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Expressions of NOS Isoforms and Roles of NO during Skin Wound Healing

GUAN Da—wei, ZHAO Rui, DU Yu (School of Forensic Medicine,China Medical University, Shenyang 110001,China)
[Abstract] Skin wound healing is an organized process for keeping cutaneous integrity, which needs the complicat-
ed interaction between inflammatory cells and biochemical mediators. Nitric oxide synthase (NOS) isoforms , as
important factors during skin wound healing, synthesize nitric oxide (NO) which may be involved in the whole
event of skin wound healing and play important roles in cell proliferation, differentiation and apoptosis, angiogen-
esis, matrix deposits and remolding. Furthermore, NO also exerts effects in some cutaneous diseases. In the pre-
sent paper, the expressions of NOS isoforms and the roles of NO during skin wound healing were reviewed with
references to the advances in the studies on skin wound healing. It is suggested that nitric oxide synthases, play
significant parts during skin wound healing, which is worthy of further investigation.

[key words] nitric oxide synthase ;nitric oxide ;skin;wound healing

I NOS NO

cNOS NO ,
’ ’ . 2, nNOS
’ ( \ ’ (kerotinocyte ) )
) m_ nNOS ,
(nitric oxide synthase, NOS) , PoeNOS ’
, NOS (consti- " eNOS, NOS NO
tutive NOS, ¢cNOS) NOS (inducible NOS, iNOS), ° "
NOS (neuronal NOS,nNOS) NOS ’ ’
(endothelial NOS, eNOS). NOS iNOS ’
,NOS L eNOS INOS ’
Ca* (calmodulin,CaM) , %,
\ , . iNOS : NO
Ca* CaM - NO ’
- NOS L- ’ ©
(nitric oxide, NO)  L- , NO ,NOS ’
iNOS  eNOS! 5
’ ’ ) NOS
' ' O , . 10d ,
[ 1 (30271347) iNOS, 14~35d NOS m,

( [20000367 ) 2 NOS NO
[ ] (1963-), , , s

( )024-23256666-5483 , ( ) 024-23267698-4, ( . o
)dwguan@mail.cmu.edu.cn, iNOS  24h g



2004 11 20 4
, 1d iNOS ,
iNOS i,
cNOS )
iNOS, NO
NOS o , iNOS
, NO
o NOS
NO ) N
- NO
(TGF-B1 ©
11.-8%) o ,NO
TNF  IL-1, NO
8 ,NO TGF-B1 ,
iNOS ,
iNOSmRNA JANOSmRNA
iNOS , iNOS ,
o ,NO IL-1
oy, i
3 NOS NO N N
NOS
o NO ,
NO i, NOS L-NIL[L-Ng
(1-iminoethyl) lysine]
LN LINOS
L-NIL 2, NOS
NO - NO
, NO
o NO
’ 12 NO
, , VEGF ,
NO ° ,
NO o
NOS ,
NOS , NOS
ol ,NOS NO
caspase ra,
EGF TGF-B1.IL-8 . EGF ;
TGF-B1 , )
EGF ;1L-8 o
NOS NO o
- NOS NO
. NOS NO N N

, NOS
methyl ester)
, NOS

’

factor ,VEGF)

eNOS
@ eNOS

’

[15]
o

. 245 -

il

eNOS

L-NAME (N-nitric -L-arginine—

(vascular endothelial growth

VEGF NO - VEGF eNOS
NO s VEGF NOS
iNOS  eNOS VEGF
. NO
VEGF o NOS
o VEGF
NOS o NOS
P
, P NOS NO
NOS
5 NOS
NO
c¢NOS iNOS
ns)_
iNOS
NOS
NOS
eNOS o
NOS  NOSmRNA
iNOS, .
iNOS ,
N eNOS ,
( :TGF-B1) NOS
NOS
iNOS
NOS NO
, NOS
NOS NO,
[19]O
NOS ., NOS
L-
NOS i
6 NOS NO
NOS NO

’

[16]
o

17
o

[17]
o

[18]
o

(15
o

NO

[19]
o



- 246 -
. NOS
NO, NO;(NO ) s
b [2{)]0
NOS NO, 2
eNOS
s iNOS mRNA
112
NOS
TGF-B1
, NOS
NO, NO
[13]
,NOS
NOS o
iNOS =21 iNOS
eNOS LN iNOS  eNOS
[21]
,NOS NO ,
NOS )
; NOS
;. NOS NO
; NOS
) o ,NOS
NOS NO

[7]

Yamasaki K, Edington HD, McClosky C, et al. Rever-
sal of impaired wound repair in iINOS-deficient mice
by topical adenoviral-mediated iNOS gene transfer [J].
J Clin Invest, 1998, 110: 967-971.

Knowles RG, Moncada S. Nitric oxide synthases in
mammals[J]. Biochem, 1994, 298: 249-258.
Romero—Graillet C, Aberdam E, Clement M, et al. Ni-
tric

oxide produced by ultraviolet —irradiated ker-

atinocytes stimulates melanogenesis [J]. J Clin Invest,
1997, 99: 635-642.

Abd-EI-Aleem SA, Ferguson MW]J, Appleton I, et al.
Expression of nitric oxide synthase isoforms and
arginase in normal human skin and chronic venous
leg ulcers[J]. J Pathol, 2000, 191: 434-442.

Kolb H, Kolb-Bachofen V. NO in autoimmune dis-
ease: cytotoxic or regulatory mediator[J]. Immumol To-
day, 1998, 19(12): 556-561.

Efron DT, Thornton FJ, Steulten C, et al. Expression
and function of inducible nitric oxide synthases during
rat colon anastomotic healing [J]. ] Gastrointest Surg,

1999, 3(6): 592-601.
Lee RH, Efron D, Tantry U, et al. Nitric oxide in the

Journal of Forensic Medicine,November 2004,Vo0l.20,No.4

[10]

[11]

[12]

healing wound: A time—Course Study[J]. J Surg Res,
2001, 110: 104-108.

Wahl SM, Hunt DA, Wakefirld LM, et al. Transform-
ing growth factor type-B1 induces monocyte chemo-
taxis and growth factor production[]J]. Proc Natl Acad
Sci USA, 1987, 84: 5788.

Villarete LH, Remick DG. Nitric oxide regulation and
I.-8 expression in human endothelial cells[J]. Biochem
Biophys Res Commun, 1995, 211(2): 671-676.
Marcinkiewicz J, Grabowska A, Chain B, et al. Nitric
oxide upregulates the release of inflammatory media-
tors by mouse macrophages[J]. Eur J Immunol, 1995,
25: 947-951.

Stallmeyer B, Kampfer H, Kolb N, et al. The function of
nitric oxide in wound repair: inhibitor of inducible nitric
oxide—synthase severely impairs wound reepithelialization
[J]. J Invest Dermal, 1999, 113 (6): 1090-1098.

Cobbold CA. The role of nitric oxide in the formation
of keloid and hypertrophic lesions[J]. Med Hypotheses,

2001, 57(4): 497-502.

[13] Dimmeler S, Haendeler J, Nehlis M, et al. Suppression

[14]

[15]

of apoptosis by nitric oxide via inhibitor of inter-
(ICE)-like and cysteine
protease protein (CPP)-32-like protease[J]. J Expres-
sion Med, 1997, 185: 601-607.

Ma L, Wallace JL. Endothelial nitric oxide synthase
modulates gastric ulcer healing in rats[J]. Am J Phys-
iol Gastrointest Liver Physiol, 2000, 279: G341-G346.
Shukla A, Rasik AM, Shankar R. Nitric oxide inhibits
Mol Cell Biochem, 1999,

leukin—1B—converting enzyme

wound collagen synthesis|J].
200: 27-33.

[16] Tsurumi Y, Murohara T, Krasinski K, et al. Reciprocal

relation between VEGF and NO in the regulation of
endothelial integrity[J]. Nat Med, 1997,3: 879-886.

[17] Leibovich SJ, Polverini PJ, Fong TW, et al .Production

[18]

[19]

[20]

[21]

(22]

of angiogenic activity by human monocytes requires an
L—arginase/NOS dependent effecter mechanism[J]. Proc
Natl Acad Sci USA, 1994, 91: 4190-4194.

Akcay MN, Ozcan O, Gundogdu C, et al. Effect of nitric
oxide synthase inhibitor on experimentally induced burn
wounds[J]. J Trauma, 2000, 49 (2): 327-330.

Pollock JS, Webh W, Callaway D, et al. Nitric oxide syn-
thase isoform expression in a porcine model of granula-
tion tissue formation[J]. Surg, 2001, 129: 341-350.
Bulgrin JP, Shabani M, Chakravarth Y. Nitric oxide
synthesis is suppressed in steroid—impaired and dia-
betic wounds[J]. Wounds, 1995, 7: 48-57.

Schaffer MR, Tantry U, Efron PA, et al. Diabetes—im-
paired healing and reduced wound nitric oxide syn-
thesis:  a possible pathophysiologic correlating [J].
Surgery, 1997, 121: 513-519.

Weller R, Ormerod A. Increased expression of in-
ducible nitric oxide (NO) synthase[J]. Br J Dermatol,
1997, 136: 136-137.

( :2003-07-07)
( : )



