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DEVELOPMENT OF A REGULATORY SYSTEM FOR INSULIN SECRETION
FROM GENETICALLY ENGINEERED CULTURE CELLS

Nozomu Naxkal, Masami NEMoTO, Takashi SAasaki, and Naoko Tajima

Division of Diabetes, Metabolism and Endocrinology,
Department of Internal Medicine, The Jikei University School of Medicine

To develop a novel control method for the secretion of insulin by tissue-engineered cells,
we evaluated the inducible secretion of substances from engineered culture cells at both the
transcriptional and exocytotic levels iz vitro. To evaluate transcription, we took advantage
of a physically inducible promoter, the heat shock element (HSE) of the heat shock protein
gene, by ligating it to either a modified human proinsulin cDNA (INS/fur) that mediates
processing of insulin in nonendocrine cells or to the secreted alkaline phosphatase (SEAP)
gene. Significant increases in the concentration of human insulin in the culture medium were
observed only when we stimulated the engineered C2C12 mouse myoblasts with teprenone
(geranylgeranylacetone), a drug commonly used to treat gastritis and ulcers, but failed to
detect any significant increase in the insulin concentration in any other cell types. Significant
increases in SEAP activity in culture media following heat shock were observed with all cell
types evaluated. The results suggest the feasibility of transcriptional control of transgene
expression by activation of the HSE combined with heat shock or chemicals. To examine
exocytosis, on the other hand, we used glucagon-like peptide-1 (GLP-1), which is secreted
from small intestinal cells and is a combined receptor of pancreatic B cells, and stimulated
insulin secretion in different types of cell lines, including endocrine cells that constitutively
express the insulin gene and were engineered with the GLP-1 receptor gene. When insulin-
secreting AtT20 cells were stimulated with GLP-1, a significant increase in the concentration
of insulin was observed in the culture medium. However, no significant change in insulin
secretion was detected when nonendocrine engineered cells were used. The results suggest
that the combination of engineered cell types and the level of control must be considered in the
construction of regulatory systems with engineered insulin-secreting cells.

(Tokyo Jikeikai Medical Journal 2008 ; 123: 151-61)
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F A AL, streptozotocin FHFEM: 1 BUFERE €
TN ADBEBEN BT/ L 25,
BHLZway b e — VTS IMES R L7z
DXL, B~ A CRMEZET LIz DD
BIMPED Tz DT LT, T DOFEERERMN S, 1 >
A VEEMBEOBEIFRIIED s iz, 20
SHREGHIE T 2 L NEELFEE L KRS L
T, EERNCIEA VR ) IIEIEO gl TAS
B, MAEOMBENANICEZ SLd, &b
B SWEIBARTFIE VI —RATH B, T
I — A HSEEE DR 2 A U TRl 0 S RN I
BEL, fMilENTRB#S N ATP 2ELET 5. 2h
2 Kare F ¥ 2V 2B U CHIKE O i 531 % 35
Z L, BAKFEE Ca 7 v ANV 2EMAT 5, 25
L T Ca** OMIBHNANDOTA % KT, ME I
ET 24 R o FERI IR » @hE L, A
Fast~BAC G & L3 (Fig. 1)%, ABHE CIREE
FHREBICE DA VA VWO TE #aREIC T 3
T, 2 ODFEERE Lz, B, E5 v ~v
THREI%ITS HETh s, Tut—5 —EEEE

Tt

1E5

&, THICELET 24 VA Y VEEFOD
mRNA BEE v~V TOREESE S L, 4
VAN U EHREIT A ENTELEEZON
5, 2 CHERBTOE—F —LHERLIA VR
) VELT B 5\ x5 alkaline phosphatase
(SEAP) #{EF %~ v AfiZEfildo C2C12, = v
A TFHRAENSUWHERLD AtT20, ~ 7 2RIk
@ 3T3-L1 S0l ~ERTFEA L, FH
U 7o S FEE AR T AR 2 24 &% 72 13 36550 TRl
L, 1A R SEAP OKIGHEZBZE LT, 5B
ZOHEEFA A YEOBEY VBT 55
WHEBRE OBFETH 2. BE L VO
T, FBEMZTHr oA YA ) UBRhEh?
F TR EET L EEZzZoND, £ TR
B, EVEY A I TRBFAM 2T 20
2, BHIRNC T B4 A ) VAWEIMA T T H
% glucagon like peptide-1 (GLP-1) % HwThd
OBt v AV TOSWRE ORE 21To7.
GLP-1 314 > 7 vF v D—FETHY, TEH/NGIZ
FET 2 Ly s i S 2 HLE RV E >~
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Glucose-induced insulin secretion from pancreatic 3 cells.

After uptake into cells via the glucose transporter 2 (GLUT2), glucose is catalyzed into
glucose-6-phosphate by glucokinase, a key enzyme for the sequent glycolytic pathway and

TCA cycle.

The increase in ATP/ADP ratio and concentration of ATP produced by the

glycolysis in S cell results in closure of the KATP channel, followed by depolarization of

the membrane, opening of the voltage-

dependent calcium channel (VDCC), and increase

in intra-cellular concentration of calcium ions that leads to exocytosis of the insulin-

containing granule.

The GLP-1 stimulates the cAMP PKA pathway to secrete insulin granules that is coupled
to a stimulatory G-protein (Gs) and a calcium-calmodulin-sensitive adenylate cyclase

(Ac).
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D—2TH 3. FIZRBRIZHW S LTI 8 Hifg
Wl E GEALSRBBEZEERTH 2 285K 2N
U CHIlEN cAMP B2 E®H 5 Z £ T, 4 YA Y
VAWM ERTY, TOGLP-10ZHEEKTH B
GLP-1receptor (GLP-1R) %, A > AV >4
DYF[REZFERE g M BB FEA LTz, & 51TfE
B 72 U ¢, GLP-1 TORIE AT, 4
YA Ui G L (Fig. 1).

IL. ## & F &

1. 73R3 FOHEE

BB A YA O Tavy vy IEER
HHRE o Ml i\ £24E § % prohormone conver-
tase (PC1/3, PC2) 12 & - TiTb i %9, JENS U,
FERE g MM BWTE, ZZTHBET 2 70T
77—, furiniZk > T 7atky ¥y 7 B2ZI5 &
S FRRERAL D HEERCH 2 28 U 7o e B A A
VIBETF, insfur” B RWwiz, FEHANTZ I T
insfur B{&-F % heat shock protein (hsp70) Hi3k
D7 u ET—F—T25» % heat shock element
(HSE) D FHICffALK, S22y hav A LR
RIZI—DIZ NP —/TOE-F—ThH 5
Long Terminal Repeat (LTR) D&%l %
728, LTR O J5[) & FEGAMA SIS 5 & 5
W LT Y —7 7 X3 FEfERLLT: (Fig.

2).
INSOHEMNDI DT T A L RIEHEELIT Ol
D772, HIBREESR Sal 1 & Bgl I1 12T pSEAP2
-Basic (£ 4.7 kbp, Clontech, CA, USA) kb
SEAPEBEEFE2UIDH L —ARNY ¥—
pLXSN (Clontech, CA, USA) @ LTR O FHiZ
insfur & {5 T 234 A A F 1 72 pLinsfurSN (6.2
kbp) 2% EcoR1I & BamH 1 12T insfur &5+
ZYIBR L, 2 21 SEAPE & F % pLXSN
LTR L ZRROFMICEE I N5 X 5 AR
trZ & T pLSEAPSN (7.7 kbp) %{E8iL7-. =
NIWHSE 27 u—=> 279 %7-% pLSEAPSN
% EcoRI1cTHIr L, LTR & 133H & 12 SEAP
EBEFPEEINS HFHAER 5 L5 HSE %
ligation L, pLSEAP-HSESN (8.9 kbp) % #£&E
L7z, R LTR £F CAHMNC insfur EETF 234
AiAFE 7z pLinsfurSN 72205 BamH I, EcoR 1 12
T insfur BEF2YI0 H L, #AMNIC ligation 3
% Z & T pLinsfurSN (6.2 kbp) Z{E&IL 72, Zh
% EcoR I THYIW L, HSE % insfur &z 7 I
LTR & ¥ 3 @ 4 [ -\ ligation L, pLinsfur-
HSESN (7.4 kbp) ##2E L 7z, HSE BEFIE, <
v ABFHEE Y N7 B TH B hsp70Al (Gen-
Bank ; M76613, bases 1 to 1040) % Hw 7z,
GLP-1R :#{=F, Bernard Thorens ##%% (A 1
X Lausanne K%) X V353 h7z®, UL 7Z

L e = -~—

Q
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Fig.2. Plasmid construction

a,b The retrovirus vector for expression of SEAP and the modified insulin cDNA (insfur)
under control of the HSE promoter that is connected in an opposite direction to LTRs.

¢ Insfur-expression vector with LTRs.

d GLP-lreceptor (GLP-1R) expression vector with the CMV promoter.
Plasmid a and b ; for the evaluation of the level of transcription, plasmid ¢ and d ; for the

evaluation of exocytosis.
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A 3 FOE#z1Z, DNA Ligation Kit Ver. 2,
DNA Blunting Kit, R AEE DH5-«
competent Cell (i) % Hwi-,

2. jmREEEE

C2C12 M (R AL = WF 52 Fr), AtT-20 #i fg
(ATCC,VA,USA) 1% 109% fetal bovine serum
(FBS), 3T3-L1#ffa CELFHI5ERT) 13 10%calf
serum (CS), 50 U/ml Penicillin, 50 xg/ml Strep-
tomycin (GIBCO, CA, USA) #&#te, Dulbecco’s
modified Eagle’s medium (DMEM) % &5 {#
AL, fifg® 5%C0O,, 37°C DA T2 100 mm D
7L— bk (CORNING, NY, USA) T 72,
MR IX 80~909% 21 > 7 v > b DIREE T PBS
(=) T 2 [H¥EEE, 0.05% trypsin+0.019% EDTA
AW T 10 EHR T 100 mm 7 v — MBS
#Ex2{T-o7. 2B PBS (=) IZLLTOMEKD D D
AEA L7z, 1,000 ml &, 38 k7 N Y 7 A 800 mg,
HibA Y 7 A200mg, VYEE—KEF N TA
1,150 mg, U >E=/KEH V7 A 200 mg.

3. EETFEAMRNIER

1) #EELr~L

100mm v — bt H 7z 1x10° & o C2C12 #
fa, 3T3-L1MIME £ 72 13 AtT-20ifg = 7 v —
Tav 7 L, 24K 72 A & N DNA
(pLSEAP-HSESN, pLinsfur-HSESN) 4 ug %*
LipofectAMINE PLUS (Invitrogen, CA, USA)
FHAWT NI VA 727y ary iz, 8512 24 K
4%, 100 ug/ul G418 (SIGMA, CA, USA) &
B OFEPREHNC AR, 2 R L, 96 )L —
N (CORNING, NY, USA) 1 IR T
B, &@ToMias» s 6 Moo =—2k%
L, 67 o fl fg, C2C12/pLSEAP-HSESN,
C2C12/pLinsfur—-HSESN, AtT20/pLSEAP-
HSESN, AtT20/pLinsfur-HSESN, 3T3-L1/
pLSEAP-HSESN ¥ & tf3T3-L1/pLinsfur-
HSESN %37 L 7z,

2) POV ~v

Insfur &5+ & GLP-1R &5 F % [Fl—Hl iz
HFEH S, GLP-1 R L > TA YR Y D43
WA TUAE S N B > 2 BET L 7z, AtT20 # fd,
C2C12 fifziz Lipofect AMINE PLUS ZHwWwT
pLinsfurSN 4 ug 2 N7 > A7z 27 ¥ a > L.
Z 0 24 B, 100 ug/ul ® G418(SIGMA, CA,

1E5

USA) & 5Hcac L ¢ 1:BEREEL, 96 %7
L'— b (CORNING, NY, USA) 2 BUZERAM R
UL, WmiiidE b 6 @D ao=—2hE
L, C2C12/pLinsfurSN, AtT20/pLinsfurSN %
Mz L, 67371 — b (CORNING, NY, USA) 2
MO IX10°HFOFEBELEL . 77X 3K
DNA (GLP-1R) 1 ug % LipofectAMINE PLUS
ERAWTC I YA 7x227vav i, 29 LT
@l U 72 AtT20/pLinsfur-GLP-1RSN ¥ X ¢
C2C12/pLinsfur-GLP-1RSN ® 6 {#l & 7 a —
ez rnzhrsao—> A B, C D, E F tan&
L, UTOFEEICH W,

4. Rk & AE

1) EEr~v

(1) Teprenone I X % FHIH#%

HIMUE\CFFEE T % heat shock factor-1 (HSF-
1 1%, Mg 3 % fEL O R E S teprenone
(geranylgeranylacetone) IZ & D iHH L+ %9, &
WFFETlx, HSE %2 /3 % teprenone DIE G55 &
MWz DOWTHE L7z, Teprenone (=—%A4) %
100% =% / — NV CEFEL T 1X102 M S 2 17E
B 7z, IMWE%& A7 DMEM T 1x1072 M %
PHEL, 1X10*M, 1X10°M, 1X10°*M &
WOHRRRTN=FEL, 2> bu—VikFEEO T
Y= NVEEARERE Lz, &2 EEOELET
HREAA F L7z 6 BIEOMBE R, ThZh 2D
67V —MIZIXICPH T D>V —T 427 L
BB L, 4B IcEE O 10%FBS » & ¢
DMEM ic At #a 247572, ZOKE2ml 20
teprenone S GBI AL UIRE #1772, Te-
prenone fIBBHLE 24 Kefii# 0 7V — b X 0 K5l
ZEIUNL, SEAPEHEE /21314 AV VEEZH
EL.

(2) BB

ROz £ v HSE © Tz #4i L 7z SEAP
R T B L Vinsfur 5 FOBESIEE/LFE DR
HEDSHEED S AT L7z, 6 FESEOMIE 2 zh
FRO6R T — b 2MIT, IXI0° (5> 7 v —
T4 v L, 24 BBICEIAT A 1T 5 72, 69T
T —bhD 1R, 42°C, 5%CO, DEHTT 15
R OBRE 2 Mz, 2D%37TCIKRELL, a v
b o — VB, 42°C QBRI EITH 3 37°C I
BT, BB o 24 BiRSS 1, FhEhD L —
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M S B A EREL L, SEAP {EHEZ /2134 A Y
s E 2 HlE L. SEAPIE M O #l I i
Reporter Assay Kit SEAP CGREERH) 2 Hw 7z,
AHEOEHE Nl 5O T4 s 0T
L— bk (C96 WHITE MAXISORP 437796,
Nunc, DK) iz# L, 20 ul ON7EME AP HER %
nzE &L, 37C T30 ARG Tz, 20D,
143 Ik Bz 8 iE U, 160 ul Ok 56O 3 3K
(Lumi-Phos Plus, H#)) 2BE& L7z, EEREE
DFF37C T HERIGSE, VIS A—F—
ZHWT 7TWHEOFN ELZHE L7z, SEAP &
fE1Z, RE2AAIL T WHligsz i o A
1X108{E b7z b O SEAP EME% 1 & L 7 A
THM L7z, —FHA4 YAV v, Fh2hofiig
W BT B R LIS o RIEHET & FREER 900 wl 3
DR AL, PURTARRIGZ AWz 2 27y
7> R4 v F Enzyme Immunoassay i (LS 5%
R A RV >y KAMEF) X DBEEL .

2) BFORHE v~

GLP-1 (amide fragment 7-36 human,
SIGMA-ALDRICH MI, USA) iZ 1% MiF&EW T
BIREL 72, 20 100 pM ¥R % 1M1 © DMEM
2 k0 E#LL 72, C2C12/pLinsfur-GLP-1RSN
& OV AtT20/pLinsfur-GLP-1RSN @ 6 /)X 7L —
b &b, HEET, 100 nM @ GLP-1 1z X 2 %l
30 43, 6043, 120 53 TORGE FFE 2L, PR
MERIGEZRAWR2A Ty TS Y RAvTF
Enzyme Immunoassay HRi2 & D A Y A ) ViEE
ZHIE LTz,

III. % R

1. ZiE teprenone J2EN&EST

Teprenone R %175 123 s, 7aE—58 —
(hsp) ZFHEMALL, ZOTHOBMLTF RS
% 77 I EE W75 teprenone O 5% # b EE A FER
L 7z. C2C12/pLinsfur-HSESN %t L, Hig 55
B O teprenone & F kA, ¥ K U teprenone &
FVa Y bu— 2T, BEEMCT LR R
1T 73R, 1xX107* M #2 D teprenone FIEAS,
A ba— VI LERERA YA Y OENE R
L7z (Fig.3). —J5 1x107° M, 1x10~° M J4EE D
teprenone I Tlx, 2> tu— LV L HEELEE

25 *

2

1.5

IRI(mmol/L)

1

0.5

o
Teprenone O 1%X10°M 1X10"°M 1X10™M

Fig.3. Teprenone-induced insulin secretion from
C2C12/pLinsfur-HSESN cells.
We generated C2C12/pLinsfur-HSESN
cells by transfecting C2C12 with the vector
in which the insfur cDNA is expressed by
the HSE promoter. We stimulated the
cells with different concentrations of te-
prenone. Twenty-four hours after stimu-
lation, we measured human insulin levels in
the medium. Human insulin was signifi-
cantly increased in the 1 X107* M teprenone
exposure group compared to the control
group (*P<0.01, N=3). However no sig-
nificant difference was observed in the 1X
10°M, 1X10°M teprenone exposure
group and the control group.

EEREDE»o T, LEDOFER L Y C2C12/pLins-
fur-HSESN 2t U T id, 1X107* M i & O te-
prenone ZfHwa Z & L L7z,

2. Teprenone flEiZ L 51 R ViEE$

1z13 SEAP ;FHNZE(L

Hsp 7B =% —12 X DA YAV UH B 0IF
SEAP 2356819 5 2 e C2C12 2 Vv ¢, te-
prenone OFNREMEE L 7z, Teprenone THIFEL L
TeBETIX 138 U/ml D4 > R v 2 MHTATEET
Hoteds, a¥ha—NTRRA VA ViZBRHE
nWiirole (Fig 4), FEETTHMEDZA >~
2 > ORH DIz SEAP & L TR LT-REER, 2
Yhua—n L T, 1X10P° M E D te-
prenone F|# T SEAP B ICEEEZ 2RO, te-
prenone FHUC & 2B JLHEE R L7z (Fig. 5).
F 72 1X107* M 32 O R T IE 28 K| A%
TL, IXI0*MBEORBMTIIEEEZR2RDT,
EREFERMHETE o, Kizhsp 7u € —
Z—IZL DA YA VDB Wik SEAP BFEIH
2 NSl AtT20 %2 v T, teprenone OEhER
ZRGE L 72, R 24 I OREHrp 4 > XY V&
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Fig. 4. Teprenone-induced insulin secretion from
the C2C12/pLinsfur-HSESN cells.
We stimulated C2C12/pLinsfur-HSESN
cell with 1X107*M teprenone. After 24
hrs, we measured human insulin in the
medium. The level human insulin was 1.38
#U/ml in the teprenone exposure group,
but was not detected in the control group
(N.D., Not Detected; N =3).
2 E 3
15
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Fig.5. Teprenone-stimulated SEAP excretion
from the C2C12/pLSEAP-HSESN cells.
SEAP activity was measured in the
medium after stimulation for 24 hrs.
SEAP activity was significantly increased
by exposure to the 1X107®*M teprenone
compared to the control (*P <0.01, N =3).
RLU, relative luciferase unit.

HIE L 72455, teprenone R OE I BEIFRZ <,
A A YE3BHEEM T Th o7z, FFHTT
SWEMEA AV ORI SEAP £ LT
e L7243, teprenone FI¥IC & 5 IEE TG IR
HTEholz, FERfIChsp 7uE—% —i12 kb
A YAV ¥ d DIk SEAP »FEH 9 % mi g 540
fa 3T3-L1 2 FH w7234 b teprenone I & % A4
YAV Y OWEETHEIIRE TE ko7, Ll
BI&HET CTHWMEREZA A YORb DI
SEAP & L THGEF L7/, HHosoa >~ b
o— L, 1x107° M J&EF O teprenone %
MCTHERERESLER R L7z (Fig. 6). £721X
107 M 2 ORI TI1E SEAP B 3 KIEICET

I

[N

Teprenone 0O 1x1075M 1x1075M 1x1074M

Fig. 6. SEAP activity of the culture medium after
24 hrs stimulation of the 3T3-L1/pLSEAP-
HSESN cells by different concentrations of
teprenone. SEAP activity was increased
significantly compared to the control group
when the cells were exposed to the 1X10~°
M teprenone (*P<0.01, N=3).

Tablel. Summary of the results of the tran-
scriptional induction experiments.

Three kinds of transformed cell lines
were stimulated by heat shock or te-
prenone exposure, and the concentration
of human insulin or SEAP activity were
measured in the culture medium. Fol-
lowing teprenone exposure, human insulin
and SEAP activity were increased signifi-
cantly in the medium of C2C12 cells
compared to control cells. The SEAP
activity was also increased significantly
in the culture medium of 3T3-L1 cells
compared to control cells. However,
there was no significant difference
between the SEAP activity of AtT20 cells
and control cells. In the heat shock
experiments, SEAP activity was signifi-
cantly increased in the C2C12/SEAP-
HSESN and AtT20/SEAP-HSESN cells
compared to the control cells. There
was no significant difference detected
between the SEAP activity with 3T3-L1/
SEAP-HSESN cells and the control cells.

Stimulation

Cell Plasmid

Teprenone Heat

C2C12

C2C12

AtT20

AtT20
3T3-L1

Insfur i)
SEAP
Insfur
SEAP
SEAP

L=l -

1
T

L, IXI0"*MREEORETIEa > ba—n el
B LUABRLREEEZRE TS ah o7z (Table
1.
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3. BMRIBUIC & B R VBB 1S
SEAP SEHNZEA(L

Hsp 70— —12 X DA VA D) UHE0IZ
SEAP 236817 % fiZiiifa C2C12 % v T, 2l
BROZNER & WEE L 7z BRI 24 IR e 8stih o
AR ERREELUREER, BRBOGEECED
5FA YA VIFMHBELLT T, Buc &k 25
TLER BT E o7z, FSMET CHMEY %
SEAP & U THET L7 HER, BRI R Nz 7-FE
BRI &N Z 72 W L g L 15 50 SEAP iF
PR R0, Bz X 2ERETCHE M L 7z (Fig.

2 E3
’—|
1.5
3 .
0.5
0
Control Heat shock

Fig.7. SEAP activity of the culture medium of

C2C12/pLSEAP-HSESN cells after heat
shock.
SEAP activity of the culture medium 24 hrs
after stimulation of the C2C12/pLSEAP-
HSESN cells with heat shock (42°C, 1.5
hrs). The SEAP activity was significantly
increased by the heat shock compared to
the non-stimulated group (*P <0.01, N =
6).

Control

Heat shock

Fig.8. SEAP activity of the culture media of

AtT20/pLSEAP-HSESN cells, after stimu-
lation by heat shock.
SEAP activity of the culture media 24 hrs
after stimulation of the AtT20/pLSEAP-
HSESN cells by the heat shock (42°C, 1.5
hrs). The SEAP activity was increased
significantly by the heat shock compared to
the non-stimulated group (*P <0.001, N =
6).

7). FffIZhsp 70— — 12X DA VR Vb
5 Wit SEAP 39 5 N4 ubiilE AtT20 = A
W CEFIR ORISR R AREE L 72, BRI OB IR
boTA VA VIIBRBEELTTH 5720, 4
WPEEY) % SEAP & U CTHRET U 7o G5, ZRIE0E
ZICBECIRBREE 2 INZ e Wik & Ihg L 1.63 £%
@ SEAP BN 23880, B L 2GR
HL7: (Fig.8). FREOEE% hsp 70— —
LA 2 vH B0 SEAP 54 5|
BERAMNL 3T3-L1 2 W TiT o 7248, BFE G
b ST, £ AV, SEAP £ b #Uc X 3
EEELZMETE h»r o7 (Tablel),

4. GLP-1R R AN T 23EMp1 X1 >

BEOEAL

WM 2 B wic4 > 2 ) v EAMEI,
GLP-IREf=FZ2EAL TIER L 72 AtT20/
pLinsfur-GLP-1RSN ® 6 D O ffiffs 7 v —> A
~F izxt U GLP-1 ¥ CEEERIE 21T 72, 100
nM @ GLP-1 B CRIB L7z 7 u—> A B, C
T, W 120 D01 > 2 ) iz
iz, L LEEmz ero/z27ua—>D,E,
FTix, 1 2 YEIBHERELTChoT:
(Table 2), Rz ifd z Fvwiz 4 v R ) VELE
ML GLP-IREGBEF2EAL TE® L /-
C2C12/pLinsfur-GLP-1RSN © 7 v —> A~F

Table 2. Insulin secretion from AtT20/pLinsfur-
GLP-1RSN cells, by GLP-1 stimulation.
After 120 minutes of stimulation of
AtT20/pLinsfur-GLP-1RSN cells with
100nM GLP-1, the concentration of
human insulin in the culture medium was
increased with clones A, B, and C, while
human insulin was not detected with
clones D, E, and F (control with no GLP-
1). IRI (mol/L) : immunoreactive insu-

lin.
After
Clone Defore GLP-1
(120 min)
A 116 3.95
n B 1.10 6.58
C <1.00 152
D <1.00 <1.00
- E <1.00 <1.00
F <1.00 <1.00
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WXt L, [T TGLP-1 ORI 1T 57243,
GLP-1 R OF B <, RE 120 2R DOE;
Hirp A 2D YV IIRHBENU T TH - 2.

Iv. % =

1 BRI L N A > A ) v mnizE L < &
T U7z 2 BIBEIRIR IR L Cix, $ERIOETA >~ &
DV ESENEAR N S NIBEETH S
2, ZOEHECRLIEEEE LT, Ry 7E
LR D 5, WEEA VR Y EHAR
¥ T THE D ORI K TiEAT % CSII (Con-
tinuous Subcutaneous Insulin Infusion) %, &
EREH CIEALERIMED > b v — L0 BHF I H
&7 %10, —7, EBEIE, F I — Okl S
OB EE R EE T 5IRERIET, T FEV b
yZuhra—VEREEINTWS BIFL7a s a—
WV3d B, Lo L GyEils R fmEimE TR & 2 [
BEHZ T3, filobld, ZORERIEERDIBE
LxEe 2, HCOMBGE OB 217>
72. BT O A T tissue engineering 217
v, PRl BB 2 2 LT, JEH
CRPERT 2 L WO REORESL 7 ) 7 T& 20
TRBWPEEZT, INE TOWRBEE» S, A
YR IR REINZ 5 2 EBSTRIR L
5 ZEBbhro TWDT, HERFIINY 2EE
THEOEREZHEL, BE LV~ EFOBRH LY
VT DA VR VA IFRENIC DWW TRET L7z,

BBV~ TDA YA U ot o7
DIz, B gy ¥ 878 (hsp) ORRE FHTE
BIZHEAEL, A bV AKOFEB ZHI#3 2 HSE
R7ue—F—r LUTHA L., Hsp iZE%E, M
fa~@ 42°C, 1.5 B o B THEMEAL S 1L 2 R
WrEEHEOZ L5, HSE 24 VR VBT L
BL7oE—F—L LTHWEIET, £ YAV
YOI EINZ S Z LR E R DD
EEZI:DThH D, RFEBRETDHNCFREER L
LT, HSE & #fi L7- SEAP #E{nT % C2C12 f
FaicZA U CERLL 7o i e ek U ¢ 2RI30% 1T
Vv, ZORERGEZIEIL 72, Z ORE, BRI
16 BEfEEE & 0 B2ish oo SEAP WM 0 _F R 234
v, 30 BRAFHE £ ¢ SEAP {EHEE O & HHESE
T &7z (data not shown). Ezhitho SEAP &M

1E5

1% hsp DIEMAL % & T —E K[ O E ALk 8
ZRLTWS, &Ko TIREERICIBHUWMS > /37
BoEANHESR L Bbn b 24 Bffk i TS
bZElzlirz,

BBV OV BT 553U ORET & LT, te-
prenone F#12 & 5 SEAPEM E 72131 >~ A )
VRERRE L T2, % OFSE, insfur BEFEEHA
L7z C2C12 ffifak & O SEAP BT E2EAL /-
C2C12 #iffg & 3T3-L1 #ifa T teprenone 1x10~*
M~1X10"°*Mic k514 > A Y > %721k SEAP
DU TCHE 2 O 72, 3 7% b b teprenone H3
HSE ¥ 27 A% N LT THROBEFTH S >~
AV > 50X SEAP O mRNA BB g L
TeeEzZ oz, &I AWBMBOMKE v =R
TliZ, 1X107* M O teprenone Rz T% < O
FaFELE LTz, 2 OFEERD S, EiEE D teprenone
BREE I X AN D20, MO REEIEE
Dixny, GEEZIIME» A4 A ot
HUZAREM: b E 2 stz BE VL TOEER
I Fiv» 72 teprenone IZFERAIIC B R PEE L L
X LA ST W B EEHITH 5. Teprenone %
iz in vitro DEERTIX, MilEOBEIZREL S
MFIZ 1X1075~1%x10"°* M & & ® teprenone #
BCCHERIA hsp DIEMMATED 5N TW» 51, KE
Bicix, MEOFEBRICHVWLNS LD b EIRED
teprenone % w7z 2 & 1F, MifEGEORIEEMES
T 3, Teprenone NFEZFKIH T 51213,
MRE 7 ES 5 HSF-1 2L L, B
N=8K & 7t >7z HSF-1 2’8 AN ® DNA E#ic
» % HSE ~fEH L, THIELEF O mRNA EE
ERAET 2 L0 BENBETH 21919, HSF-1
DIEHACD RN B 5 v 1d HSF-1 © HSE ~ D
BB ERN G EE, EHERICETOMIETA X
) UEESR SEAP EHEIXEIML 2w eEEZ o N
5. FWIEET 2R L, N IHEREO AtT20
MR Wiz 2s, ZAGEG T OREICEE LR
33D S o 7z, Teprenone I %N %
HTEhWEHERNE LT, FEHOBERICHERD S
AIREMENE 2 o b, REBRTIITIRICER L7
EETFIT X D teprenone DERNEE N E I 5 72
RGO NIH, ME—A 2V IRE DA
TR T & 72 C2C12 MM T oS R S HIfgE S 2 X
20D TRZEVEREST L, THEEFO
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mRNA BEEREICFIEN D D EEZ oS, %
DO IFZBAEG T ORELEHIC L Y 2 teprenone
EEREE LD EERINS,

BSOS, HSE-SEAP & FE2EA LT
C2C12 fula=> AtT20 fifim & bz, BRI 24 RFfE
BB L ORF & iR LB B % SEAP &
DRIMAETRD 72 = £ 25, 42°C, 1.5 Bl &kl
D mRNA OESTLH#ERFIERI LI LEZ oh
7o, ZOEBRTIE, B o IR T b B
B3 Ch 2 2 EDMERTE ., L L 3T3-L1 M
% Bz ERROEBRTIX, BVl 24 R I
SEAP EE0#EIMERD T, B X 2 HEETTHEIR
M T&E o7, HSE-SEAP E=ZF2EAL
72 3T3-L1 i} T IZ teprenone ] # 12 T SEAP
MO A D Twv 35, BRIBICKIGL &
oz A E LTk, HSE-insfur E&{mF %2 E A
U7-[AHIIE &, BRI & 2 KB 2D Thin
Z & » 5 (data not shown), 3T3-L1 #ifgBE &
Bz X 25 ERZ T REENE Z sz,

% 7z insfur B F &2 8 A L 7z C2C12 i g &
AtT20 ezt U R EC[EAR O BURIBL 217 - 7o fd
B, BB R v ERET A ERBTE
T, B X 2EETERRHETE Aol ZO
R o1, BABELF SEAP LA YR Y OE
WnEZ 5Tz, SEAP XA > X ) ekl
T, FFECHELLZ VR7EBTHY, O
WELHEMTH S, LorlA R VidfEAT
DELED S, M NDZ W\ NT2 5 F TOFE
BELOTEMTHY, Mg~ nizA >~
AV b, SEAP LHBEL TALETHS. I
5DOBEAELRTOENED, FKEOEET O
B EERIC 35 T b SEAP TI3E T O INHS T
RBCERD, 4 YR YEBRERENTTh- 72
LEz oiie, SN U teprenone FlE &
BRI TEBREIT 2R, 1 v R v aia
BEDLTERDZZENZ VD, N7 ¥—
pLXSN 12 iZBEiz ¥ LTR IZ polyA signal 230
ENTW 3B, target gene TH 3 A > RV VB
FO T mRNAZE L% B & L T polyA
signal O HN%EFT - 72, AtT20 Mg~ polyA sig-
nal 0L 7z insfur BT 2EAL, fEEIL 72
AR BRI 21T 5 7RG SR, BRI 1 i
LUTThotzA >R %, BRI TRE

Lo, BRI AT - 1o TR BRI ETh
BOEEL D bR 2 ) IR R, 2
DFERD & BRI A > AV Uit U B
5 Z IeWIREEDE 2 STz, FRkD AtT20
M % F v T 1X1075 M ¥ EF O teprenone il 8%
%1757z, L L teprenone flli 2 {T- 72 8T
1%, BRI L FERRCER A R ) ol R
7z (data not shown). 7% polyA signal % {0
L7z Z & T, Bl teprenone RlEIC X D A >~
AV Ve 2HERE R 2O TIHTH
%, AREBRTIXEAN L ERTFEAME Z /ER 3
720V ba v A INVANRT F—% iz,
hsp 7o € —4% — %N L C T MBLTOIEE %
T % 72 O DFEEICIE, LTR 2F /7 s u—i%kny
% CMV o -4 —%FfFfoRr7 ¥ —%2HWTHE
OT 7 A NERHEL, X574%255%MFOBRD
WETHLEEZOND,

B VL TD A > A ) VAR DOV T
13 Table 2 127R L7z X 91z, AtT20 fifgic £ > &
Y VBT & GLP-IR =T %28 A LML,
GLP-1 B0 TR 120 3Bt 4 > 2 )
VIREOREMERE YD, GLP-12 GLP-1R &
LA D cAMP BE % PR SH, 4 VA V5
WERLI EE 2z oiz, —7 C2C12 fifg %= v
7 EBR T GLP-1 jli = nz T b Estip A4 > 2
) VIIRHEER T T o7z, ZORRICOVT
%, EERCHERL - AtT20, C2C12 Mo mE
DEWIZERLTWS EEZ 5h 5, AtT20 {ife
X~ A TERESEROASWHRTHY, A
SWHEBIFKELTBY, Taf R b4
YAV ADT Xy vy T LB R b
A5, —757T C2CL12 Mifaid ~ v A FiZFifadsk
DOEERMIETH Y, 4 A YW HERN
STUNEEE LB EFAAE L v, GLP-1R 28 TE
ALZEEEROMIE 2R S 2 2 L AATRET
b, SWEETI R WERE A S o Wiliid T,
GLP- 1= T->TCHEITEEwEEZ 6N
7z.

KRFFER L D, EEL RV TOA YR V5
WEAFIC DWW TiX, BE DM 2 &N T ex vivo
PR 7z A > 2D V4l 2 R NEAE L, te-
prenone IR THWMERT I T, 4 YAV
> OERSWED L THHID N TE RN



160 Ht

RENT, (22D AT AZEHRBHEEZ AW
TBY, BRICHES ERRISORMED FEE LIS
WweEzZohs, 4 A YEOBRH YLV TOD
SUFHEIC DWW TIE, BFIC X - TMNED LAl
Mo E NI GLP-143, HE oMz HWwT
R8I 72 GLP-1R 28> 4 > A ) v EEAMN %
FRELA VR V3BT IET, 41 VR >
BIIINC & 2 BEEIMFEDZIENIRFTE 5,

V. #%

B

Tissue engineering IZ & D EELL 724 > AV >~
EEAMINEIC BT, hsp 70 E—% —% GLP-1R
OFFAIEA > R % b 72 & 3 e
Wb bEeEZSNTZ,

AREERRZDI2HIY, T, HREZ5H L
oGRS ERIRY: DNA EEIRATTE
FFHIR A THEERT L & bIg, KR
T & o I FA#EEFREPFRES OF#EE S, BT
RFERFEAmE TR NSRRI, YIH
PRTREACEB#N I L R T,

5B, AWTEILE 46 BIHAFEIRFE SRS (2004
£ 5 AfER), 5 2 [\ 1 BUBERFEITSES (2004 4210 A
LED) BV THKELL.
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