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Progress in study on cell autophagy induced by nanomaterials
Yang Ye", Chen Shangya, Zhang Enguo, Jia Qiang, Du Zhongjun, Shao Hua
( * . School of Medicine and Life Sciences, University of Jinan, Shandong Academy of Medical Sciences, Jinan 250062, China)

Abstract: Autophagy was a scavenger type of self-protection program which could protect their own cells from internal or ex-
ternal damage. With the progress of autophagy research, scientists began to focus on other aspects related to autophagy, especial-
ly that caused by nanomaterials. More and more studies has shown that nanomaterials could cause cell autophagy. This paper brief-
ly introduced the effects of such nanomaterials as water-soluble fullerenes and their derivatives, rare earth metal oxides,

quantum dots and graphene on cell autophagy induction and inhibition based on the current research results of the relationship be-

tween nanomaterials and autophagy.

Key words: nanomaterials; autophagy; molecular mechanism

1 gk

YK RHE AR S5 B A RS AT 1~ 100 nm 22 [ (14 fi
R RE, HARERON . RN 2T R ST RO Rl F b
RN S YA FEA RN, ARG, e, B, B RS
BRI RIEVEH . MR P20 4B B K /N 6 000 ~9 000
nm, AR A R 5 29 K U TT L FE MR P E
s, AR HFESSUE, hFHERE, ShE, Rt
MR, AR R TE B2 28 AR S BOR SR VR, el
RIURLAE NPT Bk B BRI B, IEATERR IS W, AR S 1)
YRR R (AR T, IR AOR R B K
259, [ 1984 AEFEEBIER Gleiter 251 U P ABE R 1Y
JrikHIAE T Pd, Fe, Cu ZEGRKERILIR , —28 ik B 54
KA T AR AR B A B G0KRHE 7T 0 T R 4
XTARBE LRG0 K e RAE S fiefl, B3, fb%, £,
B2 g N HABAE H o s b, 7EBE 2R, 2 AARIFIGE |
THACIE B B Jok J5h B THT 922 2 98 ) 490 DK SRR 2 75 2 ek A M 7
AEFEEVERT, TS AU 05755 55 22 1 RF 5245 LITER

KimBAE. 2017-03-09; f€EIHHEE. 2017-07-27

EE&WH. EXARRSES (45 81602893); LA HAFR
HIE (G5 ZR2015YL049) 5 AR & 25 DAERHH kBt (4
5. 2016WS0581470145) 5 117K BE2Rl2fBE A 1H T8

EHE/N. B (19%—), 2, W, crm. ERREE,

WBEEE. HOF, BLA S, E-mail: duzjl1981@ 163. com; HB
&, W5 h, A4S0l E-mail; chinashachua5888@ 163. com,

2 HmBE
2.1 A WERE XL

“CHWVE” BIMES 1963 4 i LRI Bl 22 5K Christian de Duve
BB B A MR A AR R SR T AR, A
TAMPATS, S IR A0 BR A0 M N R B R Rk
TR RIS, RPN A B AN SR, g
FIEELARE A W E RN T RE A R W R T U
A AVERNE AW, & HRE AR R Z M, NES
¥ IE, AR/MORE—FMBUZ R, SUZROENED S
VST ORTLA T B W WA,V A R R R N S R
SERCANIE B R AR, A EmE (DR ST (1
) | YIIRSE (AL FHDI R AR P HEAET

1996 4E 2% 2016 4E 1Y 20 4E[H], & RTEPEFIM EA A
Ji gt Se B Ak 2 274 85 PubMed WS 3E SC SR 26 541 f
A A W R 45 B 2R R o S £, L HUE: 2016 4F
A2 G Ry R DS 20 6 s AL 1 v B0 5 2R o 2 7 i I
IRAHRE B R 2R, (AN A T 5 B B R AT 56,
SR, A0M F MR —0 <TG, A WERT AR S 40 i A — Fib
AR RER, 75— R L3 bR A0 M P9 3 5 AO 40 i % A aE
H, HEEbOWEMEGHERES SHRETNER, 46
TERCRAT, R B AT B B a5 17 A, P A
AKSEHE S, AN A R EY R DR A B AR 2 E
K P g aod BE R R il ERRAS S, AT S BN A PE T



P E Tl BE2E 4R 2017 4 10 45 30 55 5 1

Chinese J Ind Med Oct 2017, Vol. 30 No. 5 « 349 .

2.2 4 E R S R

FEIEFAGOLT , A0MA H SIEAACOE (1 F g, 75 2 Al A
RNFEFA SR AR KT, M4 ANSERETREZ)
1, WYV, B R EERER 2, BT
YA F MR R A, TERRACR — B SR B R i 2R A, B
AW FAEACRVE R, ZE4HM A R 20 B T B B AR
. dNEAESZ B RO, T RO LS/ Y A 3L, AN
R AP 4] XU S il 0 25 2 R TH S 4 2%, TR &0 A
WERITA, I REPR MRS S I AR D A A 08 B A s A,
IR NP Loy (RIS ) K 1 WA E 2 1 A4 L 2 3 A
AL, DT R 40 25 B4 -F A A G SR A B, 20 HHEAD 60 4F
R, FE5 0k 0 A R B P o040 2 70 U2 B TP R Jl 8 R 45
¥, SRR W IR 0 A0 i35 FUE W 2L, %) 0T A T R
HATEF RV IR A AR, W 1D (),
2.3 4iH A mER AR B A

A 1 gt AR P B R S T A A S R B S A
AWEREfEARAE Z B AN A BRI TR A R” A,
E—ERE LT U A A2 0%, Wik, A EE—
o ATRROR R AR, AN E R AT OR DT BT
B, bl ER . FA ARG R RO FE AR, JIF H L
PN AR A TG R R TR, BE AT ARRARR A AR (HL A ag)
REE, W DMR DA B RN FEYNGE, DERK
N, MANAL T IE & SRR, A mOKTE, REMHT
TEBRTEE (0 40 M 8 R 5 2R 5 2 A0 I AR R 3R
UV, Bl B4 B, A0MF s AR T, AWK
L EEREEANRES, RAUE IR RN (RS
EARBIUCERT, F VT 2N BEHS Bl 200 i 17 2 4 5 3 40 i oy
PP, A0 AR ESET S, B T AURR PSR T,

IR R A ) H IS R AR RE R, HARAERR AN IRAR
&, LHEMSTT, BHNAER SN, Beclinl 275l
WE5 AR —FG 3 A, dR R I A Ao MR R,
EREHBHHTEAMARLTENS, HAEHFASE AR
AR R, Beclinl 2 RS Tl A0M A KA, 2
—FhE LRI BRI N, R LA B I A R A
firkasE Jr ik TRk, A0AE A WA BE AR HE G RE IR, TEANY
AW 3 BN AE A TP AERFHOIR S AR 8 TR F i
2.4 HUfEH R TEIT IR

HATAFFE AN A e BT A ST (EIEWE) |
PO B T B WA SR ICE H LC3 MR T, CCK-8 A3l
Western blot 25 [ E[I VA 5, 37 5 HL 400 00 2 v 36 40 1 s 7Y
CAARAET, JAFAL T DA S MR AERIEA; Bl
Z — il LB Y e s I T BB OGRS i OBUE BN BEE A
OISR bR, 72 P AR B 482 L4 mT B L 55 o 1k 45 O
fludn i o$ & AR TR S, Y RULEEEE AW 22, A A A Ry
W HAE R B A K, A FEHLE T BB,
FIBER A FHLEN | iR A SR T 4 1 s ) i 5 I
E L AMEMCE AR

g, BmnrfEA AN AR EEIERZ —, ATHRE

RPN AR Bt i ST A M K A R AR DL R IR A
AMPK 7] 38 S B BR 1Y Ser777 S50 s TH ULKL, M5 40 i
AW, BT A GUE I [ WSS Bk 0 ] R A
SR T, PEMARST B O A R P SR AR, B
BES TR R R R H WA SRR A B, B A BFITIE
L FEESAMAET A R, 40 S A TR B
BMERPRES, B MBS, SRR 40 i Y
FET, EWEH THAMER B AE R DL Beclinl B39 1E
HH, (AN S R 1 00 R B AR G TR R BB T 1,
ARLXSF 19 I 15 BEL et e 2 I BB R 5 Dy P98 g 3 7 M i
EAPAFAE G L PR 4T A 0 T LA 5 20 X T
ST IR B, 5 S 11 MR AR 20 ek R 0 L P PE T R
W IEZ —, W, 2006 WS P 4 1 1 5%
FARIRA , KERIMIMRE SIS RIE, o, I,
3G B A i P R, AR AR

FAEHEFRIIS | AN VRS BT R B A . S —,
AR CHE” iR, RAEH - SN
WFBRATH B W EIE; 58 =, AT F E06m AR
e AW, [HAESERRE L A MR R AR R — E UL W —
FETRA, HWESCK BBz il e e S A RIS £
2.5 4 A WA ST HLE]

YA A WA Bl e — R A A RN R R A, A
Mg S 3ok PR HE 4 ) %) 4 5 B 19 ) 68 B I T 9 A L
B—AJ5m, 1997 45, HARL#ZFK Yoshinori Ohsumi /N 5
RIS — DB WL Argl e 1998 4F | EEBIFESK
Beth Levine /N4 78 B I & BL4E — Wi 2L sh ) A 5 3£ 5 Bec-
lin1t7 ) 2015 4, A HIE &P Arg, FERET™S , IEBA B G #8 40
il Atg FERBE RS LB, A4 0 A A R Y 1 WA DGR
LC3 B 240 3wk i bric & A

BEREWELEE 3 (PI3K) -AKT-mTOR {553 F& 2 200 il [ W
FRET- R EERE, ARESFSFEENN T, #id mTOR
(BWMBERNEN) KEME2 LKL mTOR AR &R 2 0T
HI, mTOR 2 B REIE A AR 4, IR A0 AR < 9
KEERFZ—, H TOR X A WEAYIE T S5 400 5 & 1978 32 5 0F
BEMSE, M= 8 3#0E, TOR & [ 9 im&l {248 17 40 i
HFERES; M 7R LN, TOR & E8080E S 3040 B v
BAmb . Bz A, WA EE AMPK-TSC 1/2-mTOR {55 %
HEAT RO 4R

LA R S B R, AR ERR A SN E A
ERPIARALE SR, SIS —BPR LA, W, ME
P IRMEOR A, WS AnM R A R Ry T
TPOLED, SHERAT AR L SBs i B 16T HAA R S,
3 kHRLS g E

YRR R T AR B ERAL R R, FRISIT R . 2
M), BRSSO A Rk ok, R TARZHERE
3.1 EERIATEY
B R R IS =M R R R, R h T
FNTCIE F A% dt P LB A o S R 1 B 8 e 8 0



- 350 - rhE Tl BE244aE 2017 4F 10 A4 30 45 5 1

Chinese J Ind Med Oct 2017, Vol. 30 No. 5

Iz RO TS A, HJE T C60 B 45 k) sk b, il
HIES Ak <S5 MHEAEM, RAZEBRE, Ik,
W RERATARSS S, & TR & s fi By, Jn
T M A A G R

TR LB, 4ok C60 A o vik BE et 4T i 5 1 3 i, 51k
ANMIBET, T FEAR B U OR 25 5 I B A e T, A
YK LA A A X TR R 1 20 6 7 1 S T P F 5 8
A By, PN A A AR K M R 4ok €70, ce0Cle Al
C60Ph6 = Fi sl Ba i A Wi S 40 A W I 2 AT 9, o
sE BB IR €70, C60CL6 FI C60Ph6 Fa g 4 T /K rH e w1 4
ORISR RE 5 & 40 W, 49K Co0 B T LA 41 i # vk Ab,
WREVE FAUML 2 AW, JF HLAK Ce0 i 2 IOk TG4k,
4K CO0 £ [ Wi i HA SRR
3.2 ETE

P (quantum dots) & —Fh i /0 5T T RY R 1
AERAKA R, HAK/N<100 nm, —BCABRAVEZRER . 44
KBRS G2E VT AE 8 F o PR o B, B R R
G BRSO 2 S R SEEATE R, AN TR R A T
N T4 bRt

Seleverstov 25 2V R BRI T BT AR T 40 A v A 3
MIE SR, R B [ 5 5 40 B A 10 9 i 7 05 R A
TR A AW, 2RI A A R W R T
FBHFT R AL, AT - VA A R CdTe i F
M TR PEARSE B — Pl < QKA , e T LA SR T a5 R
MRS IO A B P . Luo 457 38 4 9F 53 & B 1 40K SF
FEAR ZR T S5 0 2 s et 3 DG SRR FH, D T 1 3
T AN EAF KT, R AR B S B 20 i e — b
TS AR B A AL
3.3 HBE

AR R AT BRI B ok | R R AL R — 2 R
TIEEM LSk, BT A B g i, ok iE
2.3%, JUTSE4EW, BT FAUSAa T IZ N, A1 S
MBEA LSRG BATC A UM R R 8 PR S TG, 2 H A fc PR
R ZLEGOR MR, A BISAERR 25 i . AR 4n
PR | BRE 7 2 AR DG W B 25 50 R N iz

LA SRS N R R, A SRR —FE, B
AN, PTBIRTE AN IIAE™ . Chen 257 FEMFSE & BE,
A AU R A A BIA T LA S A0 ™ A R BEA Y AL W, A
TFFERI, Sk BB TR R A 200 e ) 2 T i 2 A 200 i ) o o
ST AN P 4R AR R S LT, RO R R T
mTOR {5538 % A ANAE WA, A B 1 WA 52 e At 11 s
3.4 Wtr&REEMLY

i+ 4 Ja AL AR T R R R D R R BN 5T~71 1Y
15 Fiil ZR TR EALY) S 5 0 R T R AL F M AL BT (Se)
iz (Y), 17 FocEA ., BEaRER, HteR
ALK IR, SRR AR ER Ak, bz
£ 50 nm 7247 HIREVE 4NN A I >

554512007 4E BT B T IGHLYKAT R R AL L Nd203 i

A A A A0 1 Y ST, YR SE T M AR K A

ECBEAERE MM R P A AT RO 25 SR R A s g s

WFR A BLAK P B IU M 448 ALY ( Paramontroseite V0,) FIK

EHEGUK S B Co0 RET| & 40 A e, 4k BB AR 4ok

P-VO,BURIRES |2 HeLa Z0M A& A R4 PE AR, H miRNA £EA]

TR Wb E R B,

4 RE
HATC A HXEF A, K E s R mAY ., 1

& Jm A A AN T G0 KA BT S 0 B WIS, DR 4K

ARES A 2 T B A DG R AR B4 R 2R 4 e B DR

o KU 0 B AT A= 7 e ik 32 e R 44 5 A L

AR A, GBI 0 I 1 M ) 5 5 T U 3 S AT e i g 4

XA 24 0 B R, DT R T A X A YR T T TR

AT R AN HFAEYEERIE; e Eaty

VLA B 0 A b e R AR AP PE R, AT W] AR VR T P &2

RITHE T R IR . 2R 9K BUR M B R = 8 L 3

PRSI IS A B T R B RE . PRERAE E R AN

KSR 5 (0 240 i R S AR A A B AT R S, (HE RS

BN, A0 RSO A SR — A I, G

AR R A ORI B, T R O A M 1 T A S 4

MR P I TR —Fh S AN M FE T, FEAR AN M B 0 Y5 5

VA R T FRATET N2 4 B2 24 vp MR A T BRI AR BESE
TEAURARL S I A WY OC R AT A R IR AR A e i) ]

M, — T, WA A W ST R AR RS A I AR Y 2 T

1, RRAZNRHAZS T, GRS RS T 24000 F 0 96

RN AR T ARG RN TTEE, 53— J7TH, DR

TRANMI BRI R R SR AR FE, RS LA 0T A

T, GRMRHF ST REAR 2, & IRA 05 AW

wERE, I Bk AT E RN YT I B TR .

SEZ k.

(1] mBEE . GORMREARON X [J]. O3 TRk
(AR, 2001, 12 (6): 45-49

[2] Mizushima N, Yoshimori T, Levine B, et al. Methods in mammalian
autophagy research [J]. Cell, 2010, 140 (3): 313-326

[3] Yang Z, Klionsky D J. Eaten alive: a history of macroautophagy [J].
Nature Cell Biology, 2010, 12 (9): 814

(4] FilA, WES . 400 AWATE SR ERIRER X [J]. fidH
24, 2009, 40 (5): 844-849

[5] B15%, GEM . [EERRE Beclinl FAFFTER [1]. HIVEZ,
2010, 17 (9): 21-22.

[6] BRETF, M3%, W1 . 400 A MR 4 FHLl LA [T]. 5
I 5RMIEESE, 2014, 32 (2): 157-163.

(71 Z=3¢, B, Wit AMERBRRIE (1], hEADES ST
HWEAR, 2014, 30 (10): 957-962.

[8] EMIC, R, XIS, & . W55 40 A o5 R
[J]. =A@, 2015, 31 (10): 56-61.

(9] B, BEFAL, SKA . AL I A 155 B D AR 7 41 i A )
LI FEAE PR S [T, b E A A, 2012, 34
(3): 286-289

[10] ZEoRfE, Fit, 20, 5. SRSk S0P SR A



P E Tl BE2E 4R 2017 4 10 45 30 55 5 1

Chinese J Ind Med Oct 2017, Vol. 30 No. 5

- 351 -

[11]

[12]

[13]

[15]

[16]

[17]

[19]

Beclin-1 Fll LC3 BRIAASAL LA S iR 25 R0 HRak ry s mg ()],

(4): 339-345.

T EMRILEE, 2015, 17 (4): 400-404. [21] PMSs . JLRARIG AN A VRSS2 DI RERFST (D] .

ORI, TERR, J/NK, AR Bl s EUIRAS T AR A A G FEREHOR K, 2009.

S AL R B g HE R O[], BE kLR, 2013, 19 (7): [22] Seleverstov O, Zabimyk O, Zscharnack M, et al. Quantum dots for

1153-1156. human mesenchymal stem cells. A size-dependant autophagy activation

PIRERS, #6950 . MM AMEIBTTIER [J]. 2% S IRRITS, [J]. Nano Letters, 2006, 6 (12): 2826-2832.

2012, 20 (3): 236-239. [23] ZEBEMH . FAR PSR M L PR F9E (D] .

KHRR, HELE, T, 5. 8m—7dEL5 MR R FERABERY, 2013,

BorIE (1], AEREZG R, 2014, 29 (2): 507-510. [24] Tuo Y H, Wu S B, Wei Y H, et al. Cadmium-based quantum dot

ER4E, HEon, TN, 5. [ W/ R A T R induced autophagy formation for cell survival via oxidative stress [J].

FHRFFTB0R [T]. P ESPREERY, 2016, 23 (11); 12-15. Chem Res Toxicol, 2013, 26 (5): 662-673.

DF%, INERE, ZEZOR. AN AR TS (1], S [25] FEZOF, WA, ZEWeH], 45 . FORPURE S0 B WY K7 A

AP BLERE, 2012, 39 (3): 204-200. Prs 25 Bk R LA [ )] B2 i, 2013, 54 (34).

Matsuura A, Wada Y, Ohsumi Y, et al. ApglP, a novel protein ki- 3521-3529.

nase required for the autophagic process in Saccharomyces cerevisiae [26] Hurt R H, Monthioux M, Kane A. Toxicology of carbon nanomateri-

[J]. Gene, 1997, 192 (2). 245-250. als; Status, trends, and perspectives on the special issue [ J]. Car-

Liang X H, Kleeman L K, Jiang H H, et al. Protection against Fatal bon, 2006, 44 (6): 1028-1033.

Sindbis Virus Encephalitis by Beclin, a Novel Becl-2-Interacting [27] Chen GY, Yang HJ, Lu C H, et al. Simultaneous induction of au-

Protein [ J]. Journal of Virology, 1998, 72 (11). 85-86. tophagy and toll-like receptor signaling pathways by graphene oxide
[18 ] Mochida K, Oikawa Y, Kimura Y, et al. Receptor-mediated [J]. Biomaterials, 2012, 33 (27): 6559.

selective autophagy degrades the endoplasmic reticulum and the [28] Yu L, Lu Y, Man N, et al. Rare earth oxide nanocrystals induce

nucleus [ J]. Nature, 2015, 522 (7556): 359-362. autophagy in Hela cells [J]. Small, 2009, 5 (24). 2784-2787.

CEEVH, T, IR . ADRBDRA AN RO BT [29] WRT . PORMESEYI IR RS 00 autophagy BUBFSE [D] . ot EERE

AE (1], ZREERER (BE%0R), 2011, 52 (1): 200-208. PARKE, 2007.

PNATIE, FRF, RIET . SFRGKRAEL €70, C60CI6 R COOPhe  [30] JAfH . AKbHRIS IR AT 1 1 B miRNA 7240 K B RHE % 1

[20]

SR AR R [T]. P EBEEOR K240, 2010, 40

W A EHIUESE (D] . ARERERR S, 2013

BEBRBLRRARGUREB A%

1% e 4|
CHFEEA B T B Bl O B OE DA — R K 300452)

2k, FF,

R R S E B BB AR AR ] R i SR R o R AR BRI, R TR RO
R, WABAARTERE EAIFRAR L R BB H )z o AR & L2 Ik S AMEIRR Lz i # A
B PHLA I 1 AR T 7 2R Sl B, Al A DAAS T et B i 52 30 ol S Al - AR SCORE R S 0 1 AR A B 4

SEMREAT T AT, A AR DGR S B i B S

KGR RAT W ARG R

FESES. RI3  XEARRE: A XEHS. 1002-221X(2017)05-0351-03  DOI;10.13631/].cnki.zggyyx. 2017. 05. 011
Health effect of microwave radiation on seafaring workers
Liu Hu, Ning Yu, Hou Xujian
( Departement 2 of Diseases Control and Prevention Center, Offshore Oil Co, Tianjin 300452, China)

Abstract: Ocean played an important role in the sustainable development of human beings because of its rich re-
sources. With the development of science and technology in our country, the application of microwave technology in offshore oil
exploitation was becoming more and more extensive. The radars installed on the ships and platforms, the operation processes of
communication antennas or interphones all could produce microwave radiation, therefore, the workers would be inevitably affect-
ed. This paper will analyzed and summarized the health effects of microwave radiation on seafaring workers, thereby provide some
reference for the protection of microwave radiation for these workers.

Key words: microwave radiation; seafaring workers; health
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