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[E5 ] N-BERE (mA) B 2585 E1E, B m A BIREETERS 2 S AMRRMm
PHEAELHFER.

[E BT ] YER Ccdso, BB /VE LA (HK-2 40fE) MBI I2H meA BIREERYZE K7k T,

[ 7375 ] ARERRE CdSO, (0. 4. 8. 16 umol-L?Y) AR HK-2 4RBE 24 h G 3T BRI IEFR#TH N,
FA Hoechst B A RAAA T /KF, 15 FRENIEEE I EEMRIMATHAR, it8
AT X, FMABMRF SRNMAEPBE LY LEs (soD) . A ERIELY
B (GSH-PX) sEME. B (MDA) &2, UEARZENIT AN m°A REZRBEHNWRER
BESHE 3 (METTL3) MEEAESIEREXER (FT0) HEHRIEKF, WHEE PCRIERI
YTH EMIEREE E 1 (YTHDF1) A1 YTH &I R IEE A 3 (YTHDF3) B9 mRNA 7K F,

[£455 ] 20, 4. 8. 16umol-L* CdSO, R IEfT, HHREE T MR 6.83%. 5.17%. 21.17%. 35.80% ;
4. 8. 16 umol-L* 41 soD 5& M &k X =2 (15.4120.96). (13.57+1.42). (10.96+0.61) x10°U-g?,
5«07 HELL, FAEYBRERK (P<0.05)0 GSH-PX3E M 7E CdSO, iR E 9 8 umol-L* Y [ R E
(8.74¢3.91) U-g”, T 7E 8. 16 umol-L" CdSO, {E A BY, MDA & £ 73 3l F i5 & (87.693.05) .
(93.424.71) umol-g* (P<0.05), EARZENCERER, METTL3 ZE B HEXT RIAKFETE 4. 8.
16 umol-L* B 2 B S = “0” £BAY 1.09. 1.25. 1.33 {%, FTO & F XY RIAKFFE 8. 16 umol-L*
BY 53 5119 0.81 F10.74 (P<0.05) o £ CdSO, 3 FE /9 4 umol-L* BY, YTHDF1 BJ mRNA 7K & “0”
481 7.62 f&%, YTHDF3 B9 mRNA 7KFFE 4. 16 umol-L? CdSO, fERAY 2 “0” £HAY 2.65. 2.26 fF (P<
0.05),

[£51€ ] 12 CdSO, B HK-2 BB & £ 1R AL 2, meABIRES METTL3 F1 FTO N E B 7K F LA K
YTHDF1 F1 YTHDF3 B mRNA 7K F & ERREIEEM Tk

XKIEIE L HK-2 4088 ; |ILRIEN ; RERSE ; ZRENE ; FELESER

Changes of oxidative stress and expression of N° methyladenosine modification enzymes during
cell damage induced by cadmium in renal cells HE Zuo-shun, LI Meng-zhu, GU Shi-yan (Institute
of Preventive Medicine, School of Public Health, Dali University, Dali, Yunnan 671000, China)
Abstract:

[Background] N® methyladenosine (m°A) modification enzymes participate in the process of cell
damage. However, the changes of m°A modification enzymes in renal cell damage induced by
cadmium remain unclear.

[Objective] This experiment investigates changes of m°A modification enzymes during the
process of CdSO,-induced cell damage in human renal tubules cells (HK-2 cells).

[Methods] HK-2 cells were treated with different concentrations of CdSQ, (0, 4, 8, and 16 umol-L?)
for 24 h and corresponding indicators were tested. The apoptotic level was observed after
Hoechst staining by counting normal cells and apoptotic cells in a random field under microscope
and the apoptotic rate was calculated; the activity of superoxide dismutase (SOD), the activity
of glutathione peroxidase (GSH-PX), and the content of malondialdehyde (MDA) were detected
using corresponding kits; the protein expression levels of methyltransferase like 3 (METTL3) and
fat mass and obesity associated protein (FTO) were detected by Western blotting, and the mRNA
expression levels of YTH domain family protein 1 (YTHDF1) and YTH domain family protein 3
(YTHDF3) were detected by real-time PCR.
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[Results] After administration with CdSO, at 0, 4, 8, and 16 umol-L*?, the cell apoptotic rates were 6.83%, 5.17%, 21.17%, and 35.80%,
respectively. Compared with the 0 umol-L™ CdSO, group, the SOD activities of the 4, 8, and 16 umol-L™ CdSO, groups were decreased
[(15.41%0.96), (13.57+1.42), and (10.960.61)x10°U-g?, respectively] (P<0.05), the GSH-PX activity of the 8 umol-L"* CdSO, group was decreased
to (8.74+3.91) U-g?, and the MDA content of the 8 and 16 umol-L* CdSO, groups were increased to (87.69+3.05) and (93.42+4.71) umol-g*
(P<0.05). The results of Western blotting showed that the protein expression levels of METTL3 of the 4, 8, and 16 umol-L™* CdSO, groups
increased to 1.09, 1.25, and 1.33 times of the O umol-L* CdSO, group respectively, and the protein expression levels of FTO of the 8 and
16 umol-L™ CdSO, groups decreased to 0.81 and 0.74 times of the 0 umol-L* CdSO, group respectively (P<0.05). At 4 umol-L™* CdSO,,
the mRNA expression level of YTHDF1 increased to 7.62 times of the O umol-L™* CdSO, group, and at 4 and 16 umol-L"* CdSO,, the mRNA
expression levels of YTHDF3 increased to 2.65 and 2.26 times of the 0 umol-L* CdSO, group respectively (P<0.05).

[Conclusion] The protein expressions of METTL3 and FTO as well as the mRNA expressions of YTHDF1 and YTHDF2 are changed in the

process of CdSO,-induced cell damage in HK-2 cells.

Keywords: HK-2 cell; oxidative stress; methyltransferase; demethylase; methyl binding protein

WIENRENNIFESRY), KEAZEBNEXY
WURE R AR5 U2 IR ERREN RS R
TREMR, HPLUEMRPSZERN S MARIRHE
SEIAKE Y, BT, FARRZEINAENWRHRNA
AT SR SABRGENEENSF, BNREEER
RBEAYECES (superoxide dismutase, SOD) F1&
It H OGS |1 Y B8 (glutathione peroxidase, GSH-PX)
FMAWEEREE, HISSS4AIREaIR{maIaEe
HMA =R _E (malondialdehyde, MDA) &%, 5|2
MHAT. MR BREFSHARER, REIFLS
SRR 7, AT, RS AAIRAEISENLH
MARTEAM, HEHH—FTHIT,

N°- BB B BR H (N°-methyladenosine, m°A) & ih g
EREERE. SRENBNRELSSERNAMN,
EIHEAEZHHRNA LR mA RIS S ZME
BEREZEAH, YEMRER, mABIMEEH
A B L5 E84E 3 (methyltransferase like 3, METTL3) . A8
ff 2 5 REREAE X & B (fat mass and obesity associated
protein, FTO). YTH £& #4 1% =X 7% & H 1 (YTH domain
family protein 1, YTHDF1) 1 YTH £5#13 X5 & A 3 (YTH
domain family protein 3, YTHDF3) B ZARE AV {57
BUKE, SHEMMAET, RASHAEG S, BA
TERBEAERHAIIZSR, METTL3. FTO. YTHDF1
YTHDF3 % m°A IMEE AN 1L ? BAIR MIRIE,

KA FIERA B/ NE LA HK-2 EARRXT
R, EARRERERELR (CdSO.) X HK-2 BB #1T
G, LA EIEHR (SOD. GSH-PX. MDA) F14HAE
A = 3 CdSO. Xt HK-2 4 A B #3 f5 1B 058, [R) B 2E
METTL3. FTO. YTHDF1 #1 YTHDF3 & m°A B IF EE 9 &2
WIER, BT T m A BIRESTEREHK-2 BRER AT
EPRNT MR, X RHRR SR RNA R
BEEFH R B,

1 M5 R=E

1.1 fFIANY 3

111 EEAEKE AB/VE LR HK-2 B M
SR EYRE B R AT,

112 FZul RERE (cdso,, EHERLF AT
BRAF, T4, ATEIEEHK), RPMI 1640 A
g FE (EE Gibco 2 7)), AHEE T -Hoechst 2
BiRfE (ERBFREVEABRAE), SSODJE
MR IR F & GSH-PX A MK I & MDA 1231 38 71
. Western R IPAEHNER (EBEZXREMRA
BRAR), RIUMETTLI ZREHK. RIFTOZ R
BEFUA. SRPvH IhEE -3- BRERAX SB8 (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) ZFaf&iniA (AL R
BRHEMRAEGRAE), WFENR 156/ HIBTH
s AR EHEMRABRAE) , S RNALE
B &, Quant cDNAZE—3EE IR & SuperReal
xIEEETRIATIIERAR (SYBR Green) (IERKIBE
R £ B R AT), YTHDF1. YTHDF3 #1 GAPDH 5| ¥
(L BRIREMTEEGRLE).

1.1.3 FENVEE KHAEMERE (HAE Nikon RE)) , ZIh
BER BTN (EBAEEMREBRAR), (BRE
BA (MMNEERRERRR), EEEREKN. ¥
ENER I (ERA—EMRIZERAR), REBEK
(EMEEBRBERAE), RAUFLLBEREER
% (LSS EREERAR) , BRERIT NI
Eit (OIHRBEEERAT), RAEERGHER
[/ (polymerase chain reaction, PCR) 1¥ (& [E Applied
biosystems A F]) o

1.2 EWHZE

121 HfREF H-24EEE FIEMIEE. 37°C.
5% CO, WA IE AP IEFR, ARKERHRRK
80%~90% BYfEX—R, & 100 mL EFFEEH 89 mL RPMI
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1640 AAIEFE. 10mLERA4MEF] 1 mL XA,
1.2.2 AfRFATINE BIERSEARTHINAR, cdso,
ZRE 0. 4. 8. 16 umol-L 255 24 h [F R IR GF I ER
El| cdSO, X7 HK-2 AR FF ERM M, AR REAX
ANTREST HK-2 BREFHITEENH R BEKKRESR
SRR EM T 6 LIRS, SRIEERE, BFLo 500
A CdSO, 22 7KE /7 0. 4. 8. 16 umol-L FIIEFHFE 1 mL,
FCASO. I F 24hFFE R, IBAMMIFT -Hoechst £ &
RARIRABROTHITEE. FANEE, TRAR
MR T UEINOR L, R TSR ATE
MFIHER, #2200 MARHITEIRTE | ARAT
K= (FT4HRR%%/200) x100%.

123 EREHEFIETIIE IEEER 0. 4. 8. 16pmolL?
CdSO, IR 24 h BARE, BOF LEGEMARBRAE
fi# 10 min, 3% 4°C, 13000xg B0 10 min, B E&E&
o 72 5#% 2 soD J&E ML ML 7 & GSH-PX A& it 71
S MDA KNIAFI R PAB AR E T EEMBEEE,
LU % ThEE R FEBTRIN 2 BTE 450, 340, 532 nm FK T
KMNEZE, HiZiBAFi+58 soD. GSH-PX & 14 LA
MDA B £,

1.2.4 METTL3FIFTO EBKFIE RENEERIRE
FAE “1.2.37, A ZEMBEER (bicin choninic acid,
BCA) SEMEZERKE, H8 12% 73 B 5% iRIERL
BMEREEE R 80pg, L4 1 BEKTBLL &N
mafl 5x &EH _ EHERRESH T 100°CEEA 5min,
FRAE LR, RNERAZMEE—FLI010 pL marker
MFCEBHITEIX, BXERHERENERRALE
(polyvinylidene fluoride, PVDF) f&E £, =B H2h 5,
AN\ METTL3. FTO #1 GAPDH B9—3 (1 :500) , 4°CiEE
TR, FREEPREE I REINEN = (1:5000),
=REE 1h, FEREEPRELINR, ARAUFERN
BERREARAEREEQENTE R, FH Image ) 4
SERER BTN EEBEXNRIEKF =FIMES
REE/RNBIREE, 0" ANEBHREKFH#HIT
R 1Eo

1.2.5 YTHDF1#1YTHDF3 BI mRNAKENE UWEL
AR[EHK E dso, (0. 4. 8. 16 umol-L?) &3 24h 5 Y
HK-2 4B, 3% 2 RNATZREUR FI & 12 BN 25 RNA FF LA
“Quant cDNA 55 — i & B 1 7T & 7 13 52 R IR 18 DNA.
RNA F1 DNA B3R EE A2 Daeo/ Dason Daco/ Daso BIE K FARBIA
SRINT MDA FEITIRTE, Daeo/Daso Daso/Drzo BILL

ENFE 182 2B M AERE. ZIG, #ESuperReal
RAESTUR AT W ARHI ST R MR EHITR
FHEEPCR, BRNEREMRIELLGAPDHIENEE, R
B 272045k 1+ B [R5 $5 18 YTHDF1 A YTHDF3 B mRNA 48
XFFRIKIK I,
1.3 FHitFaiE

M FSEIITEE 3R, SR Uxts R, F
R4 B4 sPSS 17.0 H1T A ITF A IR, Z4HEI LR
FBRAZEAFEDH (One-way ANOVA) , FZR|E]ELE AT
Dunnett-t 1036 ; XJ A7 B /5 & 7T BIEUIE K A Kruskal-
Wallis B A #0530 (HiQLR), AEIBIHMWLZELLERXE
RE2ENgitZ M FERENRANRK, 0K KE
a=0.05,

2 4
2.1 CdSO. 3R AT RIS

SNE 1AFR 7R, 7£0. 4umol-L* cdSO, EFE B, 4
MERXTESIES, WEENRY, ERIIMEE
T, XZHARZERFBEEYER ; 8. 16 umolL™
Cdso. TEFRRY, 4BRRIEIPR TR, KEBS 4R IR 5 NGBS
BEST, BIMHBE T AT DARZEEETELR,
SHANATES. S REHHK-2 HEAT K
IR 6.83%. 5.17%. 21.17%. 35.80%, 5 “0” A A LL,
8. 16umol-L™* CdSO, AAT-EF= (P<0.05) , 4pmol-L™
CdsO, AR RN ELHITFRX (P>0.05) , HLE 1B,
2.2 CdSO, X E MR XIEIRRIR N

4. 8. 16 umol-L* CdSO, fEFA HK-2 4B 240 [T, &
40 soD SEMEAB L “0” 4BIIPE(RE (P<0.05) ; 8 umol-L*4H
GSH-PXJE S “0” £HABEL PR (P<0.05) , 4. 16 umol-L?
HEBSTHITEENX (P>0.05) ; 8. 16 umol-L* £H MDA
SEHERT 0" BAHE (P<0.05), 4pmol L' HER T
FitFENX (P>0.05)0 W3 1o
2.3 METTL3FFTO ZERFTAKFENELR

YNE 2A FE 2B F 7R, 4. 8. 16 umol-L* CdSO, {E
R4 E, METTBMNEBENRAKEDIASE
“0” 4H RV 1.09. 1.25. 1.331%, 50" AL, ZRIHA
BHRITFERNX (P<0.05) ; 5 0" 4A48LL, 8. 16 umol-L*
CdsSO, TEA HK-2 4B 24 h [5, FTO IE B XTI RIAK
F5518081F10.74, 3R “0” ABEFRFE1E (P<0.05)
4pmol-L* cdsO, TEF R FTOME A X RIXKFEA
0.92, ZEREHITFENX (P>0.05),
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CdSO,
Oumol-L*

40 .
35

4umol-L* 8umol-L? 16 umol-L™*

w
o

N
w
*

B

MAETE/%
o & S

(9]
o

ES] . s ‘

4 8 16
CdSOSKRE/ (umol-L?)

o

UE] A SO BHBETOARBTER (x100) ; B : AT R, EERIIMNCHRT, ARZEEGHRVAEEAR, ARZFEETANMEAT

R, MNEPLOBFLFR. « | 50" AL, P<0.05,
1 CdSO. %t HK-2 4R E =AY F20m

Figure 1 Effects of CdSO, on apoptosis of HK-2 cells

£ 1 CdSO, 3t HK-2 RS WA XIEIREIR MM (xts, n=3)
Table 1 Effects of CdSO, on oxidative stress indicators
of HK-2 cells (xts, n=3)

CdSO. {E BB HK-2 A Bl B, YTHDF3 9 mRNA 7K I 43 51
ASZE“0” ARV 2.65. 2.26 1% (P<0.05), 8 umol-L* A

CdSOa %U‘tRT/ SOD 5%"“:#_/ GSH-PX ;ﬁ:l&/ MDA@% EI\J mRNA 7}< 5 % ”0” éﬂ EI\J 2-04 {li:lzj E'—a&éﬁi-l_?% X
(umol-L™) (x10°U-g") (Ug?) (umol-g™) (P>0.05) .
0 19.91£1.04 22.1946.07 66.03£3.72
4 15.41£0.96 18.80£7.97 87.6243.02 12.0
8 13.57+1.42" 8.74+3.91" 87.693.05 . 0 0pmol-L
16 10.96+0.61" 10.08+3.07 93.42+4.71" 10.0 0 4umol-L*
N - B o 8umol-L?
CE] * : 50" B, P<0.05 fl:! 3.0 ® 16 umol-L!
e
T 6.0
Z
S 40
oc
1S
2.0
0.0
YTHDF1 YTHDF3
1.6 N "
. 0 0pumol-L™ [F] = © 50" A%, P<0.05,
14 . 0 4umol-L! 3 CdSO.xt HK-2 48k YTHDF1 #1 YTHDF2 mRNA
S 1.2 : @ 8umol-L T s
z ® 16 pmol-L* ) KFHIRI .
K 1.0 _ _ Figure 3 Effects of CdSO, on mRNA expressions of YTHDF1 and
1 i . YTHDF2 of HK-2 cells
= 0.8
£ 06
z . 3 e
0'2 MBI EY D FRE M5 BTN ELRY
o | gifh, BERMNFRRREMRENBLAT, 22
METTL3 FTO

UE] A RBENTERFHRRE ; 8 | ERENTEKT, » . 50
4AELER, P<0.056
2 CdSO,34 HK-2 4HRfE METTL3 #1 FTO Z B RARIR I
Figure 2 Effects of CdSO, on protein expressions of METTL3 and
FTO of HK-2 cells

2.4 YTHDF1#YTHDF3 mRNA 7K NE LS

WE 3P, 3 CdSO. RE /I 4umol-L*BY, YTHDF1
BImRNAK EH B E“0"H B 7.621Z (P<0.05), 8.
16 umol-L* 4A 53 5152 “0” (A B9 2.48. 2.011Z, EFRIIT
FITFEENX (P>0.05), 50" AL, 4. 16 umol-L?

MERAE R RIFIEFEM, XHRNERETR,
4 pmol-L cdso, A I8 fE AR A T, 1E 8. 16 umol-L?
CdSO, S0 IE HK2 4R 24 h 5, AAREAERRERZERAT,
BEE—ENFIERENE, XS5KEEME"EAKS
RPN RS R, WERREE ISR
ESAMAT, 5IEHMMRIB{H. GSH-PX BEREF 4 it
WRFRB S HERRRER, RIPARERZEMIRG,
msoD A UIBHEAEENBEBEHER K AITR
e, RARANERERENEEYR, MDAREN
BE R R AE BT | (b RN R E, RAMREE kIR
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HINEBEIR S, K RERETR, 7£8. 16 umol-L*
CdSO, 2 IE HK2 4 A 24 h 5, SOD I GSH-PX BY & M %
£, MDABEAHE, EME—TENFNERFML, *F
BH CdSO, PIHIIS5 HK-2 ABRERIIT A L EE ST, SleAEFE
SR, AIRAAE T BRATENE LK.
Wang 2 1¢) 7£/)\ B8 (8] FR 4B BE TM3 FR IR ST 45 R %R A,
B& cdso., L E N ERVIE M, EWRIEKF ZFIE MK
MHIEINAYEIRY, AAE T /KFEBIEM, EEAMRT
AR TSNS R, BIERIANEATEE
B SRR AE A S H-2 AR A 55, 4
B35 {5 7K S BB cdso, F & 2 8918 N _EF. FAM,
RGN D FARE, 1815 & AR R E AR,
HE B HHE— P BIIRIT.
m°A EIRES R — R TIF I meA BIRKFEREYF
EENEBNRTE, BN ZE54AMmIEHE. AT
MU BEZHEMFZEGD 20, BERRER,
FRIAEMETTLI &, /NRE/NE EEABEIAELEE
FIiEeg, MG T HE RN ARERNIRG N ;
METTL3 BT AE R ER VAR EHAREATMS
58XTANERY , AREEHLABINELE
PEZRERZ 2-28) 2BEERE, FTOBI mRNA K
TR, MIHIE T #ZEF 2 X EF 2 B9 E (L
73, INEL ARG Y, FEILHERTNIE SR 5EA
AT ZEELH, METTL3 M FTO 2 P meA & IR EE K T
RERT B @R, FITHBRNESHNECNET,
m°AfEIHES METTL3 AT FTO FIK FH A E B ET LY ;
RELSE QM YTHDR3 B B Mt B S 12 NS E
KIFR, TR AL BETE B L A AR 50 & 2 AR BEL R
TR, 254545 ", U ERRIRT meAE
IR 55 L MAMRIR ISR, AT, EREBIFL
FAREIR A IEH, mPABIRES R E MR L E /i
NIERE. NERH meA BIRES R RE ARG IE L
E, 2NN T METTL3. FTO. YTHDF1 1 YTHDF3
% mSA B I EE 1 CdSO, B HK2 AR R 4R (5 R M T 1L 15
Jo ERER, HECdSOREFS, METTBHERAR
RIKFEFE, MFTOMERRIAKERE, BI2—TF
BYF 2 #i 1%, FEA SO, B HK2 AARE 15 F2
m°A IRV R B IZ S AR E BN TR ENER
FA%, HR4E METTL3 ] FTO X meA 1 51 A 48 1 43 o5 9
HATBEIEBEHEN METTL3 # FTO A BEH[FIFIE meA &
KT, HMB 5 cdso,iE SHAMIRG. Lok, 7
CdsO, &t I f5 BY HK2 48 B FR, YTHDF1 {X 7£ 4 umol-L?

CdSo, R ERBEESTF “«0’4H, RERRA : —FH @,
4umol-L™* CdSO, HA 5 [F24RpE5{5, YTHDF1 BIIEINA]
BEREMAS ARG BRE ; 5S—H@E, R
& 8. 16 umol-L* CdsO, &b 2 T YTHDF1 mRNA 7K 3 &
EERETW, BYTHOFL B R BES 51R5R2AA
BRI A2, A YTHDF1EA mA BRIV S EA,
FEHARZANARRTINE DS, EAESKINEEN,
AR REEZRFPND B LET L, AENREA
IKEHTERZ ®, I¥F YTHDF3 TS , EZ NRELLIE
T, YTHDF3{X 7 4. 16 umol-L* CdSO, 1E A BY & F “0”
4, XAESEYFRRNERTRRAEX, hE
B] BE 2 8 umol-L™* CdSO, S B T, HK-2 40 B &1 YTHDF3
mRNA BY 5 B AN &R 3 S P& A B — E RV 181, MM
18 YTHDF3 BI mRNA K5 “0” AMELL EE R, BT
BERZ, XYF YTHDF1IFIYTHDF3 M S, HIMNNEZE
K2 mRNA K, & H KR AR AR AT
BEDHERAFHIRNER, REHE—TRNERKTE
MO#IT, 5 EEfRHT YTHDFL A YTHDF3 7E SR 2K HK2 4R
kvl DR S TEE
4R EFTIR, CdSO, BEAIES HK2 A £ A
KRR B T AR MRHR A, FEIdES,
METTL3. FTO. YTHDF1 1 YTHDF3 & m°A 1& i B8 89 7K
FRETAEARENTL, IR mABIREAESS
BIESHMERE. AARERAT N mABIRESER
HSMEIRGPNERMRIREITHNSEKIE, &
FARRINEBH T 2659 m°AEIRESHIER B3 mRNA 7K
TFERHSHARRGPNT AR, ESENMRS
B — A meA IR E RS X E RS ARG
BT FE, HQM meABIHAKTE, UEERIT m°A
&4H R ELAR X ESTE SRS HARR R (5 P Y B AL,
Tt BOsHE L A R S AR AV 7 AN EEBY)

SE R
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