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Concentration-dependent effects of nitric oxide on tumors
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Abstract: The resistance and dose limitation of tumors is a serious obstacle to cytotoxic drug therapy in the
field of medical oncology. Nitric oxide (NO) is a powerful adjuvant for tumor hypersensitivity for traditional
chemotherapy and radiation therapy. The concentration of NO plays an important role in affecting its anti-tumor
effect. This review summarizes the mechanism of concentration-dependent effects of NO on tumor cells and the

mechanism of chemotherapy sensitization. It provides evidence for rational use of NO to exert anti-tumor effects,

and overcoming multidrug resistance and anti-tumor drug development.
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2 HR PN A AE TR Ca2 B TR, PN J5E DX 45 I 1 5- = T IR I 1
T Ca> WA Ca> TRHCKTH FELEMI A Ca? /K. IX 4L
& FH 38 i 41 i 715 5 8 15 B (extracellular regulated
protein kinases, ERK) [ B2 44, 1 5 I e 41 B 18 5 A1
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Figure 1 A concentration of nitric oxide (NO) less than 400 nmol-L"!
mutates p53, resulting in cell survival. After p53 mutation, the
mutated p53 has no inhibitory activity on tumors and increases
nitric oxide synthase (NOS) 2 expression. High concentrations of
NOS2/NO phosphorylate p53, leading to cell cycle arrest and cell
growth inhibition. Accumulation of p53 ultimately inhibits iNOS
promoter activity, resulting in increased iNOS expression and p53

inhibition
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FL R e 41 A B 7] 5% 8% T 1 mmol- L' DETA/NO
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BWN1RZE. MMP-9 i il B i VEGF 25 & 2B 1.
&)@ B ARG K -1 5 MMP-9 [ R 805 1
J B AL DX R R JE R i Ry e ME 4, TR LR & s
PEFNH MMP-9 35 7 . NO/RNS 7£ 300~500 nmol-L"!
IR 5 I 21 5 A 5 P 4R R 3 e s 9 AR 2R 5 R A
B BERIEOE MMP, 7E B R B/ MR B4t i, NO
T8 1 cGMP M 10 1) <6 & £ 1 g 2H 2 ) R 1 -1
H i MMP-9 3% MER324 [ 25 NO I 239 2 B0 ps3
1) 56 51 7K S, MMP-9 3% P 8 2>, 2 B NO % MMP-9 [¥]
BRI VR o
3.3 NO{EFT NF-«B/Snail/YY1/RKIP/PTEN If

NO /i 5 1) NF-xB i M 0 i) A1 e 0 1 ik R SR A
IR, AR 2 R SR 9T 2 () 0 R TR
JI2S), A iR 48 B T, NF-«B. Snail f1 YY1 ) % ik E
i, RKIP A1 PTEN [ 3£3& R il R KT 500 mmol-L"!
NO it f& DETA-NONOate [f) NO 4b 22 fif 83 41 i, ] 47t
4 T2 1) NF-xB/Snail/Y'Y 1/RKIP/PTEN ${ 1% 3 4L A i
IR TR (E2).

NO il i S-3 fit§ 34k NF-xB B2 $0161] IxkBox () BR AL,

Cell membrane

Figure 2 NO donors transforms the anti-apoptotic NF-xB/Snail/
YY I/RKIP/PTEN resistant loop into a sensitive pro-apoptotic loop.
In cancer cells, the expression and the activities of NF-«B, Snail,
YY1 are up-regulated, while the expression and activity of RKIP and
PTEN are down-regulated. The cycle is the result of target Snail
and YY1 mediated by NF-xB, while Snail inhibits RKIP and YY1
inhibits PTEN. In addition, YY1 activates Snail. In the presence of
NO donors, the activities of NF-xB, Snail and YY1 are inhibited
and leading to the de-inhibition of RKIP and PTEN. Conversely,
RKIP potentiates its inhibitory activity on NF-«B and its targets
and, likewise, PTEN inhibits the PI3K/Akt pathway which controls
NF-xB. Overall, NO treatment inhibits tumor cell viability, prolif-
eration, and sensitizes cells to chemical immunotherapy-induced

apoptosisi®’!

R % i S 401 1) NF-xB 3 12126, ek /b NF-xB #E A\ 41 i 1%
75 R P-H B I I B R IA T B AW £ Hiit 25 . NO
I8 3o 7 NF-xB J 88 5 K] Snail \ YY1 S- 0 fiF & fk
i3 41 B pSO A p6S, i Snail #ik. NO FE YY1
S-3G A A I3k — 25 4 2L DNA 25 &35 PR, NO )
] NF-xB J2 NF-xB #I! [ii] RKIP [Hi& % Snail, 5 ¥ RKIP
Fik B E FiH. NO X NF-«B.Snail #1 YY1 )40 ] 5
SR H | 52 (K] PTEN (1) 25 BH & J2 3L F i, FHIBr PI3K/
AKT 41 B35 38 4%, M 8 45 200 Pt 3 A Ao 108,
2., NO VAT Re 40 i 88 200 R v 14 A0 3 0, 15 5 400 o
TR,
4 REMRE

NO 1 R 8 v 7 10— AN 77 5 A 50 5 1R Ak A
ST, AR FE I R 3t R A e, R B I R B e 9 1)
PEFH . 281 NO iz 5B A7 W NO B A NO B il 3R &5
SHOETF K NO [ BB, NO ANMUA & FL A7 5t i
PR, JE vl I 2 S I 3 Ak 220 9T R BURE, BEE
NO X F I i 1K1 7 -1~ A6 BROFH &5 KT fie 98 245 9 AH HLAE
HIERNAR L, NO Kf 7E 0 P b e 40 3 15 21 58 & 3R
Z IR
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