. 6 999

BEZ GLP-2 3897 52 JAlG » (A T E BE R34 117 458
KT BT 46 5 (BMID 1] R 484 i 85 B L AR
PrAR

2.2 GLP-2 A% #&. f5 R4 Khan 229 i A SMIF
8RB, GLP-2R 76 BRI B-20 0 L B o 200 0 D 5 44
ANERUBE S ¥ #ak ;s GLP-2R RE i 6% 1 55 & 5
A 1. 143 AR ) DNA 15145 » (E XA i L 3
RE s . (R BFTE Y & B, GLP-2 Xt/
R 20T M S AR /N R 5 14 J 5 2K 0 A TR )
M Baldassano 2502200 -3 GLP-2 Al {2 ¥ = Ik &
/N RS 25 4 Wb » 98 VR T I KB /0N BRO R L i AR
WEEEL. DR, GLP-2 ] E X B | i A O 1 4 ke 1
P R B BT A 5 i GLP-2 Al gl H T
SRR A £ 5 B AE SO A QI 3R LI BB 2

2.3 GLP-2 R3BMBHREmERE GLP-2 #EIRIT
IBD [y F v, 540045 285 B %) 0 5 o 185 000 o, 7
VERE, B I 38 B I T RE . AR AR IE BN o AR iR
FIUZE BTS2 28 ok T L AR R B S B R B Rk
R G SAE SN T R B, GLP-2 ]
PEAE A K BRI T8 155 8 3% 1 2 1 1Y) 2R, BRI s 3
B HFRIEIEHR TNF-o, IL-18 7K, Wu 250
5T & BH » GLP-2 34 1] AR5 92 1 45 i 4% /)N RS 75
TEAN AN FR 6 (TL-6) KV, 445 B &
L PR B R P 0 RE 7K ST 14 T e R S i R R 1 R
REAR RS HEHFTR R B GLP-2 W44 )5
BT B R R SE KO 1 s 1 Ol BE AR BE
gyt SR B, 18 M ST T B S K T R R
i) RANKL/OPG b 5] 2 4 2 ot i A 1) 2 222
HZE., FRWIFEERB, GLP-2 X8 g A i) ol nf
A2 (] A 2 AR R B P SR E R LA T 1
2.4 GLP-2 % F Rt SHAME  Askov-
Hansen 250 % 31, GLP-2 A FAR 46 45 )5 1 g b
BE WM [ AR C ik (CTX-1) 7K, H 27
HKHIE . Henriksen 2555 X 4 28 5 B R b HR
KN GLP-2 3397 4 ™ H Ja &3, GLP-2 "l &5
Y 28 5 J B BE S T REAR CTX-1 AKF fH X B 45
2 (OCN) K- TEs e s I s GLP-2 W] 41l i
Wz W AHXF B JB B TG 5 . SR T, GLP-2R /Y
mRNA 7¢ B 5 40 Jd o 3 JC £ 187, Gottschalck
EDTINER T GLP-2 %45 ik 1A B i i 1R
FVERT . RN CTX-1 /K AL TE W 1 58 5% i %)
HEZH R RAIG , T 28 1 s [0 i s 11 R BB 35 Hp ok DL A
AR, P, HAE GLP-2 X3 AR 3 0 B 34k

FH S TR BE3E i 7 38 o 28 70 B M 22 4% S S BN B AR
e IR AR . oAb, Lu S5 4K b 52 56 A
GLP-2 0] i i #% fb 4 & N F-B-smad2/3 ( TGF-3-
Smad 2/3) {5 5@ 4215 MU T 0] OC 5450,
BOLHEN GLP-2 "] AT OC, i Ai it GLP-
2R, HHT. GLP-2 S E A A BT S5 B L
HAAE YL A it — 2 A B

3 GLP HXZWEE BB A R

3.1 GLP-1 g4k s A GLP-1 ZKsh7) T 5
A5 R I 790 SE FE K A DR S 4 & ) R
BRR BT RS, o, SCIETIB IR 7E & B0
HEB B P R B P Bl E B AT B 08 G T
W), 3 A ot SE I At Bl & BT AR
BMMSCs B 143 Ae- . R0 Bkt mr D3 Jin 25
IR EL /N BUE % R, (HAS BB 02 H B R R 3
Tepsen S5 "V 4 3E , A R AT 30 A Bk 9 g s 401
B R R AR TR B . AR
01 i PACIR G 2 B, )7 65 B A 38 SR IR AN RE R
BT AU | {HL 3 BB 115 PR 52 56 359 17 7 FE AR 5 AN
T B8] 2 B S B R B e LA A R e R
& M Z A2 5 B S R SRR, T A
GLP-1 SZAA38ah 750 % AR 85 i 1) i 38 45 /0 » lowt
GLP-1 Bt o g b 1)/ T 5 AT 5 2 — 205
FHEL T HABIE T B AR A 259, GLP-1 Z 4k
PRSI AT [ B 21 TR o8 400 B WA 9 8 L
AR ot 1 4 200 5 R AL, 0S8 GO0 B0, % i
FEEZE H HEZS /MR SR, BUARHR R i BMI
X B BB A BB DR T AR 3G 0 il 7R
95 B4 XU 5 T % GLP-1 A2 AR 38 sl 790 AT 15 75 PG P
REVIE G I 25 0% R T s ™ . GLP-1
ZARFL S T B B O S T RENS L PR i
B IR i AR T RE S BT R O I R
FE) U HLERE KR AT, B A &
Filt GLP-1 Z KB 713 5 5 R IR TE %0 Kk 55
AR RN, H X e iR B Ao A,
GLP-13Z AR B3 7 B B A & IF 0 I A 25 6L
K BT IR YT B VA I AT 5
3.2 GLP-2 24#s# HHET. L1 GLP-2 Z{k
W U B, HE gt F 1897 SBS.
R IR TR i b R b R B ok I el R e
THRE WA 1 98 9 T2 I 5 [R] B m] A2 ik fizp P4 8 5
PIRW . —THFSE 2 4R350 R » SBS E K



1000 Chinese Journal of Clinical Medicine, 2018, Vol. 25, No. 6

hERRESY: 20184F 12 H #5258 55 6 Y]

i GLP-2 J& , H #RAE 7 el 7K R HAL i 5T 1) 3 2K
/b VD3 7K T 55 WO B G s B R
CR I S N P I P A AE AN R RN HL A AT 3R
#5. PHI GLP-2 2R3 sh70) m] R i i 2l st o 18
JoE B I PR S RE S R BT B WOBOR B3 SBS.
IBD EARE S 46 28 )5 B g A% » (H H AT {UE AR B [
J ity SBS [t R GLP-2 HA 5| kB o b |
B3R BRI /E Y . Henriksen 255 GLP-2 Jif
AT Y2 )5 008 A A S8 A B 98 9 AREAS i
A, BAVK I T B 3% B L OCNL CTXA1, i R BF 58 B
THORES Y A=) 75 2 e FoA 5 A H8 7 1 28 4k
ATSRE A GLP-2 AT IR ARAHSE .

3.3 GLP-1%5 GLP2 4R R F4Ek, GLP-
1 5 GLP-2 8 k3 HA W R 08 H #5865 0
XF 2 RO PR SBS B BIRIT RO L T 25
J71 . Madsen 251 % 31, GLP-1 5 GLP-2 BtA i
FHBTE 8 (W CE B L T GLP-1 58t
B i SN . Wismann 250 % B, 8 A GLP-1 %
TR 3l 7l (GUB09-123) 5 GLP-2 32 {A # 8 7
(GUB09-145) Bk A 1 FH e 3% T SBS S8 38 1) i 45
B 5 400 T i 3 R A O IGER AR BT
AR TF 2697 . (H i T xS 500 i BAd m, Aok
WS 5 WA L P 0T 1 %85 B85 1) 52 i) o PRI G 0k — 20
3.4 DPP-4 #4) % (DPP-41) GLP-15 GLP-2 {4k
PR AR HG e, L R A R 2 R GE i DPP-4, 4
25 B G FR A OB PR FR A 1T DPP4 7KF-1
Fhegro, TEREPRAE B b, DPP4i 5 — F XU
£ I 5 — P OBUIC R 24 R A ARG A B T 1 R
W5t & B, DPP-4i V4 4% 51 7T 0] 24038 1 IR s K R
S AEWE PR 25 99 5K B LB A » HLAF7E 7] A
PPV, B I DPPAL 7 s A ELA T 4 R

RN

5.
4 INEERE

TG B AN IR 7 75 15 T 22 A
(EURY TROBARN R P T2 sz Al HL P O I
MVEGAG HE DR o i HILAE 5 0 » A 75 i 38 57 B
DIRERETG i 1B W REIBGE  4E A R D RIS A
AR T D) RE R SRS B BR A T A S
BAAZSHIII R

GLP-1 Je HeA2 M sl 570 mT ke [ 5 240 L D RE
A T R AT I IR L AR - S R A

ATt /) BT 3 0 i 8 R O e]GE Y AR E T
BMMSCs Fefif) GLP-1R 254 B I A%, FL 0
FH GLP-1 52 R 3 3h 57 o] 2 38 5006 B8 L 08 I 4 42
GLP-2 S H 32 A sl 70 v] i3 i 3 B B Th i R AR
GRE LIV » I8 32 75 37 400 05 1) W A T B L B AR i
HATRE EHAEH F OC 3 5 H 8 . A X OB 1k
A FHITFE . P A6 5] DPP-4i 9k ik W] w]
MCEE B . T AR TS PUE T 2
WYy A R B B A BBE PR  SBS. IBD 5| 2 11y
B g A L P B T RE ) N R . AR
GLP-1 Il GLP-2 #H & 25 9 %1 5 i A 4 FH A #IL 1
St RIAIR IS SRS 2 - H B Hir% GLP-1,GLP-2
B ILAHIE 2 W) AE 2 AR B g i 28 3 T i A T AT
FILBFFE G . B, GLP-1 fil GLP-2 768 R Fi il
R T %8 AVE RIPILEN AT AR AT 52

S 30k

L1 JhEhl, Geas5. XIEW. S b EE R m g TR
JAb IR 52 43R (2018) [T, v [ I PRI 2, 2018, 25(5) .
860-866, & =.

[27] FULZELE K, RIDDLE R C, DIGIROLAMO D J, et al
Insulin receptor signaling in osteoblasts regulates postnatal
bone acquisition and body composition[]J]. Cell, 2010, 142
(2):309-319.

[3] LEEJY, LEE N K. Up-regulation of cyclinD1 and Bcl2A1l
by insulin is involved in osteoclast proliferation[J]. Life Sci,
2014,114(2) .57-61.

[47] CONTE C, EPSTEIN S, NAPOLI N. Insulin resistance and
bone: a biological partnership[ J]. Acta Diabetol, 2018, 55
(4):305-314.

[5] HUANG S, KAW M, HARRIS M T, et al. Decreased
osteoclastogenesis and high bone mass in mice with impaired
insulin clearance due to liver-specific inactivation to
CEACAMI[]J]. Bone, 2010, 46(4);1138-1145.

[ 6] NUCHE-BERENGUER B, MORENO P, ESBRIT P, et al.
Effect of GLP-1 treatment on bone turnover in normal, type 2
diabetic, and insulin-resistant states[ ]J]. Calcif Tissue Int,
2009, 84(6):453-461.

[7] MERCER N, AHMED H, ETCHEVERRY S B, et al
Regulation of advanced glycation end product ( AGE)
receptors and apoptosis by AGEs in osteoblast-like cells[J].
Mol Cell Biochem, 2007, 306(1-2):87-94.

[8] LI G, XU J, LI Z. Receptor for advanced glycation end
products inhibits proliferation in osteoblast through
suppression of Wnt, PI3K and ERK signaling[ J]. Biochem
Biophys Res Commun, 2012,423(4) :684-689.

[9] LIUJ, MAO]J, JIANG Y, et al. AGEs induce apoptosis in

rat osteoblast cells by activating the caspase-3 signaling



Hh ] i R 2

20184E 12 H 4 25% 456y

Chinese Journal of Clinical Medicine, 2018, Vol. 25, No. 6

1001

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

pathway under a high-glucose environment in vitro[ ] ]. Appl
Biochem Biotechnol, 2016,178(5):1015-1027.

TANAKA H, MIURA T, YAMASHITA T, et al
Characteristics of bone strength and metabolism in type 2
diabetic model nagoya shibata yasuda mice[ J]. Biol Pharm
Bull, 2018, 41(10):1567-1573.

TINTUT Y, DEMER L L. Effects of bioactive lipids and
lipoproteins on bone[J]. Trends Endocrinol Metab, 2014, 25
(2):53-59.

PAPACHRISTOU N1, BLAIR H C, KYPREOSKE, et al.
High-density lipoprotein (HDL) metabolism and bone mass
[JJ. J Endocrinol, 2017, 233(2):R95-R107.

HARFORD K A, REYNOLDS C M, MCGILLICUDDY F
C, et al. Fats, inflammation and insulin resistance; insights
to the role of macrophage and T-cell accumulation in adipose
tissue[ J . Proc Nutr Soc, 2011,70(4);408-417.
WEITZMANN M N. The role of inflammatory cytokines,
the RANKL/OPG axis, and the immunoskeletal interface in
physiological bone turnover and osteoporosis[J ]. Scientifica
(Cairo), 2013, 2013:125705.

OU-YANG L, LU G M. Dysfunctional microcirculation of
the lumbar vertebral marrow prior to the bone loss and
intervertebral discal degeneration[]J]. Spine (Phila Pa 1976),
2015, 40(10) . E593-E600.

MENG J, MA X, WANG N, et al. Activation of GLP-1
receptor promotes bone marrow stromal cell osteogenic
differentiation through p-catenin [J]. Stem Cell Reports,
2016, 6(4):633.

LEE HM, JOO BS, LEE C H, et al. Effect of glucagon-like
peptide-1 on the differentiation of adipose-derived stem cells
into osteoblasts and adipocytes [ J]. ] Menopausal Med,
2015,21(2):93-103.

ROSOL T J. On-target effects of GLP-1 receptor agonists on
thyroid C-cells in rats and mice[ ] ]. Toxicol Pathol, 2013, 41
(2):303-309.

PEPE J, ZAWADYNSKI S, HERRMANN F R, et al
Structural basis of bone fragility in young subjects with
inflammatory bowel disease: a High-resolution pQCT Study
of the SWISS IBD Cohort (SIBDC)[J]. Inflamm Bowel Dis,
2017, 23(8):1410-1417.

JOHNSON E, VU L, MATARESE L E. Bacteria, bones.,
and stones: managing complications of short bowel syndrome
[JJ. Nutr Clin Pract, 2018, 33(4):454-166.

BRUBAKER P L. Glucagon-like peptide-2 and the regulation
of intestinal growth and function[ J]. Compr Physiol, 2018,
8(3):1185-1210.

BRAGA C B, BIZARI L, SUEN V M, et al. Bone mineral
density in short bowel syndrome: correlation with BMI and
serum vitamins C, E and K[]J]. Arch Endocrinol Metab,
2015, 59(3):252-258.

JEPPESEN P B, LUND P, GOTTSCHALCK 1 B, et al.

[24]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

Short bowel patients treated for two years with glucagon-like

peptide 2 (GLP-2):. compliance, safety, and effects on

quality of life [ J ]. Gastroenterol Res Pract, 2009,
2009:425759.
KHAN D, VASU S, MOFFETT R C, et al. Differential

expression of glucagon-like peptide-2 (GLP-2) is involved in
pancreatic islet cell adaptations to stress and beta-cell survival
[J]. Peptides, 2017, 95:68-75.

BALDASSANO S, AMATO A. RAPPA F, et al. Influence
of endogenous glucagon-like peptide-2 on lipid disorders in
mice fed a high-fat diet[J]. Endocr Res, 2016, 41 (4):
317-324.

BALDASSANO S, RAPPA F, AMATO A. et al. GLP-2 as
beneficial factor in the glucose homeostasis in mice fed a high
fat diet[J]. J Cell Physiol, 2015, 230(12):3029-3036.

GU J, LIU J, HUANG T, et al. The protective and anti-
inflammatory effects of a modified glucagon-like peptide-2
dimer in inflammatory bowel disease [ J ]. Biochem
Pharmacol, 2018,155:425-433.

RENW Y, WU K F, LI X, et al. Agerelated changes in
small intestinal mucosa epithelium architecture and epithelial
tight junction in rat models[ J]. Aging Clin Exp Res, 2014,
26(2):183-191.

WU J, QI K, XU Z, et al. Glucagon-like peptide-2-loaded
microspheres as treatment for ulcerative colitis in the murine
model[J]. ] Microencapsul, 2015, 32(6):598-607.
AL-DAGHRI N M., AZIZ 1. YAKOUT S, et al
Inflammation as a contributing factor among postmenopausal
Saudi women with osteoporosis[ J ]. Medicine (Baltimore),
2017,96(4) :e5780.

2= R IR AR IK-2 X T B R T e S Y B 5
[D]. HHRFNFE, 2015.

COLLINS F L, RIOS-ARCE N D, ATKINSON S, et al.
Temporal and regional intestinal changes in permeability,
tight junction, and cytokine gene expression following
ovariectomy-induced estrogen deficiency [ J]. Physiol Rep,
2017,5(9). pii: el3263.

MOSCHEN A R. KASER A. ENRICH B, et al. The
RANKL/OPG system is activated in inflammatory bowel
disease and relates to the state of bone loss[]J]. Gut, 2005,
54(4).479-487.

BRINCAT S D. BORG M., CAMILLERI G, et al. The role
of cytokines in postmenopausal osteoporosis[J]. Minerva
Ginecol, 2014, 66(4):391-407.

ASKOV-HANSEN C, JEPPESEN P B, LUND P, et al
Effect of peptide-2 bone
resorption; of high
prolonged exposure[ ] |. Regul Pept, 2013,181:4-8.
HENRIKSEN D B, ALEXANDERSEN P, HARTMANN B,

with GLP-2

glucagon-like exposure on

Effectiveness concentration versus

et al. Four-month treatment significantly

increases hip BMD: a randomized, placebo-controlled, dose-



1002

Chinese Journal of Clinical Medicine, 2018, Vol. 25, No. 6

hERRESY: 20184F 12 H #5258 55 6 Y]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

ranging study in postmenopausal women with low BMD[]].
Bone, 2009, 45(5):833-842.

GOTTSCHALCK 1 B, JEPPESEN P B, HOLST ] J, et al.
Reduction in bone resorption by exogenous glucagon-like
peptide-2 administration requires an intact gastrointestinal
tract[ J]. Scand J Gastroenterol, 2008,43(8):929-937.

LU Y, LU D, HU Y. Glucagon-like peptide 2 decreases
osteoclasts by stimulating apoptosis dependent on nitric oxide
synthase[ J]. Cell Prolif, 2018, 51(4):el12443.

MA X, MENG J, JIA M, et al. Exendin-4, a glucagon-like
peptide-1 receptor agonist, prevents osteopenia by promoting
bone formation and suppressing bone resorption in aged
ovariectomized rats[ J]. J Bone Miner Res, 2013, 28 (7).
1641-1652.

PEREIRA M, JEYABALAN J. JORGENSEN C S, et al.
Chronic administration of Glucagon-like peptide-1 receptor
agonists improves trabecular bone mass and architecture in
ovariectomised mice[ J]. Bone, 2015,81.:459-467.

IEPSEN E W, LUNDGREN J R, HARTMANN B, et al.
GLP-1 receptor agonist treatment increases bone formation
and prevents bone loss in Weight-Reduced obese women[ ] ].
J Clin Endocrinol Metab, 2015,100(8):2909-2917.
HANSEN M S S, TENCEROVA M, FRQLICH ], et al.
Effects of gastric inhibitory polypeptide, glucagon-like
peptide-1 and glucagon-like peptide-1 receptor agonists on
bone cell metabolism [[J]. Basic Clin Pharmacol Toxicol,
2018,122(1) . 25-37.

ZHOU X, HUANG C H, LAO ], et al. Acute hemodynamic
and renal effects of glucagon-like peptide 1 analog and
dipeptidyl peptidase-4 inhibitor in rats [ J ]. Cardiovasc
Diabetol, 2015,14:29.

DRUCKER D J. The Cardiovascular Biology of Glucagon-like
Peptide-1[J]. Cell Metab, 2016,24(1):15-30.

GARC? A-CASARES N, GARCIA-ARNES | A, GOMEZ-
HUELGAS R, (GLP-1)
mimetics; a new treatment for Alzheimer’s disease? []].
Rev Neurol, 2014,59(11):517-524.

PRASAD-REDDY L, ISAACS D. A clinical review of GLP-1

et al. Glucagon-like peptide-1

receptor agonists; efficacy and safety in diabetes and beyond

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[JJ. Drugs Context, 2015, 4.:212283.

TSCHOP M H, FINAN B, CLEMMENSEN C,
Unimolecular polypharmacy for treatment of diabetes and
obesity[ ]J]. Cell Metab, 2016, 24(1):51-62.

MADSEN K B, ASKOV-HANSEN C, NAIMI R M, et al.
Acute effects of continuous infusions of glucagon-like peptide
(GLP)-1, GLP-2 and the combination (GLP-1-+GLP-2) on
syndrome ( SBS)
patients. A placebo-controlled study[J]. Regul Pept, 2013,
184 :30-39.

WISMANN P, PEDERSEN S L, HANSEN G, et al. Novel
GLP-1/GLP-2 co-agonists display marked effects on gut

et al.

intestinal absorption in short bowel

volume and improves glycemic control in mice[ ] ]. Physiol
Behav, 2018,192.72-81.

NOTSU M, KANAZAWA 1, TANAKA S, et al. Serum
dipeptidyl peptidase-4 is associated with multiple vertebral
fractures in type 2 diabetes mellitus [ J]. Clin Endocrinol
(Oxf), 2016, 84(3):332-337.

KIM H. BAEK K H. LEE S Y. et al. Association of
circulating dipeptidyl-peptidase 4 levels with osteoporotic
fracture in postmenopausal women [ J ]. Osteoporos Int,
2017, 28(3):1099-1108.

ZHENG T, YANG L, LIU Y, et al. Plasma DPP4 activities
are associated with osteoporosis in postmenopausal women
with normal glucose tolerance[ ]J]. ] Clin Endocrinol Metab,
2015,100(10) : 3862-3870.

DOMBROWSKI S, KOSTEV K, JACOB L.

dipeptidyl peptidase-4 inhibitors and risk of bone fracture in

Use of

patients with type 2 diabetes in Germany-A retrospective
analysis of real-world data[J]. Osteoporos Int, 2017, 28(8):
2421-2428.

WANG C, XIAO F, QU X, et al

diabetic

Sitagliptin, an anti-

drug, suppresses estrogen deficiency-induced
osteoporosis in vivo and inhibits rankl-induced osteoclast
formation and bone resorption in vitro[ ] ]. Front Pharmacol,

2017,8.407.
(AXHE\E] EFTT





