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Insulin secretion is precisely regulated by blood glucose with unique biphasic pattern. The regulatory
mechanism of the second-phase insulin release is unclear. In this study, we report that DOC2b (double
(2 domain protein isoform b}, a SNARE related protein, was associated with insulin vesicles and translo-

cated to plasma membrane within several minutes upon high-glucose stimulation followed by an inter-
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action with syntaxind, but not syntaxinl. This binding specificity and the time course of DOC2b
translocation were suitable for the regulation of second-phase insulin release. Increased DOC2b expres-
sion enhanced glucose-stimulated insulin secretion. In contrast, silencing DOC2b inhibited delayed
release of insulin, without affecting rapid (~7 min) phase secretion. Interestingly, DOC2b had no effects
on KCl-triggered insulin release. These data suggest that DOC2b may be a regulator for delayed (second-
phase) insulin secretion in MING cells.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Appropriate secretion of insulin from pancreatic B-cells is criti-
cally important to the energy homeostasis: The secretion of this
hormone is precisely regulated by blood glucose with unique bi-
phasic pattern [1,2]. The first-phase occurs just after exposure to
glucose, followed by prolonged second-phase release. Fundamen-
tal” mechanisms “of glucose-stimulated  first-phase releasehave
been vigorously studied for a few decades. It involves the following
sequential steps: rise in the ATP/ADP ratio by oxidative glycolysis,
closure of ATP-sensitive potassium (Karp) channels, depolarization
of the plasma membrane, opening of voltage-dependent calcium
channels, increase in intracellular calcium concentration ([CaZ*};),
and- activation of membrane fusion ‘'machinery [3-5].. Whereas,
the second-phase of glucose-induced insulin secretion is regulated
mainly by Karp channel-independent pathway [6,7]. Despite inten-
sive investigations, however, the' mechanisms of second-phase re-
lease are still largely unknown.

In'the view of insulin granule'dynamics in p-cells, insulin secre-
tion is primarily achieved by membrane fusion processes of insulin
granules to plasma membrane. These processes are mediated by a
set of highly conserved membrane proteins known as SNARE
machinery (i.e. syntaxins, VAMPs, SNAPs), and its regulatory pro-
teins: [8~16]; However, little is known about the precise mecha-
nisms: how glucose regulates  SNARE machinery. Notably, no
SNARE regulator has been identified for the second-phase of insu-
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lin exocytosis. In neurons, calcium sensor proteins such as synapt-
otagmins have critical roles in vesicle fusion process through the
binding to SNARE proteins [17,18]. Although some isoforms of syn-
aptotagmins have been identified in pancreatic B-cell {19~21],
there are no definite evidences that synaptotagmins regulate insu-
lin secretion to date.

The universal role of Ca®* as a trigger for regulated exocytosis
predicts the existence of conserved proteins capable of activating
the fusion machinery upon binding Ca?' in" pancreatic p-cells.
Although many proteins have been suggested to play such a role
in ' many type of cells, tandem C2 domain proteins have attracted
the most attentions as the putative calcium sensors, DOC2 (double
C2 domain) protein family have identified as a novel protein hav-
ing tandem (2 domains that targeted to-membrane phospholipids
in' [Ca?*]; dependent manner [22,23]. Many proteins have been
identified to be involved in the insulin-vesicle fusion in pancreatic
B-cells [19,20,24,25]; however, there are no candidates of Ca®* sen-
sor proteins suitable for relatively slow second-phase release. Fur-
thermore, the connection between glucose and calcium signals in
the second-phase insulin secretion is also obscure.

Previously, we have investigated the functional role of DOC2b
(one of the isoforms of DOC2 family proteins) on exocytosis in adi-
pocytes and found that it regulates the relatively slow-time scale
(several minutes order) step: of vesicle fusion {26,27]. Herein, we
showed that DOC2b was translocated from intracellular compart-
ment to the plasma membrane upon gliucose stimulation, and
bound' syntaxind, but not syntaxinl, in pancreatic: B-cells. This
binding was. [Ca?']; dependent. DOC2b expression enhanced and
its silencing  inhibited: delayed - insulin secretion.  Our = data
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suggested that DOC2b may be a positive regulator of membrane fu-
sion and have a role on second-phase secretion of insulin.

Materials and methods

Reagents and antibodies. Mouse DOC2 ¢DNA constructs (DOC2a,
DOC2b) were kindly provided by Dr. Rory Duncan (University of
Edinburgh, UK). The polyclonal antibody against to DOC2a and
DOC2b were generated against the peptide sequence CYL-
KELEQAEQGPGL and CGARDDDEDVDQL, respectively. Monoclonal
anti-myc antibody (Clone 9E10) was from Covance (N], USA). The
other antibodies to DOC2b, syntaxin4, syntaxinlA were products
of Synaptic Systems GmbH (Goettingen, Germany). The siRNA du-
plex and control oligonucleotides were synthesized by Invitrogen
(CA, USA).

Cell culture. MING cells (a gift from Dr. Jun-ichi Miyazaki, Osaka
University [28]) were grown in Dulbecco’s modified Eagle’s med-
ium (DMEM) containing 25 mM glucose supplemented with 15%
fetal bovine serum, 100 U/ml penicillin, 100 pg/ml streptomycin
and 5 pl/L B-mercaptoethanol at 37 °C in a humidified atmosphere
(5% CO,). Cells were passaged every 4-5 days at 70-80% conflu-
ence. For retrovirus packaging, Plat-E cells were maintained in
DMEM containing 10% fetal bovine serum, 1 pg/ml puromycin
(Sigma, MO, USA), and 10 pg/ml blasticidin S (Funakoshi, Tokyo,
Japan).

RT-PCR. Total RNA was extracted from MING cells using ISOGEN
(NIPPON GENE, Tokyo, Japan). Purified RNA was converted to cDNA
by SuperScriptll reverse transcriptase (Invitrogen). RT-PCR was
performed using the following primers: DOC2a forward; 5'-TC
GCATGACCATCAACATCC-3', DOC2a reverse; 5-CTTCAGGTAACAGG
ATATGC-3', DOC2b forward; 5'-AAAGGATCCAAGGCAGAGGACAAG
TCTCTGG-3', DOC2b reverse; 5~AAACTCGAGTCAGTCGCTCACTACA
GCCC-3.

Preparation of adenoviruses and transfection. Adenovirus produc-
ing myc-tagged DOC2b and eGFP were prepared by AdEasy Aden-
oviral Vector System (Stratagene, CA, USA) according to the
manufacturer’s instructions. All amplified viruses. were purified
by the cesium chloride centrifugation method and stored at
—80°C. MING6 cells were infected by these adenoviruses with the
m.o.i. of ~30.

Immunoprecipitation and immunoblotting. Cells were lysed in ly-
sis_ buffer [20 mM Hepes (pH 7.2), 100 mM NaCl,: T mM EDTA,
25 mM NaF, 1 mM sodium vanadate, 1 mM benzamidine, 5 pg/ml
leupeptin, 5 pig/ml aprotinin, 1 mM phenylmethylsulfony! fluoride,
1 mM DTT] and the protein concentration was measured with BCA
protein: assay reagent (Pierce, IL, USA). For immunoprecipitation,
the cell lysate was preincubated with protein-G Sepharose at 4 °C
for 1 h to remove nonspecific bindings: Then, samples were incu-
bated with primary antibody at 4 °C for 8-12 h followed by incuba-
tion with protein-G Sepharose. Lysates and immunoprecipitates
were resolved by SDS-PAGE and transferred: to. polyvinylidene
difluoride membranes (GE Healthcare, UK). The membranes were
incubated with primary antibodies for 8-12 h: Protein signals were
visualized using horseradish = peroxidase-conjugated secondary
antibodies. and. enhanced chemiluminescence: substrate kit (GE
Healthcare, UK),

DOC2b-shRNA construct, retrovirus preparation and generation of
stable cell line. Short hairpin-RNA was designed to have a 5'-AAGC-
CAGATGTAGACAAGAAATC-3" sequence. Synthetic complementary
single-stranded DNA of the target sequence: was annealed, and
the double-stranded DNA: was: inserted into RNAi-Ready pSIREN-
RetroQ vector (Clontech, CA, USA). This plasmid vector was trans-
fected into Plat-E to obtain the viruses using Lipofectamine 2000
transfection reagent (Invitrogen). Forty-eight hours after the trans-
fection, supernatants containing retroviruses were harvested and
purified by centrifugation and filtration. MING cells were infected

with these retroviruses and kept in culture containing 1 pg/ml
puromycin for at least 1 week to obtain stable cell-lines lacking
DOC2b.

Measurement of insulin secretion. MIN6G cells were seeded and
grown in 24-well plates for 3-4 days. The cells were preincubated
in KRH buffer containing 3 mM glucose for 30 min at 37 °C. Then
the cells were treated with 0, 3, 12 or 25 mM glucose with or with-
out 30 mM KCl for 60 or 7 min. At the end of incubation, KRH buf-
fer (supernatant) were stored for insulin determination. The cell
was lysed in 0.5% NP-40 and used for the determination of protein
concentration. Insulin concentrations were measured using Rat
insulin ELISA kit (Morinaga, Yokohama, Japan). The results were
normalized by cellular protein content.

Immunofluorescence and immunoelectron microscopy. Immuno-
staining and sample preparation for fluorescence and electron
microscopy were performed by the methods described previously
[27,29]. See detailed in Supplementary methods.

Resuits
Expression profile of DOC2 proteins in MIN6 cells and mouse islets

DOC2 family protein was identified as a group of type C tandem
(2 domain proteins in neuron and was reported to regulate dock-
ing and fusion of synaptic vesicles in [Ca?']; dependent manner
[22,23]. This protein family consists of three isoforms, DOC2a, -b
and -y. DOC2a have been reported to be expressed in neuronal
cells, whereas DOC2b is more widely expressed. DOC2y is localized
to the nucleus and has no Ca**-binding activity because of amino
acid substitutions at the Ca®* binding site [30]. Therefore, to clarify
the involvement of DOC2 proteins in insulin secretion, we first
investigated the presence of DOC2a and -b mRNA in the insulin-
secreting cells MING. As shown in Fig. 1A, both DOC2 mRNAs were
expressed in MING cells. We next determined the protein expres-
sion of DOC2a and b in insulin-secreting cells by Western blotting.
As shown in Fig. 1B, DOC2b isoform is predominantly expressed in
pancreatic B-cells. Therefore, we focused on DOC2b protein as a
candidate of Ca** sensor for insulin secretion.

DOC2b translocates to plasma membrane in response to glucose

Since DOC2b was reported to localized in the cytosol under the
basal condition and translocated to plasma membrane upon stim-
ulation in neuronal cells [31,32], we determine the.subcellular
localization of DOC2b. in MIN6 cells: We performed immunofluo-
rescent microscopy using. polyclonal anti-DOC2b: antibody or the
cells expressing myc-tagged DOC2b. The confocal images showed
that endogenous- DOC2b; as well ‘as expressed myc-DOC2b, was
distributed throughout the cells in the basal state of 3 mM glucose.
In contrast; when the cells were treated with high glucose (12 or
25 mM), DOC2b- was: translocated to: the plasma membrane as
shown in Fig. 2A. Interestingly, cell-permeable calcium chelating
agent BAPTA-AM inhibited DOC2b: translocation. Moreover, we

A 3T3L1 B
MIN6 adipo. PC12 MING Islet Brain

anti-DOC2a

e wgew anti-GAPDH

Fig. 1. Expression profiles and distributions of DOC2 proteins, (A) The expression of
DOC2a and DOC2b in MING cells, 3T3-L1 adipocytes, and PC12 were analyzed by
RT-PCR. (B} Endogenous DOC2 proteins in MING cells; mouse islet and mouse brain
were determined by Western blot using anti-DOC2b and DOC2a antibodies.
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Fig. 2. Intracellular localization of DOC2b in MING cells: (A,B} MING cells were
expressed or left untreated with adenovirus containing myc-tagged DOC2b 48 h
prior to experiments. After the preincubation in KRH buffer for 0.5 b, cells were
treated with 3, 12 or 25 mM glucose for 10 min {A) or the time indicated (B) and
fixed followed by immunostaining with anti-DOC2b (for determination of endog-
enous expression) or anti-myc antibody followed by FITC-labeled secondary
antibody. Stained cells were observed by confocal microscopy. In order to
determine the role of [Ca?*};, some cells were pre-treated with 30 mM BAPTA-AM
for 30 min. The cells staining with normal rabbit IgG were used for negative control,
C: Ultrathin-section of MING cells were immunolabeled with anti-DOC2b antibody
using avidin-biotin complex method and observed under a Hitachi H-7500 electron
microscope without uranyl acetate or lead staining: Allow heads show the staining
detected by anti-DOC2b antibody. Panel b and d are enlarged images of a and ¢,
respectively. SG, secretary granule; N, nucleus; PM, plasma membrane,

determined the time scale of DOC2b translocation in MING cells. As
shown in Fig. 2B, DOC2b was accumulated at plasma membrane
about 5-10min after the glucose -stimulation. ‘This relatively
slow-time ‘scale of -‘DOC2b translocation is: not- suitable for the
first-phase secretion of insulin:

DOC2b is localized at insulin vesicles

Since DOC2b has double €2 domains, it can be targeted to the
membrane phosphatidyl inositoles [33]. To confirm the precise
membrane localization of endogenous DOC2b in pancreatic B-cells,
we examined ultrathin-sections of MING6 cells by immunoelectron
microscopy using - anti-DOC2b.. antibody. Interestingly, DOC2b-
immunoreactive density: was miostly found on the: periphery of
large dense core granules (insulin vesicles) near the plasma mem-
brane (Fig. 2C).

DOC2b binds to syntaxind upon glucose stimulation

Recently we found a novel mechanism that DOC2b regulates
membrane fusion through binding to syntaxind4 in adipocytes
[27]. To investigate the role of DOC2b on insulin secretion, we first
determined the DOC2b-binding partner in MING cells. As shown in
Fig. 3A and B, DOC2b-syntaxin4 binding was increased upon glu-
cose stimulation and pre-treatment with BAPTA-AM decreased this
interaction, suggesting that high glucose triggers DOC2b-syn-
taxin4 interaction in the presence of calcium ions. Since recent
studies suggest that syntaxinl was a t-SNARE for first-phase insu-
lin secretion in pancreatic p-cells [12], we next assessed the inter-
action between DOC2b and syntaxinl by immunoprecipitation
experiments. As shown in Fig. 3A and C, DOC2b-syntaxin1 interac-
tion was under the detectable level. These resuits, taken together
with the data shown in Fig. 2, suggest the possibility that DOC2b
regulates the second-phase insulin secretion through binding with
syntaxin4.

DOC2b positively regulates glucose-stimulated insulin secretion

We next focused on the role of DOC2b in glucose-stimulated
insulin secretion in MIN6 cells. As shown in Fig. 4A, adenoviral
overexpression of myc-DOC2b in MING cells caused significant in-
crease in insulin secretion compared with control cells (p < 0.05,
n=3) at high glucose concentration. Next, we introduced short
hairpin-RNA (shRNApgc2p) into MING cells by retroviral system to
induce specific degradation of the DOC2b mRNA. Under these con-
ditions, DOC2b protein expression was decreased to 10-20% of the
control level (Fig. 4B). Using this stable cell-line lacking DOC2b, we
measured rapid and prolonged (delayed) insulin secretion in re-
sponse to glucose. As shown in Fig. 4C, insulin secretion for the first
60 min period was decreased by 20-54% in DOC2b silenced cells,
compared with the control cells. However, during the first 7 min
after glucose stimulation, we could not find any differences be-
tween the cells. These results raise the possibility that DOC2b
may regulate second-phase secretion of insulin in MING cells. In or-
der to better assess. this phase-dependency of DOC2b on insulin
secretion, we conducted additional experiment using depolariza-
tion dependent, first-phase specific secretagogue KCl. As expected,
KCl-stimulated insulin secretion did not differ both in DOC2b over-
expressing and silencing cells compared to the respective control
cells. These results support the aforementioned hypothesis that
DOC2b may involve in the second-phase secretion of insulin.

Discussion

Insulin secretion is fundamentally important for glucose homeo-
stasis and strictly regulated by blood glucose. However, its precise
regulatory mechanism is not fully understood. In general, vesicular
exocytosis occurs when appropriate stimulus (i.e. an increase in
[Ca®*};) arrives to trigger the fusion of secretory vesicles with the
plasma membrane. These membrane fusion processes are initiated
with' the formation of core complex: consisting of SNARE proteins
[18]. However, a number of additional factors are required to bring
membrane fusion in vivo. These factors are called SNARE regulators.
In pancreatic p-cells, a lot of SNARE regulators such as synaptotag-
mins L, 11, 11, V; and VII, were initially reported to be involved in insu-
lin-granule exocytosis [19-21], but there remains uncertainty about
their specificity [5]. Sirice we recently identified DOC2b as a positive
SNARE regulator for the fusion step of vesicles containing glucose
transporter 4 (GLUT4) in adipocytes [27], we speculatively investi-
gated the role of DOC2b on insulin secretion in MING cells.

In this report, we first confirmed the expression of DOC2b in is-
lets and MING6 cells (Fig.-1). Then; we revealed that' DOC2b was
localized around the insulin vesicles at cell periphery (Fig. 2C),
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Fig. 3. DOC2b interacts with syntaxin4 in glucose and Ca®* dependent manner. Myc-tagged DOC2b and eGFP control (Mock) were expressed in MIN6 cells by adenovirus

vectors. After the preincubation for 30 min in KRH buffer containing 5 mM glucose,

the cells were treated with 5 or 25 mM glucose for 15 min in the presence or absence of

30 mM BAPTA-AM. Immunoprecipitation was performed by monoclonal anti-myc (A), polyclonal anti-syntaxin4 (B), or monoclonal anti-syntaxin1A (C) antibodies.
Precipitates were separated by SDS-PAGE and blotted with anti-myc, anti-syntaxin4, and anti-syntaxin1A antibodies.
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Fig. 4. Role of DOC2b on glucose-stimulated insulin secretion in MING cells. MING6 ¢

ells expressing DOC2b {A) or sShRNApocs (B,C) were treated with 3, 12, 25 mM glucose or

30 mM KCI for 60 min (A) or the time indicated (C). At the end of glucose stimulation, secreted insulin concentrations were measured by ELISA and normalized by cellular

protein content. Knock-down efficacy was determined by Western blot using anti-

and translocated to the plasma membrane in response to high glu-
cose (Fig..2A and B). Interestingly; this translocation was intracel-
lular calciuim - dependent: manner: Glucose: induced  interaction
between DOC2b- and: syntaxind, but not syntaxint (Fig: 3). Finally,
we showed that overexpression of DOC2b increased and silencing
of DOC2b decreased glucose-induced insulin secretion (Fig. 4), sug-
gesting: the regulatory role of DOC2b on insulin secretion. These
data were consistent: with’ the -aforementioned: hypothesis that
DOC2b positively regulates insulin secretion in-p-cells.

One of the key findings of this study is the time scale of the reg-
ulation by DOC2b. As shown in Fig. 4C, DOC2b silencing did not af-
fect the insulin: secretion during the first 7-min-after exposure to
glucose:; In contrast, DOC2b'silencing apparently decreased the de-
layed (~60 min) insulin secretion. These data were consistent with
the slow time course of DOC2b translocation to plasma membrane,
suggesting the role of second-phase specific insulin secretion. To
date, there are no:reports on SNARE regulators-for the second-

DOC2b antibody (B). Values are mean £ SD from three independent experiments.

phase insulin secretion. These results were supported by the obser-
vation that DOC2b has no effects on KCl-stimulated insulin secre-
tion (Fig.: 4A-rand . C), 'the first-phase  specific secretagogue.
Furthermore; in agreement with the report that syntaxin1 medi-
ates first-phase specific insulin secretion {12}, our observation that
DOC2b specifically binds to syntaxin4, but not syntaxin1 (Fig. 3A
and C), is consistent with its role on the second-phase release of
insulin.

Another interesting observation in this study is the essential
role of [Ca%"]; in glucose induced DOC2b translocation (Fig: 2A).
DOC2b: binding to syntaxing is ‘also: [Ca*]; dependent (also: in
[27]). Ke et al. reported that DOC2b did not interact with syntaxin4
in pancreatic ‘p-cells [34].: This~apparent - discrepancy must be
attributable to' the different experiment conditions. They per-
formed their experiments tsing a buffer without Ca%". DOC2b has
tandem €2 domains and several Ca%* binding sites, and is structur-
ally similar to the well-known calcium sensor synaptotagmins,
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suggesting that [Ca®*]; might be necessary for proper function of
DOC2b.

In conclusion, our results allow us to draw the following two
conclusions. First, DOC2b was translocated to plasma membrane
and interacted with syntaxin4 upon high-glucose stimulation in
[Ca®*]; dependent manner. Second, DOC2b regulates glucose in-
duced delayed insulin secretion in MIN6 cells. In summary, our
data suggest that DOC2b may be a SNARE regulator for the sec-
ond-phase secretion of insulin.
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f ERAREEEFORE

WFS 1 &InF HERA

BEELE
IR R P IRES R AR

Il WFs 1i8ITF & Wolfram E(RE$

WFS1 &{5 1% Wolfram JEEFHOREEEB T LT
FISE & N7V, Wolfram FEMRRF I35 it i H k@
BL, BEEREDA v R ARG & Sahies
WEEME T2, fluc, BEMEHEE PHRERRE,
FRER B, REMpREEL 2 AL, TEL 4 3R
(Diabetes Insipidus, Diabetes Mellitus, Optic Atrophy,
Deafness) DEHX ¥ % & - C DIDMOAD fEB#H L b X
T, HAIEITIE 3S~8 THRIET B4 v 2 v
AR X BRI IFIER &2 0, BT
EOREIE, BABEDSE R MRERE X732,

Wolfram FE 5 Ff & O HIMBI TIEHE Langerhans &
D&M E BHIBOBIRN ZBEPEDONBE I L
5, Z DRFEE T B “EF IChETH B,
Wolfram JEBEREOREEETF & L TiL, 1E0 I CISD2
(WES2) BiE oMo, PEOBETERENFE
NT»3,

[l wrs1:E{EFDOEE & taE

t + WFSI BiEFIZ 8202y ik h KRS
N, Wolfram fEBEHE COERORESHIIRARL IV v
THHES LYY VICHEET D, BROBEIIEZK
X EE X £ T, hot spot % founder effect ZRET %
HEOBREEEL L,

WFS1 HHIX 890 73 /B L D %2557 8K 100
kDa @, /MNEFICHFET 3 9 HREBEROBERCTH
5, FFTRCORE, HEBTEBEINhEY, BN
TORBUIIREENA SN, KTl Langerhans &
O BHIICE biIcFEEHE N, oMo s
FEINRv, iz, PR T I3 iEE (CAD),
ILEEEN, RtkiEE X CRUREEICHROFEBIED 6
% 4,5) .

WEFS1 EHOBREIE DI EH I Toknds,
ZOFBUT/NKER P LA THE SN, WFS1 EAD
RIEAEINEERA P L 2AZERT 5L, £/,
WFS1 RIBHIFLZMEE R P L2 LClesgcr R
F—2 AZELLRTVIEDS, MIFAPLRLE
B b b 2 EARBENT WS, WEsLBETR

By ABERINTVEH, 20w AT R M
DA EA v A vribEESRO s 5, B HifEsL
A v A VEFIEORERIC & B B Hlfd~ /Mg A
FLURATLHEIC K Y EBICIE X BY, WFS1 &%
RIET 3 BT, 7 PR AN a— LRI
L4 VA vBEEINTYS, ¥k, Ins
WX BHEEE OB AL Y L FRVBEEINTE
b, MEEADHNLT Y LADEHIGAADEEIC L 2 &
HEINTWBE?, Zhs0EZIz, WFSL HEAD/N
RURIED (Vo) D) A & v F v VO % i+
ZHBEMEZRBL, ZORBICLBANS T LRAS
ALY ADBEINEEA L AEERL, /Mg
APV ATLEIC KB T7 R =2 AD, LD
—iEFAL 9 5. WFS1 ERIE AL 7 LMK
ANVET Y VERAELI BT EWREN, WFS1 &
FOBRERAN TS I h-ANEF Y ViZk ) Ffi%
ZAHEELRB I TnBY, £, JLRE,
WFS1 ERDVMEEA LAY PP L2 EET2EE
REERTFTH 5 ATF6 % IIflAYICHlEH L < 2 AlHE
L RBI N, FEESIZ, BMIEIIEBWTIE WFSL
BERI/MEEDOARR ST, £ VR VRIS
FIEL, DWEENNO pH ZHEHL Y 22 L2 RHL
“C\> % (Hatanaka et al. manuscript in preparation), Z @
& 91T, WFSL EHDOKREIC D\ CIIIREERICIHE
BEHIN TV, WEARELES S,

[} 2BU%EFR A & WFS138IGF

2 BRI B VT h SlaE DA D3, % DFIE
PEROBELZERTH S, WFSI BIZFOBREDH

BUE T WFS1 SR ORBEREIL, 2 TR O FIE

KRR D S B, B/E, WFSIBETOHENEED
BONY 7Y FTHS 611l EHOEAF Y VDT
¥ v ~OZ{L(H61IR) 2% 2 BIEIRE & B# T % =
EPA XY AANDEFITRINT, T, ZDNY
Ty EET 4 O0D SNP A 2 BIREIRIE & if < BT
%2 ENA XY AAP Ashkenazi D2 ¥ ¥ AN THRI
n, THRAADBOERTHAS TV 32 (H 1),
&k D E A 12 Diabetes Prevention Program &l @
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OR

Study (95% CI) % Weight
Cambridge —a— 0.85(0.72-1.00) 4.4
EPIC ——— 0.91(0.76-1.09) 3.6
Exeter —a— 0.83(0.71-0.99) 43
Ashkenazi —— 0.79(0.66-0.95) 3.6
ADDITION — 0.87(0.77-0.98) 8.1
Warren 2 B 0.91(0.84-0.98)  19.9
Tayside ' 0.93(0.87-0.99)  28.3
Vasterbotten —— 0.90(0.80-1.01) 8.7
Sladek et al. —a— 0.75(0.63-0.88) 4.2
DG —— 0.85(0.75-0.97) 7.1
FUSION — - 0.94(0.83-1.06) 7.9

Overal & 0.89(0.86-0.92)  100.0

05 1 2
OR

1 WFST BEFOSNP & 2BIBER B ORIEBT IS DL T O X 20
BEECIRERRBINLET ¥, BIUREROF— I 28D TA Y EW%21T -7, SNP rs10010131

132 BIBERYR E FREICEEL 2 (p=54%x1071),

EHTHERD 51, WFST BEIEFD SNP & B ks
ERETIAHENTRINTVS, ZDkIi,
WFSI BT 2 BEERWEEIEFO Y A Micizsh
BICEST0BY, HA ATk WFSI EIET D SNP
& 2 BIBEIRIR IS OHIBID A o e T 08, KB,
FEITIEITONTE 63, WFSIEIET & 2 BIERBEO
BRI IR I Tl BAT 2 BUBRE
L CBIE T % SNP @ MAF (minor allele frequency)
V2NBETH 570, +aRBIIEEL DT
HYRBER 7 — )L cOMBIIT B E L Bbh 3,
EEAEDHENE, WORATOMYT 2 BUBERR &
50 MHBE L 72 SNP O risk allele #/ L TV 5 A1 8
BRIE >,
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