Sz X 31H X235, 2007 E o

AP A%l Carbon Monoxide2] &+

The Roles of Carbon Monoxide in Islets

Hyoung Woo Lee, Ji Sung Yoon

Department of Internal Medicine, College of Medicine, Yeungnam University

M £ CO MnSOD% friesto] AIEAEAE ARk B
X 9w, g o2 p38 MAPK A13AE HA2E B3
Carbon monoxide (CO)E Hhullel7)e] ZQ3t TAAE gz an)” o AFEAEAS ARk Bas e
Z S 1847] W /]93B A= A] Hol U A&l aela AGrlelAeuy, A AR 14, A7) HE 9
Aghslo] zAe) e S Skl 54 Bz gejl RN S SIEY 59 Beldie covt BEsabt
t} 37 SelEllAE Qe =R YoloE Co Aol ofg] edtelld] whslA e, ol9} o] co7t A
FEo 2 deiA glod, 3EES] CO k3 XgE9l ol fraligh kg deA] YAt HZolle vhekst Alx
Aoz A g’ 1952 Sjostrand 5 hemoglobin W 2=Egleol] tisl] o35 9l AlEATEAR) wiEes AlESA
o] Eall=lo] cozl AWAIEITkaL sl om, Tenhunen 5V < ke 716 7KL 9hgo] vielA] Eilllile 3
1968'd°l] heme oxygenase (HO)7} COE A= &4} FPdaollA ] cOL HOS| H3o| thele] ol 2z} sk
3 18iek 19914, CO7} AE ATAD]| Tojsl= £
A guanylate cyclase = <FalA] BA3HAZI0] iRl o] Heme Oxygenases (HO)
CO7} A W A5 BAZA 9] S sheka LeiAA =
Ark 2l HollA] FolElALE HOS W Z7lel] ol A7) HOT heme tilel] fofele Sxzd 4l vjdlexast

Table 1. Summary of heme oxygenase (HO) isoforms

HO-1 HO-2 HO-3
HO-2 amino acid homology ~40% 100% ~90%
Physiological roles Heme catabolism Heme catabolism Heme binding
Anti-oxidant defense Heme binding Regulation of heme
Modulation of vascular tone Maintenance of vascular dependent genes
& liver perfusion tone
Neural signaling Neural signaling

Anti-inflammatory actions
Down-modulation of Adhesion
molecule expression
Regulation of hemo-proteins activity
Constitutive tissue expression Spleen, liver, testis Most tissues, e.g. Brain, Most tissues
testis, retina, lung, liver,
spleen, nervous system,
vasculature, kidney
Inducers of expression Oxidative stress, cytokines, heavy Adrenal glucocorticoid, Not known
metals, heme, heat shock, hypoxia, Opiates
nitric oxide
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2 EFEEAE AZIA oFdo] uhslA QIrH? (Table 1).
HO-1<& %4 ¥4 (inducible enzyme)o]x, HO-29}
HO-3+= A$A] &4 (constitutive enzyme)©]cl. HO-1,2,3
o] Bxalake 77k 32, 36, 33 kDaolil, opu|:AtAde
HO-13} HO-2+= <F 40%7}F 54 HbHol| HO-2¢} HO-3
= °%F90% & "¢ Eoh HO-12 2 AT, ka3,
Z}2)4, NO, lipopolysaccharides (LPS), ZL2]3 heat shock
2 ABAEAE ST o] wEEe!, AsaEq)
A, AIEAEA 22| oA AEe] gt B3]
< ke Aoz gEA oY HOo-2& A9 o] A
, 58] ¥k 3zl Y EAlfsled, wlEEEeolollA
e w WEa, HO-1 A= vEgslA]
glucocorticoidsoll 2JsllAnt fE=%vla sp] oluf] protein
kinase Coll 9]&& 02 wdgrar gk}t 1 7152 41
7371}k Po|Slol] Fofehrtar '’ HO-3= FolARE 1t
s F2 7% ¥, A4 Solld = HO-3+% heme
+ FelEkA] kAL heme A% ©hlE 7)sRE 7EAAL Sk
HO-12 hemes tAksled CO, biliverdin ¥ free iron
(FeZ+)'% Ak, o714 AWAIE biliverdine  biliverdin
reductaseol]l £J3]] bilirubino 2 Z2Ec} (Fig. 1).
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Fig. 1. Schematic of the heme oxygenase reaction.

98



Aol Sick. W ool E¥ NO7| HO-19] v 57}
A7)aL o] 2 QI CoAYAde] 7} Hkar ghel!??. 2 52
< ZHAIEECNA NOZF HO-19] WS- S7HA171, o] 29
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I} (Fig. 2).
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Fig. 2. The interactions of NO and CO on activating
guanylate cyclase pathway.
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Fig. 3. Summary of the mechanism of CO’s protection.
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23t &7H= ERKS} INK MAPK7} 9JAlE]: MKK3%}
p38 MAPK7} A3l o] dojde)d. coE Ael3t
HETAZEANA = Ao E7IRI 23t AIEAFEAT} A=
Tl oJui= MAPK 47k ksl sGColl 2% ps3
3} mitochondrial cytochrome c2] £H]7} Ao z2x] <
ofhrlar g,

sk At F&Zoll o Al Al AEFA] AAlE Yol
1}=d] o]+ Gl-cyclin-dependent protein kinase inhibitor
ol p21"'3} p38 MAPK S| 43} cGMP Ao Z7}=o]
JolhF?. Pae 572 T AlEell CO Mzl Al T A|E] F
Ao JAlE]=d] o= cGMPL] AAF717E ok} ERK 2
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of| whh vhE A 32} (Fig. 3).
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oEA AEAEAAA] FRAE D eslclar gt et
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Fig. 4. A, Quantitative analysis of HO-1 protein & mRNA expression in freshly isolated murine islets cultured in the

presence of FePP; B, FePP-induced HO-1 upregulation results in partial protection from cytokine and Fas-mediated

apoptosis induction in STC3 cells*’.
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Fig. 5. Time course of return to normoglycemia in mice that received a syngeneic marginal mass islet graft. A, time

curve to normoglycemia of recipient mice that received FePP-treated islets (@ vs control O). MT to normoglycemia was
36 + 28.9 days (P = ns); B, Time to normoglycemia of mice that received untreated islets and were treated in vivo with
CoPP ([J). MT was 33 *+ 0.4 days (P = ns); C, Time to normoglycemia in mice that received FePP-treated islets and
were treated in vivo with CoPP (). MT was 18 * 28.3 days (P = 0.006)".
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