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[ Abstract] Historically, the Cambrian explosion was a major life evolution event caused by changes of natural
environmental oxygen concentration. The use of oxygen was part of the basic survival instinct of higher life, which
evolved a complex regulation system in response to variant levels of oxygen concentration. Hypoxia is one of the typical
environmental characteristics in plateau areas. After long-term natural selection in hypoxic conditions, numerous species
living in plateau areas have evolved unique mechanisms adapted to hypoxia. Recent studies have found that there are
some similarities in adaptation to hypoxia between the animals in highland and different types of human solid tumor cells.
Herein, we will summarize recent findings about the hypoxia adaptation evolution in high-altitude animals and the
characteristics of hypoxic solid tumors, especially the reactive oxygen species responses in hypoxic solid tumors. We

believe that deciphering the underlying molecular mechanisms involved in hypoxia adaptation in highland will facilitate

the identification of new genes or biomarkers critical for research on hypoxic solid tumors in the future.

[ Key words]

species

Hypoxia adaptation

Hypoxic solid tumor

FER L0 Ay KM & (Cambrian explosion ) 248 7E FE
20 (453 AR ) BRI Py PRt L IR 2 b 1 2R AP
HARA AT ALY, TUHER, AW Sl — EAE G+
A AHIER R T XA KIR RS, —22 5
IR YA B I RESE AL TR, P AN SE Y A, T
i — e H YRR I T AR B R 20 BTG T X
AR, A F T Yl R4l (Ediacaran) FIZER AL
Ao 00 A o YR AR, DA A SRV v ) SRR R D |
T, M FE R TR B A VT TR AR B, Tk B s se s 13K
B ISR T AN L I AL 2 BT BT e B 0 SR, 3
SR SR T AR TR D A R K I G RRE  BR
BEJS , = 55 AR ) BE A B R) e ) 52 2= 15T R e RO
KM 1o P Hh AR SR BE 1 AR Ak, T3 — 3 PR AR AR A 5%
WAL 51K E 55 H F (hypoxia inducible factors, HIF)

* [ HRRRF: 54 (No. 81772996, No. 81672764, No. U1902216) %71l
A E{FE1E#, E-mail: ybchen@mail kiz.ac.cn

Highland environment

Oxidative stress Reactive oxygen

A 53 DR~ (R AT A5 AT 3 AR DG %o T i b A
AT, SN A BR Y PR EE 2 e PR Sk ) A A7 PR 85
Z—, B R 2 R BUREA S, kBT E 100K,
KAEE AN R0 52 T F290.67 kPat50.14 kPa®
ARV, N EAEAREAD = IR X R 410 0004
PL b, TV 22 e i L sh W 78 g SRR SR PR 85 vh A A7 R T
SRR AGE T3 N e ORI, AR
FERIVEZ A A T ISR R 30 A BRRIR L F B 3 7
HEAk, ) QG AR T e S S A 3 1 i AR v, i 2
e AR TR 4 1 DX A 1 AR A A5 5 s ok, il 3l ik
FEA /IS, R TR, DA TE A N SRR, 51tk
[ B, PSR 22 Y A Ry B ey AR B s LA B Sk
TG 2T NIRRT, A R SCHRHGE, AR R
— PR BR B S AR K A R R Y DG BREDR 2, T LA I A &
AR AR IR DG 2% s PR R HL T I K1 Sfe sz e g %
L R A AR B AR A B MR G e TR B, T
SEUM R B AR R R AL AR D R A



ERE

FA A e R SIS N S IR R SR 51

Wy R SRS A0 N 4 AR 4 B A A D7 T T8 A,
S0 B e o v DR AR O P A ) 23 HLAR A T TR A
IR, g PR ST IO s DAY ) 30 PR S S AR ke A i e
7 AL AR B — T R SR

1 BERESIMESEMHNLEN

o S AR TR R BEAE T km Db, AR X7 4
HEA BRI o AR TR P b X
75, e Bt DX PR A A7 PR R BT AR TR A AT | it
SO G (UV) FERHIE, 25 AR R A= A= Al R TR
PR . AU T A ) R B 2 AR O, 2T
P ETEEN4 Temit, 2= TS ORI TR 60%; 1 5]
5 ke AR X — KB A A 50%! . (7] IR 618 4 ) A= il i
it e, oh e BRI AR i D R AT, B e it
AL A DR B A BEMR b AR T R A R
e— R AL
L1 WEELEh & RR S IR R & R L

g D L S P Y [ A e o o SR P3G
KT R R AR, A AR 4 ke DA B g DT L
Shyin i B R R L AR L RIE L RO
SERP R AP AR R BT KA RIS DM . VR s
N e M DX T | IR R S AN IR A AR i A 2
RIE, FARBURFAE | A8 B A AR AE T ARt AT
TEARIEAR L X AT FL S AR LE, v I AL sh P 64 i B 2
R PRAC BB (0, TR s 8 3 o LA B A A A e B e
S P 20 0y ) i 96 A SO R PR AR PN 14 i K
HEZ, AR AR/, O IR S0 2 BEARJRE, A0
JILET AERLR HLAHES) S5, LIS =2 5 i i 3 e
JE L 3h ) 1) 2% R AU LR R A SRR T PR 2 R e 2
LU, T AT 25 S RS I, TR AT VIR
JEE 22 P A SURe S AR X, A AR ST 1 A9 A DG 4
LAV E PR SR RET, TR e v S L s 2 O
1ol U O A BTN G2
12 AEXBREKIEHE R 3

H T SR BRI S DR 2R A7 A, AR TR XN AR 3
I g SRR 2 S e T AR S AR, T i
IS PRI | 2 D 2 40 8 20 A g DAl K B 45 < e i s
DN R TS s DCNTEAR LE, bR 1) i R BB T
FHRTREAR" S AR A8 (9 R [ A T = B 20 A
VU T [ B A s R L, B | 25 B | TR 2
JUBRR A WA AE B A8 AR AL AU T3 B R AR X
WU IR i 7 oy it DX 89 AR PN A7 A T A
PR AT s F A 34 i 44 4 8 D ST 7 78

TR L v R TR S LU = i, AT Y 45 SR B iX
30 e N A A0 B 7 s AN AR TR) o 3l e A 27
1T L S B Morococha (4 540 m ) ¥ 450 Hb X A 2T 41 fifg
PEATIHECA I, N DA L ) 21 240 B 5 32 DA V- T 1)
5x10° mL ™ H4 /N5 8x10° mL ™", {56 B A4 1 5 2241 41 fifd
HEH5 T 22 (0 U LA E I 25 SO B 9 SRR s SRRl
S LBKBAF T A= 355 B & BT AR BRI, i i 3o
F A A= 7 e Jir b DX 565 0 A 55 A0 4 s XA il
TWAEHR R L, 7ET4R 1 600 mUA FIF, AZELLTHs i 21 24 1
R 1 77 2R o X o R AR I R A, IR R T, 7K
o DRI N R LA A I 2T R R b 5 I Ak
T, ARSI TR 04 il ) e T Ry 5 A, it S ke A /0, 10V
TH B R W4 km DL _E IS, SO B 2T 8
ST, PR I T T T R K IS A T
RN, FE HIH R B R EE T /N, BRAh, JEE AR =
DA SR By LA st A, T 2 38 10T A e SR
N7 IR HA B RRER . R, R AR
Et i AU PN | AR S F73E B0 2P S URRIEZ13: RN
BE, 3 WA W LETFR 3 500 mZc A7 5 4 2R ZE A L1 E AL
) DR 2 A T 3 S 43T, O 32 ¢ 3T A AT At
KHEFEN ., CIC, LIPEFMIPAFAH1B3™,

2 (RELEE

EAE DA RE A A E Y S I B TR Z —,
X AR 200 A A 14 TE R D RS Rk, T B EST
AR ARER, [RIRE 2 2 M A L8 B i U 0™, 2
AR A SCHR ARG IR A — g o e RO SRS I R, 32
ST Ao R R PR A A R R A S B TR A R A e 2 fe
TR0 R
2.1 PREREREME

IR A RIS T 55 A s LA A T
M, Tl ZH AU R S 1) A BRI AP S
peZ8 MRV PH AV DN iR N T 28 B | PR ih O LN
AU AL B8 X O AR AR R i A
T IR B B A 2, e - L
FRBHRAR™, IX—id R Mo A E S e, A B oe s
7 i e 0 A o g AR R A AR O S R DD A
PSS

BUATE # U AP e 42 6 0 B A0 A RO 2%, S0
TR B A S5 T FE200 pm RN F A, AR
DAFAEARAR X Ik SR BAR R T 1 e S (A9 R, phy T
TR AT ) 0% A S, RS0 B ) fe e 240 JHE X S B
S R S IR LA X 265 A FIR Y AL U E ) 2 B A



52 PR AE2A A (B 2R

5 524

J& ¥ T SR L S AR IR EUIR S AR HE L P
Hh JifR 4 A A R i 2 A R IR AU, 5 E 4
MUACAEAR S S A T A3 A= FLRR A LU, 8 240 i B o 2
AR BRI R IO, SR ) T LIOR R 14 77 5K
HEATRE R ARG, AR 7 SR “WarburgUv "™, i
i gEE AT A3 5 0kt kg PR 1 G 1 2 B b R A, DA
TR PR 1) R R o E A, AV AT g o s LR R PR R U
B SR F B 2ROk 1 IR FLIR I 20 (LDHA) . PSR % it
AL (PDKY) (19 3R35 LA R0 R A, DT $ 55 1 i
Je AT A LR 7= T R 20 2R A5 O T I S T
i 4T R e A T = A (R FLIRR R ME AR, R, IR 57T
3L 2 5 e R SO B R T B AT S gl 4 Je
HIFRSZ AR AR 0 2 S R 1, S A K
“F(vascular endothelial growth factor, VEGF) | Ifil %4 i,
F-1(ANGPT1) FH0A A HE P 19 F 15832 BIHIF Y 7
¥, HIFE A& A9 £ 2 M HIF- 1o FIHIF-1(ARNT) 41
B, He BT RE 2 — T D3 ik A S T A T A0 A R
(EPO) ik T ar, 8 1 {12 1k 21 41 it Az - S BRARR 4238 17
PEAREY S 8 S APE R, HIE- ol 35 7] L i 22 15k 22 AL 1t
(PHDs) A0 &1, SR 5 #EE37Z K% %M (Von Hippel-
Lindau, VHL) FFR5, #8177 LATZ 3 25 Ay 20
fifp s T AEAR 48 5515 F , HIF-a52 PHD s 3L AL 18 1 v /L,
HIF- 1828 FA I RETE A A% T, HIF-1a 5 HIF-1p45 &
IV i R 2 B B s 37 X 38 b RR S (DN AT 4
(HRE), 3 32 4005 50 2 145 26 R A0 A7 76 45 2 DA
ORI BE LR 53, 4 T 20 I A AR SR PR BE T AT B 7
5T R W HIF- 1A 8 145 T VEGFRY Fak, BIE R AR L
PRI A I 1 A R AR 2 e 1) & R, Ak, HIE-
1T 5 K N T-B(TGE-B), A HEAN A L Jz 18] 58
5’1k (epithelial-mesenchymal transition, EMT) [)% 5%
T (28 (AT TWISTFISNAIL) R A2 BEEMT ik FE ik
SO B s VR SIEACIR T R RR A0, T X I Rg VR T e 24
PR BB LRI 2 B BHIFIE ABCHZ
F1, FEAR 7R 1 I6 7 24 D e A0 M 9 52, AR 2Y
Pyvte F 5 ] ELTF-A 2 00 11 e 4 e 19 B (AR L 32
JAT, XL P R LR/ HIE BT e 40 Ay 7 o ) —Fif
HAHLEN B, AT AT & B, me A5 )
mRNAZS & 8 FIYTHDF LA 5 R SR 7L s i gk,
HAEAE/ N (NSCLC) i 2 34 Al 5@ i fiE #F CDK2
CDKAZESE N (335 AL E b o 240 B 8 5 5 177 7E NSCLC AR
H B BT RO, R IR YT 5 T 1 6 1 4
(ROS) FL KT, YTHDF1 AL KA Bl Keap 1 T IEFKEAIR, 175
SN2 B H R TR 25 5 N AKR1CLAY_E 3, 9 i 45 e

Y BRI T 7= A i 2
22 SWREHSHE

o9 240 B PR A A o e LA R B S Ak i 0 kA
i H 23 A A AR R T3 R | AR TS N AN T A S
MG VEREAE T W EE R, ROSHVFZ A4 A
HS R VIME I . ROSEIEHA M R PE R & 5 F
FE, USRI A 2L («OH) . B (0,00) L it ik
A (H,0,)%dE A 3k, Mygdl gl hROSH ™= 5 ZFhA
FHC, AR MR A . MRS | AR A . I
ML B DNAF AT 5514 54, AR A5 5 o6 240 g 2 et
A= ROS, FEMTCE HIE-1a, MiHIE-1af3ds #k—4 5
FROSII =, B2 I ROS AR SEIIG HIF- 1o, LALIE
A TE RS AR AR HE I8 1045 A6 B . A MLAES , AR 2
SRS (R R BRIV BE I ROSHEIA R X i N A5 5
A8 356 FN 200 0 N 358 - A 1 R A 25, (HL = VR B Y ROS AT
XFDNA . JEZE LA SR 1 B i 45 mipl A s Ak
it 4 8 S A ) 5 AL (SODs ) | i AL AU (CAT) | s
Fr et AL (PRDXs) 45, IR BT AL 23 e H
K CGSH) . i J5 AU A e i W2 08— A% 1T IR B IR
(NADPH) ., ¥ 155, 5% R Nrf2 KOO N iFd
HINAD(P)H: i L4 5 i 1 (NQO1) A 2 IR -~ e &
% 12 F22 Tl A6 P 35 (GCLC) J S 6 R I A7 A2, W] A
FRHS Bh bR i ot 2 RO LATE B, — FLROS S5 #L
PRt AL B E 2 58 22 18] (P B R, ROSHY 7™ A= Atk
JEARR SR S A e 1) R A 5 R

ROSZ: 515 Z R0 A0 MU A5 = 38 % 0035 1k, 32283t
55 FNF-xB. STAT3, HIF-1a, & Ffh 8 18 . 4K
PR A PR R RS 5 X5 il B 5 RE
N VIR A0 ML A | AR A | R 5B L A I A A R
IR S R AT 1, E VR g 14 & AR R R ROS AT AR
S ST ES AR, 30T LA S5 AESRASRNA (miRNA |
circRNAFIIncRNA) AH EAEHH, ff B AR R, HCHt 40 i
FOT, 55 MU A 1, AR S 57 AR s 240 i 1= 2%
FFERAFE, ROS/KF- T Pl il PTENZE [ 14, £
WG PI3K/AKTAR 5 i J% 5 [A] iF, ROS/KF-Fh i ffi 45
Keapl451% L Bt KRAS . AKTS:3E [H (3% Ak LB 2 Nrf2 Al
S A% P9 AR BR AT AR 2 e 4 7 S A 17 38 ) g
THIFETERE S RS S ROS K T = ml 41l il
PHDsLARRE HIF-1a, MM iE AL VEGE, i i fie 2 i 41 21
B A IV A B T 8 200 6 5 B AR T ROSXTMAPK
PI3K/AKT . HIFA{5 5 3 % DL M |- Je 18] 58 ot 4% Ak X 1
SNAILZE A JH#>, b4k, ROS/KF-AEALFEEBY , HCV
HBV . HPVAEAE P 1Y 22 Flvi 7 Sk e 1 32 40 A o 72 rh



b

134 FA A e R SE N  RE S RR 53

5, ERBFSY & I, LDHATEHPV16/18 E7/8 475 51 i 4
958 TR v I A ) 440 R A 1) 3k B AR T RO S /K- T
LDHATEAN A% AR A5 28 B 4 D™ A Bt f A AR
Yla-F23E TR (a-HB), a- HBAYFL 238 i3 Wit 1% 16 1t
— AL SR T Wt {5 53 4, DA 1E B S0 Y
R,
2.3 LEBREEBEHIAE

5 A L Fiv g8 G 362 7 T P Pk 2 — T L S R
i P IR S R LA A ) B (SR Bl R 7 e
JeL) V2 AT IR 1A 5% (tumor microenvironment, TME)
rf, B R AR R A K (Treg, M2 ELIEZRIL . MDSCs)
B R A K A A AP A (CD4'T 40, CD8'T 4iiifd
NKAH ) A SR T A4 . W5 e B, (IR AR 1
HIF ] 25 9 5 G 03 200 6170 A e e 0 S Ak e 1 T Al ok
2, HIF-1a R £ #ECD8" TN MU AR AR . 120 Fnsi i o)
BE, I g A KB [, HIFSE 5E [ VEGF-ATECDS?
T2 H 8 SR TS Fogg 114 2 A5 I AR 4015 3 11 e
JeA I AE B T BN A I 55 2 A B A T e e AR
KE R (TAMs) H, R fEHFTAMs TP REDD1 1Y 4
ik, TR mTORMIE P, DL BHAT T AMSs "FOBE e A ik
e, 5UL[E I, TAMSsH] 43 W6 VEGF, fi #F i 8 il 8 A=
B, ASEAE e A 1Y Ao 2 B, SR IR AU
BE 5 ST A 10 FLRRE 23 0% mTORME 53 f {2 ik i e
B R AERTR R, e Ah, AR AT 1 B P 1 oA
B VA AT YT 0 T A 20 o Ko PR 2 2k 20 R G RE Tt 37
FEAESEIR, B ANB7 ZE IR VIST ATE e R PE T A 45
N 5IHAZIRPSGL- 1454, 45 VISTA RS L3 i 4 i T4
AT TS 5 e R A e ki

3 e

o3 I AR ) TR R A AT S A S R 4
i AR SRR X R S T B, 3 I £ 40 2 R e TR AT
JENBEREAR, iR AT T — ZR 50 o AL 4 o DGR S P
B UNEPAST(FRHIF2) FIEGLN1 (LR PHD2 ) 25 H;
HRL % A EEPAS1 28 28 S W HIF(S 548 4 ok 85 1 < ig
fiAE 71, LA E R A = SRR 43S N 5 k4, EPASTE
TE N R A 2 i v A AR HE LR R, T EPAS1TE
NSCLCH Ik ik i iG DNMT1 M2 #ENSCLC K
Jeles 7 EGLN1#EUE 2 5 T e A BRI 21 28 11k
JERYE T, EGLN1ZE I N ERKAY B, ERKfili gl
AR AT BHL IR S HIF1a4 6, AT HIF 102 5010 2 B
fife, SETRE ITHIF La RS E M . BFSE I, OP SL98 40 i
A ERK/PHD2/5 538 1 B a2 HIF 1o LA AIE 22 B9 5258 240 i 1Y)

BT 24 ; SR A 2 IR P T R % 2 1 (GPT2) i i P i ar-
KG/KF- i i il EGLN LA I 8 5 HIF Lo 1, itf—25
i Shh 5 5 1 R A2 i LA 26 LR T4 B 1
PEYERET 7, X7l KBS 2 4 A i 7 vk, 55 b
o DRI 2L Bl AV B3 7 1) AL, BB AR )
SRR REIE IZWEGR T BB AR AL TR
SO0 Ao 0T 5 et 7L 35 R AP T A b DX PR 1z 4 e o
GrefE . SR A L IR RS RN 2 A
B X LA AT, T AR T — R 9 e S A R AT
FEFEI AT 13K B3R 43 F AR ARG N T Y DG BEE T S 00
TR 7 5 R, 38 30 58 SCAE R FE X SEAIL
A3 VB o3 AR AR S AR rh R BRI R, ) An B
YTHDF1, PAQRAS{E MR Ak 7 T 24 v iy EE 22 Ty g 5 1
AR 4G BRI N e £24% 53¢ R R 2 vh i S ) iR 5 DA
K78 B Ah, ARAEROSTEAE T A il AilE %2 e v i AL
AR, AT i B TROS K- LA i S A B 875 5 e
YA FE T B33 2 B0 I ROS /K - LA il Fiev I 4 iy 777
filln, RLFER | PR EIRRAYT, FF R SR
KPR, 2- I S8 -D- AR BE, VPS5 25 W ] a5 T
FROS/K - 2 B K DU HEBOE 1 ™ — HBUI™
R A PR ORI A 25 AT A INADPH
oxidase 2(NOX2) . NADPH oxidase 4(NOX4) & 1 LAkl
ROS/™ A= MM A HE I g 2R A E ™ 28 FRTIR, e Jit
WLl AL fe D A s A% T T T A R 4 1 U
PRAR, TV 22 IR 40T 7 14 0 i PR AV AU S A 1) R A R
R AR T IRTE I RE, SR A W S I
X AR IR R R 5 0, A B T AR AT
X NGRS AE Y T %

2 % x o

(1] sk, TR, BERA, . PR M FERLD IM R M JER 5 R,
TP HERFLE, 2019, 49(10): 1455-1490.

[2] FOXD.What sparked the Cambrian explosion? Nature, 2016, 530(7590):
268-270.

[3] IVANM, KAELIN W G, Jr. The EGLN-HIF O(2)-sensing system:
multiple inputs and feedbacks. Mol Cel, 2017, 66(6): 772-779.

[4] SEMENZA GL, RUEEA, IYERN'V, et al. Assignment of the hypoxia-
inducible factor lalpha gene to a region of conserved synteny on mouse
chromosome 12 and human chromosome 14q. Genomics, 1996, 34(3):
437-439.

[5] WUTY. Life on the high Tibetan plateau. High Alt Med Biol, 2004, 5(1):
1-2.

[6] QIX, CUIC, PENG Y, et al. Genetic evidence of paleolithic
colonization and neolithic expansion of modern humans on the tibetan

plateau. Mol Biol Evol, 2013, 30(8): 1761-1778.


http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1038/530268a
http://dx.doi.org/10.1016/j.molcel.2017.06.002
http://dx.doi.org/10.1006/geno.1996.0311
http://dx.doi.org/10.1089/152702904322963609
http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1007/s11430-019-9508-4
http://dx.doi.org/10.1038/530268a
http://dx.doi.org/10.1016/j.molcel.2017.06.002
http://dx.doi.org/10.1006/geno.1996.0311
http://dx.doi.org/10.1089/152702904322963609

54 PR (BE2E R 5% 52
[7]  RKR—. WFERAFRER KM PR, BT 243, 2006(10): 1-3. [25] XIONG Q, LIU B, DING M, et al. Hypoxia and cancer related
[8] KAPPLER M, TAUBERT H, ECKERT A W. Oxygen sensing, pathology. Cancer Lett, 2020, 486: 1-7.

homeostasis, and disease. N Engl ] med, 2011, 365(6): 537-547. [26] CAMUZI D, DE AMORIM 1SS, RIBEIRO PINTO L F, et al.

[9] CAIRNSR A, HARRISIS, MAK T W. Regulation of cancer cell Regulation is in the air: the relationship between hypoxia and epigenetics
metabolism. Nat Rev Cancer, 2011, 11(2): 85-95. in cancer. Cells, 2019, 8(4): 300[2020-12-15]. https://doi.org/

[10] JING X, YANG F, SHAO C, et al. Role of hypoxia in cancer therapy by 10.3390/cells8040300.
regulating the tumor microenvironment. Mol Cancer, 2019, 18(1): [27] RANKIN E B, GIACCIA A J. Hypoxic control of metastasis. Science,
157[2020-12-15].https://doi.org/10.1186/s12943-019-1089-9. 2016, 352(6282): 175-180.

[11] GILKES D M, SEMENZA G L, WIRTZ D. Hypoxia and the extracellular [28] SULLIVANLB, GUIDY, VANDER HEIDEN M G. Altered metabolite
matrix: drivers of tumour metastasis. Nat Rev Cancer, 2014, 14(6): levels in cancer: implications for tumour biology and cancer therapy. Nat
430-439. Rev Cancer, 2016, 16(11): 680-693.

[12] BEALL C M. Two routes to functional adaptation: Tibetan and Andean [29] PAVLOVA NN, THOMPSON C B. The emerging hallmarks of cancer
high-altitude natives. Proc Nati Acad Sci U S A, 2007, 104(Suppl 1): metabolism. Cell Metab, 2016, 23(1): 27-47.

8655-8660. [30] FAUBERT B, LIKY, CAIL, et al. Lactate metabolism in human lung

[13] CHIRAT R, MOULTON D E, GORIELY A. Mechanical basis of tumors. Cell, 2017, 171(2): 358-371.
morphogenesis and convergent evolution of spiny seashells. Proc Nati [31] VAUPEL P, SCHLENGER K, KNOOP C, et al. Oxygenation of human
Acad Sci U S A, 2013, 110(15): 6015-6020. tumors: evaluation of tissue oxygen distribution in breast cancers by

[14] kKM, W5, Rure, % WIRFRYIEEE BT . B computerized O, tension measurements. Cancer Res, 1991, 51(12):
BB, 2020, 51(7): 1475-1487. 3316-3322.

[15] FENG S, MA J, LONG K, et al. Comparative microRNA [32] VANDER HEIDEN M G, CANTLEY L C, THOMPSON C B.
Transcriptomes in domestic goats reveal acclimatization to high altitude. Understanding the Warburg effect: the metabolic requirements of cell
Front Genet, 2020, 11: 809[2020-12-15]. https://doi.org/10. proliferation. Science, 2009, 324(5930): 1029-1033.
3389/fgene.2020.00809. [33] BOHME I, BOSSERHOFF A K. Acidic tumor microenvironment in

[16] THIERSCH M, SWENSON E R. High altitude and cancer mortality. human melanoma. Pigment Cell Melanoma Res, 2016, 29(5): 508-523.
High Alt Med Biol, 2018, 19(2): 116-123. [34] SEMENZAGL, NEJFELT M K, CHI S M, et al. Hypoxia-inducible

[17] ZHOU M, WANG H, ZHU ], et al. Cause-specific mortality for 240 nuclear factors bind to an enhancer element located 3' to the human
causes in China during 1990-2013: a systematic subnational analysis for erythropoietin gene. Proc NatiAcad Sci U S A, 1991, 88(13): 5680-5684.
the Global Burden of Disease Study 2013. Lancet, 2016, 387(10015): [35] IVAN M, KONDO K, YANG H, et al. HIFalpha targeted for VHL-
251-272. mediated destruction by proline hydroxylation: implications for O,

[18] BAKERPT, LITTLE M A. Man in the Andes. Stroudsburg: Dowden, sensing. Science, 2001, 292(5516): 464-468.

Hutchinson & Ross, 1976. [36] JAAKKOLA P, MOLEDR, TIAN Y M, et al. Targeting of HIF-alpha to

[19] COSIO G. Hematic and cardiopulmonary characteristics of the Andean the von Hippel-Lindau ubiquitylation complex by O,-regulated prolyl
miner. Bol Oficina Sanit Panam, 1972, 72(6): 547-557. hydroxylation. Science, 2001, 292(5516): 468-472.

[20] BEALL C M. Andean, Tibetan, and Ethiopian patterns of adaptation to [37] THOMPSON C B. Into thin air: how we sense and respond to hypoxia.
high-altitude hypoxia. Integr Comp Biol, 2006, 46(1): 18-24. Cell, 2016, 167(1): 9-11.

[21] GARRUTO R M, CHIN C T, WEITZ C A, et al. Hematological [38] GOELHL, MERCURIO A M. VEGF targets the tumour cell. Nat Rev
differences during growth among Tibetans and Han Chinese born and Cancer, 2013, 13(12): 871-882.
raised at high altitude in Qinghai, China. Am J Phys Anthropol, 2003, [39] SANG N, STIEHL D P, BOHENSKY J, et al. MAPK signaling up-
122(2): 171-183. regulates the activity of hypoxia-inducible factors by its effects on p300. ]

[22] BEALL CM, SONG K, ELSTON R C, et al. Higher offspring survival Biol Chem, 2003, 278(16): 14013-14019.
among Tibetan women with high oxygen saturation genotypes residing at [40] FORSYTHE] A, JIANG B H, IYER NV, et al. Activation of vascular
4000 m. Proc Nati Acad Sci U S A, 2004, 101(39): 14300-14304. endothelial growth factor gene transcription by hypoxia-inducible factor

[23] UDPA N, RONEN R, ZHOU D, et al. Whole genome sequencing of 1. Mol Cell Biol, 1996, 16(9): 4604-4613.

Ethiopian highlanders reveals conserved hypoxia tolerance genes. [41] MAKP, LEAV I, PURSELL B, ef al. ERbeta impedes prostate cancer
Genome Biol, 2014, 15(2): R36[2020-12-15]. https://doi.org/10.1186/gb- EMT by destabilizing HIF-1alpha and inhibiting VEGF-mediated snail
2014-15-2-r36. nuclear localization: implications for Gleason grading. Cancer Cell, 2010,

[24] LEEP, CHANDEL N S, SIMON M C. Cellular adaptation to hypoxia 17(4): 319-332.

through hypoxia inducible factors and beyond. Nat Rev Mol Cell Biol, [42] zHU J, THOMPSON C B. Metabolic regulation of cell growth and

2020, 21(5): 268-283.

proliferation. Nat Rev Mol Cell Biol, 2019, 20(7): 436-450.


http://dx.doi.org/10.1056/NEJMc1110602
http://dx.doi.org/10.1186/s12943-019-1089-9
http://dx.doi.org/10.1038/nrc3726
http://dx.doi.org/10.1073/pnas.0701985104
http://dx.doi.org/10.1073/pnas.1220443110
http://dx.doi.org/10.1073/pnas.1220443110
https://doi.org/10.3389/fgene.2020.00809
https://doi.org/10.3389/fgene.2020.00809
http://dx.doi.org/10.1089/ham.2017.0061
http://dx.doi.org/10.1016/S0140-6736(15)00551-6
http://dx.doi.org/10.1093/icb/icj004
http://dx.doi.org/10.1002/ajpa.10283
http://dx.doi.org/10.1073/pnas.0405949101
http://dx.doi.org/10.1186/gb-2014-15-2-r36
http://dx.doi.org/10.1038/s41580-020-0227-y
http://dx.doi.org/10.1016/j.canlet.2020.05.002
https://doi.org/10.3390/cells8040300
https://doi.org/10.3390/cells8040300
http://dx.doi.org/10.1126/science.aaf4405
http://dx.doi.org/10.1038/nrc.2016.85
http://dx.doi.org/10.1038/nrc.2016.85
http://dx.doi.org/10.1016/j.cmet.2015.12.006
http://dx.doi.org/10.1016/j.cell.2017.09.019
http://dx.doi.org/10.1126/science.1160809
http://dx.doi.org/10.1111/pcmr.12495
http://dx.doi.org/10.1073/pnas.88.13.5680
http://dx.doi.org/10.1126/science.1059817
http://dx.doi.org/10.1126/science.1059796
http://dx.doi.org/10.1016/j.cell.2016.08.036
http://dx.doi.org/10.1038/nrc3627
http://dx.doi.org/10.1038/nrc3627
http://dx.doi.org/10.1074/jbc.M209702200
http://dx.doi.org/10.1074/jbc.M209702200
http://dx.doi.org/10.1128/mcb.16.9.4604
http://dx.doi.org/10.1016/j.ccr.2010.02.030
http://dx.doi.org/10.1038/s41580-019-0123-5
http://dx.doi.org/10.1056/NEJMc1110602
http://dx.doi.org/10.1186/s12943-019-1089-9
http://dx.doi.org/10.1038/nrc3726
http://dx.doi.org/10.1073/pnas.0701985104
http://dx.doi.org/10.1073/pnas.1220443110
http://dx.doi.org/10.1073/pnas.1220443110
https://doi.org/10.3389/fgene.2020.00809
https://doi.org/10.3389/fgene.2020.00809
http://dx.doi.org/10.1089/ham.2017.0061
http://dx.doi.org/10.1016/S0140-6736(15)00551-6
http://dx.doi.org/10.1093/icb/icj004
http://dx.doi.org/10.1002/ajpa.10283
http://dx.doi.org/10.1073/pnas.0405949101
http://dx.doi.org/10.1186/gb-2014-15-2-r36
http://dx.doi.org/10.1038/s41580-020-0227-y
http://dx.doi.org/10.1016/j.canlet.2020.05.002
https://doi.org/10.3390/cells8040300
https://doi.org/10.3390/cells8040300
http://dx.doi.org/10.1126/science.aaf4405
http://dx.doi.org/10.1038/nrc.2016.85
http://dx.doi.org/10.1038/nrc.2016.85
http://dx.doi.org/10.1016/j.cmet.2015.12.006
http://dx.doi.org/10.1016/j.cell.2017.09.019
http://dx.doi.org/10.1126/science.1160809
http://dx.doi.org/10.1111/pcmr.12495
http://dx.doi.org/10.1073/pnas.88.13.5680
http://dx.doi.org/10.1126/science.1059817
http://dx.doi.org/10.1126/science.1059796
http://dx.doi.org/10.1016/j.cell.2016.08.036
http://dx.doi.org/10.1038/nrc3627
http://dx.doi.org/10.1038/nrc3627
http://dx.doi.org/10.1074/jbc.M209702200
http://dx.doi.org/10.1074/jbc.M209702200
http://dx.doi.org/10.1128/mcb.16.9.4604
http://dx.doi.org/10.1016/j.ccr.2010.02.030
http://dx.doi.org/10.1038/s41580-019-0123-5

ERE

FA A e R SE N  RE S RR 55

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

GODET I, SHINYJ, JUJ A, et al. Fate-mapping post-hypoxic tumor
cells reveals a ROS-resistant phenotype that promotes metastasis. Nat
Commun, 2019, 10(1): 4862[2020-12-15]. https://doi.org/10.1038/s41467-
019-12412-1.

SHIY, FAN'S, WU M, et al. YTHDF1I links hypoxia adaptation and
non-small cell lung cancer progression. Nat Commun, 2019, 10(1):
4892[2020-12-15]. https://doi.org/10.1038/s41467-019-12801-6.

PRASAD S, GUPTA S C, TYAGI A K. Reactive oxygen species (ROS)
and cancer: role of antioxidative nutraceuticals. Cancer Lett, 2017, 387:
95-105.

CHANDEL N S. Mitochondrial complex Il an essential component of
universal oxygen sensing machinery? Respir Physiol Neurobiol, 2010,
174(3): 175-181.

PAULSEN C E, CARROLL K S. Cysteine-mediated redox signaling:
chemistry, biology, and tools for discovery. Chem Rev, 2013, 113(7):
4633-4679.

KOBAYASHI M, YAMAMOTO M. Nrf2-Keap]1 regulation of cellular
defense mechanisms against electrophiles and reactive oxygen species.
Adv Enzyme Regul, 2006, 46: 113-140.

KLAUNIG]JE, XU Y, ISENBERG]S, et al. The role of oxidative stress
in chemical carcinogenesis. Environ Health Perspect, 1998, 106(Suppl 1):
289-295.

ZHOU L, ZHANG Z, HUANG Z, et al. Revisiting cancer hallmarks:
insights from the interplay between oxidative stress and non-coding
RNAs. Mol Biom, 2020, 1(1): 4[2020-12-15]. https://doi.org/10.1186/
$43556-020-00004-1.

ZHANG J, WANG X, VIKASH V, et al. ROS and ROS-mediated
cellular signaling. Oxid Med Cell Longev, 2016, 2016: 4350965[2020-12-
11]. https://doi.org/10.1155/2016/4350965.

MAULIK N, DAS D K. Redox signaling in vascular angiogenesis. Free
Radic Biol Med, 2002, 33(8): 1047-1060.

SHIMOJO Y, AKIMOTO M, HISANAGA T, et al. Attenuation of
reactive oxygen species by antioxidants suppresses hypoxia-induced
epithelial-mesenchymal transition and metastasis of pancreatic cancer
cells. Clin Exp Metastasis, 2013, 30(2): 143-154.

LIUY, GUOJ Z, LIUY, et al. Nuclear lactate dehydrogenase A senses
ROS to produce a-hydroxybutyrate for HPV-induced cervical tumor
growth. Nat Commun, 2018, 9(1): 4429[2020-12-15]. https://doi.org/
10.1038/541467-018-06841-7.

HEGDE P S, CHEN D S. Top 10 challenges in cancer immunotherapy.
Immunity, 2020, 52(1): 17-35.

PALAZON A, GOLDRATH A W, NIZET V, et al. HIF transcription
factors, inflammation, and immunity. Immunity, 2014, 41(4): 518-528.
RENNER K, SINGER K, KOEHL G E, et al. Metabolic hallmarks of
tumor and immune cells in the tumor microenvironment. Front
Immunol, 2017, 8: 248[2020-12-15]. https://doi.org/10.3389/
fimmu.2017.00248.

PALAZON A, TYRAKIS P A, MACIAS D, et al. An HIF-1a/VEGF-A

axis in cytotoxic T cells regulates tumor progression. Cancer Cell, 2017,

[59]

[60]

[61]

[62]

[63]

[64]

(65]

[66]

[67]

[68]

[69]

[70]

[(71]

[72]

(73]

(74]

32(5): 669-683.

KRZYWINSKA E, KANTARI-MIMOUN C, KERDILES Y, et al. Loss of
HIF-1a in natural killer cells inhibits tumour growth by stimulating non-
productive angiogenesis. Nat Commun, 2017, 8(1): 1597[2020-12-
15].https://doi.org/10.1038/541467-017-01599-w.

WENES M, SHANG M, DI MATTEO M, et al. Macrophage
metabolism controls tumor blood vessel morphogenesis and metastasis.
Cell Metab, 2016, 24(5): 701-715.

ANDO N, HARA M, SHIGA K, et al. Eicosapentaenoic acid suppresses
angiogenesis via reducing secretion of IL-6 and VEGF from colon cancer-
associated fibroblasts. Oncol Rep, 2019, 42(1): 339-349.

LIUN, LUOJ, KUANG D, et al. Lactate inhibits ATP6V0d2 expression
in tumor-associated macrophages to promote HIF-2a-mediated tumor
progression. J Clin Invest, 2019, 129(2): 631-646.

CLEVER D, ROYCHOUDHURI R, CONSTANTINIDES M G, et al.
Oxygen sensing by T cells establishes an immunologically tolerant
metastatic niche. Cell, 2016, 166(5): 1117-1131.

JOHNSTON R J, SUL]J, PINCKNEY ], et al. VISTA is an acidic pH-
selective ligand for PSGL-1. Nature, 2019, 574(7779): 565-570.

XINJ, ZHANG H, HEY, et al. Chromatin accessibility landscape and
regulatory network of high-altitude hypoxia adaptation. Nat Commun,
2020, 11(1): 4928[2020-12-15].https://doi.org/10.1038/s41467-020-18638-
8.

LIY, WANG M S, OTECKO N O, et al. Hypoxia potentially promotes
Tibetan longevity. Cell Res, 2017, 27(2): 302-305.

LIY, WU D D, BOYKO AR, et al. Population variation revealed high-
altitude adaptation of Tibetan mastiffs. Mol Biol Evol, 2014, 31(5):
1200-1205.

PENGY, CUIC, HEY, etal. Down-regulation of EPASI transcription
and genetic adaptation of tibetans to high-altitude hypoxia. Mol Biol
Evol, 2017, 34(4): 818-830.

XU XH, BAOY, WANG X, et al. Hypoxic-stabilized EPAS1 proteins
transactivate DNMTI1 and cause promoter hypermethylation and
transcription inhibition of EPAS1 in non-small cell lung cancer. FASEB J,
2018, 32(12): £fj201700715[2020-12-15]. https://doi.org/10.1096/
fj.201700715.

FRRAAE, ARBES, XER, %. miR-34, MDM2, EPASIYE T & B0
PR IE R 5 i PR AR A DGR BT i ZE R 25 2435, 2020, 32(7):
38-42.

SIMONSON T S, YANG Y, HUFF CD, et al. Genetic evidence for high-
altitude adaptation in Tibet. Science, 2010, 329(5987): 72-75.

LI Z, ZHOU W, ZHANGY, et al. ERK Regulates HIFla-mediated
platinum resistance by directly targeting PHD2 in ovarian cancer. Clin
Can Res, 2019, 25(19): 5947-5960.

CAOY, LINSH, WANGY, et al. Glutamic pyruvate transaminase
GPT2 promotes tumorigenesis of breast cancer cells by activating sonic
hedgehog signaling. Theranostics, 2017, 7(12): 3021-3033.

WU D D, YANG CP, WANG M S, et al. Convergent genomic

signatures of high-altitude adaptation among domestic mammals. Nat Sci


http://dx.doi.org/10.1038/s41467-019-12412-1
http://dx.doi.org/10.1038/s41467-019-12412-1
http://dx.doi.org/10.1038/s41467-019-12801-6
http://dx.doi.org/10.1016/j.canlet.2016.03.042
http://dx.doi.org/10.1016/j.resp.2010.08.004
http://dx.doi.org/10.1021/cr300163e
http://dx.doi.org/10.1016/j.advenzreg.2006.01.007
http://dx.doi.org/10.1289/ehp.98106s1289
http://dx.doi.org/10.1186/s43556-020-00004-1
http://dx.doi.org/10.1155/2016/4350965
http://dx.doi.org/10.1016/s0891-5849(02)01005-5
http://dx.doi.org/10.1016/s0891-5849(02)01005-5
http://dx.doi.org/10.1007/s10585-012-9519-8
http://dx.doi.org/10.1038/s41467-018-06841-7
http://dx.doi.org/10.1016/j.immuni.2019.12.011
http://dx.doi.org/10.1016/j.immuni.2014.09.008
http://dx.doi.org/10.3389/fimmu.2017.00248
http://dx.doi.org/10.3389/fimmu.2017.00248
http://dx.doi.org/10.1016/j.ccell.2017.10.003
http://dx.doi.org/10.1038/s41467-017-01599-w
http://dx.doi.org/10.1016/j.cmet.2016.09.008
http://dx.doi.org/10.3892/or.2019.7141
http://dx.doi.org/10.1172/JCI123027
http://dx.doi.org/10.1016/j.cell.2016.07.032
http://dx.doi.org/10.1038/s41586-019-1674-5
http://dx.doi.org/10.1038/s41467-020-18638-8
http://dx.doi.org/10.1038/cr.2016.105
http://dx.doi.org/10.1093/molbev/msu070
http://dx.doi.org/10.1093/molbev/msw280
http://dx.doi.org/10.1093/molbev/msw280
http://dx.doi.org/10.1096/fj.201700715
http://dx.doi.org/10.1126/science.1189406
http://dx.doi.org/10.1158/1078-0432.CCR-18-4145
http://dx.doi.org/10.1158/1078-0432.CCR-18-4145
http://dx.doi.org/10.7150/thno.18992
http://dx.doi.org/10.1093/molbev/msz158
http://dx.doi.org/10.1038/s41467-019-12412-1
http://dx.doi.org/10.1038/s41467-019-12412-1
http://dx.doi.org/10.1038/s41467-019-12801-6
http://dx.doi.org/10.1016/j.canlet.2016.03.042
http://dx.doi.org/10.1016/j.resp.2010.08.004
http://dx.doi.org/10.1021/cr300163e
http://dx.doi.org/10.1016/j.advenzreg.2006.01.007
http://dx.doi.org/10.1289/ehp.98106s1289
http://dx.doi.org/10.1186/s43556-020-00004-1
http://dx.doi.org/10.1155/2016/4350965
http://dx.doi.org/10.1016/s0891-5849(02)01005-5
http://dx.doi.org/10.1016/s0891-5849(02)01005-5
http://dx.doi.org/10.1007/s10585-012-9519-8
http://dx.doi.org/10.1038/s41467-018-06841-7
http://dx.doi.org/10.1016/j.immuni.2019.12.011
http://dx.doi.org/10.1016/j.immuni.2014.09.008
http://dx.doi.org/10.3389/fimmu.2017.00248
http://dx.doi.org/10.3389/fimmu.2017.00248
http://dx.doi.org/10.1016/j.ccell.2017.10.003
http://dx.doi.org/10.1038/s41467-017-01599-w
http://dx.doi.org/10.1016/j.cmet.2016.09.008
http://dx.doi.org/10.3892/or.2019.7141
http://dx.doi.org/10.1172/JCI123027
http://dx.doi.org/10.1016/j.cell.2016.07.032
http://dx.doi.org/10.1038/s41586-019-1674-5
http://dx.doi.org/10.1038/s41467-020-18638-8
http://dx.doi.org/10.1038/cr.2016.105
http://dx.doi.org/10.1093/molbev/msu070
http://dx.doi.org/10.1093/molbev/msw280
http://dx.doi.org/10.1093/molbev/msw280
http://dx.doi.org/10.1096/fj.201700715
http://dx.doi.org/10.1126/science.1189406
http://dx.doi.org/10.1158/1078-0432.CCR-18-4145
http://dx.doi.org/10.1158/1078-0432.CCR-18-4145
http://dx.doi.org/10.7150/thno.18992
http://dx.doi.org/10.1093/molbev/msz158

56 PNl (BE22 R 5 524

Rev, 2019, 7(6): 952-963. [81] COLEMAN M C, ASBURY CR, DANIELS D, et al. 2-deoxy-D-glucose
[75] YUL, WANG G D, RUAN J, et al. Genomic analysis of snub-nosed causes cytotoxicity, oxidative stress, and radiosensitization in pancreatic

monkeys (Rhinopithecus) identifies genes and processes related to high- cancer. Free Radic Biol Med, 2008, 44(3): 322-331.

altitude adaptation. Nat Genet, 2016, 48(8): 947-952. [82] PELICANO H, CARNEY D, HUANG P. ROS stress in cancer cells and

[76] XUP, JIANGL, YANGY, et al. PAQR4 promotes chemoresistance in therapeutic implications. Drug Resist Updat, 2004, 7(2): 97-110.

non-small cell lung cancer through inhibiting Nrf2 protein degradation. [83] CHENG G, LANZA-JACOBY S. Metformin decreases growth of

Theranostics, 2020, 10(8): 3767-3778. . . . .
pancreatic cancer cells by decreasing reactive oxygen species: role of
[77] GORRINI C, HARRIS IS, MAK T W. Modulation of oxidative stress as
NOX4. Biochem Biophys Res Commun, 2015, 465(1): 41-46.
an anticancer strategy. Nat Revi Drug Disc, 2013, 12(12): 931-947.
[84] MOCHIZUKIT, FURUTA S, MITSUSHITA J, et al. Inhibition of
[78] HUSSAIN T, TAN B, YIN Y, et al. Oxidative stress and inflammation:
NADPH oxidase 4 activates apoptosis via the AKT/apoptosis signal-
what polyphenols can do for us? Oxid Med Cell Longev, 2016,

. regulating kinase 1 pathway in pancreatic cancer PANC-1 cells.
2016:7432797[2029-12-03]. https://doi.org/10.1155/2016/7432797.

[79] DOROSHOW J H. Anthracycline antibiotic-stimulated superoxide, Oncogene, 2006, 25(26): 3699-3707.

hydrogen peroxide, and hydroxyl radical production by NADH [85] BRIEGER K, SCHIAVONE S, MILLER FJ, JR, et al. Reactive oxygen

dehydrogenase. Cancer Res, 1983, 43(10): 4543-4551. species: from health to disease. Swiss Med Wkly, 2012, 142: w13659[2020-
[80] MARCHETTIM, RESNICK L, GAMLIEL E, et al. Sulindac enhances 12-15].https://doi.org/10.4414/smw.2012.13659.
the killing of cancer cells exposed to oxidative stress. PLoS One, 2009, (2020 - 10 - 28k, 2020 - 12 - 17{&[1])
4(6): €5804[2020-12-15].https://doi.org/10.1371/journal.pone.0005804. Bt
o AN
EEE AN

VRS, BF5E 51, BT RHBE B W sh Wi o I g 15 -5 s L o8 Ao RS 1) Jed & AL
il T 2 e AT PO AR TN SRR e . 20054E7E T ARIBE b AR Ak 5 A ML A 5 e
ARFRAIEA2EAT . 2005201245 7F 3¢ [ 7R VG R 2 2 vho0 S 5 1R S 8 Ja A o B B D= s 55 1
HMLAR S S BRI T A . 20124F [ Rk BE L BA SRS i, T e (55 e SRR U2 . 19 3K
TR ARHEE D RS | — ) S, LM a m A R . PR B AR R RIBFE20
Ko CRERARPIEESERMTEFERAAS | BEARB =L m LW Iﬂ%im\%wﬁﬁ

\ o RORETFRI973 1R I H (EE 150 S5 2 AT H % B, AT E YU 2 g br S £ 24
AERIFZ, MEVUE DS A YRS A IR SRR S S H AR A (), sMA TR EA SRl FHZE
B At

AR


http://dx.doi.org/10.1093/molbev/msz158
http://dx.doi.org/10.1038/ng.3615
http://dx.doi.org/10.7150/thno.43142
http://dx.doi.org/10.1038/nrd4002
http://dx.doi.org/10.1371/journal.pone.0005804
http://dx.doi.org/10.1016/j.freeradbiomed.2007.08.032
http://dx.doi.org/10.1016/j.drup.2004.01.004
http://dx.doi.org/10.1016/j.bbrc.2015.07.118
http://dx.doi.org/10.1038/sj.onc.1209406
http://dx.doi.org/10.4414/smw.2012.13659
http://dx.doi.org/10.1093/molbev/msz158
http://dx.doi.org/10.1038/ng.3615
http://dx.doi.org/10.7150/thno.43142
http://dx.doi.org/10.1038/nrd4002
http://dx.doi.org/10.1371/journal.pone.0005804
http://dx.doi.org/10.1016/j.freeradbiomed.2007.08.032
http://dx.doi.org/10.1016/j.drup.2004.01.004
http://dx.doi.org/10.1016/j.bbrc.2015.07.118
http://dx.doi.org/10.1038/sj.onc.1209406
http://dx.doi.org/10.4414/smw.2012.13659
http://dx.doi.org/10.1093/molbev/msz158
http://dx.doi.org/10.1038/ng.3615
http://dx.doi.org/10.7150/thno.43142
http://dx.doi.org/10.1038/nrd4002
http://dx.doi.org/10.1371/journal.pone.0005804
http://dx.doi.org/10.1093/molbev/msz158
http://dx.doi.org/10.1038/ng.3615
http://dx.doi.org/10.7150/thno.43142
http://dx.doi.org/10.1038/nrd4002
http://dx.doi.org/10.1371/journal.pone.0005804
http://dx.doi.org/10.1016/j.freeradbiomed.2007.08.032
http://dx.doi.org/10.1016/j.drup.2004.01.004
http://dx.doi.org/10.1016/j.bbrc.2015.07.118
http://dx.doi.org/10.1038/sj.onc.1209406
http://dx.doi.org/10.4414/smw.2012.13659
http://dx.doi.org/10.1016/j.freeradbiomed.2007.08.032
http://dx.doi.org/10.1016/j.drup.2004.01.004
http://dx.doi.org/10.1016/j.bbrc.2015.07.118
http://dx.doi.org/10.1038/sj.onc.1209406
http://dx.doi.org/10.4414/smw.2012.13659

