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GLP-1 (1~37) %

F AL /NS

ERMAMpFRIERE =

iy #ERE-

OIS K27 B 22 e A B B 2P g by, Ik 515041)

FE R A4 BRI NG /N F % A0 f, 8 B s T8 25 AR K 1 (glucagon-like peptide 1 (1~37),
GLP-1) 53/ N L B2 4100 17 B 55 22 7 b A i 2 Ak, B e AAG T 206 AL AR S A Al O B AT %5 58, RT-PCR K6
DT 55 P 530 2 MR DG 2 DR (1) 308 . 25 SR o3 B 15 7 i N2/ i b et L, S 3 AT B 4 30 7 b 2 11
PRAEYAM LA T 18 A1 19, [ I 20 th 2 1 Bk g i B 3% R/ ER, B B R ARIA. GLP-1(1~37) 5 /M b
JZAIH 6 K, RT-PCR ‘sl 45 W RV AU JE K 65 1 (pancreatic duodenal homeobox-1, PDX-1). i %4 B4 1=
HH 2 (glucose transporter-2, GLUT-2) FH & 535D AT 4%, S fe 20 A o Asr I 20 Jte 5 32 B P /N g b e A i 2 H]
GLP-1(1~37)i% 5 /M b B2 40 g Jg %) ¥ RT-PCR 7% PDX-1. GLUT-2 # &%, (HIEE N % mRNA F14E 1
RiE. WHERW] GLP-1(1~37)RENS 175 T NIMRNG /N _F 5 40 16 ke & 35 0 s A0 J 2 .

KR BRI RFEIR 1, AR A, ik, R EE, BRI

ZRl9EE R35, R74

Ji v IR 2 OFE K (glucagon-like peptide 1,
GLP-1) J& fif e s Bl 3= 00 FATAE I —FlhifR, )8
Tk, FE AR [R5 i
EQAt M pT 7 ol , 2 B o IR 35 JR L [A] (proglucagon)
BT 0 T4, R0 I AR S 7 25 B A4k
(R I 5 25 0 WA IR, e W B0 W o T 2 1) K
H AR AR S A58 . GLP-1(1~37) B 2451 N
Ui (1) 6 JIRFA C i 9t e A J B A B HL AT o B v 1 1
GLP-1 (7~36)NH, . GLP-1 (7~36)NH, J& A & i
GLP-1 [ AR B, LA 3 1B I 25 20 9 (1 A T A
GLP-1 Jikrhdgesi. 53 4h Kk AT /b & GLP-1(7~37) 1)
e, HAEMAEMAERLRE. —8BIN A, GLP-1
(3N &AM TE. (BB FFSEE S, /R
N L A AE GLP-1(1~37) 105 5 N g8 701k
SIUBIBE I AN, RS R IR N BENE B AR B A T
) v MR, FRATTIFSY GLP-1(1~37)%F N5/ bz
MM E T AEH, A GLP-1(1~37)H T AN 5Hk
PRIV BIRTT S HE B AH.

1 #RlFA*®
1.1 ##Y

DMEM/F12 (1:1) i, 4 1MLig (fetal
bovine serum, FBS). B2 ML, B Z . HiZEK
Fas THBERG . B- SRIL M. HHRMEFE RN
GIBCO/BRL 2 7= fitis Sl HEME R T M B 3 29Nl A1
PR T s BRPTBOE & L w BE TR (1:200, 5

OGS S el - /A ST IO TR 711 U< g S I
(cytokeratin18, CKI18) Fl 41 g ff & 11 19
(cytokeratinl19, CK19) 5. 5 [ T 4 (1:100, b5t
A A USSR Z ik (1:100, dbatr
D MPtAE KA E (somatostatin) . b7 [ P ik
(1:100, dbxptrpi 2wy WberEiE L) & A
(SMA) TSR (1:100, dbEAiliAaal); Bk
5 LB 22 (glucagon) HL vg [ HU A& (1:100, 65T 1L
v 7l); GLP-1(1-37) 4 Sigma 2 @ 7% ;s SP-9000
A G A AEC Akt i A w5~ il B R Ih
Corning A ] 77 .

1.2 AHiE

121 /My bRz gnifai s, BUREE A 10 ~13 J 1)
PNE Y VN 7 A Y s A RN RS ST PNE §
A SN T O B BEAS BE R DY S Tk HE, a4l
SURPE T T 0 B B il =R i T IR IG IR
N, HECAX A /NG R IAL 2], TR ERATTEU T 5
LR BB 3/5 TR R, RN ASEA 4
WA R, N H T ETE R A R YT, I BY T8I,
N 0.075% % J5 B 37°C 34 6 10 min, 0 A
DMEM/10%FBS 35 7E 5L & 14k, W I B2 4T
IYELANHE, 800 g B0 5min, 3 LN, 0B A4
FREAE SR TR IS 7, BEIR AL 85> 4 : DMEM/F12
RS F SRR RS W BT H (020001, 012452, 04007929).
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(1: 1), A 10%FBS, 1 mgL & %, SO FE T REI4N B RNA BEEUE H AR

1x10~7 mol/L Hb %€ K ¥4, 10 mmol/L i Bk fi% ,
2 mmol/L % % Wk %, 50 wmol/L B- i & £ 1,
100 U/ml 587 %, 100 g/L BE75 2 M1 1 mg/L o HE M.
i FPAE S FE 2024 5000 ~ 10 000 4™ /em?

1.2.2 4IHr7 S otk AR a5 3% 24 h, Ko7
F N 20 nmol/L GLP-1(1~37), Ff 2 KHfe—k
B AL, EFET R R S5 U ERTR AR, A
20 nmol/L GLP-1(1~37), #7077 6 K,
AT S B A0 AL 2R A oof BRUZEL Vb 1 4 s R AN
H GLP-1(1~37), AR s +H A,

1.2.3 BRI AS . RE S i oo
HEAL) R 3 20 A0 1 40 P 7 % 7 1L 3k AT 6032 40 g
Ak . 0.01 mol/L R IR £h 2% vVl (PBS) ¥kt %5
T, 0.4%01) 2 5 A %€ 15 mins PBS ¥k 3 X,
AR 5 min;  0.25% Triton X-100 #4bF# 15 min; PBS
Vo3 R, BER S ming AT 1% G I 1K) —Ht 37°C
A 150, 4CiE; PBS Ut 3 WK, HEIK 5 min;
DL I G €925 B 42 SP-9000 1% 71 &5 Ui ] 45 #E 47,
AEC B, HMAE TG WS AR,

1.2.4 RT-PCR. GLP-1 if5 34344 6 K I%41 L fl A 155

HE47, RT-PCR BT 519 i KE R AW A Al &
B¢. PDX-1: 5" GGATGAAGTCTACCAAAGCTCA
CGC 3', 5' CCAGATCTTGATGTGTCTCTCGGTC
3', PCR ¥ K % 4 218 bp; Insulin: 5'TCACA
CCTGGTGGAAGCTC 3', 5" ACAATGCCACGCT
TCTGC 3’, PCR “#KJEH 179 bp; Glut-2: 5
GCAGCTGCTCAACTAATCAC 3', 5" TCAGCAG
CACAAGTCCCACT3', PCR /¥ K J¥ 4 909 bp;
Beta-actin: 5’ TGGCACCACACCTTCTACAATGA
GC 3', 5 GCACAGCTTCTCCTTAATGTCACGC
3", PCR ¥ JE K 396 bp.

RT-PCR M #H#E4T, PCR N 44 1k
AZ PE 94°C 2 min, 94°C 30's, 51°C 1 min, 72°C
2 min, 3t 36 MEFA. )5 & 72°C 10 min.
beta-actin Jy X, PCR 7435 g B vk FEAT.

2 & R

AR 73 10 10 /N P L Bz 240 i K9 2 #  TAT SRR
(1 1a), A /DR B A i, Hrp s
FETCAN N B3 . R A TR K (G 20 min),
©

Fig.1 The isolation, culture, identification of intestinal epithelial cells and their differentiation into insulin-positive cells
(a) Primary isolated intestinal epithelial cells were in the shape of aggregation, and single cell was scarce (100x, phase microscopy). (b) Isolated
intestinal epithelial cells were adherent after 7 days culture and they were surrounded by fibroblast-like stromal cells (100x, phase microscopy). (c)
Intestinal epithelial cells were positive for CK18 (100x). (d) Intestinal epithelial cells were positive for CK19 (100x). (e) Intestinal epithelial cells were
positive for somatostatin (100x). (f) Intestinal epithelial cells were positive for glucagons (100x). (g) Intestinal epithelial cells of no GLP-1 induction
were not stained by anti-insulin (100x). (h) Scattered intestinal epithelial cells were positive for insulin inducted by GLP-1 for 6 days (100x). (i) A
colony of intestinal epithelial cells were positive insulin inducted by GLP-1 for 6 days (100x).
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WU/ o b B 4 M 8 23 HOR R . fE 8RR 24 h ),
AN bR AN I RE, (HORBERE. Bi R 7 K, al AL
S8/ b B A e G A R A B R AR 1 R At
M, AT 4EAN IS (B 1b). T b 52 40 i 1% 7 1 1)
FELE 12 R, BRI/ b B 40 0 st 29 e e
BAET. R A AR B, N bR A
Fik CKI18 (K 1c) Al CK19 (K 1d), [7] It 21k Bk

M C GLP

1000 bp

M C GLP

500 bp

K3y 1A 00 400 TR 53 0 i 2R AR K 3R (] Le) B
MOFE 2 (B 1), AAS W 215 5 2 1) R I8 (B 1g). 1M
I A K 0 BT 40 A 1) /N I 5 T 4 PR R i 5 T
A, AFIE CKI8. CKI19. [k 205k w1 b 2%
(R B E). RT-PCR AL A A B, K5 =40 M 32 1K Jok 1
FREMKHEK PDX-1. Glut-2 FIX% I beta-actin,
HT B & mRNA £k (4 2).

M C GLP

beta-actin

| Insulin

Fig.2 RT-PCR analysis of insulin and gene associated with pancreas development

The figure showed that insulin mRNA expression could detected after glucagon-like peptide 1(1~37) induction controlled with no GLP-1
induction, and Glut-2, beta-actin and PDX-1 mRNA could be detected both in GLP-1 induction and no GLP-1 induction. M: marker,

GLP: glucagon-like peptide 1, C: control.

JRARKE % 24 h, EEFREET NN GLP-1(1~37)%5
S 6 K, I AIL AR A, AR/ RN
Jorb, ABBRER IR CK18. CK19. A= KA s A
IME 25 2R IA . T AE 2> B (B 1hy R IR AR K
(B 1)/ bRz b, mr DO 2 g 5 2 R
ik, BRSO AR 40 MR L Al RN Al A e R
ik, BHYEGN PSR4 B 40 . RT-PCR K R IL: &
b4l s AN {E 215 PDX-1. Glut-2. beta-actin, fij H.
Ji i 25 mRNA 308 (K 2). AWIRE 10 2] 13 14
(IR IG /N b Bz 0 W8 ] LA 5 204 1 280 e 5% 25 P
PEGIM. AR S, IR I 22 PH A 4 e /Nl b Rz
J 1 LA AN [ ) S vh 22 0K, B ik 10%
i, B nlis 40%. WA MR R 3R 6 R, AN
N GLP-1(1~37)5%, W/ b R 41 g b i &
FBHPEGH M (B Th). a0 Sk N bRz 4l i AE Ak A 85
785 K, RIEAEEFREET A GLP-1(1~37)i%5 3 5
Ko 7 b K 4 i et I B % 2% 5 44 4 .

3 W it

R R BB /N ARG I TR i,
JERR )2+ AR A AN RN S, FRA
PEZERNTS 28, B 2EFNTS O AR K, A AN 2E 4R
T N MR W RSy B R AT,
BRI ek AT, AN Ak, B 7
SR T RS B R PR P 2 Y 44 T S 4 7%
FRA Langerhans &j. 1B &5 A 2 Wh 41 i F/ ig H
R SL IR, e R GBI, R
KRB MBI/ b5 A0 BAT 534 A i 5 25 4 4 e
Ry ge. LI/ BT CUE Y], GLP-1(1~37)RE %
75 /N /N W b Bz 0 M 3 Ry 4 s e % 25 T 4
TXP A0 B n DA e UK RO AR RO, 0 A TR B
=, RS R BRI B AR Y, BRI R BN
PR (R T N 5D BUZE T AR E,
NI/ T e 40 2 75 AR B8 oAb i 5 38 43 b
AL, HAvM ek,



2005; 32 (6) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 579 .

BATWEFCE, AN/ bR 4 A CK18
FTCK19, I PP 40 1t AR 25 1070 TR R 1) iz 4 P %)
HRIE, L6/ b 40 MR 2 TE 5 AR N 40 b 4l
MRS EY), RIS RI R s R 25, EI TR
JRAINV AR KB B B TR AR R SR N
B AN M IC R B R ARIR, 14 GLP-1(1~37)% T J5 /)
W b Rz 2 B e B R 5 R R s, & T GLP-1
(1~37) 5 /N bR AT /140 i o346 4 Jik % 25 B
PEGIHL. ARFRARS TR MU Rs F2 4511, 4 mT g
RT3 51 5 v R I 2% TS0 350 0 4 L P ke B 35 AR 2R
FUTUKP FRIE P AT &L T X, i
20 Mk 2 et Rk I/ W b R A B s 3 1 R A
PDX-1 il Glut-2 /& I A & AHOCIE R, FAl] 1)
I} Y H RT-PCR 43 A X Y ol e DR A1 g 15 2 A
mRNA [k, B0AF T SE50 25 R Eaf . i
N E MRS TR 5 R, RIEAERFRIE o
AN GLP-1(1~37)i%5'F 5 K, /MWy b 5z 4 g v Je ik
FPHEAN . vTRE R TRAN R 5 K)E, /Mg B
A TR SN ER IR AN, M
R T TR R K 2R 4 UA N ) Ak B

2 TR PR 1) 2 5 B A Lk i S AR PR R
T 5 40 6 L i 2 R B IR B 3 A WA R AN A, T
JCRE ) R . AT IRVA T 510 N B TR i
o3 I B T A AR B, DT O %% 5
PR RS P B U, SRR A IR A B
PRI B AP il 5 2R 20 W 1 BT 251, GLP-1 (7~36)NH,
£ AR GLP-1 19 HARE A, GLP-1 11 D) fig tH
GLP-1 R (glucagon-like peptide-1 receptor) /- F .
GLP-1(7~36)NH, L2 10 iz 1) 5 ifi 55 40 At 1 Joki K 2
ZRFES WA BT CAT GLP-1 R NG YT 2

RO PRI 1) TR AR A6, LAY (A58 A A GLP-1
A3 AT E s, AW FTUF L, GLP-1
A3 T NG MBI /N b Rz 40 M A (i 3 )
B B 25 4 WA A B TR 5 A L X RN Ji b R A ke
Yt R A0 M A S e B M AT A [R] PR AE s
e a2 A0 ey MUBE RO A O, R JRURE
3 b A IR RO S PRI () R N 2 15 B PR AIC
MFE, SRR EIBITER e IAES RN RN,
H GLP-1(1~37) & 15 et 75 5 A /N b Rz I 4
/40 B U B 2 A SRR RE RS UE B LA I
3AMEEE, A, GLP-1(1~37) 0] fig il 0 ¥ 97 B IR
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Glucagon-like Peptide 1 (1~37) Induces Human Embryonic

Intestinal Epithelial Cells Into Insulin-positive Cells

YANG Li-Ye, HUANG Tian-Hua™
(Research Center for Reproductive Medicine, Shantou University Medical College, Shantou 515041, China)

Abstract

Human embryonic intestinal tissues were digested by collagenase, epithelial cells were cultured,

glucagon-like peptide 1(1~37) was adapted to induce human embryonic intestinal epithelial cells (hEIECs) to

differentiate, and hEIECs without GLP-1 induction were set as control. hEIECs were successfully isolated and

cultured, they were stained by cytokeratin 18 and cytokeratin19, the marker for intestinal epithelial cells; they were

also stained by somatostatin and glucagon, the hormones secreted by endocrinal cells from pancreas, but they were
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negative for insulin. After GLP-1(1~37) induction for 6 days, insulin-positive cells could be identified in intestinal
epithelial cells by immunocytochemistry and RT-PCR showed that these cells expressed pancreatic duodenal
homeobox-1 (PDX-1), glucose transporter-2 (GLUT-2) and insulin. No insulin-positive cells were identified in the
control (no GLP-1(1~37) induction), RT-PCR showed that the control expressed PDX-1 and GLUT-2, but not
insulin. The findings suggest that GLP-1(1~37) could induce insulin production in developing human embryonic

intestinal epithelial cells in vitro, and GLP-1(1~37) may represent a new therapeutic approach to diabetes mellitus.
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