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both orally and intraperitoneally. GIPR™’~ mice also
exhibit an increased number of pancreatic B-cells
while GLP-1R™'~ mice show a decreased number. In
addition, GLP-1 causes a decreased gastric emptying
rate by intravenous infusion in humans (19), and pro-
duces a marked reduction in food and water intake in
rats through a central mechanism (20). Apparently,
GIP contributes to glucose homeostasis by raising insu-

lin secretion in response to an oral glucose load while

GLP-1 contributes by pancreatic B-cell proliferation
and other factors in addition to insulin secretion. In
the present study using double-knockout mice, we
establish that GIP is the insulinotropic factor in the
insulin response to oral glucose loading in Kayp chan-
nel-deficient mice. Kir6.2™'~GIPR™'~ mice show no
increase in plasma insulin levels in response to an
oral glucose load, demonstrating that the insulin
secretory response in Kir6.2~/~GIPR*™'* mice to an
oral glucose load is abolished in the absence of the
GIP signal.

Immunohistochemical examination of pancreatic
islets of Kir6.2™'~ GIPR™'~ mice shows that the area
containing insulin-positive B-cells is larger than in
Kir6.2~/~GIPR™* islets at 18 weeks of age. It has
been reported that the number of B-cells in Kir6.2 ™/~
mice is similar to wild-type (Kir6.2™*) mice before
16 weeks of age, but that a decrease becomes evident
in more aged Kir6.2 ™"~ mice (21). The result is consist-
ent with the previous study (17) that showed that the
total pancreatic insulin content of GIPR™/~ mice is
lower than that of wild-type (GIPR™'*) mice, although
the pancreatic B-cell area is increased.

We have shown that the plasma GLP-1 levels are
similar in GIPR*"* mice and GIPR™'~ mice, and that
GIPR™'~ mice exhibit higher insulin release in
response to GLP-1 (17). These results suggest that the
action of GLP-1 is increased in the absence of GIP
signaling. Since GLP-1 signaling is still intact in
Kir6.2~"~GIPR ™'~ mice, the increased number of pan-
creatic B-cells in Kir6.2 ™'~ GIPR ™'~ mice may be due
to the action of GLP-1. These results indicate both
that GIP is the major insulinotropic factor in insulin
secretion in Karp channel-deficient mice and that
GLP-1 contributes to glucose homeostasis in these
mice by stimulating pancreatic -cell proliferation.

Despite the nearly complete loss of the insulin
secretory response to an oral glucose load, Kir6.27/~
GIPR ™'~ mice still show only mild ghicose intolerance.
Since GIP receptors are also expressed in the small
intestine and in insulin-target tissues such as adipo-
cytes (22), we investigated glucose uptake by the
small intestine using everted jejunal rings in vitro. Glu-
cose uptake in Kir6.2~/~ GIPR ™7, Kir6.2 ™/~ GIPR*'*,
and Kir6.2+¥/*GIPR™* mice was similar in this study,
suggesting that other factors may contribute to glucose
homeostasis in this case, such as increased glucose
uptake to adipocytes and skeletal muscle or extrapan-
creatic glucose-lowering effects of GLP-1 (23).
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In the insulin tolerance test, Kir6.2~'~GIPR™/~
mice and Kir6.2 ™/~ GIPR™" mice are similarly insulin
sensitive, and more so than Kir6.27*GIPR™™ mice.
Previous studies have shown that insulin sensitivity is
increased by disruption not only of Kir6.2 but also of
SUR2, the other component of skeletal muscle Karp
channels. The glucose-lowering effect of insulin, as
assessed by the insulin tolerance test, is increased in
Kir6.2~'~ mice (5), and a 2-deoxy-[*Hlglucose
uptake experiment in vivo has shown that basal and
insulin-stimulated glucose uptake in skeletal muscles
and adipose tissues of Kir6.2 ™'~ mice is enhanced com-
pared with Kir6.2*'* mice (24). In SUR2-knockout
(SUR27/7) mice, enhanced insulin action in skeletal
muscle has been reported, and in vitro imsulin-stimu-
lated glucose transport is 1.5-fold greater than in
wild-type (SUR2*/*) mice (25). It is thought that
Karp channels consisting of Kir6.2 and SUR2 partici-
pate in glucose uptake in skeletal muscles directly
while the Kir6.2-containing channels in adipose tissues
are involved in glucose uptake only indirectly.
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BERF 47 %128 (2004)

Table 1 BESBHGBITHE § HE OMRIA O

Table 2 % 1 HAEEO—KkEE

1Y 2 V5

BEEAMRAER
M C~FFF
BT <0.1 ng/m!
2B <0.1 ng/ml
TN T BREER
me C_RFF K
BH <0.1 ng/mi
2 R <0.1 ng/ml
LR
CRTFF <1.0ug/H
migz v fo—n
HbAic 5.8%
M fE 37.0
MAGE {& 172 mg/di
HORE
B GAD ¥k 2.5 U/mi
A ¥ R ik (—)
M1 oro7r) vk 17.6 U/ml
1 TPO ik 10.7 U/mi
A BHE DR
HEIEEAE
& B JE S SR AR
focal photocoagulation % C%&5E
B
R Alb 4.6mg/H
ThiEREE
RENR (/1) 84.0/84.3 ym
R-R Fifg cv 2.1%
IMT (/1) 0.8/0.5 mm
ABI(r/1) 1.06/1.06
LER

BRTR&Z LB L

2B, AMRIFMAREREREZFER - BFH

EOMBERRICL o TEMIEKBIN TS,

iE B

MRz
WBC 4400 X10%/u!
RBC 413 X108/ p1
Hb 12.6 g/dl
Ht 37.9 %
Plt 2027 X109/
PT(INR) 1.13
APTT 40.2 sec
VDRL (—)
MEE TP Lk (—)
HBs LR (=)
HBs Hifk (=)
HCV #ik ()

LAy e
TSH 1.1 4U/ml
free Ty 0.91 ng/dl

HEALERE
AST 25 1U/1
ALT 26 /1
LDH 177 10/1
ALP 189 U/t
y—GTP 43 10/1
ChE 179 10/1
TP 6.7 g/dil
Alb 4.0 g/dl
T-Bil 2.2 mg/dl
Na 143 mEq/!
K 3.8 mEq/!
Cl 104 mEq/!
Cre 0.7 mg/dl
BUN 16 mg/dl
T-CHO 186 mg/dl
HDL-CHO 79 mg/dl
LDL-CHO 82 mg/dl
TG 40 mg/dl
HbAi1c 9.1 %

FEB 1 36 5%, ik, ABE!Rh(+).

E5F | ERREEIYE.

KIRFE iy ~_azeil.

BREE 2RIV BEEBESH Y, HIOBRELH
CLHER:.

BNEE | R - SRl L.
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BALETHY, EBREELE L > TREEROR
AEdHB. Table LIZRT L5, WEREA 2 >
DWNIAER, MM O —id 30~40 Bfro A >~

A1) ¥ % BT HbAjc 5.8~9.8%, M fE¥37.0, MAGE
E*172 mg/dl E AR, AOHE I PEEIEHEIEMIELE
THER 1 TH Y, 20044 1 Al - EEBHEWE
K —F v 77N — 7T HE B R A B R Y
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ni:.
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k%L,
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EXTRT. BEEE 1 mBHE 0 i
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WEB(+H)) LW EROREND o270, BEEE
%47 o 72, YL & iZ 350,400 IE (islet equivalent), #i
60%, MIZE 7ml & EEBIITETH D &b,
W BEBHMRET —% 77V — 7 HEEBHEIE]
DLIYEL Y FPRIRONV—-VIZETX, BEBEOS
—EW L o7,

W) F =27 20mg REEEE, 734012
mgARlk, #70) A X 1mgARL, MEEESIC
BE), Ta— ¥4 FTICREEFCMRE R L,
BEEL-BELBE L. £ 1RELLEORENHE
i, I TULRUBTI T AL LI DOnTEE 12~15
ng/ml, ¥ 2701 LAAIZOWTIE3~6ng/ml &% 5
I IICARE A (Fig. 1 L&), T8 4mHIcA
Y F =720 mg & EEEE L.

migz > bo— v (Fig. 1 TE) I, E4HmE T THE
EA R R FEREE, DREIEBERHE A 2
YERRBISEBA A &2 AT AR 80 mg/dl,
BEF 28 100mg/dl 2 BEIZA v 2AY VELZRE
L7z, 4 Y2 Y LEREHE L (Fig. 1 PE), MmiE
aviho- LA E32-BHEEoMEIrLEH SN
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LTw/, EM4FBERE—EEFI1LEEDSL 2
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HRF 47% 125 (2004)

Table 3 MMEALTELDIRE

®1E %2 H M & MAGEfE A >RJv
MY B
(a) (H) (mg/dl)  (BfI/H)
200249 B 27 H — — 37.0 172 30
200455 H 108 33 — 4.6 73 11
200487 5 H 120 34 0.6 33 0

MBI EBEEE 100 mg/d] & LTHES. MAGE i 2 BB O MAEE % HICH S,

Table 4 7 V4 T AHRE

% 1 [l %2 A CPR
BAER R BHEm/E
(82) (/) (mg/dl) (ng/ml)
0% 645 0% 6
20024E9 B 24 H — — 84 89 <01 <0.1
200458 7 A 30 — 108 133 0.21 0.47
20047 H 2 B 86 — 121 143 0.25 0.66
2004457 B 30 H 115 29 38 113 0.35 1.2
ImgDI VAT VEMICLEA v A) PR RIE L 2.
Table 5 75 g # B MHER
0% 30 4> 60 4 90 4 120 &
%% (mg/dl) 86 137 154 170 123
A YR »{(uU/ml) 1.8 9.5 15.0 19.2 9.9
C _7F ¥ (ng/mil) 0.45 1.1 2.0 3.0 2.7

5% 2 IR RS R 55 32 7 B I HEAT L 72 75 g AMEBROBRERT.

— (50 AL Lo, 153cm, 60kg, MWEB(+)) &L Y
B DOREE Do o7 D BEEEE 21T 72. LB
474,000IE, #LEE 40%, MR ESmI L BEREHELTT
BETHD BTSNz, REFOA VR Y LEEIT

—BREBNTH), TE2HICEITLZZ VAT

B ER T (Table 4), C X 7F FiZEHHT 0.25ng/
ml, Bf657#066ng/ml LE 1B FEEBHESE 30
FHORBEINHELTVELODTHRMETH D
O, - BEBENEET-F V- TTHER
MOV ELY MEBIROV -V IZETE, BER
MEOE—FEHE o7z,
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WBERA > R) Y EEWS. $19%0 (S 1 EES
THESE 1059 H, LTRBICIEA Y R ViE» 5
BERE, #29%H B USHER)CHITLZ VAT
B Bk (Table 4) Ti3, C 7 F NI BT 0.35ng/

ml, B 697% 12ng/ml & S5 ELXRL, %32
B (B U8ME) I L5 g B & R
(Table 5) CREBRZR L7, $£35% 0 (1219
MizAd A RO T FRR. $33~-34mEOM
HEM LB SN M 1B 0.6, MAGE fE 33 mg/dl T&
- 72 (Table 5).
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HIRAE D0, BEFH T2 25, BEA
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CEIRF =25 OEBBIEC & 5 1 BHERROGE

L7,
REIEEORER & LT, BRI REXNT
VA, FEFICBWT, QIEKBAPED SN0,
Rk o o - — R EF (G-CSF) 25 L7z, F7-,
BRMEEAYF v 253452 TILDLALVAT
0 —V{E% 100mg/dl LRICRDZ L HFHETH -
. o) AR L ABEOBENFRESIATYS
W, JVLTFZy )T T AT EEED 73 ml/min
(ARERWEE) LETL TR, BEERROLN
QYN

zZ =5

WERBRBIIH - 2R EIREr Bl FEY b
Ja b a-V2oE ALK, 300 FILL EOEFICT L
TATh N, BRI IS 2 EFRE ST 5.
FOKTIE, Z0I3EAED, BIEFTF— LW RN
HER A D RSB S, RIEHMEEASMEL 22
LEE R =50 DBEEBEIZ D VT LEIPSHRE S
NTVBIZBERWY, LALEIS, b2AEHICBW
THIESBMEIZL 2T, BWIEFF 26 DREEHE
BREDHLN TV hwicd, £EHEOLDELVIMEERR
Fot+ohtREErE T AME T EET LD L HE
KENTw5.

BHORFII _BE'*RZEL CTRAERIZET-
Kyoto %% v, EHICHEESHEZIFEY b
TOFI-MERETLEIEICL T, LMELE NS
—PORMERLI ST EET L2 FHEBELLER
L ifEd), 1ROBMEIZLV YL POKRE 1kg
70 5000 ELLFOEEL BET 5 LATREE &
D, DHPFEIZBWTLLEILE V-2 RS
TAVA) VEBRATRETH DI LERTIENTE
7. Ryan 51, KE 1kgH7210 9,000I[EDHEE + 8
WTBZETA R VEERATRETH 22 L 2R
LTwaY, IhoDEMITNTRIE R — 25648
MENTEELTHCTEETH L, Ll MELEF
T OB LEELAES D 13,000 1E A,
AV VEERICEII L7, SR wWERBETA
A) VEEBRASTTEED &9 23, SBOEAOEAER
DLETH 5.

EERBEOEEORKN 2 BIEE M v A VIRFEIR
EOWERFBBENA VA) VEERT 22 L THHH
b)) —DOOBRIMEOREERHOUB LI ERE
MAECRMIESMELR EBHAHENLLOBRTH 5.
MAED TR EM DRI IE B WA R IEIRE SN
TWa 49 k413 M fE & MAGE % v TRl
L7z, Z0&R, wWTholBiZd, HERIEN, BB
1 hEtR, BB 2RBHERLELIZONT, HEL

7. MAGEEZEEL T, A+ % - T N—F REL
TEBEINTWS 1 HBERKBEEOREI TE SN,
FRfEiL 8.1 mM T, 50% DB EN6.2~10.5mM 2
SFLTWE, AEFTIX, BRERO 173 mg/dl (9.6
mM) A%, 1 E#HE T 73mg/dl (4.1mM), 2HEZHET
33mg/dl (1.8mM) & EBZrELXRL . £10E
%S, 17 FIC#E 30~40 mg/dl & oK FEREE
%O, 52 MBEKIIECHEEL, ZoBAY
LLMEBMIIE R IRBELEZ LN,

Fig. LIZmRT L H 2, A Y2 VILEEITEREL,
F7:, Table 4 IZ/R$T X H T, F1HBHBEIIHITL
e NA T AMKETH, F0RAICKBRLTE
86 H THREMA »A) »ihdEL . BEA
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