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[Abstract] Background and Objective: Studies have shown that nitric oxide
(NO) derived from endothelial nitric oxide synthase (eNOS) is expressed
widely in tumor tissues and regulates tumor angiogenesis. However, the
results are controversial. This study was to investigate the effect of NO on
tumor angiogenesis and its mechanism. Methods: C57BL/6 mice inoculated
with Lewis lung cancer cells were randomly divided into three groups. Mice
in the NO group were inoculated with lung cancer cells transfected with eNOS
gene, mice in the L-NAME group with L-NAME, an eNOS antagonist, and
mice in the control group with normal saline. Plasma concentration of NO and
the number of endothelial progenitor cells (EPCs) in peripheral blood were
detected. Tumor vessel density, CD133* cells, and the expression of VEGF-
VEGFR in tumor tissues were also measured. Results: Four weeks after
inoculation of Lewis cells, tumor volume was significantly larger in control
group [(3022+401) mm?*] than in the L-NAME group [(1204+97) mm?]
and in the eNOS group [(1824+239) mm®] (P<0.01). eNOS protein and
NO production increased significantly in Lewis lung cancer cells transfected
with eNOS gene. But the number of CD133-positive cells and vessel density
in tumors were significantly lower in the eNOS group than in the control group
[(48+19)/HPF vs. (1083+27)/HPF, (19+7)/HPF vs. (31+9)/HPF, P<
0.05]. The number of EPCs in peripheral blood was not statistically different
between each group. The levels of NO in blood and tumor tissue significantly
decreased after the treatment of L-NAME, while the tumor vessel density
reduced to 12+5/HPF (P<0.01, vs. the control group; P<0.05, vs. the eNOS
transfected group). The number of EPCs in blood and that of CD133-positive
cells in tumor tissue were significantly smaller in the L-NAME group than in
the control group (P<0.05). Conclusion: NO derived from eNOS inhibits
angiogenesis and tumor growth, which may be due to its suppression on either
the mobilization or homing of EPCs via VEGF binding to VEGFR.

Key words: endothelial nitric oxide synthase, nitric oxide, endothelial progenitor
cells, tumor angiogenesis, vascular endothelial growth factor

(endothelial nitric oxide synthase,

eNOS) (nitric oxicle, NO) s

; o NO
o . C57BL/6 3 :NO eNOS
Lewis ;eNOS Lewis eNOS
L-NAME; Lewis o 3
4‘7



| JemK

—_—t
NO 33
NO , (EPC) o
(HPF) EPC
(vEGr- 1
VEGFR) o : Lewis 4 s 1.1 .

(3022+401 )mm?,  L-NAME eNOS .
(1204207’ (18242239 ), eNOS c¢DNA (Invitrogen )
(P<0.01), eNOS eNOS PCR ,PCR : 3
NO ) EPC C(48+ ATCTGATGCTGCC-3", 5"-GTTACTGTGCGT-3’
19)/HPF ], [(19+7)/HPF] (p< )o
0.05), EPC o L-NAME eNOS DNA pcDNA3.1

NO , EPC (Invitrogen ,Number:V795-20) EcoR 1 ,
EPC pcDNA3.1-eNOS (9 kb), EcoR
(12£5)/HPF, eNOS [ Xhol , pcDNA3.1-eNOS
(P<0.05).  :eNOS NO peDNA.I (Qiagen
VEGF EPC : ’ DNA ’
-20°C , °

: Lewis (

:R73-3 ‘A ) 6 ,

:1000-467X(2010)01-0032-06 60% ~T70% o

Lipofectin (Invitrogen, San Diego, CA,
(nitric oxicle,NO) NO (NOS) USA) o , 2 ng
L- pcDNA3.1-eNOS 4 g Lipofectin
, s DMEM (Gibco BRL ),
, o 37C 12 h, DMEM
NOS 3 , NOS (nNOS) , , 60 h
(iNOS) (eNOS), ,eNOS -80C , eNOS o
[1]
NO, (2] o Lewis
(endothelial progenitor cell, EPC) , o
B , eNOS-ELISA Uscnlife o
o , NOS NO Lewis 72 h, ,
, R s , , eNOS s
eNOS 89%, 1.2
“ eNOS NO 37°C 5%¢CO0, Lewis ,
o eNOS L-NAME , . , 6~
eNOS , 8 . 20 ¢ C57BL/6 (
5] s, NO :0006549) , (
o 1x10° )
NO , 3, 10
: NO 0, , : pcDNA3.1-eNOS
0, ;) NO Lewis ; L-NAME
81 NO ? Lewis 7d ( 0.5 cm),
Lewis , eNOS L-NAME[20 mg/(kg-d)];
NO Lewis 7d L-



| JemK

—_—t
34 NO
NAME °
3, 4d ( x 2x0.52), 2
. 2.1 eNOS
1.3 NO .VEGF Lewis ,eNOS ,
,311xg 10 min «( )y . 22
NO , NO 1 , Lewis 4 ,
NO . (3022+401) mm®, L-NAME eNOS
NO ( ) (1204+97) mm*>  (1824+239)
, mm?, (P<0.01),
. L-NAME NO eNOS
1.4 EPC NO , o
o 1x
10° PBS , FITC(CD133) . awop
PE(CD34) PE-CY7(KDR) ( BD BioSciences ) - 1-NAME
) ’ £ 30001 o eNos
s 20 min, PBS —'g 2000
,300 wL PBS : . 2
15 ELISA eNOS = 1T
0.4 mg , , ol = ; j . . .
4 8 12 16 20 24 28
4°C 10 000xg 20 min, o Time after injection (days)
eNOS, -
1.6 Figure 1  Tumor volumes in 3 groups of mice
S ABC  (ABC  Treaiment with both L-NAME and transfection of endothelial nitric
Vector Laboratories ), oxide synthase (eNOS) gene resulted in significant inhibition of tumor
CD31 , growth compared with control.
10 (HPF),

CD31 (PECAM-1) BD BioScience

1.7 CD133+ VEGF-
VEGFR,
CD133* , (
CD133 )
) SBA NO  CD133*
, VEGF-VEGFR,
GV39M o7, ABC VEGF-

VEGFR, o 1.5,
BD BioScience  EastCoast Bio o
1.8

Santa Cruz R (

SPSS13.0 )
+ (x%s) , t

,P<0.05 °

2.3 eNOS NO
eNOS
NO (105+36) pg/mg (10.5+4.2)
pmol/L. 2, L-NAME
eNOS , NO
(3.8£1.9) pmol/L (P<0.01); eNOS
eNOS
(382+75) pg/mg, NO (19.7+
3.6) pmol/L, (P<0.01),
2.4
3 , (31+£9)/
HPF, eNOS (19+7)/HPF,
(P<0.05), L-NAME
[(1245)/HPF], eNOS
(P<0.05),
2.5
CD133*.CD34* KDR*



| JemK

, NO 35
A a8 P<0.001, vs. contrel and L-NAME Control L-NAME eNOS
E 5001 T |
:% =
= 400
g 2 :
E ;
2 300 P=NS% = % = Z
£ 200} : S— i L3 (N iz S
£ i T Sl = T i T DS TR
% 1ok D 133 FITCA €D 133 FITC-A D 133 FITC-A
2 . . asy
- — N =
T Caontrol L-NAME eN0S 5
£
= o 30f
— P<0.01 -
= 1 &
E 251 B
H =
T P<0.01 2 b
o ] g
< 15p L2
5 - .
% ok Control L-NAME eNOS
=
= . . . . . . . .
Control L NAME oNOS Figure 4 The number of EPCs in peripheral blood circulation
of mice
2 eNOS The number of EPCs in peripheral blood circulation is significantly

Figure 2 eNOS expressions in tumor tissue and nitric oxide
(NO) levels in plasma of three groups of mice
After 3 weeks of treatment, the expression of eNOS in tumor tissue
(A) and plasma level of NO (B) are significantly higher in the eNOS
group than in other two groups (P<0.05); plasma level of NO is
significantly lower in the L-NAME group than in other two groups (P<

0.01).
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Figure 3 Microvessel density of tumor tissue (IHC ABC x400)
Microvessel density of tumor tissue is significantly lower in the L-
NAME group and the eNOS group than in the control group (P<0.01
and P<0.05, respectively).
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Figure 5 The number of CD133* cells in tumor tissue
(immunofluorescence x400)

The number of CD133* cells in tumor tissue is significantly smaller in
the L-NAME group and the eNOS group than in the control group (P<
0.01 and P<0.05, respectively).
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compound expression in tumor tissue (IHC ABC x400) eNOS NO
The expression of VEGF-VEGFR, compound (A, arrow) in tumor EPC ,
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