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Changes of m®A methylation in renal tissue during cisplatin-induced acute injury

SHEN Jian-xiao', WANG Wan-peng?, SHAO Xing-hua', WU Jing-kui', LI Shu', CHE Xia-jing', NI Zhao-hui'
1. Department of Nephrology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China; 2. Department of Nephrology, Lianshui People's
Hospital, Jiangsu Province, Lianshui 223400, China

[Abstract] Objective- To investigate the role of N®-methyladenosine (m°A) methylation modification in the process of cisplatin-induced acute injury in
mice. Methods-Four C57BL/6 mice were injected with cisplatin (20 mg/kg) through tail vein (the injury group); Another 4 C57BL/6 mice were injected
with the same amount of saline (the control group). The changes of serum creatinine and urea nitrogen levels in the mice and the pathological injury in the
renal tissue sections of the mice were evaluated to judge the success of the model. Methylated RNA immunoprecipitation (MeRIP) and RNA sequencing
were used to detect the changes of m°A methylation and RNA expression in the kidney tissue of the two groups of mice. Gene ontology and Kyoto
Encyclopedia of genes and genomes were used for visualization and comprehensive research. Transcriptome data and epigenetic data were combined to
find candidate genes for pathological changes of cisplatin-induced acute injury. Results- Cisplatin could induce significant increase in the levels of serum
creatinine and urea nitrogen compared with those in the baseline. Light microscope showed extensive tubular vacuolar degeneration, epithelial cell
exfoliation and tubular necrosis, suggesting the success of modeling. MeRIP detection showed that a total of 2 277 genes contained 2 981 differentially
expressed m°A methylation sites (expression multiple >2 and P<0.05) in the kidneys of mice in the injury group and the control group. These genes were
mainly concentrated in the metabolic and cell death pathways. The joint analysis of genes expressing differential m°A methylation sites and RNA
differential expression genes found 1 002 genes with the same expression trend, such as fibrinogen o chain, solute carrier family 12 member 1 and
hepatitis A virus cellular receptor 1. Conclusion- Cisplatin can induce the change of methylation level of m°A methylation site on mRNA in renal tissue,
and promote the process of acute renal injury.

[Key words] N°-methyladenosine (m°A) methylome; cisplatin-induced acute kidney injury (CI-AKI); fibrinogen o chain (FGA); solute carrier family 12
member 1 (Slcl2al); hepatitis A virus cellular receptor 1 (Harvcl)

[E2TA] ERARPEIES (81700586, 81670691, 81670752); Llgi b 5 AR B2 G SRR BRI (20202YB009) 5 L HIHE B [ %2 i - PR
SAEAT Sh iR (SHDC2020CR3029B) 5 1= i 1l7 T A= 4 28 B3 2 BHWF 26 & (ZHYY-ZXYJHZX-202014) 5 13 il Fh 2% £ AR 2 51 22 36 4 (13401906100,
20ZR1432600) .

[MEHFEN] EK (1985—), 5, FREIE, -1 BF(E4: shenjianxiao@aliyun.com,

[BEEEE] GIRE, BTEH: profmizh@126.com.

[Funding Information] National Natural Science Foundation of China (81700586, 81670691, 81670752); Key Shanghai Laboratory of Nucleic Acid Chemistry and
Nanomedicine (2020Z2YB009); Clinical Research Plan of Shenkang Hospital Development Center (SHDC2020CR3029B); Science and Research Fund of
Shanghai Municipal Health Commission (ZHYY-ZXYJHZX-202014); Fund from Science and Technology Commission of Shanghai Municipality (13401906100,
20ZR1432600).

[Corresponding Author] NI Zhao-hui, E-mail: profnizh@126.com.

http://xuebao.shsmu.edu.cn RS A (R 2R L 2021, 41(12) @‘\}



1604 | Hzm@ASER (FE2mR)

IUEF R — e T A T SR IR A 25, it 5 40
Ml B DNAMIZE &, T4 DNA Sekitkshag, RIEH
JER, (A B B & A R b, A
CRTE/NSAE, SEAMETSORE, SIS
#1455 (acute kidney injury, AKI) ", A5 &M
P WRAE L RE S Y S OS2k B
(cisplatin-induced AKI, CI-AKI) 4%,

NC-FI AR N4 (N°-methyladnosine, m°A) F3EfL &
i & mRNA UL 0720 7 0 D7 B ff AT ] A
TRABEFE mCA XF 40 i A BT R IR 4 4 FH . H Ao i oF
52U B meA B B K A AE “RRACH” 731+ 1 i
s | (Hh R=AS G, H=A. CE{U), HINBEH “i
gy (writer) ” “i% (reader) ” 5 “JHIG#% (eraser) ”
TROE o G T B A, Rl TP R R 3
METTL3) . H & # % @ 14
(methyltransferase 14, METTLI14) . WT1 # X & A
(WT1 associated protein WTAP) . KIAA1429 & 46 140 &
TR 2 A o 24 W2 fy LA YTH 2544 3801 25
(f34%5 YTHDF1, YTHDF2, YTHDF3) K#A¥—E A
HNRNP % % % 1 ({245 HNRNPA2B1 Fll HNRNPC) 4]
Ao T A ) 2 ALKB [A] J8 2% 5, /K 5 (alkB homolog 5,
ALKBHS5) 2 FTO # AR 2 JEmG 0,

WG AT T m°A 3L 5 AKT I E R . A iF
g " AR i Mert!3 3 R R AT SO B BE B R A S 10/ R
/N L R A AL R B AR T S — TR sT Y &
PEA T 5 5/ N BB /NG DR A T, 4B P FTO 5
FI AR . 78 AKLAR % rf, 1fi ¥ METTL14 7K % 7+
U R, I TG T e A e 4 A
m°A AL 7R AR5 S 19 AR 928 1k . meA AR Ak 7
CI-AKI R A: . K /E ANLRES i — 2R, A
GRS T — R A R CI-AKT /N B RS, 5% L RNA
G L PLTE AR (methylated RNA immunoprecipitation,
MeRIP) A /I BB IE2H 2 f m°A F S4B K7 19 22 1k
K F RNA-seq Il ¥ £ AR 4 1 mRNA 7K F- 19254k, &R
m°A FF b CI-AKT H A9 -

(methyltransferase 3,

1 RESHE

1.1 s A . IRy

SN C57bL/6 /N, T A b T3 S S 5 B
WA RTAEA A [A™ Ak SCXK () 2017-
0005] . RNAZr B . RNA Ji K 48 40 43 6t B it
MBSO AL A 25 R TEERCAF] s ORIk RNA 43 251U

@] JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2021,41(12)

& . RNA 2. &l & )y AL (Hiseq) 1 H 3 [
Mlumina 23 7] ; mRNA 432 $2 B30 & 0 [ 2€ [ Arraystar
/A T]; NEBNextR Ultra IT RNA #7721 [ 2% F New
England 4= ¥ 52865 ; m°A-RNA f e titiE ik & | -
=P AR A R A A A A L 1 7 2
G2 R

1.2 S8k

121 W 5Hbr 8 HAENE 8 JillY C57bL/6 /1N EL B
ML EXT A S HGH (B4 H), F—mFH#T LE
3 v LI S YA BRITAT A B T @ s By [ VR T
SYXK (¥') 2017-0008] . /N E 10 5% T ¥4 5§ i i 20~
22°C, MIXHRE N 40%~50%, fHiR ., T, pharm R
T, 2 KA M B SRR SRR, 4
TERWAR R (120/12h) JeHE, FFE14d)5, Hvid
N BUR 8 T SR 20 mg/kg, %o B 2 i Ik v S 4
A FRER K, ARSRE MU IR . 72 hE WS AR SE AT /N,
FIBR/ANERARER, RASME M ; VIFFREIE, BOR R
WFFE ARG | ¥ 52 308 2 I 2 o B s {5 = B sl A8 B2
E=ziinG

1.2.2 (v WUEF 5 0 R R AR W B /N BUAR
1 500xg 5.0 10 min, YeHE B, 8 AR 6
RS 1 LI 1R 3R AL

1.2.3 U AR KR T4 L, 10%
R Dy AR 2, PR 10% G R, MRSk (B
5um) JFis FHIRANE - ge a6k il o0 M B S -
BE S VB NE Z BB L. R REALE I 8 MR, FEiK
KAFHC R 400 151 BAEE N WESE B AE7E B /INED 5k . il
WG FER L B/NEWRIEEAE, FEn " Wi
04 MIEH ;s 143 i fe (Hids/INg o5 LT N/ INVE T 43 s
10%) 5 243 A EE (FiH/NVE 5 HE>10% H.<25%) 5 341
e (BN HE>25% H<50%) 5 443 AR H
(B /NVE 5 H>50% H<75%) 5 57 A /™ & (/Mg
i H>75%)

1.2.4 BHHL P m AR 55080 1z ] TRIzol ¥ i ' MiE
HAPRBUR RNA, il AR RNA 732510 & MU RNA
WL R 4RI A RNAL i RNA 24 i 0K RNA 2 22 i 24
100 AT IR K BE Y BL . 38 84 o e S B T A Tl
RNA [ BTt , 781k 3R 5 VAl RNA 8 880 o i ]
mRNA 438857 £ B RNA F1 435 mRNA, Fiiz F m°A
RNA 3t 30 3& i & % m°A 5 RNA Lyl E . iz H
NEBNextR Ultra 1T RNA T AU EFE R4 CFE . 2 Hm
(SR T A AR, BT R O Q30 (B T et (.

Vol.41 No.12 Dec. 2021



AR NT 0.1%) o 38 H Cutadapt %4 (v1.9.3) &M 3
iy R BRAC T BB . Hisat2 3044 (v2.0.4) KR
BB H I R, I MACS (model-based analysis
of ChIP-Seq) #1443 M i RNA I Y m°A H JE AL A7 5
fifi FH motif & SR ERAF X m°A F AR A7 s T 5 B2 o0 br, IF
fifi il R-package MetaPlotR X4 Xt m°A F B Ak A3 5 78 3
Fege e th 1 o A i AT 4325 . 32 HI DREME 34 1A
AL R PTG B B8 7 31 o AN [ 20 1] 22 5 m°A H R fb R
KRG =2 H P<0.05 M0 s AFE R 2 22 R B . i
HH diffReps 22 5 73 B 8R4 53 B ik 267 i FH B K P28 4k
)5 il HEE AR (gene ontology, GO) A 5t #BH: [
0 R4 #0HE F (Kyoto Encyclopedia of Genes and
Genomes, KEGG) #AT45 R Al MALFIZE G Y

1.25 FALIRNAMF 57040 (] TRIzol N JIEREAS
PR IBCE RNA, A5 P AR BEEE I L DR A L RNA S8
P£. H mRNA 732371 & 572 mRNA . i | BGISEQ-500
3K mRNA W F i 22 50 bp #8E . {1 HH SOAPnuke %
L BRACT R R, il bowtie2 FR{1 3 SL 55045 5 1

250

200
150
100

50

0
Control Injury

Serum creatinine/(umol-L™")

200

100

50

Urea nitrogen/(umol-L™")

1

Control Injury

IS e 1 A P A0 o B T 2H 2 mO A YRR KT 1 22 Ak | 1605

A BZ%INA ST, fFH cuffdiff 84434 2 /N Lz
i) 22 5 TR LA

1.3 Hil*#iiik
B xts Foon o FHEC R ¢ K56 % 2 2 34T HE AR

P<0.05 hESEAGI AR L.

2 B#R

2.1 /DB CI-AKIBE R iy £ 37

ABIEGE LA TR S 0/ B AKTREAL 2521
o TERGE T, 45T/ BUR R IR TE S0 20 mg/kg
AL I LS5 1R R BKCE- B E A (B1AL B). B
JUE 5 B0 B 235 A AR R A T I 255 T RS A i . i
P/ B B e e] DLz B BN S AR, B
MR, B/ NERICER ST (KE1C, D). Mgl
JF L PR 25 R B s B 4 SR A4 R R AR AR R

C
D
4r ®
23
8
2 3r
°
g2f
g
E
ERNG
=
- ,__I__l
0
Control Injury

Note: A. Analysis of serum creatinine level in mice following different treatments.”P=0.000. B. Analysis of urea nitrogen level in mice following different treatments. 2p=
0.000. C. Image of hematoxylin and eosin staining in kidney (black arrows indicating the injury). D. Score for characteristic histologic signs of renal injury. ¥P=0.000.
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Fig1 Establishment of CI-AKI model in C57bL/6 mice
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Note: A. Venn diagram showing the overlap of m°A peaks within mRNAs between the injury group and the control group. B. The top motif enriched across m°A peaks was

identified from both groups. C. Proportion of genes harboring different numbers of m°A peaks in both groups. D. Pie charts showing the percentage of m°A peaks in five

segments of transcripts. m°A peaks were most enriched in the coding sequence segment.

2 XERZAFNHH A mRNAs H m°A FUIER

Fig2 Overview of m°A methylation within mRNAs in the control group and the injury group
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Tab 1 Top 20 differentially methylated m°A peaks

Gene name Full name Gene ID Fold Regulation Chromsome  Peak start Peak end Peak P

change length  value
BC061237 c¢DNA sequence BC061237 385138 1489.5 Up Chr14 44504106 44504291 185 0.000
BC061237 c¢DNA sequence BC061237 385138 816.8 Up Chrl4 44500121 44500197 76 0.000
Krt20 Keratin 20 66809 498.7 Up Chrl1 99430752 99430920 168 0.000
Krt20 Keratin 20 66809 498.0 Up Chrl1 99429021 99429078 57 0.000
Krt20 Keratin 20 66809 483.5 Up Chrl1 99432181 99432343 162 0.000
1700001F09Rik RIKEN cDNA 1700001F09 gene 71826 383.8 Up Chr14 43346701 43346790 89 0.000
Cedc85b Coiled-coil domain containing 85B 240514 328.6 Up Chrl9 5454141 5454580 439 0.000
Gm3543 Predicted gene 3543 100041849 318.0 Up Chr14 41982201 41982290 89 0.000
Serpina3n Serinepeptidase inhibitor, clade A, member 3N 20716 316.3 Up Chrl2 104414261 104414329 68 0.000
Gm3543 Predicted gene 3543 100041849 254.0 Up Chr14 41982133 41982180 47 0.000
Alms1 ALMSI centrosome and basal body associated protein 236266 503.6 Down Chr6 85694833 85694951 118 0.000
Tas2rll9 Taste Receptor, type 2, member 119 57254 385.6 Down Chrl5 32177288 32177620 332 0.000
Ctnna2 Catenin o 2 12386 220.8 Down Chr6 77600041 77600380 339 0.000
Afm Afamin 280662 195.1 Down Chr5 90518931 90519060 129 0.000
SlcSada Solute carrier family 5, member 4a 64452 126.7 Down Chrl10 76163688 76163769 81 0.000
Natl N-acetyltransferase 1 17960 123.5 Down Chr8 67490861 67491460 599 0.000
Pzp PZP «-2-macroglobulin like 11287 111.1 Down Chr6 128526621 128526720 99 0.000
Dpf3 Double PHD fingers 3 70127 99.2 Down Chr12 83215461 83215800 339 0.000
Dgkg Diacylglycerol Kinase -y 110197 95.3 Down Chrl6 22479365 22479426 61 0.000
Dpf3 Double Phd fingers 3 70127 94.3 Down Chrl2 83214541 83214840 299 0.000

A B

Injury vs Control

Chrl  sec—r———— e T T

Chr s ——c— ———e T T

Relative density of DMMSs
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Lo W =}
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Cho—— 1
Chrlog———1
Chrll—————— ]
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Chrl9——————

ChrX s —_—

e s itk

5"UTR Start codon CDS Stop codon 3'UTR

Chr3 T T )
Chré | i L s | |_|
ChrS e e
Chro e —————— &6
Chr8 e —— o ———
Chr9 e et rm——
I u T @ 5'UTR
Chrl0) s —————— - —— o Start codon
Chrll ! Sl o v m CDS
T T = Stop codon
Chrl2 _:-‘;E‘:n:“_:*‘“:"‘n‘:_‘;-‘ m 3'UTR
Chrl3 S e e e S
Chrl4 D
Chrl5 s r———er
Chrl6 st — 5 M Up-regulation
PR £ o . B Down-regulation
Chrl7 *:n:“:‘ﬂ”#n:‘—‘:—-:l‘:x“:zl 4+
Chrl8  m———————— ir
[ | 1l 2 B
Chrl19 s — 1
oL

log, (fold change)

Note: A. Chromosomal distribution of all DMMSs. Red lines indicate up regulation m°A methylation sites; Blue line indicate down regulation m°A methylation sites.
B. Relative occupancy of DMMSs in each chromosome was normalized by length. C. Pie chart showing the percentage of DMMS peaks in five non-overlapping segments.
D. Statistics of fold change of DMMS peaks in five segments. The histogram shows the mean of the fold change.

3 DMMS7ZEREE ESHER

Fig 3 Distribution of DMMSs in chromosomes
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Note: A. Major GO terms were enriched for the genes containing up-regulated m°A sites. B. Major GO terms were enriched for the genes containing down-regulated
methylated m°A sites. C. Major enriched pathways for the genes containing up-regulated methylated m°A sites. D. Major enriched pathways for the genes containing down-

regulated methylated m°A sites.
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Fig4 GO and KEGG analyses of coding genes containing DMMSs

JOURNAL OF SHANGHAI JTAO TONG UNIVERSITY (MEDICAL SCIENCE)

Vol.41 No.12 Dec. 2021



b

2.4 m°A &4 L5 R R I 2 BF

N7 RNA-seq $ A K6 0 % JE2H s 495 4 1) 2 5 23k
R, SRR RIBAIER 4 469 1 (R R
2, P<0.05), HAFREIEF1 6554, LRHIERH?2 8144,
¥ & A DMMS (5L [H 5 22 S Rk HROAC 4R, 3645
1002/~ LR, sk S BER af 43O 425, 4345 576 1 H BEAL
JKOF- T HORNA Gk LI R R, 422 4> HHEEALKOF FE
ik ELRNA 35 F AR, 14 54K THE B RNA
FEIR T W 0 HE R AN 34 FE AR K SR AIC L RNA 35 LA
M (F5A)

Hyper-down 1 , Hyper-up 579

log, [fold change (MeRIP)]
)

Hypo-down 4-22
-8 -6 4 2 0 2 4 6 8
log, [fold change (gene expression)]

Hypo-up 3

Injury-1 o

-

o |

Injury-2 | L
Injury-3 -

Al |

u

Injury-4 al

Control-1

Control-2

Control-3

Control-4

TG S 0 b B P B A 48 meA T ALK P07 | 1609

AT AL 5 BE R R s A Al R i B s, &
PUFR 4> e DA & A AR 2= T e o QTR AT A A 4 0 4T Ak R
R RS £F 4 85 R o 5% (fibrinogen o chain, Fga) #E[H
o L AR A AR A B B mRNA Rk B H S FE (F
5B)o 413 Na'5 K 8 7 B5 I S B9 A 12 Z05 R 1
(solute carrier family 12 member 1, Slcl2al) R 3Z )40
FEE mRNA HIEAE A f 728 AL O mRNA R ik 33y
B (B SC) o M4 vT 35 S H I 98 25 40 i A2 14 1
(hepatitis A virus cellular receptor 1, Haverl) FEHF mRNA
T m’A IR KF- T, mRNA Rk (F15D),

B

Injury-1 - .‘
Injury-2 4.—._-_;.4_;

Injury-3 dh

I

Injury-4 = - -

Control-1

Control-2

Control-3

Control-4

Injury-1 -

Injury-2 o
Injury-3

Injury-4

i

=

Control-1

|

Control-2

T i
T

Control-3

|

Control-4 L

Note: A. Four-quadrant graph exhibiting the differentially expressed genes containing DMMS peaks. B. Visualization of m*A-modified gene Fga. C. Visualization of m°A-

modified gene SlcI2al. D. Visualization of m°A-modified gene Haverl.
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Fig 5 Conjoint analysis of differentially methylated genes and differentially expressed genes
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