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Inducible Nitric Oxide Synthase (iNOS) Expression in the Hypoxic Injury to Pancreatic Beta (MIN6) Cells

Seung-Hyun Ko, Seung-Bum Kim, Kyung-Ryul Ryu, Ji-Won Kim, Yu-Bai Ahn, Sung-Dae Moon,
Sung-Rae Kim, Jung—-Min Lee, Hyuk-Snag Kwon, Kun-Ho Yoon, Ki-Ho Song

Division of Endocrinology and Metabolism, Department of Internal Medicine, The Catholic University of Korea

- Abstract -

Background: Islet tfransplantation is an alternative potential strategy to cure type 1
diabetes mellitus. However, two or more donors are usually needed for one recipient
because a substantial part of the graft becomes nonfunctional due to several factors
including hypoxia. Though hypoxic exposure of pancreatic beta cells has been reported
to induce apoptotic cell death, the molecular processes involved in hypoxia-induced cell
death are poorly understood. In type | diabetes, Nitric Oxide (NO) is known as an
important cytokine, involved in the pathogenesis of beta cell dysfunction. Pancreatic beta
cells are sensitive to the induction of inducible nitric oxide synthase (iNOS) when stimulated
by TNF-a or IL-18 But contribution of iINOS in response to hypoxia is not yet fully
understood.

Methods: Mouse insulinoma cells (MIN6) were incubated in an anaerobic chamber (75%
N2/15% CO2/5% Hy) for up to 12 hours. Cell viability was measured affer AO/PI staining.
Caspase-3 activation was also determined using Western blot analysis. Nitric Oxide (NO)
release intfo culture medium was measured using a Griess reagent. The expression of INOS
and PDX-T mRNA and iNOS protein was examined using real time PCR and Western blot
analysis.

Results: Marked cell death was observed within 6 hours after hypoxic exposure of MIN6
cells (control, < 8%; 2 hr, 11.0 = 7.6%; 6 hr, 462 + 12.8%, P < 0.05). Immunoreactivity to
activated caspase-3 was observed at 2, 4 and 6 hrs. NO production was increased in a
time dependent manner. Expression of INOS mRNA and protein was significantly increased
at 4 and 6 hour affer hypoxia. iINOS expression was confirmed by immunostaining. Of note,
Pdx-T mRNA expression was markedly attenuated by hypoxic treatment. Pretreatment with
a selective INOS inhibitor, 1400 W, significantly prevented beta cell death induced by
hypoxic injury.

Conclusion: Our data suggest that INOS-NO play an important role in hypoxic injury to
MINé cells. Therefore, iINOS-NO might be a potential therapeutic target for improving
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engraffment of the ftransplanted islets and suppression of INOS would be helpful for
prevention of beta cells damage to hypoxic injury. (J Kor Diabetes Assoc 30:336~346, 2006)

Key Words: Caspase-3, Cell death, Diabetes mellitus, Hypoxia, Inducible nitric oxide

synthase (iINOS), Islet fransplantation
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Rem ofof] whE g BadAl F4 e v
o g Qg AptER ofdl wlzElsle] Frlslar vk
gt ddzAdnte] o|2gk HFE oM = glon),
A FEEl sl A A G 2] 40%
Foll mix|A] Fekel), webA dere] dad sl
FA T ALY EH]] AP Ha glew,
wpebA] s SEXsr] S13F H71AQ) X gl e
3 9k "AAEAE AR T el e] dare] 2kX]
= 918 o=l X & Hho|tp. el weRE 715 A
o] Fa3t wijle] =& AR o] Z-FollA . wiERA
Z Ao 50% A% FawER, WERIE BExas 2}
7S] 71l of3f wleba| ot shajEle AllE 2y 9
ol A% SHRAGALE A 52 tade] B & Qo
HIERAES] B3 A e Hls oileR ylesich

Edmonton protocole| ¥HEE o]%F H|EolA]e] A%o] &
A =G o], Fof HEY B, oA ARRES, WY
A L] ARE- G0l AFHRI oAl glofA] sAEofof &
AR ol glovf, AEs Bl 9 olshs Aol
Gireae] Ao gk A4k 43 IL-1b, TNF-a,
IFN-r, QA4 (nitric oxide, NO) 52| tjekl A=A
cytokine ol 2J3t = EFo] HkolAle] A} A o]
Al Aol F oJgFE v, ofg] 9354 cytokine T
NO+ ¥BI7t & A% fel7]1&4 L-arginineollA]
Lcitrulline &2 ABSke= ZpAollA] A7 didsbda o
A& 4 (Nitric Oxide Synthase, NOS)oll 2Jal] A=},
37FA] &elle] NOS % inducible NOS (iNOS)+= cytokine,
ABLAEg gl o154 HEgoll o3l fitEle] NOE A4t
=t NO + Al1E 23 9] wWRldl] glojA a3t o3
S 3= Aoz g#A Ut INOSE IL-1, IFN-r9};
TNF-a 59| %] Jo| Fu} Aol Hleelld f-=%, NO
= Q) S 2EAPI MEHE AE o]
I, wERZE 715-2] Askel cytokine ol I3t HERA]
29| glel] QJojA] NO 7} 83t g slar 5= Al
Agiet.

oz AT Ak Aol F HAe ul AE
o] wkga) Aol Besh Rl §AAEo] AARIAES)

b 2

[«

> 2 1o

FAo] =} a2 F E3] Hypoxia-inducible factor-1
(HIF-1) 2 #AAH4& Aeflol] disle] d=de] AlEe] w55
E3he TR Q%S sk, HIF-12 w2
2gk A9k Aol AlEolE EAg”. HIF-1 o F5
A RS oluiA oAl A 4, E3 A4, A2
A} AE 5 2Ea|zo] gk F-goll Helo] ),
o] % iNOS X HIF-1 ol 2JejA] f=sicH?.

A=TE ARk el =E=o] o] %t £4E e
7390l cytokine T+ FHH HAFA ubgo] PHE Zloz
8=, AP wERAIZA A4k £33 NO 2 iNOS
Zho] FAl] vt A= oFF Wol deA A gk wEt
Al olefdt A4tE F3to] HlwolA] 2 Foll Held A=
of| Al kA ol ik V1S vl 24 RIS W
= g HleolA ARS AT A% At 7
Ao A7t ofof] WERAIET I AitA 48 ksl
o A= AFdE F=8l9E vl NO 2 iNOS <] el
slo] A7-slgic.

e oAz o

=

CHAF 21 Hp
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1. M2k HHQF (Culture in the Anoxic Chamber)

MIN6 AZE 12 well plateol] well B 5 x 10° cells®
319107 10% FBS= AW DMEMeHFH (10% FBS,
penicillin G 100 U/mL, streptomycin 100 mg/mL)2.&
CO, 7] (95% air/5% COy)ollA wlFslgict. A7}
80% A% A FBS7F gl wHAZ Allslo] 16417 7
5 uleksigict. o] & AdlzAell whah AP R kA vl
o¥7] (75% N2/15% CO/5% H,, ThermoForma 1025
Anaerobic system, Waltham, MA)ol|4] uljokslo gx] =4
& AAE sisick B mid=Ale dizre® s9la, 7
Ak gzl A 22t 2, 4, 6, 12 AI7RERE wieksiSich

A4 Aol A Aol thgk NO 9| deke B7] 913l
iNOS (inducible nitric oxide synthase)e] So| JAAQ]
1400W (N-(3-(amino-methyl)benzyl)acetamidine, 100 uM/L,
Sigma Chemical Co., St Louis, MO)<} nitric oxide donor
¢l DETA-NO (Diethylenetriamine/nitric oxide adduct, 500
uM, Sigma)E At 2710014 uljekslr] Aol Hx]x|stod
AEZ Wsigich

- 337 -



- S=E M30A M52, 2006 —

2. M= MEE (Cell viability)

T wljek 27104 wERAEe] AEES 2R $
slo] FARA %|X] & Acridine orange (AO)/ Propidium
iodide (PI) 342 Aledsto] Aw|7ellA] adslgict. AlE
LS XA wlEbAIE ol thate] PI A Al =2
H|Z AXFsIIch (A& = [(P1 A4 Al ) | (AA] Al
2 )] x 100).

3. ZlAF MM (Nitrite production in culture media)

g MING AIEE -3ka wlel7]ellA] AP ulek
slo] kA Al 3 wiA] AEHE Al nitric oxide
(NO) EEE 74313}l NO+= Griess reagentt= o]8-3}
o] Z7319 3L (Promega, Madison, WI), %4 tlz702
IL-1b (10 ng/mL, Pierce, Rockford, IL)& HlX]el] Z*]%]
siglom, B e 33] w34 slsick

4. Reverse Transcription and Quantitative
Polymerase Chain Reaction (RT-PCR)

% RNAE 2710l A w3l wlebAIEollA] Trizol &
o} (Gibco BRL, Grand Island, NY) & o]-&3}o] 223
% RNAE A7]|d5o & #l ¥ spectrophotometer & ©]
B3lo] Aeksldrk F RNA (2 ng)E ©]831 first-strand
cDNAE g4}t (SuperScript Preamplification system,
Gibco BRL, Grand Island, NY). & RNAE 0.5 g oligo
(dT)12-18 primer®} 85°CoNA] 3EZF HRSAI7] 2 5 x first
strand buffer (250 mM Tris-HCI, 375 mM KCI, 15 mM
MgCl, Z3h, 10 mM DTT (dithiothreitol), 0.5 mM DNTP
(deoxynucleotide phosphate)$} ¥ 20 UL =% HHSA1Z)
vl WHAEE cyclophillin gene¥t H|slIIL Primer:=
22 sttt

(iNOS, sense 5’-CACCTTGGAGTTCACCCAGT-3’,
antisense 5’-ACCACTCGTACTTGGGATGC-3’; PDX-1,
sense 5’-GAAATCCACCAAAGCTCACG-3’, antisense
5’-TTCAACATCACTGCCAGCTC-3’; Insulin, sense
5’-GACCAGCTATAATCAGAGACC-3’, antisense
5’-AGTTGCAGTAGTTCTCCAGCTG-3’; Cyclophillin,
sense 5’-GTCTCCTTCGAGCTGTTTGC-3’, antisense
5’-GATGCCAGGACCTGTATGCT-3").

PCR =7< theat 7tk 95T 108 71, ZZ 30
cycles, 94T 14, 58T 18, 72T 1&, 72T 10& PCR
producte= 1.5% agarose A H7|dFoz Felsly,
ethidium bromide o2 F2EZ % densitometer VDS

(Pharmacia Biotech, Uppsala, Sweden) & Z43slick

5. Real-time PCR

% RNA H2]3= PicoPure RNA isolation kit$} RiboAmp
HS RNA amplification kit (Invitrogen, Carlsbad, CA)S- |
S3lo] AJe¥s}Sar, cDNAE & RNA (2 pg)Z} superscript
I RT (Invitrogen, Carlsbad, CA)S o]-8slod gHAdslich
Primer= RT-PCR¥} Y A& A&319ick

PCR- cDNA template 2 pL, Z+ primer 10 pM, CYBR
Green Supermix (Bio-Rad, Hercules, CA)S ¥ 20 L% %
£ HRSAIZTE PCR  product= MyiQ Single-Color
Real-Time PCR Detection System (Bio-Rad)2.2 733
31, cycle threshold (Ct) 7%k& AR83}o] GAPDH geneoll tH
& el e Teisich

6. Western blot analysis

ZF AZPa R A Heldt 3 AIEE Al 1 mL &
3l 2k3=o8 (150 mM NaCl, 50 mM Tris-HCI [pH 7.4], 2
mM EDTA, 1% NP-40, 10 mM NaF, 1 mM Na3;VO,, 10
mM sodium pyrophosphate, 1 mM PMSF, 10 mg/mL
aprotinin, 10 mg/mL leupeptin, 0.1 mg/mL soybean
inhibitor) &2 §3A1Zch. §31E AIES 15,000 rpmeilA]
57k QAgelelel AENE sl BSAE £F A2
2 Agsle] 7ol whilAS Bradford®] o2 A #slSick
AL [ aemmli sample buffer (0.625 M Tris-HCI, pH
6.8, 5% [-mercaptoethanol, 2% SDS)ZE o] 10% SDS
-PAGEE AA8E tvhs, A& 045 um  hydrophobic
polyvinylidene difluoride =} (Hybond-P, Amersham
Pharmacia)®l] Fo]AZcl. PVDFE= 5% BAE-75 73t
Tris buffered saline (TBS; 20 mM Tris/HCI, 137 mM
NaCl, pH 7.6)2.% 1A17F 52t X5kA)7] ©}8, anti-INOS
mouse monoclonal 44| (1:500, BD transduction Lab, San
Jose, CA)9} anti-caspase-3 mouse monoclonal | (1:
500, Cell Signaling Technology, Danver, MA)ol] o] <k
2A7E 2ol A sl 3 TBSE 23] APXslgiet. 1 o]
HRP-conjugated anti-rabbit¥} anti-mouse ©]X} kx| £
(Amersham-Pharmacia Co., Buckinghamshire, England, 3]
AElE 1:1,0000 2% 1417F E1}F g2llA viiekeigion, 4
719} 5L3A THA] A8 & ECL (Amersham Pharmacia
Biotech, Buckinghamshire, England)& A-8s}o] A7
o} kA Wl 7%= VSD densitometer (Amersham

Pharmacia Biotech)S AR83lo] ZAslic)

O AH

7 l:Icl|1 ==

o =

0gk
e

7k A& z710)] wE} MING cellol] A4k4A X2] 3 uljokl
S AA%E 5 2 mL methanol: acetone &Y (1:1, v/v)2&
2074 2087F AR PBSE AHE & Fol HlS
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o] ZAgrs =] $Jsle] 10% anti-goat serum (Zymed

Laboratories, San Francisco, CA) & AR2ol|4] 2087} vt
A7 LxHES- go89l anti-iINOS rabbit polyclonal 3+
A (1:500, BD transduction Lab), PDX-1 4] (Kaneto
Hideyaki, Osaka University, Japan)2.Z %Al 4CellA] 16
AlZE BESAIZCE PBSE 3 AKRE $oll o] XREAIQ)
Rabbit Texas red (Jackson Immnuoresearch Laboratories,
West Grove, PA, 1:100) anti Guinea Pig FITC

(Jackson Immnuoresearch Laboratories)Z -2oll4] 205

L=
e

ZF HRAIAE f19F FYsAl AsE $oll DAPIL (4°,6°
-diamidino-2-phenylindole, Vector Laboratories, Inc.,
Burlingame, CA)Z iz <Jdsle] Fxd  dnAy

(Confocal microscopy, Bio-Rad)2.2 ZH&s1ic)
8. 8AH &#H

15).0
Ay

33] o]} WHEsIGia APAI= T +
EFHA (mean + SD)E EAIAE EARR] fo4 A
A€ one way ANOVA 4

L3l 0o EAZE T3-S SAS version 8.01S ARSI
I, A P < 0052 stk

unpaired Student’s t testS ©]

120
100
80
60

pO2 (mmHg)

MING MIZZOf|/| TY{QER 22N Inducible Nitric Oxide Synthase (iNOS)2|

Cell death (%)

Time (hr)

24

2 1

1. MZE MES

A4 wllelr]ollA] AAE MING celloll AAHE £40]
=R ERIs] flste] ik ik = AIE ekl
WellA] Aaieks FA8Ick 1 Aa T4k AelollA
BRI AkA Bk 2X17F Y] 20 mmHg AE7FA] 2H4E]9
om, o|¥ 2wl R FAE (Fig. 1A). #HA] W
Al AESlE d3Fe e, A
=4 % Acridine orange (AO, 5499} Propidium
iodide (PI, "k7H4) Ao Al AEES 3743 A,
MIN6 A|ZEof|A FARA wljekstA] 2A)7F (11.0 = 7.6%), 6
AI7F (462 £ 12.8%) B 12417l (90.0 + 8.2%) 34k
2= wliF 27 (< 5%)°ll nlste] 2] A7kt wesiA $A]
SHA| A7t AElE A I 5 d9ddl (P < 0.05,

Fig. 1B, Q).

2. Nitrite production

2= 210
1_0]—‘5~

uljoFgk MING cellol] AAkA = 3wkl s A
o] nitric oxide (NO) EE5 4 ch. MING cell <

DNA <ko 2 HA3Y 31 Griess reagents o|-g3lo] 34

120 ¢ .
100
80
60
40
20

Oh 2h 6h 12h

Fig. 1. (A) Under hypoxic condition, oxygen concentration in culture media dropped to 20 mmHg within 2 hr.
(B) AO/PI staining of the MING6 cells showed remarkable cell death in time dependent manner. Six hours after
anaerobic culture, cell death rate of MIN6 cells was more than 50%. (C) Effect of hypoxia on cell viability in
cultured MIN6 cells using AO (Acridine orange, green) and PI (Propidium iodide, red) stain. Compared to
normoxic condition, prominent cell death was demonstrated under anoxic culture for 2 and 6 h (a, normoxic
condition; b, 2 hrs after anaerobic culture; ¢, 6 hrs after anaerobic culture. x 200).

* P < 0.05 vs. normoxic culture condition.
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gk A3} Ak elollA AzE 73l vlelsto] uioked i
NO =7} 9u|Al S7k=liet (P < 0.05) (Fig. 2).

3. iNOS 2t PDX-1 mRNA &

MING6 cellel] =44 Heldie @] iNOS$ PDX-1
mRNA wh&le] w3lE zARISt} (Fig. 3). T4k w97
of] ujek A] 247+ 3HE] iINOS mRNA HFo] Z7lE|gle
w, 6AI77EA A7kt wlelsle] S7RES} (fold change
compared to normoxic culture; 2 hr, 3.4 + 0.2 vs. 4 hr,
5.6 + 2.6 vs. 6 hr, 11.0 = 2.1, P < 0.05. Fig 3B). 1=t}
PDX-1 mRNA 82 A4k &4 A ARk S7ksliAl

o
>
d

o
w

o
=

Nitrite (uM)/DNA (ug)
o

N 52, 2006 —

wdo] HAs] 7hiwlE RS H3, Realtime PCRE
AzF A 2217 50% A= 24k (Fig. 30). ¥
insulin mRNA 22 6X17F Xx] &<t <w|gle Wsk}
A eEokek

4. Western blot &4

Z #|g] ¥ Western blot®] S & iNOS whiZe]

s WEsoick AL 3 2A7RIRE INOS thEAl
Wo] ksl on, 4X7lE A ATl wisl] W
o] SJu|gAl B F7k=]ct (Fig. 4A). AA] iNOSel| 5ot
AAAI]] 1400 WE XX sl wiis, 3HA] ek wlii

R
4
{0 n

[

2 ] 12

Time (hr)

Fig. 2. Hypoxia-induced nitric oxide (NO) production, measured

by accumulated nitrite concentration in culture medium. Hypoxia

increased nitrite concentration in culture media in time-dependent

manner in MING6 cells. Nitrite production was measured using the

Griess reagent method in the culture medium.

* P < 0.05 vs. in normoxic culture.

Oh
A
iNOS
Insulin
Pdx-1
cyclophillin
B
14 -
*
12 -
g_or
S5
28
2§ 9
G *
30
= *
-
| .
o ; :
Oh 2h 4h 6h
Time (hrs)

ssion
2
®

Relative expre:
(Fold change)
=) o
IS -3

o
[

0

2h 4h 6h
Time (hrs)

Fig. 3. Changes of the iNOS and PDX-1 mRNA expressions in response to hypoxic injury in MING6 cells (A).
Hypoxia increased iNOS mRNA expression (B) in the cultured MING6 cells after 2 hrs. However, PDX-1
mRNA expression (C) was significantly decreased when they had been exposed to prolonged hypoxia.
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Inactive caspase-3

Active caspase-3 (19kD)

p-actin

Relative expression
(fold increase)

2] 10Q!: MIN6 N|ZZOj|| TY{QE 2N Inducible Nitric Oxide Synthase (iNOS)Q| &{ —

1400 W
A
0 2h 4h 2h 4 hr
iNOS (130kD) —— e —
* *ok
B I
14 7
+
12 +
[=
210 | * f
g
a 8
s
o 6
=
R
k4
o
2
0 ] ]
0 2h 4h 2h 4h
1400W - - + - +

Fig. 4. Hypoxia induced the iNOS protein expression (130 kd) in MIN6
cells. The iNOS protein expression was detected at 2 h of hypoxic treatment
and peaked at 4 h (A). But specific iNOS inhibitor (1400 W) pretreatment
effectively attenuated the iNOS expression after hypoxic injury (B).

* P < 0.05 vs. normoxic culture.

** P < 0.05 vs. hypoxic treatment for 4 hrs without 1400 W.

Oh 2h 4h 6h

0

Active caspase-3

Fig. 5. Caspase-3 activity was significantly increased in

response to hypoxic injury in MIN6 cells.
* P < 0.05 vs. normoxic culture.

Deta-NO (uM)

0 100 250 500
roc ) [

cyclophilin

Relative expression
({fold increase)

0.0- o

0 100 250 500 Deta-NO (uM)

Fig. 6. DETA-NO (NO donor) treatment in MING6 cells. 12 hrs
After DETA-NO treatment in normoxic condition, PDX-1
mRNA expression was significantly decreased in dose-dependent
manner without hypoxic injury.

* P < 0.05 vs. normoxic culture.
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Control

Fig. 7. iNOS and PDX-1 immunostaining after hypoxic culture in MING6 cells. Compared to
normixic culture condition (A), red-colored iNOS staining was remarkably increased after 4
hrs of hypoxic treatment (B). PDX-1 immunostaining (green) in the MING6 cells showed that
PDX-1 expression was significantly decreased after 4 hrs of hypoxic treatment (D),

compared to normoxic cultured cells (C). Nuclear staining of PDX-1 was rarely seen at 4
hrs. Blue color; DAPI staining. A, B; x 400, C, D; x 1000.

Cell death (%)
N O = T MUY JU R SU N S
on [—J ) [—J ) = on [— S,

'

Oh 2h 2h 6h 6h
1400W - - + . +

Fig. 8. This is cell viability using staining after 1400W
treatment. Cell death rate at 2 and 6 hrs after hypoxic injury
was significantly increased. But 1400W (specific iNOS
inhibitor) pretreatment significantly decreased PI staining area
at 2 and 6 hrs. 1400W pretreatment significantly attenuated
the cell death rate.

o A& AF Al INOS el SlulglAl 7RI}

(relative protein expression compared to normoxic culture,

4 hrs of hypoxic culture vs. 1400 W pretreatment; 13.0
0.5 vs. 104 £ 1.36, P < 0.05) (Fig. 4B).

As £ SRERAZL WS BT Slele]
caspase-35 ¥ Z3}, caspase-3 activity= T3k uljof7|ol|
A wljdsER] 2X|7IEE] AQAAtA ulek A Hx) cleaved
forme] Ehil whalo] SJulgll Ztelia 41kl T
S7HEIAE 64174 ZEaEIQl} (Fig. 5A, B).

53k NO 5529 <53 7 PDX-12] o] Zhaw|g)
oxz, NOol it PDX-1 o] AH2 WelE 1]
2Jslod NO Fo1E2¢] DETA-NOES A4 A& Aol
12A17F Z2F A4%] slo] PDX-1 mRNAQ] W3S 43}
ek AxkA 24=Fe] gle AElellA] DETA-NOE AA%]
g 73-%- PDX-1 mRNA W&o] F=9} nlelsle] i)
R e B 5 A (Fig. 6.

5. 0iod %AH

| =

MING cellS FAk4 uljekr]ollA] 4417} wljeket 3 iNOS
FAZ HAGAE Algeigilet 4A17E A4 A2 3 B
thas wljek Alof] mlste] (Fig. 7A) A4 W} iNOS £hal
o] dAsAl S7F=EIe (Fig. 7B). Wbl PDX-1 4

>
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Al Ak He] & #lellxle] PDX-1 sdAljo] dfsiAl H4
Fof, B Ak ek Aloll vlsle] (Fig. 7C) 4417k #] A]
#of|x]e] PDX-1 W2 79| A=A fSket (Fig. 7D).

6. iINOS MMl TXX| £ MZE WES

A Abdol] thgh iNOSe] H3hE B’Isly| f1sled miok
gk MING cellol] 1400 WE A4 S8 7] o] vl
Bof] HXXE slatA] 24178} 6417 B 44 wielr]
oll A wieksiict. AAXNE AlfslA] gk w3t vl
{13l AO/PI AME AleBslo] AIE AEES F3iick 1
A3} Aika £ A Azl vlesle] F7kE]dR AlE AL
o] 1400 W ZX%] Fof] oJu|QlA] ZHA=|90T} (cell death
rate; 6 h vs. 6 h +1400 W, 37.1 £ 8.9 vs. 21.8 + 74 %,
P < 0.05) (Fig. 8).

]

a

B dFolld= WEMZE AitL ASE 78T S
HEMAE APdy} 3] o} £ EA|2T) whAE]9l o, o3t
7)#e]] inducible nitric oxide synthase (iNOS)7} %93
s ke e et

Al FH o g Zrkshes BarskAte] ot |, A2
+ Bt AES] Aol Bk | solvke 7
A TS fHE FAE By, 7188 X8
olefof] g ol H oz AXT = = FIFQI W
o] 97=ck A7 71Hel o3l welZI} Aei¥ oz
=l E AlE Bare] 79 wERIEZS] X|3E (Beta
cell replacement therapy)e| -3t 2kx] WhHo|w, #H|%o]
Aol WlEAR WHlole), 1} A2 Tl AgolE,
g uhy A ofu] WERIEL] Heko] 50% H= T4
Ho} glomz A% o]Al&o] £ Uigte] & 4 P
FAAEAE HAlEolAle] FarE X3 4 e oA
WhlolekaL EIhE, Bof TS R, WA 1
welelAe] ALE 5 S8} 2 EAVE ollek
o RS Belehn o) Afete 3 ol Al A
A 49 Aehee v B3 AR ok
ARl AL Zsl] Al Aol AhHQl A3 7|H
A o v = HlkolAle] RS s Aok SEAIE
o) AR e, o)) 2ol Ak TS| HHE OFF
EAsol <tk o)) HEe] A4S Yelu] AR 279
oV s AekE AR AHEE LA 4]
Lol4] X o]Adl wleMAIE ke oF 60% BiollA ol &
Al27t dolown ot wlelAlE 449 ARt FE7} o]
Al & 2 3Y o|uol] HEAsIIPY. Rt glARlo® =
& olAJshz H91e) 2 W) ALLESES 5 mmg BEE
R EigleE?, wheld] AEA Aol A ol

¢

o v@ NI O
I iz

31 Q| 102!: MING MIZEO/ THRIRA 2N |Inducible Nitric Oxide Synthase (iINOS)2Q| 21 —

-

S 3y F 27000 WlERe) A4 Tk 9 o4
o] HANAY (revascularization) 2] ZE-S 7 A=
s Ak e gl vhelkl 15 ¥

ol Woke BARIE Zlo] HmolAle] 4HE 4hA)
2 5 98 Aoz Ak

Aol ks Aelollal WEHIES ek 79 2
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