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[Abstract] Objective  To investigate the correlation between the absolute quantification of the microRNAs
(miR-122, miR-451, miR-92a, miR-192) in serum during acute liver injury and the extent of liver injury on rat
models of CCl, induced acute liver injury and mice models of acetaminophen ( APAP) induced acute liver injury.
Furthermore, to investigate the correlation between the absolute quantification of microRNAs in serum and the drug
induced liver injury pathological scoring system (DILI-PSS). Methods The acute liver injury model in rat by CCl,
(1.5 mL/kg), and the acute liver injury model in mice by APAP (160 mg/kg) were established. The serum at
different time points on both models were collected respectively. The absolute quantification of microRNAs in serum
were detected by using MiRbay™ SV miRNA Assay kit. Meanwhile, the pathological sections of liver tissue of the
mice at each time point were collected to analyze the correlation between microRNAs and the degree of liver injury.
Results In CCl,-induced rat acute liver injury model and APAP induced mouse acute liver injury, miR-122 and
miR-192 appeared to be rising significantly, which remained the highest level at 24 h after treatment, and declined to
the normal level after 72 h. In CCl,-induced rat acute liver injury model, the change of miR-92a was fluctuated and
had no apparent rules, miR-451 declined gradually, but not obviously. In mice acute liver injury model induced by
APAP, miR-92a and miR-451 in the progress of liver injury declined gradually, reached the lowest point at 48 h,
and then recovered. The result of correlation analysis indicated that miR-122 and miR-192 presented a good positive
correlation with the DILI-PSS (= 0. 741 3, P< 0. 05; r=0. 788 3, P<C0. 01). Conclusion The absolute
quantification of miR-122 and miR-192 in serum has the highest level in 24 h, then decrease in 72 h, in both drug-
induced and chemical liver injury. In addition, both the two microRNAs have good correlation with DILI-PSS in
APAP-induced liver injury models.

[Key words] Liver injury microRNAs The absolute quantification Correlation

A\ EAEVEH . E-mail: yin37143@163. com



% 3 3

e . bk I B A R B M 75 f microRNAs 45 %o 4 45t 5 1P 458 403 7 JBE 1) AH 56 1k BF 52 369

VAR 25 5 1R 0 g AR RS . il an L A
KK E T OB R B (APAP)E R 259 1Y
o g R T R A s SE T i E A . [A]
I 22540 5 1% JHF 458 43 24 o B Je A e o %ok N 26 gkt R 1Y)
P B DR Ik 2 A P T8 403 A 3 0 R T I
P BE X T4 00 B2 W IR T L BiE BAS R OCH
B iR &Y B Er EZ o8I IR BN E ARMA
IR A B (ALT) Ml K & &R 2 5L 7 % i
(AST). ALT Il AST B SRXJ 45405 HAT B 4f 1) 45
AYER AR T HX LAV IS AW A A
FEARAE T 2 DR X 458 49 11 2 U S5 0 O O
R . S HETIE R b3 A S 5 i R RO
BB AR SE ALT  AST 374, A0 5 i [ B, O 3%
A R S HER 0 R s bR AR W AT R R . Rt
R INRE S A AL A I R i bn iR T I
PrAR G 132 B R ST L SORT 2 3 BRPE AN B OCH
Z, microRNAs J&— 878 HAL B ) A3 3 A7 7E
BAT 2P0 B Z I A8 09 40 55 AR g A% RNAN - i ik
XF A 43 AR AR W 0 KR R B O 1k, H BT E A £
microRNAs # A& BUAE 0 05 5 B2 v & A= A8 4k, Horp
A FE miR-122 ., miR-192 . miR-92a, miR-451 277,
TE Z2 R 2SR ) I 4 CntoRs v 453 407 L 28 9 P T
15 IR TEPE F B 45D, miR-122 7 1 3% (%) 43 Wk
AT X B BT B T . 5 ALT BAA R4 19 E A1
P TR S B IR R I P Y
miR-192 52 B & K ik, 5L G0 8 bx ALT/
AST L HAT AR i AH OGPk o H e 1y B[] 4% 8 1
ALT trEPN 1. miR-92a il miR-451 W #tik K
TE 25 W) VE 45 0 2o 2 v 23 A2 78 Ak, B I 4 s i
Je A —EREEER R KL IF BLAE R b iy 8 5
FEPRATAE N 1 R S6 S R 5 14 A St A
b — 25T . B TE H AT B HRGE A X E =
microRNAs 5 ALT 23 1E #8 5¢ , {H J& microRNAs
500 2 SO BV O 2 R BA R AR AR S A 2
ULHRE . ARSI B B A AL ik (CCLO i 5
MR B A PE IS R AT APAP 5 5 1/ IR &bk
45 A5 A5 75 v, ol 7 microRNAs 1 4 % 5 1 728
ARG O, I 3F — 2 R 5T I35 ' microRNAs B4 48 X}
€5 APAP 75 S 19 /N B2V JTE 450 5 41 215 AR
JIE Z [E] B AH G

1 #Rl57F*®

1.1 SLEzh¥
8 JE#A SPF 4% BALB/c /NEL 52 H,8 JE IR SD

KB 12 Hoo ] K 2 52 50 3 ) b e 38 it CAE 7 0
ALE : sexk (JI[) 2013-026, ffi F 5 A 3iF : syxk (JI])
2013-1857,
1.2 XFNES5HH

APAP 2k (Feit » Ligad A il 254 BR A 7D 5 95
K Z-PH L Y i (Beyotime CO105-1) 5 CCl, 43 7 4k
(Sigma) ; DMSO(Sigma) ; H 4 B+ i (TG 8 1T i 5L
WA A smiRbay ™ SV miRNA B4 iz i 5 I
R & ORCER v B AE R A BR A FD .
1.3 {u=8

Ye2E B i 85 (Olympus BX60); 47 W 4] F #L
(LEICA KM2235) ;4 H 3l 4= b 4 il {2 (Roche) 5 £
> ML ( Thermolsorvall ST16); PCR {¥ ( Labnet
Multigene) ,
1.4 Ak
1.4.1 CCL #3FHRRKERTHRHEAGE L
fat FRE A PE SD KRR 12 H R Bii oy 170~200 g, #i
fif ) A AR 43 B0 50 %6 19 CCLy A 4 3 ¥ . LU
1.5 mL/kgf i3 3. 76 CCL, A&bHE 2 Hif (RIO h),
WEHZ )5 8 h.24 h.72 h 435I R4 SD K §UE # ik
1M 200 p Lo Wi £E I3 » F LAKS I I 35 7 microRNAs
o Xt 5 1 AR AR B
1.4.2 APAP # 38 0 RAF M ER G E L
BALB/c /NER 52 H, Mo 4 2 o % /N BRUE AT FR 8
Joi s BEALAT B 5 40 Horp 25 (% B4 CAPAP 45 2531
Bl O ho4 B, HA 4 4 12 5405109 APAP 452
J5 2 h.24 h.48 h.72 h SZEe 4, o £ 45 2 /N B i °F
VIR I TE 22 g A2y OF FLMEMES 2. APAP %5
iRy 160 mg/ kg A2 AN HEE . RS
16 B8 437 T A LB PR /0N R T A SR A /D BRUHR
BRAL I W 500 p L Qe 48 0 3 . T RLAS DU o 5
microRNAs 4 %} 2 & )22 1015 00D J5 A S8 /N B,
ZHBEMLEE R 2 H, W JHFE , FR 2t R I &, 0k 4
LR B S HON A0 2 B R e i 7.
1.4.3 &+ microRNAs & & # @ [iE
microRNAs #1445 & 8 ] miRbay™ SV miRNA
P B R IR R . i PR I Y microRNAS
TSRt 5T I AR R A ORI S | 4 2% 28 )
23k PCR K434 5 M0 PCR 9. | T &5
microRNAs XF R #4458 5 PE i ORI 5| 845 45 26 6
Fric i HAC AN ] L H e 2853 PCR 45 31 1 7 4 R %
W Ot R B B 2 AR A M AT X E— 4l
i PCR ™ ¥ 9 %€ S5 B 5 1) — S I A4 3= 1 il 4 1
LSRN = A 11 2 (0L S (= e & B 7



370 PU IR 2 2 4 (B 24 JD

5 A8

microRNAs [ 4 %) 52 501

1.4.4 APAP # F 69/ R & W AT 45 40 2 % 32 4
&5 APAP 55 1/ B2t I 4 05 A R
S T e 2 an (2 AXT 4D f 4525 )5 2 ho24 h,
48 h.72 h HUfL /5 AbFE /N L. 45 B ) S BE ML R B 2
JINER S BRUHE JIF R 40 2. A R K PR L IR B0 Bk
A BT BV 2 d, B S it K,
WL Y A HE P55 . 78 B8 100 £5 8K
FEECT WSS ) B, 3 B0 5 IR 20 20 1) #8445
Fa TR AN MG 25 va Ak L W8 A7 20 AN B 3R 3 L 40 i BR 8 IX
IR 4548 B L PR 4> 2 BB DILI-PSS. DILI-PSS ¥
Oy FRGEH IR T 1 UL B K R 25 P AR 0 R AR
Joi o B PR B SR R IR R, R
N2 40 B B Jo 28 P L B 40 M BE v 3R B R 40 e O
T URBE X 3 W8 1 20 11 40 A 3R T 4 R b o B
Ol . DILI-PSS ¥ 73 43 (E B8O JH40 0 7 B i o
1.4.5 w%itsH & L4 R Graphpad
Prism6 % {4 #F 17 42 it 73 Hr. 98 56 45 2R b i

microRNAs 4 X 7 tt 1) J5 s B8 FH o =5 2o il
FH 28 0 B A5 1 Bs 04T 22 A R) b B CR T OT 22
A3 BT FNAL 8] PR PR L 8 CR F Dunnettt £ 359D 5 4 3¢
PR 2R ] 48 %08 o 1 19 )5 06 B84l 325 4T Pearson AHOGHE 43
Br. P<<0.05 BESAGI¥EXL.

2 HF#R

2.1 ImiE# microRNAs 431 E 2 7 CClL iF S
ARBERFRGERPHTLER

ZER L 1, miR-122 fl miR-192 7 CCl, &b
FRLR) (8 h) TR U4R B M T & 24 h gk B 6 R K CF
CCL Ab B fE 72 h W & B KR T B, miR-92a FI
miR-451 7 CCl, i3 i 84 40 (8 b A T [%
EFAH R miR-92a B 5 H 90 2 Pk A2 4k T miR-
451 M — H 2 T R B
2.2 [iE & microRNAs 431 EE7E APAP 51
MNRAERFRGERPHTLER

ZEHL 22 2, miR-122 fl miR-192 7€ APAP kb

% 1 microRNAs 7 CCLy, B S H K R ARG R B by i 46 34 2 8/ (¥ NE/pl)

Table 1 The expression level of microRNAs in serum of CCly-induced acute liver injury models/ (copies/pL)

Time miR-122 miR-192 miR-92a miR-451
0h 19214288 5 496+888 335 321£38 095 598 342429 892
8 h 8 297 95641 704 659* * 1061 6004329 187" * 180 226+14 615* * 426 296+111 852

24 h 23 520 39246 440 298" * 3 743 8134456 940 * 1072 990+14 615" * 313 914426 176

72 h 2 075+519 9 26541 097 106 465+12 937 * * 290 433447 837

%* P<C0.05, * * P<C0.01, vs. O h
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Table 2 The expression level of microRNAs in serum of APAP-induced acute liver injury models/ (copies/pL)

Time miR-122 miR-192 miR-92a miR-451
0h 9 70442 083 26 676+5 420 155 561+36 937 10 345 684844 267
2 h 189 61495 633" * 112 93623 049> * 71 457+8 084~ 10 497 014+272 810
24 h 820 3804508 824 * 536 4884306 098 69 197+9 355~ 9 342 598+1 060 833
48 h 758 0784316 456* 555 1244225 969* 36 48344 003" * 8 542 1184523 115
72 h 92 486+32 603" * 131 415+30 914> * 62 410+9 578" 9 956 152+527 593

* P<C0.05, * * P<C0.01, vs. O h
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Fig 1 The liver mass of acute liver injury model induced by APAP
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Fig 2 The pathological section of acute liver injury induced by APAP, HE X100
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Fig 3 The correlation between expression of microRNAs in serum and histopathologic score of APAP induced acute liver injury

NN
3 wtig

Bl & B 20 R BUAS 5 H ARG B 2 R R R
bR R ENERE 200 e S O N v s = VAR (2 | I )
25 I 5 PF 0 1R R A e R e . HR,
FEREE Hy S B, BUEE A& i ALT (>3
£ 1E 8 A 1 BRD AR B AT 2 (TBL) (2 £5 1K % {H I
REL) B4 T DX ] A 40 U 24 2 75 B A IF B 0 s L 1R
Pk &I T 2t Hy SN R E2y i s 2
HH T ok ) A B Y A S B LR B

DAL I o i) S 00 2 SO0, 5 35 A B0 408 45 A i 4 S ke
JHFA5 00 15 100« 2 A I DA B 24 DA 0 I 32 95 7F
M B T S R A A R A [

H 32475 0 b o 4 3 BEARSE ALT Fi AST,
HEH L5 CHIRE ALT fl AST 1 fg 45 78 Hofth
LAV 0515 0 AN B8 AR S 1 b A s ST 45 AR L
2. S W17 N e N A G RS D= SO I B - Y 1 1
20 2 S 3 3K B9 microRNAs 75 7] G il 8 B 7E 1Y
i SR CR N R (TR 7/ o 2 A
microRNAs # & Bl 5 I # 45 A1 & 20, Hodp DU
miR-122 DL K miR-192 #f¢i8 & £, (H15 — 41



372 PO R 2 2 i (BE 22 D

5 A8

& o FRTC A ISR I Y 5 R 5 S 21 KO fg
S5 B JEF 458 10 15 100« 35K 48 s A ke S 458 40 A 3 400 1 3 e
ANEE AL & BR T A= 4k & I P B microRNAs
G

AR YR S 5630 3 B 3T 3 1) microRNAs 4 %} 2
AN AR X CCLy 3855 1Y R B2 40 47 455 280 A
APAP i 5 1 /N BU 20 M I Bt 45 B0 B hoai i
microRNAs #4744 % € & 4 1, & B3 H miR-
122 I miR-192 F) 48 5%k 7 5 78 45 B ) 50 W) 1 28 Ak
FUAEE T 3 A0 WA 45 3% 1) 45 45 65 75 ) miR-92a Al
miR-451 B A M A B . A B 3R AT & BR O v b
miR-122 Fl miR-192 4 %t 5 5 5 % 1z /1 B JH-452 43
Y2V FR AR B S B AR OC , BB IE AR 4F M 5 R APAP
5T 0 /N B I 403 10 A 206 BT . (EE R
ZAURE i BT S ) BT, R REAS I 72 h 2H 4% B
M. MLTEH miR-92a 1 miR-451 5/ B 5 JT 3 45
4 R E N G, AR LI R
microRNAs 4 X} 5 5t A Il 7 R 5 2 M #5745 41 2L
g BT M 22 (8] A AH OC PR AT RE, S — P IR
microRNAs 14 2P 0 5 br 25 4 19 R RE M L Sy LU
J& i 3 microRNAs #E 7 57 fin B8 L & 0 0 1 32 45
W R R EE T R, 7R B, BT
microRNAs [ 46 X 5 ft fig 5 X 73 A [6] i 405 25 2
IR FATT AR ke B A 9 A

2 % X #

[1] SLANKAMENAC K. BREITENSTEIN S, CLAVIEN PA.
et al. Development and validation of a prediction score for
postoperative acute renal failure following liver resection.
Ann Surg,2009,250(5) :720-728.

[2] ZHANG Y, JIA Y., SUN SH, et al. Plasma microRNA-122
as a biomarker for viral-, alcohol-, and chemical-related
hepatic diseases. Clin Chem,2010,56(12):1830-1838.

[3] VERMA S, KAPLOWITZ N. Diagnosis, management and
prevention of drug-induced liver injury. Gut, 2009,58(11) .
1555-1564.

[4] BARTEL DP. MicroRNAs:
mechanism, and function. Cell,2004,116(2) :281-297.

[5] KASINSKI AL, SLACK FJ.

MicroRNAs en route to the clinic: progress in validating and

genomics, biogenesis,

Epeigenetics and genetics.

targeting microRNAs for cancer therapy. Nat Rev Cancer,
2011,11(12) :849-864.

[6] L1Z, RANTA TM. Therapeutic targeting of microRNAs:
current status and future chanlleges. Nat Rev Drug Discov,
2014,13(8):622-638.

[7] SHI Q. YANG X,MENDRICK DL. Hopes and challenges in
using microRNAs as translational biomarkers in drug induced

liver injury. Biomark Med,2013,7(2):307-315.

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BALA S, PETRASEK J, MUNDKUR S, et al. Circulating
microRNAs in exosomes indicate hepatocyte injury and
inflammation in alcoholic, drug-induced and inflammatory
liver diseases. Hepatology,2012,56(5) :1946-1957.
ANTOINE DJ. DEAR JW, LEWIS PS, et al. Mechanistic
biomarkers provide early and sensitive detection of
acetaminophen-induced acute liver injury at first presentation
to hospital. Hepatology,2013,58(2).777-787.

WANG K., ZHANG S, MARZOLF B. et al. Circulating
microRNAs,
injury. Proc Natl Acad Sci U S A,2009,106(11) :4402-4407.
STARKEY LPJ, DEAR J, PLATT V, e al. Circulating
microRNAs as potential markers of human drug-induced liver
injury. Hepatology,2011,54(5):1767-1776.

HUANG JY, ZHANG K, CHEN DQ,et al. MicroRNA-451;

potential biomarkers for drug-induced liver

epithelial mesenchymal transition inhibitors and prognostic
biomarker of hepatocellularcarcinoma. Oncotarget, 2015, 6
(21):18613-18630.

YANG W, DOU C, WANG Y,

contributes to

et al. MicroRNA-92a
growth of human hepatocellular
carcinoma by targeting FBXW?7. Oncol Rep, 2015, 34 (5):
2576-2584.

TG L. W T 2 A SURe B2 AT Ay Rk JFIIE, 2010, 15
(5):317-319.

XIE XP, TANG F. YANG Z, et al. MicroRNA-derived
fragment length polymorphism assay. Sci Rep,2015,5:9356.
doi: 10.1038/srep09356.

WATKINS PB, SELIGMAN PJ, PEARS JS, et al. Using

tumor

controlled clinical trials to learn more about acute drug-
induced liver injury. Hepatology,2008,48(5):1680-1689.
LEWIS JH. The art and science of diagnosing and managing
and beyond. Clin
Gastroenterol Hepatol,2015,13(12):2173-2189.

RE VL, HAYNES K, FORDE KA, et al. Risk of acute liver

drug-induced liver injury in 2015

failure in patients with drug-induced liver injury: evaluation
of Hy’s Law and a new prognostic model. Clin Gastroenterol
Hepatol,2015,13(13) :2360-2368.
KRAUSKOPF J, CAIMENT F, CLAESSEN SM, et al.
Application of high-throughput sequencing to circulating
microRNAs reveals novel biomarkers for drug-inducedliver
injury. Toxicol Sci,2015,143(2):268-276.
CHURCH RJ, OTIENO M., MCDUFFIE JE. e al. Beyond
miR-122; identification of microRNA alterations in blood
during a time course of hepatobiliary injuryand biliary
hyperplasia in rats. Toxicol Sci,2016,150(1) .:3-14.
STARKEY LPJ., MERZ M, COUTTET P, et al. Serum
microRNA biomarkers for drug-induced liver injury. Clin
Pharmacol Ther,2012,92(3):291-293.
FANNIN RD, GERRISH K. SIEBER SO, et al. Blood
transcript immune signatures distinguish a subset of people
with elevated serum ALT from others given acetaminophen.
Clin Pharmacol Ther,2016,99(4) :432-441.

(2016 — 07 — 21 Y #,2016 — 11 — 18 &)

ETE S N



