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Abstract: Reactive nitrogen species (RNS) affects intracellular redox balance and induces post-translational
modification of proteins. Moreover, RNS, as the signal molecule, participates in the transduction of cellular signals
under physiological conditions. However, excessive RNS can induce nitrosative stress and then damage cells, and
thereby may play a role in the tumor initiation and progression. Thus, we discussed the role of RNS under physio-
logical conditions and the tumor microenvironment, which may provide some novel ideas for the development of
new drugs and the treatment of diseases.

Key words: reactive nitrogen species; nitrosative protein modification; NO,—NO, -NO pathway; tumor

growth; tumor treatment

7 PE % (reactive nitrogen species, RNS) /& 5 % i
TR B B2, B E S A L S- 0 A R A
W B T B 28 7 A 85 PH B 1 F1 0 B BR k4% S )
% . RNS 1] 55 8 A #1512 17 (post-translational
modification, PTM) DLo{ A8 &5 ()5 (19 45 M f Th g, 3%
45 5 % W, TEAE B T, RNS 72 248 A B
Ak T B 2 P45 DLARUE 40 i AR JR AR S 7R AL 5

Wik H 39: 2020-03-30; &Rl H 11: 2020-05-22.

FEATH BRI RA R E L B E (200809115); 44 i 3L H i
KA H (SBGJ090702).

*il il/E % Tel: 86-378-3880585,
E-mail: a0zdIx1024@163.com; emdx1629@163.com

DOI: 10.16438/j.0513-4870.2020-0431

5o RIEER, RNSIEERE S T2 50
1A 3E B 5K 7 A LR 77 B0 91, 00 /SR A
AR AL R 2 40 i 1 I A AP A A RNS
T 7 AR et R oL 2 Y PO R E I, S R R I
T 20 N 9, 3 0N P I o - DNA R 28 19 i ) 484K
B0, BV RNS 2o &7 22 R 1 41 1 A By 48 e 70
VO oF A 7 A AR Y AR D A — B R (R 4 i
475 51 AEC 4 D 7K e &8 T 0k DA B N, P T A, T
JEE453 07 WU 5 B3040 B 7 1 AR BT A5 AN AT 453475, 4 RNS
FF 2277 AL e PR IR 2 T T N, R 2% 3 S0 40 A
oM EXS T B C 2 A7 75 F I OR 40, RNS 3l i 5
72 DNA 45307 R [ )57 45 4 By RE 25082 AT LA fie 23t Jif e 4



- 2786 -+ 2% %4 Acta Pharmaceutica Sinica 2020, 55(12): 2785 —2792

Jf ()42 28 . T AT SR G 13 20 i A0 8 1 e R 4 A
U SO SR DR A R 4 L, I e ¢ T ERUMRE BRI S A
ROY, SR )&, 38 0 % i 2 40 B 9 RNS 7K -
R sk fie e 200 D P B AR 8 B, 3 v R RNS B 2 % iR
O H it A 1, X R IR VR TT PR AR TSR . AR
L g RNS 78 A 2% A1 TN AR A B (the tumor
microenvironment, TME) 1 [ {5 §* B 45 195 1 i # 47
1 RNSHJRIREF B

RNS [ & 2ok I 2 — % 4L & & B (nitric oxide
synthases, NOS), L-## Z 2 /£ NOS fi fL/E H T~ =4k —
A LA E B (nitric oxide radical, sNO), It i 7% 75
DU S A Wi 04 (tetrahydrobiopterin, BH4) . 2 2 i i 4
THREE R T AL IR S VA 2R Bk R Rk 1X 45
R THS 5., NO EEHMAL LR —HIL R
4 W (neuronal nitric oxide synthase, nNOS & NOS-1).
7S A — & 1 & A (inducible nitric oxide synthase,
iNOS & NOS-2) 1 4 J ¢ — % A % & B (endothelial
nitric oxide synthase, eNOS 5 NOS-3) 3 i NOS [A] T. ¥
P IX 3 NOS LA 5 DL SR T XA i, 75 B TR i —
RAKA eSS & BHA MR Y L- ¥ &= B2 it 1k -NO 1 4=
J. FreNOS HInNOS 73 7l 7£ N B 4H fitd 71+ 28 76 48
Jitg Rk, T INOS [ 5% S i 4 fiE 5 75 B 52 RIE N
LR 3 2 R DL S B B R B R L, AL,
24 NOS % %t 52 #it I, i i NOS f# 14 «NO 11 2E i
) o «NO [ 7™ A 38 W] 38 I i R £R I AH IR £h - — %A
b % (nitric oxide, NO) % 42 (NO; -NO, -NO, & 1).
T A, R A R ER T AR S 2 A NI 2 eNO
(AN IREOR = a7/ | R TN o el 11 L EAE A SR (B
*NO ] 4 73 WA it & 1, 25 22 b A B 27 R A B B 27
JSYNALN

4 P F1NO fit 575 1 4 (reactive oxygen species,
ROS) & B0 Az B ILAR RNS. NOS i1t L-#E & e 7

© BH4
NADPH
L-Arginine ———— NOS
S
Oral commensal s
bacteria P
NO;~ NO»

Figure1 NO,—-NO,-NO pathway and NOS catalyze the produc-
tion of *NO. NOS enzymes catalyze the formation of *NO from
L-arginine. Additionally, *NO is also produced through redution
of nitrate/nitrite. NADPH: Nicotinamide adenine dinucleotide
phosphate; BH4: Tetrahydrobiopterin; NOS: Nitric oxide synthases;
*NO: Nitric oxide radical
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Figure 2 «NO main metabolic reactions produce ONOO~ and

other RNS. <NO, a pivotal component of physiological RNS, can
combine with O% - to generate ONOO-. O?% ~: Superoxide anion
radical; ONOO": Peroxynitrite; RNS: Reactive nitrogen species
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Figure 3  S-Nitrosylation of proteins. Coupling of *NO to a -SH
of cysteine residues of proteins allows the formation of S-nitroso-
thiols. SH: Sulfhydryl group; Cys: Cysteine
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Figure 5 Tyrosine (y) nitration of proteins. Tyrosine (y) nitration
is a two-step process: the generation of tyrosyl radical by oxidation
of tyrosine by reactive species generated from ONOO-, and then
the reaction of tyrosyl radical with nitrogen dioxide (NO,) to form
3-nitrotyrosine
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Figure 4 Mechanisms of glutathionylation. Reactions between cysteine residues and glutathione (GSH) or S-nitrosothiols (GSNO). And

GSNO is able to release *NO. SSG: Glutathione disulfide
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Figure 6 Role of *NO in tumor microenvironment. *NO can ei-
ther enhance or inhibit tumor progression, depending on the biolog-
ical context, the concentration of *NO, and on the duration of +NO
production. EMT: Epithelial-to-mesenchymal transition
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Table 1
nitric oxide synthase (iNOS)

Natural product inhibitors and stimulators of inducible

Natural product inhibitor
of INOS
Berberine (Ipomoea)
Stachydrine (Leonurus)
Pterostilbene (Blueberries)

Natural product stimulator
of iNOS
Evodiamine (Evodia)
J-Elemene (Curcuma)
Quercetin-3-O-xyloside
(Various plants)
Fulvic acid (Humus)
Liriodenine (Michelia)
Physalin A (Physalis)

Plumbagin (Various plants)
Dolastatin 15 (Auricularia)
Ganoderic acid T (Ganoderma)

Ub A, ok R 22 30E 45 2% B «NO fib A4 1 A ¥ 71 254
AT SRk T R 2 R G B T 5%, R R A
FABSY, oNO A 7= A= w3 ik B2 1) RNS #1011 N &5 B i e
YA A I FE0 . oNO Hb A 37 6 M 1 n i Re J=3 e N O ¥k
JE, XM AE R R /s o BT 2 254 RRx-001 7] 5 53 14
HKE -NO A4 33 B i Rg AL 2 b, 77 AR 3R AN RO, 3K —
D7 AN RN A 5 R T 22 358 R Ak () TS 446 B R
T BRI A B A R BT, «NO i 44 JS-K
SR L 1% 99 S50 I6 97 250, nl 0] B e 20 P 1 184
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