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Effect of Nirtric Oxide on Collagen Synthesis in Cultured Human
Dermal Fibroblasts

Masumi OTSUKI

Nitric oxide is an important cytotoxic agent for host defense which also regulates
signal transduction and vasodilation. Product by macrophages, neutrophils and
inframatory cells, nitric oxide has been reported to have the same effects on the
wound healing process. The purpose of this study was to investigate whether
collagen synthesis in human dermal fibroblasts is stimulated by nitric oxide. In this
study, we analyzed collagen and collagenase expression in cultured fibroblasts
stimulated by a nitric oxide generator. The relative rate of collagen synthesis to
total protein synthesis in human dermal fibroblasts stimulated by nitric oxide
increased to that of not stimulated cells, An increased level of collagen mRNA was
found in the fibroblasts stimulated by nitric oxide. Increased levels of collagenase
mRNA, collagenase activity were also observed. These results indicate that human
dermal fibroblasts increase collagen synthesis in response to nitric oxide, suggesting
that nitric oxide seems to play some role in wound healing. (Accepted on October 20,
1997) Kawasaki Igakkaishi 23(3) : 135—142, 1997

Key Words (O Human dermal fibroblasts (2 Nirtric Oxide

INEFERRST kR Department of Plastic and Reconstructive Surgery, Kawasaki
T701-0192 BBHHAESTT Medical School © 577 Matsushima, Kurashiki, Okayama 701-0192



136 N e E ¥ = %

@ Collagene synthesis

& U »

—M{bE#E (nitric oxcide : NO) X, 19874
CMENEME TEE s W2 FEGhEng
(EDRF) &L TtHEasN»?. ZOEBNOIIZ
IRE s L, mMEMBEERZT TR, AR
MAARENHIER, MEFEEmEMHER
EREFOI LG AN, HER TR
GEDPEE LTERL, Y+ FAQREMI b
5322 LBREND Y,

Ry, S, REREIBWTE, NOEE
levzu7yr—Plick - TEES N, RECE
2 EEEER, ToMOBEYDE, It
BEEmERLE LI, BEARZ2EEL, #
EVC LR EHE, £E2HET 2 RER
BLLEESNTHEY, HE, MEYRELH
b, IheOBEDORMT 282 ONE,
s ERHEEDC L D REEZ T R RS
BT 294 A4 0k, v2077—%
D NO GEBEESEEbEh, Fhizk DESE
Shiz NO P, B2Hod ey LERHE
EfETRT EZEZONTWS,. LrL, OB
HIER B TaElkans NO,PEMRERICE
LTHL, HECBITE NOEETLEDRE
B 2EZRZHL,A TR, HREETS NO
EENEDRRBCHT2BHBICODLTRELE
HR BB .

IEE, NO & ER s RE s VALE
WT, BMBERANEBIE T 2 Z BRI EY. £
ZTEEZ, ABRERETNO S, MERSP
MREREFEIC <, MiEMAEEEDE & LAl
BIERICBES L Tw 2R 2% 2, Aifi%%:
SHEL 7.

b EEEEEESF RO 2 7 — 7
95 NO DEEZEREET TR 57120,
b b EE L D IEESESF AR & R, NO &
EVBEOFET THEL, B0 7 —
FUSHEE, 7O T T —¥BIUaI5—¥

(H23E B3S 1997

@ Collagenase

EEEZEEL, g a(l) BVl o7
—Fr, A=Y, OFAvEYy— RNA
(mRNA) L _Ac DWW TR L. asic?
DR 5 BB HEHLATRIC 5135 NO 0&E|Ii
DWTEELL.

B e FiE

1)

FifR B B AU IE S B E SR S
- LT L 2. NO S, Cayman
Chemical Company Bk 58 @ S - Nitroso-N -
acetyl-DL - penicillamine (SNAP) & Dieth-
yvlenetriamine dinitric oxide (DETA
NONOate) #=HERL /.

2) MEMEEFH R

RSO L, outgrowth Bz k5T,
20% fetal bovine serum (FBS, Flow Labor-
atories, USA) glutamine (0.6mg/ml), peni-
cillin (100U/ml), streptomycin (50xg/ml) %
&1 Dulbecco’s modified Eagle’s medium
(DMEM, H/AKEE)ZFEALT, #EED AR
BEE{To 7.

B E 5 O outgrowth 2FER L 7-4, #4%
K& % trypsinization (0.2% trypsin, 0.7mM
ethle nediamine tetraacetic acid) L, 25em*7
FAF w777 AINTHAEEL . B
1310% FBS I DMEM % fEH L, 3 HEiZ3
LAz, £, RIS ELLL : 2 TfTo iz,
EERICIRREI~50bDEFERL.
IVH-F 3 YOl AHRES L UHEEGHE

H-F 1Y ryOmYAHER, BEH'OITESL
To7z. 3RAE ORRAESAAL 335 X 10mn 7 ¢
v Y T IR ETERE, confluent 2B LTz
O %ML 7. DETA NONOate i % 0,
50, 250, 750, 3000uM iz# % L 9 & DMEM
(0.5% FBS i i siinL 7-. 4SHsfsE
L 72 (6 -*H) -thymidine (Spect. act. 16.2
Ci/mmol ; NEN chemicals) # 1 uCi/ml &%



KH I NODE b EEHHEIFRA DS 137

BE5ma, S5 3EMEEELL:. 208
medium % [ & ¥ & L 72 phosphate-buffered
saline (PBS pH7.4) T2 Mk, 251210%
rY 2 o VERER (TCA) T2 B0 L 1%, IN
NaOH T#f##, —#%1N HCl s &, #
By vFv—va oy —THENE (cpm)
ZRE L. HiFE#E 12 DETA NONOate
B L U'SNAPEE % 0, 2, 10, 50, 250,
1000M Wi 2 & 2 RN L 48 ICHIE L
78
4) a2 7—7 Y EAGHEOAE

ZEE (0, 2, 10, 50, 250«M) @ DETA
NONOQate % finz 720 E L 7Sl o
B#E, FARAINE VEESOug/ml, -7
A=k A50ug/ml &% DMEM (0.5%
FBS &0 ww@#al, L-(2, 3-*H)-proline
5 uCi/ml (Spect. act. 38.5Ci/mmol ; NEN
Chemicals) % 0 Z, CO.incubator & (5 %
CO,, 95%ZE%, 37°C) T3S Lz, Bt
BT, 74 vyallBEEE). 5mM phenyl
methl sulfonyl fluonido (BL'F PMSF) #i0Z ,
Rehids & OB R BN U, #EfG, RUER, BE
WMEA{T-7-. 2OV 7icx+ )7 —EH
& LT bovine serum albumin (Sigma) #i0% ,
BEBE10% O TCA TEOES 3 BN &
L, free*H-proline %%, Boni-thEy
#0.2M NaOH (Y5 L, IS ¥7%, 37
¥+ —¥ 77 —A,I0 (Advance Biofactures
Corporation, Lynbrook, NY) T4, HU'5
98 TCA (0.25% % > = »E&hn) TicEks Lg%
4B L 7. Peterkofsky & Diegelmann @ 7
BT LB R 25— YRR EELSH
(CDP), ZicitE#=3Eo 7 7y +—E¥ESHER
4 (NCP) LTy FlL—varvhyry
— (dpm) THIEL . Boh-ErlET
HEL, Bx%a7—FEAEK, #27—
7 > EHBEMK & L, Diegelmann & Peter-
kofsky Oz L 2942 b b

CDP
CDP+5.4xXNCP

WL TL2EHERIEN T 2377 Y alD

=100

HERHLBESFETERLE.
5) A ¥ —EEMEHOHIE

a7 7+ —YiEEOHEIR, Rk WICHED
Tsolution H'* W& fH\w, 374/ F v b
CLN-100 (=2 7 —# »fifiifidis, BE) 28
RAL7:z. 3#CE OSSR %235 X 10mm 7 4
w32 THIECEMETHEFE, confluent IZE L
DEERL:. SEE (0, 2, 10, 50, 250,
10004M) @ SNAP #¥RI0 L 48K RIS 1 L35 %
ERLZ. v FO7O b a— iz Lizhivs, B
BIEREIN2a55F—¥2 M) 7V
B, FITC (flurescein isothiocyanate) TF
NV TekiE D 7 -4 v EE L RIS, SR
EVpEH L, SRR & ADES R TRl
FELlz., 1AMl ugDa 772085
aZYF—EEEE 1EM(U)E L.
6) mRNA £0O#H|FE

RNA ofiH X, 3B E OBRESFME %
150X 10mm 7 4 » & = THIGLEG THEE, co-
fluent iz # L 7z & @ 2, ULTRASPEC-II
RNA isolation system (BIOTECX, USA) #
f# B L, single - step 1T - 2. DETA
NONOQate(0, 2, 10, 50, 250.M) ZHiNL
A8FFAEEE L i1, EhafREL, PBS T
W%, 174 vy =H7D500u] O denaturing
solution 012 rubber policeman %{#H L CH#l
MaAEEHY L 7= . Eppenndorf tube N CE##,
BIOTECX #: 72 b 3 — iz L #2431 total
RNA #H#iH L 72. RNA % Dot Blot 5! 1z
EoTotobvnrao—RA 74 0¥ —FIEEL,
bake L7z, prehybridiztion, 2 5IZ¥P TZ
~A L7z ¢cDNA probe & hybridiztion % T -
T2 .

probe @*P {Z3%iZ i Primer DNA Labeling
Kit (TaKaRa, Kyoto, Japan) %Z#ERH7T 3
random prime & T{T->72. ¢cDNA probe iz
Klenow enzyme 7T, P TZ~vL 7
anti-sense DNA Z{Es L 7z. cDNA probe &
LTa(l) 22— >k plasmids HI677'%®
1.5kb insert #, a, (IlI) 2@ 7—% > % plasmids
p II-33'"9®0.9kb insert &, I 7%+ —¥ it



138 n g B % = &%

plasmids K4'®0.7kb insert, g-7 7 F ik
plasmids pHFA-1'®0.5kb insert 2 v 7z,
% mRNA 7 & 13 Bioimaging analyzer
Fujix BAS 2000 (Fuji, Japan) TEEHTL 7-.
mRNA OFEHE i internal control & LTV
feB-T7F»iEE (1) LLTHEEL.

& =

1) *H-¥F 2 Y YRV ALESB X HIRERIE

HKIHORE i3 Figure 1 175324 <, DETA
cell / well
160000
1400004 HVE O M
B 0007
120000 #
E-
100000
80000
60000 "
40000 =
20000 . o
0 2 10 50 250 1000
DETA NONQate & SNAP concentration ( p M)
Fig. 1. Cell count of fibroblasts. Fibroblast were

seeded in 35X 10mm plastic dishes with DMEM
containing SNAP or DETA NONQate.
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Fig. 2. Effect of DETA NONOate on 3H-
Thymidine uptake of fibroblasts. There was a
significant difference between DETA NONOate
0uM and its 50—3000uM. (t-test : p<0.01 n=
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Fig. 6a. Densitometric analysis of type 1 collagen

expression under DETA NONOate stimulation,

The quantity of each mRNA level was normal-
ized for the quantity g-actin mRNA.
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Fig. 6b. Densitometric analysis of type Il collagen
expression under DETA NONOate stimulation.
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