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— Abstract —

Background: Type 1 diabetes mellitus is an autoimmune disease resulting in destruction of
the pancreatic beta cells. Insulin gene therapy for these patients has been vigorously
researched. The strategy for achieving glucose—dependent insulin secretion in gene
therapy relies on glucose-responsive transcription of insulin mRBNA and the constitutive
secretory pathway of target non—beta cells. We observed that genetically engineered
K—cells using Epstein—Barr virus (EBV)-based episomal vector can produce glucose-regulated
insulin production.

Methods: Green fluorescent protein (GFP) or rat—preproinsulin (PPIl) expression cassette
transcriptionally controlled by the promoter of glucose dependent insulinotropic peptide
(GIPP) is fused to pCEP4 containing the origin of replication (oriP) and Epstein—-Barr virus
nuclear antigen 1 (EBNA-1). CMV promoter was replaced by subcloning the GIPP into
pCEP4 to generate pGIPP/CEP4. Two recombinant EBV-based episomal vectors,
pGIPP/GFP/CEP4 and pGIPP/PPI/CEP4, were constructed. pGIPP/GFP/CEP4 and
pGIPP/PPI/CEP4 containing K—cell specific GIPP were co-transfected into STC-1. K-cell was
isolated from the clonal expansion of the fluorescent cells selected by hygromycin
treatment in STC-1, and were analyzed for the expression of glucokinase (GK) or
transcription factors involved in pancreas development. K-cells concurrently transfected
with pGIPP/PPI/CEP4 and pGIPP/GFP/CEP4 were analyzed for the transcripts of PPl by
RT-PCR, and for the glucose dependent insulin expression by immunocytochemistry or
insulin assay using ultra—sensitive rat—specific insulin ELISA Kit.

Result: STC-1 was stably-transfected with pGIPP/GFP/CEP4 along with pGIPP/PPI/CEP4.
Genetically selected fluorescent K—cells expressed GK and transcription factors involved in
pancreas development. And K-cells transfected with pGIPP/PPI/CEP4 contained
detectable levels of PPI transcripts and showed glucose—dependent immunoreactive insulin
secretion.

Conclusion: We identified genetically engineered K-cells which exert a glucose—dependent
insulin expression using EBV-based episomal vector. The similarities between K-cells and
pancreatic beta cells support that K—cells may make effective and ideal targeting cells for
insulin gene therapy or alternative cell therapy. (J Kor Diabetes Assoc 31:9~21, 2007)

Key Words: Epstein—Barr virus—based episomal vector, GIP promoter, Insulin gene therapy,
K—cell,
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ol ge] B¥skar ) oA glucose—dependent insulinotrophic
peptide (GIP)E #H[3}0] #Pd WEAFEAA Sl&d EH|E
B 28-S shs Aom A g, AiRe) Akl
A EEE K-Alzrt e Fax02159] o] 341 3244
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53} Epstein—Barr virus (EBV)-based episomal #E]7} A}
S5 3 QP mehq B G5 GIP R RE] 9
3l Green fluorescent protein (GFP) 2 Aa:ol&de] A
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1. & 3ze=zge 3z 22

Sprague-Dawley #2] #|¥2 =2 collagenase (1 mg/mL,
Roche, Karlsruhe, Germany)E %7}t Medium 199
(Invitrogen, Carlsbad, CA) 7 mLE Fsla 1 #4S
o] 37 CollA 2583 A8tAFth ©]& 500 ym mesholl
E7A)7]3 ACCUSPIN System-HISTOPAQUE®-1077
(Sigma-Aldrich, St. Louis, MO)< o]-&35}] AEE &}

A 50| AEE Askck

2. RNA 2! genomic DNAZ2| &2|

RNA #2E 98] #H9 #= =& K-A|32E Trizol
reagent (Invitrogen)ell =°]i chloroform< 37}k
12,000 gollA 15% 9t YAlEEE 3 & A
isopropyl alcohol& 4lo] RNAE AT RNA
< diethyl pyrocarbonateE 2|3t S-F<l Fo|aL
EAIZ 260 nm&} 280 nmellA SFEE 574351 s

=5 575tk DNA #21E fleixe= 9 A1 1
S 4o 1x SSCE (15 mM NaCl, 1 mM sodium citrate,
10mM EDTA) 19 mL, 20% SDS 1 mL, proteinase K (25
mg/mL) 15 plell =50]a1, 37T oA a8t 52t 50
Stk Phenol: chloroform: isoamylalcohol = 25 : 24 : 1S
o]g3lo] DNA & ®2J8la 2 M sodium acetate (pH
4.8)9} ethanol 2 A7) - At 33k S 59k
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3. cDNA g 2 polymerase chain reaction
(PCR)

%3 RNAZRH first strand cDNA A2
SuperScript™ II RNase H- Reverse Transcriptase
(Invitrogen), RNaseOUT™ Recombinant Ribonuclease
Inhibitor (Invitrogen)®} Random Z&}o|H (Invitrogen)S
AFg3le] SuperScript™ I RNase H- Reverse
Transcriptase?] AEAE e} Js9ith GIP 2 2E
= #9] genomic DNAZYE] PCRZE FEslo] At} =
Ztoln] 7]AHe forward; (5)-GGT ACC ATC TCT
CCA GTC CCT TCC TC-(3)%} reverse; (5)-GAA TTC
TTG CTT CAA GAC CCT GTG-(3)e]m"?, ZEukg-o
M 940l M 30%, 58%0llM 30%, 7250l 1+ 30%x=
L 353] wkEeigink. el AAHlad fxks #9
A=A ek RNARKE cDNAE 3/d¢ § PCR=Z
SE3I3AtE Forward >eto|n] 471442 (5)-GCT ACA
ATC ATA GAC CAT-(3)°]1l, reverse 2e}o]m 174
42 (5)-GGC GGG GAG TGG TGG ACT C-(3)o]w,
SENRG-2 M) 9450l A 30%, 50500 45%, 72504

[eRha S AC R E.

kpnl

MOR NMIE K-MZEOM EEFsE EHR A=

H| —

HI

30x= B 353 ukEsoleh. T1e]ar K-Alare) # o He}
AEZHE Fge] ey} sep|Ee] 7)5e] Helshs A
o7 ARl AARIAES wES ke SEiME
Kohtaro 57%7¢] W] wle} Zejo|nds-s Algeiglo
] SEHRS-S AN 9450l 30%, 50Xkl 45%, 72500
A 3022 5 353] uHEsgich

4. GIP Z2HEet MAMFelsll XL FXIE22Y

PCRZ FZ3alo] A& GIP Z=RH (GIPP)¢ A7l
# (PPD) F3842 94 pCR2.1 TOPO TA HEJe] 4!
AIAA Z¥zte] pGIPP/CR2.13} pPPI/CR2.1 HEIE 274
a191.om, o= thA] 427ColA 3037t EAS Fo] Topl0

A3zl PFAH5II) o] IS TOPO TA Cloning Kit
(Invitrogen) & ©]-851o] Aol we} &S 319}, e

W= Al PCR AHe59] Wa2 GIPP 52 PPI #37t
9} A7) de] HR A forward Zto|nje} HEe] 97
Aqgol] AH A2 M13 reverse Zglo|HE o] &slo] 7=zt
PCRE F¥%3afo] gRlalglon] S3Eg-2 Shollx Hngh
RS WESIGlY) wake] ER1E HEES VMY Il

& ampicillin 50 pg/mLe] 7} LB #jAelA] 7]¢ 3
20% == glycerolS #7sle] -70Col A48l Fok

Sall

B

g Algatcc

TCTAG BamHI

*hol

PGIPP/GFR/CEPA

'

Sall

Fig. 1. Schematic representation of the cloning steps employed to produce the pGIPP/GFP/CEP4 vector.

(A) EBV-based plasmid (pCEP4) vector containing the EBV nuclear antigen 1 (EBNA-1) and the origin of replication (oriP). CMV
promoter excised as Bglll/Notl was replaced by rat GIP promoter (GIPP) which was digested with BamHI and NotI from
pGIPP/CR2.1. Then, GFP fragment excised with Xhol from pGFP/EGFP-C2 was fused to the Xhol restriction site of pGIPP/CEP4
to generate pGIPP/GFP/CEP4. (B) Linear structure of the pGIPP/GFP/CEP4 showing the Bglll/BamHI cloning site.
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5. B2fAD|E HE{o| HZ

1) pGIPP/GFP/CEP4

GFP f3Ak= ols7 vt (FHEd o] Astd4 WA
EATA) ZHE ]S pEBVGFP #E)*” S Kpnlo.
= dusle] d9lon o] §-HAE pEGFP-C2 (Clontech,
Mountain View, CA) #E]2] Kpnl z}2jel Adsksit) o]
o) pEGFP-C2 9E+= Kpnle 2 Aot & SAP (Alkaline
Phosphatase, shrimp, Roche) 22 5 @eke: gRRliks}sto.
2R AIAAS gl o]@A AlLkE pGFP/EGFP-C2 )
EHE DH5a W= F@Hseglon ks Aiate] A%
319t} th8-& pCEP4 (Invitrogen) #ElollA Bglll$} Notl
o o3 AAE CMV Z2=E zg]e] pGIPP/CR2.1 HE]
& BamHIZ} Notlo2 driste] d2 GIPP 4A-S A4ds}
o] pGIPP/CEP4 ¥WHE Altelint (Fig. 1A9] Q8% &),
o] u] pCEP4 ®Ej2] Belll A= pGIPP/CR2.125E o
2 Ad#e] BamHI Aleje} ARA oz AAddr} (Fig. 1B).
pGIPP/CEP4 ¥E|Z thA] DH5eoll @A) e flet
ERNE ZEanE DNAS FE39009 Adtasrs &
slato] ARE FAAE BelEith (ks AEh. 13 v
pGIPP/CEP4 #E]9] Xhol =xlkgdll, A AZst
pGFP/EGFP-C2 ¥EE Xholo 2 Adsle] & GFP &
AE Alete] pGIPP/GFP/CEP4 WEIS 94313t (Fig.
1A). $43% #EE o] DHS-ooll E A8 AEs
ke kol A Awgh nje} o] ~70°Co Agstar 714
A #Aow gl

2) pGIPP/PPI/CEP4

pPPI/CR2.1 Z4E] 525 PPI -#4%= pBluescript 1I
(Stratagene, La Jolla, CA)2] BamHIZ} Xhol &2 Aol
AR15le] pPPI/bluescript I A&tk o] Wl PPI -4
Zpo] ZZo) AFRH forward Zlolw 97144 (5'-GCG
CGG ATC CGC CAT GGC CCT GTG GAT-3)< 74
F=S 23R EY §3AF 14 9700l Kozak 97144
I} F298 9 BamHl 971<ES 17181994, reverse
Zatoln] ¢37144 (5'-GCG CCT CGA GTC AGT TGC
AGT AGT T-3)2 $43ES X3sh= 14 97]°l Xhol
A7INLE FIA ARSI - ol e] 5
£ GCGCE 4o} Fo=2M PCRY AFEE Z7MALL
ZENLS-L A 945004 30%, 55%4A 30%, 725404
30x2 25 303] vkE3leith Alzte] 3%l pPPl/bluescript
I Y= DH5- a2 FAHE $ A7|Md ¥4 B4 &
Qlskoict ElH Heto 2 RE Feld Eekn= DNAE
Notl# Xholo® Hdslglar oJ7|A 9 dHs dellA
A=l = pGIPP/CEP4 #lE19] Notl# Xhol #ejel] 4
51 pGIPP/PPI/CEP4 WEIE 2433190t} (Fig. 2A, B). ¢

- 12

3) pPPI/GEX

pPPI/Bluscript 1I& BamHI¥} Xhol &2 A3fsle] A&
PPl AHE pGEX-4T-1 (Amersham Biosciences, Ariington
Heights, IL)2] BamHI¥} Xhol Algkas z2]oll Ardske]
pPPI/GEX ®EE Alzkslict (Fig. 2A, C). o2 Al<ke
e} = ThA] 5YE W o= DHS- ol A8
7IME Eoz Felsiich

6. TIIMY 24

2dE WEEe] 97|44 4 ABI PRISM BigDye
Terminator v1.1 cycle sequencing Kit (Applied Biosystems,
Foster City, CA)& A3} PCR W8-S A17]aL ABI3100
Prism automatic sequencer (Applied Biosystems)® %3714

Qe elolrh (BAlRm A,

7. AN QlERle| YR E 2 Western blot

dade] wls BRIshy| 9t pPPI/GEXE BLZ21
(DE3) [F~ ompT hsdSb (tB-mB-) gal dem] #+2 =35}F
Ak o]AS 50 pg/ml %9 ampicilling 3= LB
HIZ] 5 mLellA] 12A1XF wjefgt $ 18 mLo] LBHIX|R 3]4
3led 600 nm Il EF 71 0.57F = wi7kx] 37 CeollA
Y Hiksiglnh J1ede] FES ] f18te] 1 mMe
isopropyl-1-thio—B-D-galactoside (IPTG; Amresco Inc.,
Solon, Ohio)& ¥ U 2AIKF o] 71 %, 2500 rpmo=
25%7F YAEEEle] tigrs ARl o2 Al Holxl
HtS 1 pg/mLe] aprotinin®} leupeptin (Amresco Inc.)
S ¥kl 9= buffer A (50 mM Tris-HCl, pH 7.4, 15
mM NaCD) 1 mlell &af5}3iom 1527+ A5l Baksiol
o} 229k 98] gafaigivh o] 12,000 rpm o=
104 Bt YRt AS9S Glutathione-Sepharose
4B beads (Amersham Biosciences)$} HFS-A|71 0 24
GST-&dvke Ejsielet. oA el vlas 15%
SDS polyacrylamide 2l 271x171 % PVDF membrane 2.
2 71 12k A= GST &4 (1:1000, Santa Cruz
biotechnology, Santa Cruz, CA) ¥ &= Fol&7 34
(1:400, Santa Cruz biotechnology)& A&-319).0H, 22} &
= anti-mouse HRP (horseradish peroxidase) (1:5000,
Amersham Biosciences) % anti-rabbit HRP (1:5000,
Amersham Biosciences)Z Western blot3- A8§s}e] &S
S A=
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o vix]i= 10% FBS, 1% penicillin-streptomycine
7kt DMEMellA Al Fsisict. STC-1 Al Dr.
Hanahan (University of California, San Francisco) 2. 24-
] 715890k STC-1 ¥ 100 mm wigEAeIA Al
Hjekaliom 90% Hew ME7F Agks v ERAAAS
AEEIGit) &, mjd el 71915 STC-1 A& PBS®
e 5 FHo] ¢l DMEM 1.5 mLel lipofectamine™
2000 Reagent (Invitrogen) 60 1LE 343}l &= T} tube
ol pGIPP/GFP/CEP4 12 pg¥} pGIPP/PPI/CEP4 12 pg2
¥Ho] §l= DMEM 1.5 mLel| 3521 &, o] 7 gl 4]¢]
A 2087t FFo REzo1zl DNA-Lipofectamin™ 2000 %3t
A 3 mLE STC-1 szl YoiF=al IS 23314
&> DMEM 2 mLE F7Ieto] ehFl=2 E5o] FUth 54
3 20% FBS, 2% penicillin—streptomycins- -3kl 9J

DMEM 5 mLE F7kisith tsd PBS=
DNA-Lipofectamin™ 2000 E3A412 A& 3 10% FBS,

1% penicillin—streptomycin®] = DMEM .2 Zo}5=3it}.
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9. STC-1 M=ZOllM == K-Mlze| F2]

pGIPP/GFP/CEP4 9} pGIPP/PPI/CEP4AE STC-1 Al*E ¢
02 Ao EWAIAMAAZ| I 4817 F hygromycin 200 u

A
BamH! Xhul@%\
o
B

A|GATCC
Balll
gl TeTAglG BarnHI

o >

Motl

pPPI/Bluescript

E NZRE K-NEZYN E=EgsE: EMNQ QAaz =2H| —

HI

L/mLE E3eh= ikbelx] Aldmidslalem, hygromycin
MAE] o] F 600 pg/mL7} HA s}

F Aopde Art 2 F25 IAshd, 43S
== FETRS pipette 22 24 well plate® §7]3L 7t S5
55 Aduldsisich. FEdn sl F3S dels Al
b Q) AEFE 58 K-AER 71elt). S-S
MNFEFE Fol|A RT-PCRE PPI transcripts= 2l
b= AEFE AWlelela o] A¥FE pGIPP/GFP/CEP4
o} pGIPP/PPI/CEP4 #IEJ7} sAlol| Edi sl ds] K-Al 2=

Zz
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10. Western blotoll 2|st 2F3T7|L|olA|2] e FA

100 mm FAellA Al K-A1325 PBS= A2 #
lysis buffer 200 Lol 83217122 13,000 rpm, 4 Tl 30
1 YAEEETE DA S 23 TS A FHE
$7]3L Coomassie Brilliant Blue G-250 (Bio-Rad,
Hercules, CA)S o]€3}o] Bradford Ho= whlde] w1
= SA3I8E @A 20 pgS SDS polyacrylamide 2o
Z71X71 ¥ PVDF membrane 0.2 $7]31 S5F37|Uo}A]
o] WS Flaly] fIste], YARIAIE F <] 7 pof
Aol] thek B E= k4] (1:500, Santa Cruz biotechnology)

=
=73

»hol

BamHl ¥hal

— >—{

Fig. 2. Schematic representation for the construction of insulin gene expression cassettes.

(A) Rat preproinsulin (PPI) cDNA amplified by the primer set including BamHI and Xhol site was incorporated into
the pBluescript or pGEX vector. From the pPPI/Bluescript vector, PPI was excised as a Notl/Xhol and purified by
agarose gel electrophoresis. Then PPI fragment was fused to the Notl/Xhol restriction site of the pGIPP/CEP4 vector
to generate pGIPP/PPI/CEP4. (B), (C) Linear structure of the pGIPP/PPI/CEP4 and pPPI/GEX vector, respectively.
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Fig. 3. Confirmation of cloned vector.
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0.7%

pGIPP/GFP/CEF4

A, PCR analysis of rat GIPP from pGIPP/CR2.1 vector; B, PCR analysis of rat PPI from pPPI/CR2.1 vector. GIPP or
PPI gene is shown well incorporated into pCR2.1 TOPO Vector; C, pGIPP/PPI/CEP4 digested with Notl and Sall; D,
Cloned expression vector of pGIPP/GFP/CEP4 digested with Xhol and Sall respectively. GIPP or PP, and GIPP or GFP
were digested well, and the nucleotide sequences were confirmed by sequence analysis (data not shown).

£ 5% skim milk, 0.05% Tween-20< ¥3l5k= TBS &<
o s)A15}e] WS35 o, o]x[akA| 2= anti-rabbit HRPE
ARE38ISIEL 21 ¥ membrane< electrochemiluminescence
WS o]-83}9] ECL Western blotting detection reagent
(Amersham Biosciences)Z 137+ HRSAIZ] 3 XA FE0]
FAA FFI7 A A ARG L &
membrane-2 2% SDS, 62.5 mM Tris-HCIl, 100 mM
2-Mercaptoethanol2 ¥§5h= &4 3083 70CE
A&l FoEM BE FAE Holmga, o3 ] ¥-6
—actin ©J&H| (1:4000, Sigma-Aldrich)2 ¥H-A]7]aL o]
A2 anti-mouse HRP} WESAIZ1 0 24 B-actin T
Ae] WS Rlste] thxaro R o] &agith

11. QlsRlo| WazEA

1) deFelsd EM2 f{et RT-PCR

pGIPP/PPI/CEP4 HE)7} EAN AT K-A¥Z 60 mm
kAol o] 5 mM<el DMEMelA 36417t vk
3k & wjx= 27 5, 10, 15, 25 mM glucose”} -5
DMEMo 2 ks A}k 2A13F FHol RNAE 3o}

cDNAE ek & kA Aiget AdIEd TejolH =
25 cycle®] PCR& Alals3ic).

ol

2) el&El weg 2

6 well Hiek&7]ol| coverslipS ¥il pGIPP/PPI/CEP4 ¥l
El7} EfizaAldE K-A2E 258t 715 A Flo] g
1H™ 5 mM 8] £=1o] el DMEMelA 40413t
Hjst & 7+ wellell 5, 10, 15, 25 mMe] o] sl
DMEM e & ks F=aL 243t §- PBS® 33] A1X3k 5
AE] 4% paraformaldehyde 2 1087} AT o]0
0.2% Triton X-100 (A.G. Scientific, San Diego, CA)2=
MEES: permeationr|Z! F autofluorescenceE (el 9
3 1 mg/dLe] NaBH = 107+ vl3Iic). vj5o] whe-&
93}7] Y8l donkey serumo & A3k 12} @A
polyclonal guinea pig anti-insulin (Zymed, San Francisco,
CA)E 4CollA 354 &<t A2]$t # rhodamin—phalloidin
3528 ¥A|3 anti-guinea pig Rhodamin (Vector
Laboratory, Burlingame, CA) 2= 2204 1A]ZF &<t 4t
A & FFEn Aoz At 2l gy Axe

o
vl
12

M Zstste Al

(3

fr A
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— Y| Q] 1321: EBV—Rai o]
DAPI (4’,6’-diamidino—-2phenylindole) & 3 tj
o] HUx" #n4 (confocal microscopy) &2

o}

3) elsgle s

pGIPP/PPI/CEP4
well platedl] 2.5%10° cell/well &
Frol ¥xdo] ¥3% DMEMO®E wAsle] 36417 &
¥, d&d BHE SAsIsivh WA AlEE KRB (Krebs
Ringer Bicarbonte) Buffer (119 mM NaCl, 4.74 mM
KCl, 2.54 mM CaClg, 1.19 mM MgClg, 1.19 mM
KHzPOy4, 25 mM NaHCOs, 10 mM HEPES, 0.1% BSA)

2Z A& 5 KRB buffer® 37T, 0.5% CO» vjE 104 44
ZF wjekeigity. =9 5, 10, 15, 25 mM< 63t KRB

sto] &

3] AAsIG). 28

buffer® WABEIL 2A17F vk 12 2] L5

Aomn AXS 94

TE
a=

Rat Insulin ELISA Kit,

Zonmle
> ATHS

Ultra—sensitive (Alpco,

2 NZE K-NZON EEGEE OEMOI Qg 2| —
2 o
1. GIP Z2RE e} MHTFelst R =

GIP TEWEE 9] genomic DNAZYE PCRE F%
slo] AL AHRlEd A Fo A=A e
mRNAZRH first strand cDNAZ A3k & PCR=E 5%
sto] Ak o5 Z}7te] fHAES pCR2.1 HE £o 7
ZHArsiERon g HWElE TOP10 A2 W= 44
gto] #+ EQle}. ZA42be] FdAt vkE Ekow Ajle )
kS 37] 9jste] s w= e e AV|M4
of] 2412 M13 reverse Zlo|me} Qg 52 GIP =
2RE9] 17| del] AR A2l forward Zelo|H S o] 83
o 717} PCR WHg-& AIFTh F32} Yk Wako s 4b
Y M| PCR AR HlE ARi19] 171X de] E3eof
Aefe] Fx42 27180k 90 bp A AA BEH oM o
Q¥ HEhe A A oR EI8I8lT) (Fig. 3A, B).

H 1w
Windham, NH)E AHg3te] izl 45 el &9 _
- 2. Z2fA0|= #HEo| HZt
FTEE SAsISIL
= T e Egame 7} A=
12. EAIX2 DCEP4# Eg2 F 79 Eg2u|= DNAZ} XﬂfﬂM
th CMV Z2RE7F AAE 2ol GIP el Zan
&Y X SAL 359 33 v 2SS Faf A%l B} ARlEo g rtk Ero] dkesle] AxTolgal
, L AR Wi+ FEAkE 37188 o Aol 52 GFP 1A} gy s 717} a19kslel om o] 74
7izte] gRehsmo] wE  gd el W GIP ZEWERs mRNA 9 1153 bpe} 5UTR 7 bpS E3H
Mann-whitney 7A4< AREsl3iTh o, ekl pGIPP/PPI/CEPAE= Notl#} Sall 02 48710
24 W oo ARlE GIPP9F PPIFAAE &)
GIPP= 1324 bp2] A9l 3=, PPI= 775 bpe] ¥l
2
2
pGEX BL21 pFPI/GEX :;
it B A B A B G
(kDa) | — -- <+ insulin-GST
GST Ab 2 —— -“kGST
: «— inzulin—GsT
Insulin Ab ’s . « GST

Lane 1

2 3 4 5 3 i

GST,; glutathione-S-transferase

A: prior to IPTG induction
B: post IPTG induction

Fig. 4. Expression of insulin from pPPI/GEX vector in Escherichia coli.

Western blot analysis of insulin from Escherichia coli expressing GST only (lanes 1, 2), negative control (lanes 3, 4),
GST-tagged insulin (lanes 5, 6), and bead binding GST-tagged insulin (lane 7) were separated on 15% (w/v) SDS
PAGE. Arrows indicate the induced GST only (lane 1-2) and GST-tagged insulin (lane 5-7). GST or rat-insulin antibody
recognized a GST or GST-tagged insulin. A, lysates prior to IPTG induction; B, lysates after IPTG induction.
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PGIPF/PPI/CEP4

STC-1 cells

Selected hyaromycin-
resistant clones

O Untransfected cells

@ Transfected cells with pGIPP/GFP/CEP4

@ Transfected cells with pGIPP/PPI/CEP4

@B Co-fransfected with pGIPP/GFP/CEP4 and
PGIPP/PPI/CEP4

Fig. 5. Isolation of K—cell from STC-1 cell line.

A, Schematic diagram of the isolation steps employed to separation from the K-cells; B, Fluorescence microscopic
findings of the isolated K—cells from STC-1. Phase-contrast (I), fluorescence (I), and merge (IIl) micrographs of the
STC-1 cells co-transfected with pGIPP/GFP/CEP4 and pGIPP/PPI/CEP4. Transfected cells with pGIPP/GFP/CEP4 emit
green fluorescence (1), transfected cells formed a clone (2), and continuously subcultured cells (K-cells) emit green

fluorescence (3).

BAEC

PDX1 Isl1 Pax6 Nkx2.2  NeuroD

Nix6.1 ngn3  cyclophilin Pax4 MafA

1: k-cells
2: mouse islet cells

Fig. 6. Western blot analysis and RT-PCR analysis in K-cell.

A, Western blot analysis of glucokinase (GK) expression in K-cell and STC-1. Bovine aortic endothelial cell (BAEC) was
used as a negative control and MING was used as a positive control. More GK is expressed in K-cells than in STC-1, but
not in BAEC; B, RT-PCR analysis of transcription factors related to pancreas development and B-cell functions represent
K—cell is comparable to mouse islet cells. Nkx 6.1 and ngn3 were not expressed in K—cells. Pax4 was in K-cell but not
in mouse islet cells. Lane MW: 2 ug 1-kb ladder; lane 1: k-cells; lane 2: mouse islet cells.

F3e)o] B get (Fig. 24, 3C). pGIPP/GFP/CEP4+=
Xhol¥} Sallo & A3}x|7 ERI5I3It) & 1331 bp AHo]
GIPPZ ¥3Fsla 9lom, 768 bp AHL GFPS ¥3lsla
ek GIPP 412k} GFP 44}k A}o]e] Xhol¥} Sall
H2 26 bpz Aol BAER] gkt (Fig. 1A, 3D). 1
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| B =2 Fgelslitl GST A= Western blotg
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JIcH?, whebx pGIPP/GFP/CEP4 #ElSt pGIPP/PPI/CEP4

WEE STC-1 Ao SAld EdAddAz =
hygromycin 200 pl./mLE X3sle= vl Alda)dst
o=2N EdsdME AXEY dAHom  AdWsisitt

(Fig. 5A). o714 opde A= pGIPP/GFP/CEP4 ¥E
9} pGIPP/PPI/CEP4 WE]7} TA] 3-& Z}7)o|| )3 EdA
HAHE MEolrt. o] MEEo] AN FEE IS
o FFS wehs FES vslow upx AvEjkdto s
GFPE ¥3sh= 573 K-AES Ralsh=t] Aasiich
wEE Al Fadn sl dsllon] RE A2}
FFE dele K-AE oS I8kl (Fig. 5B).

ek

4. SFI7|oH I TARRIAt|

el wEdh K-AMl2ek =3 Ahllin] Al
STC-1, ¥UZETo = MING AIE, T8]3l SAIET
2 BAEC (Bovine Aortic Endothelial Cel)llA] &5F37]
volAe] B8 Western blot HO =z 3213k Az}, BAEC

M= 7oAl WEs = 4 glolal, STC-13%

o
°

- =g
— =T al

A Clone
B
Glucose (mM) 5 10 15 25 DW

RT (-)

Glucose (mM)

- -.-

Clone 4
Fig. 7. Insulin secretion analysis from K-cells.

D

Phase

Nuclear

Insulin

Merge

DE K-NEOIN E=EEsE: QEMNQ QA8 =H| —

HI

ch W Eﬂ B o] 25
& wEgroma K-Axrt 2
4 At (Fig. 6A). 31 #17 wEebAE
94 L-th ;q/\]_o];],_vq \:11—?5—_}_9_
RT-PCR¥o2 013l A3} Nkx6.13} ngn3E A|2)3k oje)
HAALIAFE 0] HEFA| L ol g} K- Al ol A 2w
S elE 4= 9dglon], Paxd s K-AlZolAnt wa s =

o] g1} (Fig. 6B).

PR

5.

2
>

MTel

El=

STC-1 Al pGIPP/GFP/CEP4 %
& oA EdAAAAR

puis

! pGIPP/PPI/CEP4
hygromycin®l 2Js}] AHE
SEE oA AAT<lEds ddae NxE 28
S 4 Ao (Fig. 7A), o] 2% ]EHHHO%W Xz
H7FEA] @& DMEM ollA] zlebAl & %= 5, 10,
mM9] glucoseS 3 DMEM O 2 n3ls] £l 2
AlZE & NEE BAA A-AFR1EH gigk RT-PCRE

Glucose (mM)
Positive

control

O Clone 3 M Clone 4

Insulin (pg/mL)
> ®

&

o

Giaill

Glucose (mM) 5

A, RT-PCR for the selection of rat—preproinsulin mRNA in four different clones. K—cells transfected with pGIPP/PPI/CEP4
(in clone 4 only) expressed preproinsulin mRNA; B, RT-PCR analysis for preproinsulin mRNA from clone 4 cells in
response to glucose. Samples were prepared either in the presence (+) or absence () of reverse transcriptase (RT); C, D,
Immunocytochemical staining for insulin expression from the co-transfected with pGIPP/GFP/CEP4 and pGIPP/PPI/CEP4.
Insulin expression showed glucose dependent manner. E, Effects of glucose on the insulin secretion from K-cells stably
transfected with the pGIPP/PPI/CEP4 (clone 4 cells) compared with the pGIPP/GFP/CEP4 (clone 3 cells). Results are means
* SD from three independent triplicate experiments in each group.

* < 0.01 vs clone 3.
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A &E Ay} T Fo w}% W o] zpolg WA - EIede ofEH dEde] a7t o|RoAe= AL #
ATt (Fig. 7B). Lol Ql&d A2 HAA|Es A4 ZE 4 Aiek (Fig. 7C-E).

< sto] Fgdn|Ae %%;6& Az} TeFEE EHO pCEP4+= oriP9} EBNA-1 5421 7B a1 Qlojs A
2 Jdgdo] ddEE RS AT 5= gl9lon, T3 o|E A-DNA H4=A] eFare o 7|3 B3t HA4R7AE
AFEE= B GFPE Wl A 08 Hol STC-1 A e 4= 9k 2 AFAES STC-191 pGIPP/GFP/CEP4

ﬂlﬂl

pGIPP/GFP/CEP4 % pGIPP/PPI/CEP4 ¥E]7} FAle] E £ EdaAdste] 47087 Al st} Bakort o

AN A K-A2ELE g1 4= i) (Fig. 70). Hsh 8] HAYFo] BE AEA LY = As %}7‘5‘ A
AR NEE S diF GAsle] T2 Avdom lem, pGIPP/PPI/CEPA7} SAlell EdaA K- Ao
gk A}, K-AlEe] A vol] Xedsi o)Esow < A AEAR] Ed s BEE 5 9o 1 (b A
adlo] aHE 2E e = Aler (Fig. 7D), o] K- 2, ok K-Al32e] A= GFP &2 dx<lad
AESNN gadgueFrion dad SREs 54 AR FAENE TheAdel Ak AA 1°ﬂ Cll
3 Ad ¥edEs ofEAoR Qladle] wH|EE A & 7FEEE Jagskar vk 53k pCEP4+= °F 10.2 Kb A5
AT = At (Fig. 7E). 2 U EA g 2 fEAke e 5 9101 A dEd
A A =mlel e f-8akA AFEE BloR Az
o A GIP= A% QladiHE fiedhe s2fos Qad
T A9] FAlel wHlEn Fsiee] we} w2 vt
A7 lEdl fdAF A5l tig o] Ag-EelA TJeER GIP frake] ZawEs dad faAel 89
I AL HEagA] B olfEE JEY fHAE X A7 sl e whgete] Qleds Lt &
AL Adslr] Y3 ARSEE WE 7} 8] kA, Ao AzZbeH wE GIP TEREE AX So]4 wH
AaEd FAAE FAAE Az dhstele dad S sl ZREER A2 Qo1 o] Ak
Azke] 7)ol #ek7] wiTol™, MR ER] A A AT STC-1 AlERAE Wt gt K-A22e] 22
b s A oR Eds Bk Ves vet 88l AHgE Ao *Mrﬂt}. £ Al A GIP Z2R
2| B37] wlEo 7 AzbEh A " & K-AEE 1) E]7} GFP &2 Ad7ead FAxte] ¥@es 243 ==
HEpA|sEol A ek H7g HebAlEet 7)ol 7 Hlseek AN S AlAtste] o) u FUEHINET STC-1
FAAZR oA A, B AP MepEe] Ay Aol EdiA Al As} K-AIE 52 faxpid
3 g7l FefshE Aom Al A AARIAFES] o] o]Fo] A= Z& T &= SISt (Fig. 5, 6). =3 K-
S K-AHlzs} WEREZANA vlal 28k A7) Nkx6.1, ngn3 A= FJ7 HE e 7FE Blsed A4S Ad ] Ui
8] Pax4 & Al9elars T AEM 7o) Ak wd HAER Qled fxt X29] oAl RAMER FE
& W 5 ol K-AErt QEd AR EE A% ol 119 1 o)z K-AlErt WEpEAT T e
ol el AAELE AAEHE AvE AUt} (Fig. 6B). © Agkaas ddap] v lad frxe 248 4
1) 31 A B G K| 2ol @o] AEEo] & ofE]un} S7F glod, HF wieErl SFa7IYolE Hhlste]
ol e WE7IRto] Zhe WP 9lo) Az ) TS 2 A7) s she AAHE,
ol Azl Al A-835p7)7F ofE Aelvk e, KA A @y SFa7vebd e ddsieol whgat
¥ A7AE0] 0143 Herpes Hlolg]2e] 21521 EBV ¥ = YA 2ol 9l AoR AR el Y )
B A Al EAlshEA $2E9] WH7|so] A 2hH, K-Al327} %”J%ﬁi GIPE &HlshH ed+

S o Hshs 5498 A vlad QIAle] o] A ) GIPE AlZ9)2 &= 7% 132 37 wiel] K-Al
B2 4 glom, ojdnlolg| 2~ HEE o] 8-S win X5 o i&o}ﬂﬂ o] mE o)Al
U} BAE= §1x1e] welv)7ke] B} 71 Aow oA ded HHE AT 5 S AoR AZHETh AF7HA
AP, AF7HA) o)Al mAMER L7 K-A|Eo)A Aad FAA MBI AL AEY FHAE AFEE
EBV-d o9& WEE o] 83l d&ad f4x AsE EQJet A7 lede] Weo] o A&HA Rk 2
1=k A= ofF] glom, o]xe] dtEo] AR Ql&d ATAES F9 QlEd RS ARSsle] $4 ATl A
S Ape] WS ER A BEE Al olgEl 4 Sos AL E Rled gAY S FH3 Bt oP*E} o}
A3 A& HdFAo] o] Fofx|x] HPd TS == 2 A5 gy A @A AN A EEo A
317] 918 2 AFAEES F] AlE GIP ZRREE9} F <] o] F71ARl wds fshy] aE 55 s
AATIEE FAAS EBV-#d ol¥F @Eo] Aklsio] Y FAAE 29)ehs Aol Bt g3HH Y Aok &3 9l
ANZEIS el o K-A| ol EdAd AN A} #d §2 Aol g wwd et dEd RS
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