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A human B-cell line for transplantation therapy
to control type 1 diabetes
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1 BIHEPRIR 0T L CRESBAEDSEH STV 575,
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insulin %§31%, Northern blot, Western blot, insulin
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1 BUBE R 13 THRE % /v L 72 B oSG 2
T, insulin % PEAT 5 beta Mg 23K & ﬂZ) Z é:
WX DAL BIHRETH LY., T2 ~30FEDM, Ik
I Y ba—v L 1 BEWERIEOBGRE L 2 D)
05 EMIFFEINT, BEBIIIERZET T2,
FF—BEORRETIRT 2 2 LIZHEETH > 7229,

AEIOWFEIE, beta ML IZAERERY I DL LA 1A
TR EE T RE 7 & b B beta MIfER B2 9 5
I L bz, Fex AL L 2w EARGE L v
H%mm%%%<NMﬂqm<m%mm%@&Lf
DOHE R glucose &M insulin 4 FEREIZEE L C, i
vitro KO in vivo |2 BV TIEH & MEER & EBRES
L7z,

75 &

AL N EE beta Mgtk 22§ 2720, Hrifr
MEE % 0 EE L BIELEE O 212, simian virus 40
large T-antigen (SV40T) FEHL baw 4 VAT ¥
— SSR#69%FEAL, NAru~xA T TE. KIZ

beta HfEER D 72 MoFlo % T Newport Green

Retrov1ral vector SSR#69

Human

Dancr

Islets

ATG

Monolayered
Islets

LTI Y 1Y

Soms, = ﬂ ﬂ e

(NG) FiEMifig % FUL L, £ @ population |2Xf L C
human telomerase reverse transcriptase (hTERT)
FHL POy A VAR & — SSR#197 % EGe & A
wAbZ R (M1). 2717 u— %21, 2095 5
severe combined immunodeficiency (SCID) mice ™~
DR TR (1 xX10° cells) (2 THBEED A S 72D
572263 7 a— v 257z, 226 LT, insulin
& Isl- 1, Pax6, Nkx6.1, Pdx-1 O%HOF Hx
reverse transcription-polymerase chain reaction (RT
-PCR) ICTHEIL7-& 2 A, £ COIERT & insulin
ZHRBLTWLDIE, ME—27 00— #1572 THY
NAKT-15#8 & 2445 1F 72, NAKT-154018 7% & DA
{LBEIZ T O£, Cre BEEZHT 7/ 7 A VAR
¥ —OERGRIZ, GAIBEF & T 7 u e VL L
MoFlo % HJ \» 7z enhanced green fluorescent protein

(EGFP) WMo B TITR > 7. 2O
NAKT-15g % v CHGET 2 930 7.

NAKT-15/g, 15)F NAKT-15#1g, I e MES
(2R L C, insulin & O beta MIAZIZ4FELAY 70 in 5 (K]
¥ (Isl-1, Pax6, Nkx6.1, Pdx-1, prohormone
convertase (PC)1/3, PC2), M U4k & A

(chromogranin A, synaptophysin) OZEBlOF %,

Retrov1ra1 vector SSR#197
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1 WHEARSE e N E g Millakk (NAKT-15) #7o «
e NS A0 EE L BB LRI
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, Lhaw AV ANRY % — SSR#69 (SV40T % code) %3 A. Newport Green Bl %
Lhay A VAT % — SSR#197 (hTERT % code) %3 A. EGFP Fpfiifie% single cell cloning 35 2 & Tk

NAKT-15 cells

Reverted
~e» NAKT-15 cells

ft. A¥AL#E T (SV40T, hTERT) o)y HiLiE, Cre Iz f¥ %% code L7=7 7/ 7 A VANRT ¥ — AxCANCre x H\» %
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1 BUREPRIGEE I 72 e MR B ATIRR OB SL | B, 194

mRNA FHIZB L CTid Northern blot %, &HFHIC
B L Cld Western blot %17 - 7z. Mg O TLREFHIMES
(ZB8 LTI, insulin/Pdx- 1 %440 X 0" insulin %%
EHIZ TGRS L 72, insulin 27 RBIC B L T, glucose
K OJE glucose 4 insulin 2R AEY) B3 T 50
PERMRET L7z, In vivo \ZBE LTI, 5% NAKT-15
%, streptozotocin (STZ) "CIEFKIFHE N | ZHE IR IR 12
L 7z SCID mice (284l (3 x10° cells) 975 2 & TR
TERN AR 2 M L7z,

fa S

5% NAKT-15#g12 B % Isl- 1, Pax6, Nkx6.1,
Pdx-1 ® %3l %, Northern blot, Western blot (2T
MEl L7-& 25, AFBfk NAKT-15M0 & ) 1358 < 5
BLLCTWwWzs, IEFe MER LIRS E5BLIEE -
72 (K 2). 18)% NAKT-15f2 128\ C, prohormone
convertase (PC)1/3, PC2 X 4w HA & H @

chromogranin A, Synaptophysin O3 AFED 572
A5, FEbetafl fo Kk Vv E » T H 5 glucagon X
somatostatin DFEHIIFED LN o7 (K2). 8
NAKT-15#f2 (2% 3 % insulin Z3#AikBRIZEE LT3,
glucose J& & 14 12 insulin 43 W A3 52 % 5 11, insulin
content, C-peptide content d 1% b MEE D#140%
DEHPFED HNT Wz (M3). )i NAKT-15#8 %
Matrigel FTH:# 3 5 & aggregation T3 4. #ilfa
B @ insulin & BN O Pdx- 1 % FE g1 THERR

% &, aggregation (ZP£ - T insulin 38HAHH < 7o T
Wh (K4 a-f). FREEHICT, insulin BlED
SrUERIDSHERR S s (M4 g- ).

)% NAKT-15Ma D EE % in vivo |2 CTEH$ 5
7202, FERIFHEMRE R~ 7 ABHIE T ISR L C
R HERE L 72, 157 NAKT-15/af i~ 7 A T,
2 A DA B DS IE R AL L, DL#230:8 & CTHAE LI
PED IEW LNV AMFFCE 2, —T, BiishCnik

| RT-PCR analysis | |

Northern-blot analysis ’

Western-blot analysis ‘

Isl-1

Pax6

Nkx6.1
Pdx-1
Insulin

Spl

Reverted NAKT-15;
NAKT-15 cells after Cre/loxP
recombination

GAPDH

28S
Normal Human Islets; 185

positive control

TMNK-1;

immortalized human liver endothelial
cell lines twith SSR#69 and SSR#197
(negative control)

M2 NAKT-1518 05 F RIS

Glucagon
Somatostatin
PC1/3

PC2
Chromogranin A
Synaptophysin

B-actin

(a)RT-PCR (30 cycles) : NAKT-15#/1d & 185 NAKT- 15/ > SV40T e 0N hTERT @ ¥ iti. (b )Northern blot analysis :
insulin }% UMz 5 A1 (Isl-1, Pax6, Nkx6.1 and Pdx-1) ® mRNA L~V O# . Human islets and TMNK-1 cells served as a positive
and negative control, respectively. (c )Western blot analysis : insulin & Oz 5K (Isl-1, Pax6, Nkx6.1 and Pdx-1) ®&EHL X
VO, Human islets and TMNK-1 cells served as a positive and negative control, respectively.
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W ZZ10BALIAICeBIsETE L7 (K5 a, b). 8 Pdx- 1 ® 38l %, Northern blot, Western blot (T

i NAKT-15MIfaR M~ A0 6 757 + 2 fh$ 5 BEt L7282 A, invitro TOHSH NAKT-1582 &
&, HRLPICEIMAECE LA, 20 LIRS DIZERCFEI L Cn/zhs, IEFEe MESE RS &5
MEEEZ > b — L L TWZ & ZRT. 57 NAKT H1359%° > 72 (data not shown). #4l NAKT-15/Hk2
-15ffa A~ 7 A o IEE R 7T A M2TH, ML I23B1F 5 insulin content, C-peptide content b #Hf &
XIEHR /Y% — > %R L7z (data not shown). & MEE N7ZIEE e MEEORI60%6 D@D D bt T\nwiz, B
B 7 insulin & C-peptide DIEF v b ZH VT, i~ ADE - BEOFM A RIEGI THRET 5 &,

i~ 7 Z DS insulin/C-peptide # & L7-& 2 BT OFBARIEL insulin BEETH Y, <7 A0
A, & SIS EVED W SRR S 1172 (data not BB X insulin FEMETH o7 (M6 a-j). 7z, &
shown). BB T, insulin FPEO 5 RFERDSHERE S L7z (X

BT 26777 MERRBULL, B S 717)F 6k, 1).

NAKT-15#a (74 NAKT-1541) O % #at L
72 B NAKT-15M112 51+ 5 Isl- 1, Pax6, Nkx6.1,

reverted NAKT-15 iz B17 % reverted NAKT-15 fifigic BT %
T3 — ABENEA ¥ R 25 4 A Y& L Cpeptide @A
15 ¢ 10 ¢
= 300 . Normal =
‘© Human Islets - So 7.5
S 600 5% 10 | s
g Reverted =35 S
o0 NAKT-15 S & 0 & g5
5 o0 5¥ e
= 3% 5 —= 2%
S g LE 2.5 |
5 200 ~ &)
Z
0 0 : 0 :
0 5 10 15 20 25 30 Reverted ~ Normal Reverted  Normal
Glucose (mM) NAKT-15 Human Islets NAKT-15 Human Islets

3 Reverted NAKT-1588IZ BT 54 » A1) V43, A A V&4 [ U C-peptide &4
Reverted NAKT-15Mfgl%, 7V a—RABEEICA Y A Y &GWT 5. T2, 4 VA Y EHF=NLD Cpeptide H =1L, EHE
MEBIZHARTH 4 HIRRETH - 7.

4 Reverted NAKT-155la D EES- B 5

(a,b,c)hr A 2 BE M 8% 1% (mono-layer cultures of reverted NAKT-15 cells after 3h) (a), 24h (b) or48h (¢ ) culture on
Matrigel. (d,e, f)4 ¥ A" Y4 (red ; cytoplasm) & Pdx- 1 ¥¢fs (green ; nucleus) at 3h (d), 24h (e), and48h (f).
Aggregation formation (b, ¢ ) enhanced the production of insulin (e, f) in the reverted cells. Original magnification 200. &7
SH A 2 A RS, reverted NAKT-15 cells (g, h) and human islets (i, j). Bars: (g, i)300nm, (h, j)200nm.

5 BERIE~ T AZxI$ 4 Reverted NAKT-15Mf8 DR HE %) 5F

(a, b) 3R FEMAERIF~ 7 A (SCID mouse) DEFHIE T2 Reverted NAKT-15/08 % B4 L, MUl 2 M52, (a) MAEM, (b)
AETRERAR. BARR30E H IR (B R) % fH.

Diabetic mice, diabetic SCID mice ; Diabetic mice+reverted NAKT-15, diabetic SCID mice transplanted with reverted NAKT-15
cells ; Diabetic mice +normal human islet, diabetic SCID mice transplanted with normal human islets (2,000 islets) ; Normal mice,
normal SCID mice, »=10/group. *P<0.05 by ANOVA (a) or Mann-Whitney U test (b ). Vertical bars show the s.d.

6 BAE~7 ZIZBIFLERET - B - oM s

(a-d)HE 4¢ff © reverted NAKT-15M18 % & OB (a), BE(b, c), ROHF(d). (e-j )BHEETOA > A1) » g (red)
(e), B(f,g), ROW(h)DA » 2 »fEgett (red). (1, )BT VI T34 (green). EHET O Reverted NAKT-15
MTEZ A v 2 Y EETH DD, BEEIFIZBWTA ¥ A YIEEEMIZIZFED 5113, Pancreatic sections from normal mice stained
with insulin (g) or glucagon ( j ). Original magnification : 100 (a,e,d,h) ;200 (b,c,f,h-j). (k,1)4 ¥R U REEH
2T transplanted NAKT-15ffg o> £ > A1) > 4 hiass 2 i, Bars © (e, h)100m, (k)300nm, (1)200nm, (f,g,i,j)20m.
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1 BURERFRIGE MU 72 e D EE B OB AL BB, 1194

Aggregetion on Reverted Normal
Monokeyer Matrigel Matrix NAKT-15 cells Human Islets

Green; Pdx-1, Red; insulin

4  Reverted NAKT-15f i DI RES- AT

Diabetic mice (n=10)

Diabetic mice
+reverted NAKT-15 (n=10)
Diabetic mice
“+normal human islet (n=10)

Normal mice (n=10)

200

Blood Glucose (mg/dl)
w
[
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—
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202 4 6 810121416182022 24 2628 303234 36 38

Weeks after Transplantation

*P<0.05 by ANOVA,
Diabetic mice v.s. Diabetic mice + NAKT-15

| [ S SR T S T S S S S T S -

(=)
[ole]

—— Diabetic mice (n=10)
Diabetic mice
+Reverted NAKT-15 (n=10)

Diabetic mice
+normal human islet (n=10)

Survival Ratio
[
D

(==}
o~

(=)
[N}

0
024 6 81012141618 20 22 24 26 28 30 32 34 36

Weeks after Transplantation
*P<0.05 by Mann-Whitney U test,
Diabetic mice v.s. Diabetic mice +NAKT-15

M5 BERIFE~ Y A2 4 5 Reverted NAKT- 15515 o #4 4l
IS K6 Fhi~y A8 ABHET - B - IFoMEFEsET

Red; insulin, Green; glucagon
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EHe MEBICHEIEEMICZILE T 5 P HkO K
beta MFIAROE 1L, BEBMEIZBIT S FF—EOA
RBEWRTE2 1200k %EE%RD ) 5. JE beta flifg X
WEHE L 7272, 2 E T2 B beta Mg 2 B3
AMATENTE, LeLad's, HiEL ) e
FREEMERE & V) I A2 W2 CE 2 AFIE I E T2
otz ek, ToOREE, HE{LEEY L Cre/
loxP ¥ A7 &% w7 RIEAL&EE T (SV40T,
hTERT) O#EAY % HWTrifk L, w#tEARsE ke b
J# beta ffkk (NAKT-15) %37 L 7.

NAKT-15M8 2 5 A AL EEF 2 bRz $ 2 2 &
T, glucose I0&1E insulin 7sbkRElE M B L, EHIHE
IS BT S FERBHNIAERE S L7, In vivo DIRETIZE
WT b, HERIE~Y 7 ANOFREIZ T, FERRIC3058 [ IE
W HE CHEAFTTRE T H - 72,

NAKT-15a o fE 51 B 2 &Iz s LT 5
&, TR OGS TSN 2 K72 v 2 & D3RR
SNTWEAS, & 512 NAKT-15f8 2 & DAL L&
ZFBRICIEZ, GUASME - I ¥ 7 1o U )V ALEE -
EGFP-negative cells sorting /LEL & 3 DD E L&t %
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