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32 J 7 RGN B 7E 3 U L 2~8 “CHI=T0~-90 CAAF T AEAAA [ 18] 5, SR S I 2 7E 1t 2R A i 6% XS (quantitative real-
time polymerase chain reaction, RT-qPCR)KEIN miR-124 [Z&IK ; 435I FXT L BEZER (1 250 merkg) SR EIEER (2.5 mg/kg) Al
PR 22 (80 mg/kg) N7 K FRUFREM: O I T A RS B AR, SR A2 L VBORE ASAS D - LU B0 BRI 5 A 0 miR- 124 11784k 3 (8 1
SR (300,600 mg/kg ) 337 KRR 2R B HEAR AR, SR W IBC S92 W BRHN 52 775 (enzyme linked immunosorbent assay , ELISA) K5l
4 2 (interleukin, 11.)-10 . IT.- 1 BRI PR BE Kl - (tumor necrosis factorar, TNF-o ) A5 £k, , U ARG 1) 240 it LR 7 FRAIG FR
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Study on the sensitivity, stability and tissue specificity of circulating miR - 124 as a

biomarker of lead neurotoxicity
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[Abstract] Objective: To validate the stability, tissue specificity, and sensitivity of circulating miR - 124 for detecting lead
neurotoxicity, so as to provide a basis for the evaluation of lead neurotoxicity using circulating miR - 124. Methods: A rat middle
cerebral artery occlusion model was established using Zea-Longa line plug method. Blood samples were collected, centrifuged, and
aliquoted , then immediately tested or stored at different times under conditions of room temperature ,2 C to 8 °C, and =70 °C to =90 C
the expression of miR - 124 was detected by RT - qPCR method. Hepatotoxicity , cardiotoxicity and nephrotoxicity models were
established with acetaminophen (1 250 mg/kg) ,isoprenaline (2.5 mg/kg) and gentamycin (80 mg/kg) , respectively. The expression of
circulating miR-124 was detected and compared in the collected pre-modeling and post-modeling blood samples. Rat neurotoxicity
models were established with lead acetate (300 and 600 mg/kg). ELISA method was used to detect the changes of IL-10,IL-18, and
TNF - . The sensitivity was evaluated by comparing the time of changes detected of cytokines and circulating miR - 124. Results:
Compared with fresh blood samples, circulating miR-124 remained stable when the blood samples were stored at room temperature for
6 h,at 2 C to 8 °C for 24 h,at =70 °C to =90 °C for 36 d, and for three freeze-thaw cycles. The stability could support the requirement
so flaboratory. Circulating miR - 124 has good tissue specificity since no significant changes were noted in rat hepatotoxicity,

cardiotoxicity and nephrotoxicity models. Compared with the cytokines, circulating miR-124 could evaluate neuroinflammation caused
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by lead exposure with a more sensitive manner. Conclusion : Circulating miR-124 has good stability, tissue specificity and sensitivity,

and can be used as a potential biomarker of evaluating lead neurotoxicity.
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R — PN EE i 2R WA, AT DAAEREE rhRe
AR Y . A DA 2T 2021 4F K AT
FICHE DU R R IR R PR B ) 1R h BT R R w
FEAAIE ARSI, 2019 4545 90 5 AR 13244
FREE RS MAE T o 24 1M A5 MR 7E 20~40 pg/dL B,
AR B2 H BRI 8 A HLR 2 MO 5 224 il v S =
60 pe/dL B, AR BB st RE . &
X 15~24 % F VAR BESE B0, S IMLAS VR BE R 1.5~
10.0 pg/dL B, 3047 Ay B fig 9 T R b ol By e B
TR FAGIMIBR (<0.7 we/dL) B i 8452, FEHE, A
I 4% 7K S AL 2000—2002 4F () 8.0 pg/dL T B =
2016—2018 4114 2.2 wg/dL"™  ATh4b T 1] RE 32 8 5 2
SEMA KA o LX) 4 2 S B, AR A KT
TN LE R R FHISEAFIG . BET, TR
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PEER miRNA VA R bR a9 371l R 5 22 5¢
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i e B B JR) (food and drug administration, FDA ) &
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A B2 7)) 5 miSeript® SYBR® Green PCR 5] £
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377 4 A miRNeasy Mini Kit 3% 7] £ (QIAGEN 23
), 5 E ) ; miR-124 Fl miR-24 5] %) (Thermo Fisher
Scientific 22 H , 32 [# ) ; K UM IR FE K F - (tumor
necrosis factora, TNF-a) ELISA 1071 &5 . K R 40 it
4+ % (interleukin, IL)-1B ELISA &7 & K BLIL-10
ELISA i) & (Lo B S0l AT FRA F]D

12 %

1.2.1 #AER miR-124 8948 2 AT T

1.2.1.1 K& ¥ #h Bk M) & (middle cerebral artery oc-
clusion, MCAO ) AR & 3% 5.

AR S F6FR miR-124 i A B AR, vT BE
FHEAGIN 5 2 ARG, PR 7 R U MCA O 5577
FERAE MIRFEAS T miR-124 ORI , SR J5 5 SCiksh
X HE, X miR - 124 RGN 7 A T PR o K
SD A FRFBHL A S Xk B BRI 2, %of B 20 K BadbA 7
8 T A CILA BRI AL A5 3 85, AN 85 L S A A2
) ETRIZH KRR Zea- Longa 6427857 MCAO #
RIS KR 3908 L F 2244 (30~45 mg/kg) I 5
TS IRREE, 088 25 F LA NS08 B0 ik, 78 350 Bl ik
SEFLEENT SR 57 16040 0.2 mm /NI T 2844 DA /)N
P11 4 A 505 ik, 3 2 25 PN s kR 26 b 50 Jhk £ 3
SHEA SN Bk B AR T 0PN B ik e A )
e Al AT B0 kR R i 3l ik i 4 SCAL , A
7 BEL DT [V 00 52 1) 59y Rk AR e A 51 ) ) ik 3 2ok K g i
kAL . MBI 2 b, R R AR AR L i
L1 em, DASEBUR N S K F#EE . MCAO FAR
J& R R IR R AR

TEARJG 16~24 h, 1 FH Longa ¥F-7332: %) 3 A% K il
AT DIRETE A0 o B SR kM b 25 1) R k4
(BPATE Bsf ) Z2 B 25 M D REVE SRy 2 43 ) R o 3
Jaykb P 22 D Re et (RIA L PRIXETT: i) A {5, # e
DIRETEAr 0 340 ) MRS R R Fa e A 7R, ml DL
TFIREESE . BEMLIEERE 2 RS AR K B, 20 25 ki
HAUTFH TTCHEAE 37 C/KI H B YL 2 40 min,
Yeta )5 W INALUE T 4% 8K ARt 4 °ClE 24 he
[ i, SR DX IR 8, TE R DX SR 41 R
1.2.1.2  #AKRERIGHR miR-124 945 T AT

i MCAO 3 A5 5 B i R B 3% 136 B2 L 2 4
(30~45 mg/kg) 5 T SRR , MAIE 3= 3 TR 46 1L
F 5 EDTA-K. FHTHEEE T AR 2 h N8 S
O FICEE M

HECER B I A i o328 R 18 0y, TR DR AR 55
PR 3 O b J S A . 3 003 B I SR o 7 B
Ao E A %ok B, At 2B A 23 S0 7 = TR i 7 (6

2)h . 2~8 Chififf (24£8)h . —70~-90 CHig {7 (15+7)d
A(30+7)d 5 I FAEI . 3 H3Af i 7E-70~-90 Cfi#i
FEZ/D 12 h ARG PR IRARR , 36 20 I V1A R Rl
FaE .
1.2.2  JEERmiR-124 09 28 2245 S AR 70
122.1 MHEWENEIBHERARE

W SD K ERBE ML 73 4y 95 1% RECZH RN 2 T
GIEBUL, 43 H PRI TV B 45T 0.5% R F L2414k
KB 1 250 mg/kg BT BRI , B RO R4
ZHIRFR N 10 mL/kg, 24 h B K BUH 3% % B He %
B P S BRR I, DA T B BCR R 1 mL M VA
EDTA-K. 5845 , 8 RT-qPCR A miR-124; %
£ 3 mL IR B Bl B8 551 R 43 2 e )i v L 4
A=Ak 43 B SRS T TH B RE F8 A A 24 R 24 5 7 A il
(alanine aminotransferase, ALT) Fl1 R[] & 24 g 24 &
LR aspartate aminotransferase, AST),
1.222 SlEalERE T RERRE

W AR SD K FRU B HIL 43 Vs 1 %) L2 Nk iR S
B ERRZR A, 4 I B K 5 25 7 0.9% = AL 4H
FFHEEY 2.5 mg/kg HIERIR S0 EARER B HOR R
(45 23R TN 10 mI/kg. 4 h G AR 3E 1.2.2.1 & F1
ALBRIMAE , /8 RT-qPCR A miR-124, i 584k
2RI U IR T B R A = O UILES 2 1 1
(high sensitivitycardiac troponin , hs-cTnl )
1223 BHEBENEITRHERARE

WA SD I ERBE ML 3 Sy 75 0 L 2 A 1 PR
KERH, - HlESET dNLA S A T 0.9%F bk
R Y 80 merkg MIBRIR R K& 2, B LR R4,
ZHIRT R 2 m/kg, 57 KE52524 h G MR 1.2.2.1
W AL BRI , 5 RT-qPCR A& miR-124, {8 1]
A A A3 BT AR T I 2 R AR 5 43 1 (kid-
ney injury molecule 1,KIM-1) JRZ & (blood urea ni-
trogen, BUN ) FTLEF (creatinine , CREA ) o
1.2.3  JE3 miR-124 2 Bk o YA #F 7

W e SD K SR 3 A i E0t HRZH SRR A IR
TRV I PR 0 e R e L, 43 ) 282 56 d 482 I 8 2
F £ 817K L300 5% 600 ma/kg F i R 41 VA W, B 2
KB LZ5IAF R 10 m/kg, 7E551.7.56 K424
BRIV A2 )5 1.4.8 .24 h R 4E 1LV A I miR-124
IR 15 1.14.21 .56 REAZGRIAZE 2 )5 1 hR
AE ML IR TL- 18 TIL-10 A TNF-o i 223K 7E55 8
15.22.57 KR A M UG TL-18 . TL-10 F1 TNF-«
(IR s 7E5R 57 TR M4 2 F L BB A S5 1
PR B ASHIN A 2 0 i, T RAEMNZH U 10% AR /R
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LRI E 2270 24 h, AL 83 wm D) 64T
HE e, T RS N SN0 Bl
1.2.4 RT-qPCR#& M|

e miRNeasy®Serum/Plasma Kit d BH 45 a2k
M IR RNA il RT-qPCR A6 H B[
miR-124 AN Z 3L K miR-24" i Ff] miSecript 13154
ik & A B cDNA 2 Ff 9 wL Y Template RNA 5
4 WL 5xmiScript HiFlex Buffer .2 wL 1 10XmiScript
Nucleics Mix, 2L #J miScript Reverse Transcriptase
Mix 13 pL i) RNase-free Water {2 &, Fix & S AR FH
120 plo SN TE 37 CHEH 60 min, 7£ 95 CH T
3 min. ¥ miScript® SYBR® Green PCR iR 5] & 1k
T RT-qPCR JZ ¥ : Ji] ¢DNA . 5] #J . 10 X miScript
Universal Primer 4 2 L LA ) 4 wL () RNase-free
Water #1 10 L 9 2 X QuantiTect SYBR Green PCR
Master Mix & & &0 o BT A A6 U 55 &8 647 3 IR .
miR - 124 F1 4 2 miR-24 (77 [ 51 97 2 1 Thermo
Fisher Scientific 2% &) & il , ¢ 543 5 &y 5" - ATTA-
AGGCACGCGGTGAATG-3'F15'-GTGCCTACTGAG-
CTGATAT-3", PCR=H & Hh #A3 S 1) 5140
1.3 “%itFF&k

SIS B AR £ hn 25 (3 = 5) o, T
SPSS Statistics 21.0 BAFHEATHETH 04 4L1A] HLAR
K oA B R 5 2270 Bl Kruskal-Wallis 7655,
Z E RS ] Dunnett-t 56, P < 0.05 19 22 5% A 42

R
2 & B

2.1 5 THEGPEIR miR-1244m 7 ik
TEREALIE PR R FA E MCAO FEHI | 28 TTC Yu 8,
Ji & PR BT AR A Mg 4 20 52 B 1y e R ARk 1 %o )
JEREBC ML 2L S BT € (T 1A ), FHH B 2y 45 i ke
I P HE AR
MBI MCAO KBRS MR FEAS , it

e @ @

=]

Ct values of miR-24
[NSR O} S RUVRUS USROS RUS RIS RIS RS
SRESENOEGSS
coooooooooo

F RT-qPCR K H 14 3 Al miR-124 F1 Py 2 3
miR-24, JRAF25 B 438 M2 0 i it 22 Fnbn v i
2k . miR-124 A1 miR-24 {9 3 2R F AR — 50 (1.09
vs. 1.13) s K i it Ze 150k Bl | BRI 51 4 w] LA
FEFPEY 38 AT 55 | ) — R AH O R 5300
0.985 2 F10.987 1, &M R4 (E 1B.C). LA LR
T2 WA 5206 2 B o 2 57 0 BF miR- 124 PRSI 7 v
For I 285 SR AT 5

TR BRI B I P E T3 S 16~24 h L8 MCAO #5
U ZH FGT B R B I AR it FH 2 S 9 ik
SE LRI o 0 R R BRORH L, RS A K LT A
miR-124 (7535 B 2 11 (12.60+6.71) %5 (P < 0.01,
n=6) , 5 SCHR AR FE AR — O, P DL RRAS b PR
TR RSN 7 3k AT
2.2 HFRAGEEF miR-124 6945 %

T VAl miR-124 (9 Fe e M, B3 HOs ) A
[ SD K B, SRAE MR FEA AL B S TEAR R SRAF AR T
PRAEASRIBTTE] o 5 e i 2 AH L, 78 IRAE 176 h.
2~8 CHEAF 24 h . ~70~-90 CHEAE 17,36 d (L34
A, miR-124 1 R IK 22 RG24 L [FIR,
miR-124 7€ 3/ NARBER G 0] LR (K12)
2.3 BFRAGEER miR-124 4 20 2245 1%
2.3.1 JFAMEAEEA P miR-124 89 % ik T AL

SR FRZE AR FE L 1 250 mefkg X 2 Pk 2 Ky
HENWAIE L 25 )5 24 h ALT F1AST & T+ (P <
0.01,3% 1), LB M H . T X LB a LW 5 T 1K
SUIFEE PRI . 3@ 5 RT-qPCR K6 I 1 2% miR-124
IR, 5 T BE A A EL L X6 2 Tk 2 B 1 A1 KRR
miR-124 f)3RIE B EFFIR(P < 0.01,3K 1),
232 SRR P miR-124 89 F K TA

hs-cTnl & —Fp X%t U AL T 6 B i EL A & B A
SR AN S 1 TR AR IR R . SV R 2
L, 2.5 mg/kg FNE FIRR A4 2554 h W
hs-cTnl i 2 FHE (P < 0.001, 3 2) , £ a7

_ miR-124 ¢ 29.0 - miR-124
- y=-3.110 7x+34.372 S 28.5 4 y=-3.0403x+28.196
o R=0.985 2 ' 28.0 J-. R=0.987 1
u .v"'-».,__/\mp]il'i(:ali()n efficiency=1.09 Cé 27.5 4 Amplification efficiency=1.13
4 Z27.0 4 "
i > 26.5 +
g 4 26.0 |
E = 25.5 1
- > 25.0
i S 24.5
24.0

-0.5 0

T T T T T 1
.0 05 1.0 1.5 2.0 25
logyo of relative[ CDNA ]

T T T T T T 1
0.00.20406081.01.214
logyo of relative[ CDNA |

A:TTC staining results of rat brain tissues in MCAO models. B:Standard curve of target gene miR-124. C:Standard curve of reference gene miR-24.
E1l I AEMTER miR-124 4777
Figure 1 Establishment of a reliable miR-124 detection method
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N e I S e miR-124 FI 541
% Table 3 Effects of gentamycin sulfate on serum biochemi-
5 257 cal parameters of renal function and miR-124 in
& 204 male rats (X +5,n=6)
N b VXTI 80 me/kg BARDS 7 41
KIM-1(pg/mL)  294.47 + 51.09 375.95 + 34.78"
10 1 2 3 4 5 ¢ 7' BUN (mmol/L) 4.483 +0.435 6.388 + 1.681
Compared with fresh plasma samples(1) , the expression of circulat- CREA (pmol/L.) 228=x17 34560
miR-124 0.50 +0.33 0.58 £ 0.29

ing miR-124 remained consistent when the plasma samples were stored
at room temperature for 6 h(2) ,at 2 °C to 8 °C for 24 h(3) ,at -=70 °C
10 =90 °C for 17 d(4)or 36 d(5), and for one(6)or three(7)freeze-thaw
cycles. P> 0.05(n=3).
2 fEFAmiR-124 A E MR R
Figure 2 Stability study of circulating miR-124

F1 WZEAEEBITEEEKRR ALT.AST FmiR-124 BI540E
Table 1 Effects of APAP on ALT, AST, and miR-124 in

male rats (x £5,n=6)
=Lz R IRZE 1250 mg/kg X LR IEM 4
ALT(U/L) 33.8+45 211.3 +198.7"
AST(U/L) 993+ 104 592.0 +429.5™
miR-124 0.36 £ 0.08 0.11 £0.06™

Compared with solvent control group, P < 0.01.

TREBONEEEERA R, SEiEt maAmt, BN
BB 24K Bl miR-124 5k WEH B ok 28 (P > 0.05,
%*%2),

F2 RREERREXEEMEXR hs-cTnl F1 miR-124 B 2501
Table 2 Effects of isoprenaline on hs-cTnland miR-124 in

male rats (x £5,n=6)
izt RIEXTHRA] 2.5 mg/kg SN E LARER A
hs-cTnl(pg/mL) 0.47 +0.14 98.48 +95.10™
miR-124 0.25 £0.12 0.16 £ 0.05

Compared with solvent control group, P < 0.001.

B RE AP AR P miR-124 #9 RA T AL
KIM-1.BUN Fl CREA B8 12 FHAE 2k Fi/ag,
P B 0 I 2 bR 5 . S IR
80 mg/kg Wit R K K& XA Bh W5 7 R4 25)5 24 h
KIM-1 1 CREA F}&5 (P < 0.01,%3) ,BUN G - e
P RN TR BB SRR S T R
HAH EE , B R DK A R 4 8h ) miR-124 7% UL 15 ek
(P >0.05,%3),

2.4 BRI miR-1244F A 4540 2 VAR &40 09 A
241 HEIAANZ AR

SD K FGEZE 56 d 248 MHE S 45 TSR, 5
VIR0 B2 (25 5 F-7K) AH EE , 300 F1 600 mg/kg i iR

233

Compared with solvent control group, P < 0.01.

HY2H (PbAc 1) K UK ZH 2 & 1 i 3 (P <
0.01, &1 3A) ; HZU L2246 2 L 300 11 600 merkg il
P s 2L A R i Je ok &4 3% 22 (151 3B) 5 ELISA £ i)
25 T 1 755 300 F1 600 mef/kg Bl R 4% 2H sh ) 8 42 45 24
55 8.15.22 F1 57 K 2H 242 2 4l i 5+ [L- 18 Al
TNF-o i 3 45, PUAR A K 5 1L-10 2 PR (P <
0.05, B 3C~E) , [N L% FEAE [ i 2 S5 G PR 5 i
2R
242 HEEFmiR-124 5 48 o B T 69 ZAUH hix

5 R 2 Hr SR E AR E L 600 mg/kg il 2 £
Y BT KRG ZH0E UL 02 miR-124 5 3 F
1 (P < 0.05),300 1 600 mg/kg s i2 £+ 4H 5 ) 5 5
252 5 12K miR-124 7KV 5 25 T HRIR 45 25 5 A
[l B 18] A5 1% 1M 2% miR-124 7K F- (P < 0.05, 8 4A |
B), MK miR-124 /K5 #2854 1 7™ B R
FHOE . 5V T BE AL AR LE , 300 T 600 mg/kg i iR 4
MW B 21 K255 1 hif U I 42 28 40 i 1A
FIL-1B M E T (P <0.05, Bl 4C) ; A% 21 K%
2 | S UL I 9 AR R 4 BE T TNF -« 2 35 T i
(P <0.01, &1 4D) 5 i35 HT 4 240 A A+ TL-10 K W
B0 o2 (B 4E) o RG] DL, AR 5256 2514 6 30
miR-124 F &5 (9 B (8] 57 0 25 40 M 8+, 9 26
miR-124 0] DL A0 W A i e ik . SR I
X HEZH AR LE , 300 mg/kg B R 441K BRUES 14 K452
HI UL TNF-o i 2 Fh i, B R 2 14 KRG Z5fE 1 hR
TLAH R M 7AE L L 600 mg/kg il R % 40 K BRLES 14 K
S5 IS TNF-ooA WA 2022 , PRI 1 300 me/kg
it W 4 21 K BRUER 14 K 45 25 B 1Y TNF- o T 73 4 18

I I

AR AT LAy Sk B AL AR S ) O A
VbR SR G A AR Y . BRI )iz
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A:Lead exposure of brain tissues after administration of lead acetate at different dose levels. B : HE staining results of SD rat brain tissues (x200) ,

Ba: No obvious abnormality was noted in cerebral cortex of solvent control rats, Bb: Increased glial cells in cerebral cortex were noted in 300 mg/kg lead

acetate rats (black arrow). C: Effect of lead acetate on IL-1B expression of SD rat brain tissues. D: Effect of lead acetate on TNF-a expression of SD rat

brain tissues. E: Effect of lead acetate on IL-10 expression of SD rat brain tissues. Compared with solvent control group, P < 0.05, P < 0.01(n=4).
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Figure 3 Establish of lead acetate neurotoxicity models
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A and B:Plasma miR-124 expression changes of rats in the 300 mg/kg lead acetate group (A)and 600 mg/kg lead acetate group (B )at different time

points (n=5). Compared with the baseline values of D1-pre dose, P < 0.05, “P < 0.01; miR-124 expressions of pre-dose and post-dose time points on
D56 and D7 were compared with that on D1,°P < 0.05,"P < 0.01. C,D and E: Effect of lead acetate on IL-18(C), TNF-a(D) , and IL-10(E)expression
of SD rat serum(n=4). Compared with the solvent control group, P < 0.05, P < 0.01.
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Figure 4 Sensitivity comparison of circulating miR-124 and inflammatory cytokines
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