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Study on mechanism of aristolochic acid I induced acute Kkidney injury
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Abstract: In this study, transcriptomics analysis of aristolochic acid T ( AAI) induced acute kidney injury was carried out to
explore the molecular mechanism of AAI nephrotoxicity. Fifteen male C57BL/6 mice were randomly divided into normal group
(n=6) and model group (n =9). The mice in the model group were intraperitoneally injected with 20 mg/kg AAI once a
day for consecutive 5 days and sacrificed on the 6th day. Serum and renal tissue were collected for later detection, Scr and
BUN values were detected,and HE staining of renal tissue was performed to observe pathological changes. High-throughput
transcriptome sequencing was performed on RNA exiracted from kidney tissue samples, which randomly selected from each
group. Fold change = 2.0 as well as P-value < 0.01 were defined as differentially expressed genes,which screened sepa-
rately. Meanwhile, functional analysis was performed using GO and KEGG databases. The top 5 genes with the most obvious
difference multiple changes between the two groups were selected for qRT-PCR verification. Compared with the normal group,
Ser and BUN of the model group were significantly increased , HE staining showed that the kidney tissue in normal group had
a normal structure ,and the glomeruli,tubules, interstitium were not obviously changed. While in model group,the kidney tis-
sue turned out globular edema, glomerular pyknosis, and loss of proximal convoluted tubule epithelial cells. Through high-

throughput transcriptome sequencing,a total of 4 975 differential mRNAs were obtained, of which 2 511 were up-regulated
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genes and 2 464 were down-regulated genes. Cluster analysis identified Kap,Sppl, Aldhla2,Serpinel ,Tnc as the top 5 differ-

entially expressed genes. GO and KEGG enrichment analysis found that these differential genes were mainly significantly en-

riched in GO categories related to small molecule metabolism , extracellular matrix tissue ,immune response involving neutro-

phils, granular cavity and cytoplasmic vesicle cavity. It is also significantly enriched in pathways such as inflammatory signa-

ling , peroxidation ,and glucose metabolism. qRT-PCR indicated that the expression of Kap decreased,while the expression of

Sppl , Aldhla2,Serpinel and Tnc increased in model group,which were consistent with the transcriptome results. The results

suggest that AAI has obvious nephrotoxicity, and its toxic mechanism may be related to inflammatory response, oxidative

stress , glucose metabolism and other pathways.

Key words : aristolochic acid ; transcriptome jrenal toxicity ; mechanism

Ly A 1% (aristolochic acid, AA) RARIFAET 5
YR FHEYI T A YU USRS PR ENRL, &
AA PR 2l RS 250 0z R s
YRR IR (B O AR E AN R A LA R S
W2 LA N S 7 B SR A Wi (L R A | =R
PR L PRSI, AA BRE S ER A L
VR I A S FE A AE R R AR SE 5 VR AA Y 88
W2 —, G Y48 1(aristolochic acid 1, AA T ) [A]
FEEA B ik S 0B E 5 KR & 2 Y
A2y A] 5 | S 5 Y44 TR B iR (aristolochic acid nephrop-
athy, AAN) ™0 HETE A AR F AAL I 1ER BT
58 (A E A LB B IR E I A £, K&
R e — AN R (R B RS . DR A
E— AR R AAL BEPENLE e s 4 2 40 ML N B Ay
LR ST PR S T e S 2 2 o S 4 PR
58, W 15 RNA AHOCHY N ZS, g s 38 (DI hE
S, N T A TR AAL B EEERLE] , AW R H]
Mumina 15 18 5 05 5 X B 20 SR 1755 S 4l 24
Fp, 647 22 57 #38 & GO (KEGG & 407, L W A
AAT B B 2 AL
1 #RE7R=*

1.1 ##y
1.1.1 &%

AAT( 2l >98. 5% ,4it+5:3503) , W I L1 5-F
FPHEFRER AR 55 AR 4 CUKFEAEIE F R
21 2 25 (415 : F20051103 ) , I [ [ 2448 A1 4k
2R A PR A
1.1.2 &z

MM CSTBL/6 /NER 15 B K& 23 ~25 g,6
~8 Jil ,SPF ¢, Wy 1 b i e 7 A AR W BB B Ay
A R 2 A, 3 A 7 VF i) RS SCXK (9) 2017-
0010, F L ifgrg Jrii= A W Rk B4y 45 FRZA ) SPF
RIRGLR F7, S HVF A IES : SYXK (97) 2019-
0003, FrA7 AL h b it g 7 AU A MR B A7

BIR 2 ) S 96 3 0 8 BRI 25 B3 25 (TACUC) i 4t
T (FF S TACUC 5 2018-0026)
1.1.3 X5

I LB ( serum creatinine, Ser) iR 7 & (#t 5.
20150526) R Z % (urea nitrogen, BUN) 157 &5 (it
5:20150511) Y0 [ e A AR W) TARBIE S T 5 Tr-
izol Reagent( fIit5 :F919KB3054 ) . & RNA &5
& (5 BS18811) By | b ifg A T AR W) TR ey
AR A5 5 s ialoR) & (41452 AJ92014A, H A&
TAKARA A7) ;47 #9100 & (45 : AJFO343A, H A
TAKARA /A7) .
1.1.4 Z&ME

SERPIOEE & PCR X (22 [ Life Technonogy 73
) 5 2OEHE B (Olympus 1IX70, HAS) .
1.2 7Fi%
1.2.1 AAl Bz BE

100 mg ¥ H B 2F 4 32 437 i T 20 mL BZE K
FHCE L 0. 5% IR B . 40 mg AAL LA 20 mL
0. 5% 2 T FLLF AE R AR B W h 45 i 2 mg/mL ™
FEW, R R B R e 2l 4 COAE
1.2.2 Sy ARk s

ANERAE BEPEMR SR 1A BERL O M IE R 4 (N, n
=6) FIBLARIZH (M, n =9), BIAIA/NELLL AAT 20
mg/ kg F B SR ST, R 1 IR, ESES K IE
W /N RE S AR R ALY 0. 5% F2 W L 27 4 K iR
B
1.2.3 HAR%E

WAL 6 H /N 3% L LU Z AR AT IR T,
FTFFIE R BCT bk i, & 180 C kA Ar, I T
DZE Ser BUN. B3R B, — 00 B JIE 20 21305 S IR T
HITF, Iz — ] 4% HEEE E T HE et 55
B 100 mg B LHZUE T Trizol T2 RNA
1.2.4 ik thm A HE &

Fie R & UL A3 4T Ser . BUN ZK P 1y 45 I



850 KIRF=YIBE R 5T K

Vol. 34

B EHZNZE 4% vV T 22 i 11 5, A Sl K BIL
K AN, 4 wm U], IR AN -G 0 (HE 3
) Dt BB WA IR, B LRI SES
FESCHR'S AT B /N RIS ) B S R
1.2.5 §#i4% RNA 32IRB 46 F2nm) 5

Trizol $2£HU'E 2H 21 &L RNA, Agilent 2100 Bioana-
lyzer( Agilent Technologies, Santa Clara, CA, USA) jf
Ay BCREAG I 5 A F] Qubit 2.0 RNA A&l 32 55) &5 I
RNA ¥R, £14% mRNA 7385/ 5 Befb WU DNA &
B A S R i dA-Tailing A 3k 3 45 & 42774
alifl, | Fr B R/ ING B DA R SC R 34 45 s M ff o o )i [
g DNA, 2 1: 1 il %2 =R 4, Illumina HiSeq X
Ten P FFACH F-0 5, 742 150 bp (9 3m Bl .
JEI e K S o3 BT o3 il HERR 5 A W R A R A
PR R S8
1.2.6 JRE4H R A A B ALt

{#i ] Trimmomatic ( version 0. 36 ) #4447 i 4%
IE BRIk PR LR bk 8 0T S R LA S N
PR, A5 35 i Y Clean reads, hisat2 (v2. 2.
1.0) A F U545 2] %) Clean Reads /MRS %5k
[KIZH ( A NCBI R 2% SL R 40, JE A Ay
GRCm38. p6 ) #4775 FL Xt , LK BUfE 225 JE I 41
BCREDR b o7 A S RTI  RE REAT BY FESUAE B
SRR A B 3 A TE 5. 99 ~6. 83 G, Q30 ik
FHAE 93.97% ~95.01%, F3y GC & &N
47.90% , EISHf reads HLXFEN S HL K 4 |, 15 5]
BAFEAR B D2 HEXT 1S B0, X Tg 92. 6% ~
98.23%

1.2.7  ZFRAAR L

S AR TSR, IF iz A R H T Af-
fy” “ limma” B0 S0 A7 22 S R ABE Y . Affy 6025 Bk
J OGRS T R SR 22 , TS B BR 1 T 1) 35 PR 38 4K
Pt Limma A4 X5 1E F L URNE A5G 2 bR 2
JE BRI T 22 ARk, TRIESREN P <0.01 H
FZESEARI(fold change,FC) =2.0, ZREEIRIAIT )22
5L o fdiH Pheatmap 2 IR FEIFIJLIAL
1.2.8 £F &K A GO # KEGG g & 547

B R FRALZLAE)G, KA “clusterProfiler”
7 “ggplot2
“stringi” R 18 5 X} 22 S5 IR FEF #H 1T GO Al
KEGG FE43¥7, Tt e 4514/ P. value cutoff < 0. 05
F1 Q. value cutoff <0. 05, 2 A 21 #2 ( biologi-
cal process,BP) 4T 2H 53 ( cellular component, CC)
LI %4 F 1 fig ( molecular function, MF ) [ 3 [H & 4
B e M HER T 20 B9 GO A= Wid #E AN KEGG il %
2 =
1.2.9 %% &k ALK qRT-PCR %iE

FET WS 25 3R S M4 R]) FC i W 2 Y
i S AHER (WK 3) 14T RT-PCR $3iE . {1 NC-
BI 7R 51 Wi i1/ Primer-Blast 353514, i |
M TAEY) TARAT BRA w5 i (R AR 517
HIW 1), Trizol & HUE 4 ZLE RNA, SR HIL 5 &
AT %G 5%, A8 SYBR Premix Ex Taq IT e YL R
25 S R & U B EAT cDNA 71, B FE
FE 3 W, L B-actin NS R 2705 Ik HEAT 4
MrE s,

” «

org. Mm. eg. db”

“colorspace” “ enrichplot

x1 KHXEEPCRZEAHSIWFET

Table 1 qRT-PCR primer sequences of each gene
L 448K Em54 pAnEILY)
Gene symbol Forward primer(5'-3") Reverse primer(5'-3")
Kap TTTGACCAACTGGGATCATACA TGATGTCTGTGTTCTCAGTGAA
Sppl AAACACACAGACTTGAGCATTC TTAGGGTCTAGGACTAGCTTGT
Aldhl a2 ATGTTCACCTGGAAAATTGCTC CAATCTTGTCTATGCCGATGTG
Serpinel ATCTTGGATGCTGAACTCATCA GAGAGAACTTAGGCAGGATGAG
Tnc CTCTCTCTGTTGAGGTCTTGAC GAACGACAAAGTGCTTATAGGC
B-actin TGACGAGGCCCAGAGCAAGA ATGGGCACAGTGTGGGTGAC
1.2.10 %it2sk ) wm

R SPSS 24.0 B ik AT G vt 40t , WE I8 T 45
s I + b2z (x £5) FoR, AN RIREA ] HL A
KM T 2500, P <0.05 FoR &5 BA 50T

LY
FiE o

2.1 AATAAE/NREBRGNLEENNEEHRAR
EHTWK

53 T IE 8 2 RN/ BREA T 003 A A A T 5
BAHZ HE Jet, 255, 5 IEH 4UAH L, AL /)N



Vol. 34

WIS EYREER T Bk A A > LRI AT 851

B Ser 4 = 24 12 7% BUN $ 24 3 45 (UL 1A [ J&]
1B) . HE Je(@ 7R, IEH B IE R, B /Nk

IV BTN A UL 2 T S B 5 A R 2 /N BRI |
B /NERIEN SR , T /I B B AR (LR 2)

A B
240 *k
364
Py *k
3 180 S x4
= ]
[=]
5 1201 ! .
5 5
) @
60 0
0= 0-

N M N M

Bl ERASHEIANRMEELEN

Fig. 1  Serum biochemical changes in normal and model group

AR/ R Ser 7K 5B B/ BUN /K, SIER 4SS, * * P <0.01, Note:A:Serum Scr levels in both groups of mice;

B:Serum BUN levels in both groups of mice. Compared with normal group, * * P <0.01.
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Fig. 2 Mice kidney tissue sections in normal and model group ( x 100,Bar = 100 pm)
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Fig. 3 Differentially expressed genes of AAl-treated mice
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differentially expressed genes in normal and model group under effect of AAI;B: Volcano plot of differentially expressed genes in normal and model

group under effect of AAIL
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