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The role and mechanism of miR-138 in sevoflurane-induced
cognitive impairment in rats by targeting LCN2

ZHENG Yuxiu, LIU Lili, HUANG Zebo, WANG Tao, LIU Lifang
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[Abstract] Objective To investigate the neuroprotective effect of miR-138 on cognitive impairment induced by
sevoflurane anesthesia. Methods 7-week-old SD rats were randomly divided into control group, sevoflurane group,
sevoflurane-+NC mimic group, sevoflurane+ miR-138 mimic group, sevoflurane+ miR-138 mimic vector group, sevoflu-
rane+miR-138 mimic+pcDNA-LCN2 group. A rat model of cognitive impairment induced by sevoflurane was construc-
ted. The rats induced by sevoflurane were injected with 10 pI. miR-138 mimic and NC mimic lentivirus suspensions.
Morris water maze experiment was used to analyze the incubation period,cross-stage time and swimming speed. HE stai-
ning was used to detect the pathological changes of hippocampal neurons. TUNEL staining was used to detect the apopto-
sis of hippocampal neurons. Real-time quantitative polymerase chain reaction (RT-qPCR) was used to detect miR-138 and
lipocalin 2 (LCN2) mRNA level expression. The dual luciferase reporter gene system was used to detect the relationship

between miR-138 and LCN2. Western blotting was used to detect LCN2. cleaved caspase-3, cleaved caspase-9, Bax, Bel-
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2, pJAK2 and p-STAT3 protein levels. ELISA test was used to detect IL.-6, TNF-qa, IL-18 in hippocampus. Results
Sevoflurane group compared with control group, miR - 138 expression level was significantly reduced ( P << 0.05). The
number of hippocampal neuronal damage and apoptosis were significantly increased, the protein levels of cleaved caspase-
3, cleaved caspase-9 and Bax were significantly increased, and the protein levels of Bel-2 were significantly decreased. 1L
beta, TNF-1 alpha, 1L-6 levels, p-JAK2 and p-STAT3 protein levels (P<<0. 05). Compared with sevoflurane+miR-138
mimic group. the escape latency of rats in sevoflurane+miR-138 mimic group was decreased. The Times of crossing plat-
form was increased, neuronal pathological damage was attenuated, and the number of hippocampal neuronal apoptosis
was significantly decreased. Cleaved caspase 3, cleaved- caspase 9- and Bax protein levels are low, the Bel-2 levels, IL-1
beta, TNF-alpha, 11.-6 levels drop, p-JAK2 and p-STATS3 protein levels (both P<C0.05). Dual luciferase reporter gene

showed LCN2 is miR-138 target genes, overexpression of LCN2 can significantly reversed miR-138 for cognitive impair-

ment induced by sevoflurane apoptosis in rats (P<C 0.05). Conclusion miR-138 targeting LCN2 has a neuroprotective

effect on sevoflurane-induced cognitive impairment through JAK2/STAT3 pathway.
[Key words] Sevoflurane; Cognitive impairment; miR-138; LCN2; JAK2/STATS3 pathway
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Figure 1 The expression level of miR-138 in the hippocampus of each

group of rats
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Figure 2 miR-138 improves rat spatial cognition induced by sevoflurane
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Figure 3 HE staining to detect the pathological damage of hippocampal neurons in each group of rats
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Figure 4 miR-138 inhibits sevoflurane-induced apoptosis of rat hippocampal neurons
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Figure 5 miR-138 inhibits sevoflurane-induced inflammatory response in rat hippocampal neurons
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Figure 6 LCN2 is the target gene of miR-138
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Figure 7 Expression of JAK2/STAT3 pathway protein and apoptosis protein in each group of rats
E:A.B. Western blotting # Il K B & JAK2/STATS il 8 1 KW T A RL . 50 A LE, O P<0. 055 5 L #UlE + NC mimic 41 IL#5 .
@P<0. 05; 5t Ak +miR-138 mimic 41 4, @ P<<0. 05; 5k ik + miR-138 mimic+ Vector 4] F %, @ P<<0. 05

3 itig

POCD &ML 2% » B R EE A F R K Z Fh R &
SR P2 D) RE 1R AL 4R i AR 28 R G2 10 A AE
FPAT, b HURE = — R R A A R BT 1R
POCD Ll 5 #it 28 % 5E 040 i 98 - %% D0 A0 50,
R VR AT L R 5 & POCD ML, SR & 18
{18 L g RAIL A A 9 /0 B 22 5 B POCD 1) & AE 2 A 5%
U

#HE L F £ miRNAs 5K %5 S/ POCD A

Ko Ho HE-E IR T miR-96 #E UE B T 4 i i
I 28 S0 PR T 0 R - SR Tk 6 VA S e 2 o0 R 0 ) g
BIsEmat Ak . miR-34a WA #E L R A S 00
R T, SR, — 2 miRNA X FUE A 5 09 4
M T A R R . B 5E & B miR-665 1 il
L SR 0 A0 B O T B R BT AR M & R AR
M. A5 HE  miR-138 J& L 56 ik 7 75 5 T I 5
BEM miRNA Z —, KRPF5EEEREH, 550 HAK
BRUAH B 2 32 b JRUBE TR T 1 K B T 41 21 miR-138



o 1448 - W EF 20225 10 A % 34 %% 104 Med ] West China,October 2022, Vol. 34,No. 10

I FEAIK

T Dh RS2 2T 012 DL B H A AR A S BE 7 1 o6
B X I ARSI TS AR ST . B R
ik 5% 5% ] S 802 6] 2 o FeAZ T . AR ST EE ST
T L HENS S 0 sh PR AL, i i Morris 7K 2K B 5256 7
A RE 1 25 30 B0 % o0 7F L Gk v 25 9 30 ) 2
2] HUEAZ i O s 2R B Ay a0k s v AR ) 0 1, o
- YR B DD s A B R R R BR S B0 D Rl &
JCEH A X 5 Z AT RE T 56 TR 2 5 |k i TA
HIBE RS — B0, miR-138 AJ LY 20 v AR 40 i i L 34
TN A% SF & YR B T A 28 0 1 9 18 A7 6k X 8
S5 2 W] miR-138 FJ RE 7F L 60 Bk R I 5 5 19 K BLIA
A B AR

51 2 B Rk JRR 1 5 | A 1) K g 85 ) T bft 2
POCD {78 4k 2 i1 3803 B4 caspase-3 B 3 1k 78 4k il
AT B ST ER . Bel-2 S 98 1%, W Bax
H1 Bel-2 9k e B 98 15 ORI AR B0 40 il {6 2% C (1) 38 iE
PERI 4> F . 1 Caspase-9 ¥ % BHLE 40 i 48 1 o 2 4% 0
PERM . LA TZEE (1 Bel-2 78 M iR A7 PR L Bl
SRR R B 75 45 Z R i BE R R M & s R T &
PR SR A PR T Bax J& 10 £ M 2 40 BE A P i
SR TR IR IE (R O E Y i miR-138 3R 97
B0 B SRR T A 2 s PR T, 3 T DLl a2 TUNEL
Yo L) K T8 [ cleaved caspase-3.cleaved caspase-
9 1 Bax 7K REAL LA B2 Bel-2 2 F1 7K P 19 Tt = ok iR
W1, 42 7% miR-138 38 Jof 41 f) rb A A 28 40 i 0 12 % 45w
ZARVE . SR, POCD Wi B9 % 96 ML IR % & 2%,
A BB AL S A BRI 24 1) L B4R T R A0 405 1 I SR A
e G e R o T X 9 RE BT 0 A A ESE T R L i
g RAE R T AP 46 P K OF 19 78 A6 5 B K S
T POCD A7 ¢, b, FATEGUEW] T miR-138 Xf 4
S (R4 1R 4 A48 AR TL-6 . TNF-o JIL-1B 19K F-,
AR miRNA 76 L U 5 0 0028 o0 08 T2 F 5 5E P &
FEARTR AR . miRNA (%335 5 L 8Bk S 00 bl
Zotik R UM OC, X 25 R R miR-138 1] LUFE
SRy U T R TN S E I A0 R e A R R 1
RIS R S

T — L miR-138 7E L 5 2 1A
B f b B VR F L&D AR SEUE D] T miR-138 "I L Y
LCN2 (% 3'-UTR 254 3 45 Hok 7. 78 = A5
i, miR-138-5p Al LCN2 Fe ik 5 3R AT m9 45 5 — 3
P E AR, W miR-138 Al LU i # LON2 1y &3k,
7T o) e 4R35 S 0 L AN B O T . LON2 S 43
RUBR R IR W01 . 2 5 6 K 3 i i o 1 A
fIF % & 45 2 B gl i o Y. BE AR A T R R W

LCN2 $e e 25 98 55 ¥ & # 22 Ju 56 T FIA FI BE S T R
BEAh s ST B LON2 (51 # CAL #i 4otk
T-H1 POCD, #i# B LCN2 # it JAK2/STATS3 i#
EE AT ) 22 5 0 A G B L TP R A TSR R R T
YER . W5 R B JAK2/STATS 18 #5100 2 g
X AT ALK E S i JAK2/STATS % 7 0 % 5 58
Bk 175 S B A0 B A 5 1 2 4h B a3 S JAK2/STATS
BEWR TR R S P ERSIR NSRS, B
HI A AT 58 B o S 3G T JRR AN (X3S 0 T Bax (19 KR35,
FEAC T Bel-2 M5, W BB T pJAK2 1 p-
STAT3 & H B K- X e g 53¢ B b Sk A 5 10 K
B ph 2 s W T 5 JAK2/STATS i i i #0% A
Ko AL miR-138 {7 Ml T A& c R T, JF H p-
JAK2 # p-STAT3 & 1K F-BEAK 100 LCN2 3 33k
M — R ¥ ik — 25 0, R W] miR-138 #8 [m) LCN2 i i
JAK2/STATS 3 40 i L J ik JFR 15 375 5 1) ¥l 25 b 22
JLHT.
4 Hig

A% 45 R $2oRn, miR-138 1 ] LCN2 3@ if
JAK2/STAT3 {55 i@ #% %F L 50 Bk RK B 175 5 10 K R
POCD EA #2047/ L o -1 980 Bk JRR 5175 5 14 TA A
BERIR YT R AL T OB A8 . SRR, miR-138 7E L FU ik
JRR T 55 8 DA R0 e i o 0 43— AL o) gk — 25 e WL AT
i — B RATIE

(&% k]

(1] FRI5 BB LT 55 BIRKRAG BN D RE R S
MWW RO I3 RRLI] PAERKE S22, 2020,40(2)
164-167.

(2] bkwess, S, 0 0L 0L, 5. Z8 el 4% L SRk o5 S R AR B ph 2 7T
Bt ], e PRI B 27 2% 35, 2020, 36 (7) :691-695.

(3]  ZLrfE, ¥ VeV XUER S L 55, NI B 385 98 Bk BOAR J5 oA 1 2 g
BRSO B R 2 IR LT D AR AT O B 2% 5 I R 2% 22 A
2021,30(2) :104-111.

[4] GE X, ZHANG Y, ZUO Y. et al. Transcriptomic analysis re-
veals the molecular mechanism of Alzheimer-related neuropa-
thology induced by sevoflurane in mice[J]. J Cell Biochem,
2019,120(10) :17555-17565.

(5] XUfh, T, o @ %2, 4%, i/ RNA-146a FIG/N RNA-572 #8145
FFEUKE TP & 4F AR5 AT RE R A b MR o LT, hde g
AU K445 ,2018,20(12) :1258-1261.

[6] XIONG J, WANG H, MU F, et al. MiR-125b-5p Inhibitor
Might Protect Against Sevoflurane-induced Cognitive Impair-
ments by Targeting LIMK1[]J]. Curr Neurovasc Res,2019,16
(4).382-391.

[7] LV X, YAN ], JIANG J. et al. MicroRNA-27a-3p suppression
of peroxisome proliferator-activated receptor-y contributes to
cognitive impairments resulting from sevoflurane treatment[]J].

J Neurochem, 2017,143(3):306-319.



WARES 2022 % 10 A % 34 5% 104  Med ] West China,October 2022, Vol. 34,No. 10 .

1449 -

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[16]

(171

(18]

(191

YE J, ZHANG Z, WANG Y, et al. Altered hippocampal mi-
croRNA expression profiles in neonatal rats caused by sevoflu-
rane anesthesia: MicroRNA profiling and bioinformatics target a-
nalysis[J]. Exp Ther Med, 2016,12(3):1299-1310.

UL R AR X FIR . JAK2/STATS {5538 % % K B
Bm-HEEE AR AR T E AN R LK,
2021,47(4):325-328.

LI X, SUN Y, JIN Q, etal. Kappa opioid receptor agonists im-
prove postoperative cognitive dysfunction in rats via the JAK2/
STATS3 signaling pathway[J]. Int J Mol Med, 2019, 44 (5):
1866-1876.

GUILLEMAUD O, CEYZERIAT K, SAINT-GEORGES T, et
al. Complex roles for reactive astrocytes in the triple transgenic
mouse model of Alzheimer disease[J]. Neurobiol Aging, 2020,
90:135-146.

e .2, M. PD-1/PD-L1 3@ B 76 b U 0k BAR
Ja RIS RERE R R AR LT ], BT R %, 2018,49(7) :507-510.
XU C, NIUJ J, ZHOU J F, etal. MicroRNA-96 is responsible
for sevoflurane-induced cognitive dysfunction in neonatal rats via
inhibiting IGF1R[J]. Brain Res Bull, 2019,144;140-148.
ZHAO X, SUN Y, DING Y, et al. miR-34a Inhibitor May Ef-
fectively Protect against Sevoflurane-Induced Hippocampal Ap-
optosis through the Wnt/B-Catenin Pathway by Targeting Wntl
[J]. Yonsei Med J, 2018,59(10):1205-1213.

(IR CR N7 NP g ¢ SRS PR R N R G | RN Bl 4 )
S]], P E AL TR ,2020,24(5) . 773-779.

L AL W e L AR L SRR U B R R A S T
AE/INBCIA 0 D fE 45 B (0 1. W PR OB W 2 Ak 2021, 37 (2)
180-185.

B B L AT 0 0 BRI 45 TLR4-p38MAPK-NF-«B {55 5 i % 72
- R T AR A 0 R B R S i Th R AR LT DL T AR BRI A 2
2019,39(5) :561-564.

WANG Y, YIN CP, TAIY L, et al. Apoptosis inhibition is
involved in improvement of sevoflurane-induced cognitive impair-
ment following normobaric hyperoxia preconditioning in aged
rats[J]. Exp Ther Med. 2021.21(3) :203.

QIN X Y, WANG Y N, LIU H F, et al. Anti-cancer activities
of metal-based complexes by regulating the VEGF/VEGFR2

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

signaling pathway and apoptosis-related factors Bel-2, Bax, and
caspase-9 to inhibit angiogenesis and induce apoptosis[ J]. Met-
allomics, 2020,12(1):92-103.
A 52 FFREVE . B R A K BB 8 OC BRI Bt B SDF-1/
CXCR4 3 508 T2 4F F B9 W AL LT 1. ob [ 20 4 31 e ik
2018,34(7).1177-1182.
B IE L sk At g% L 48 S TNFR/RIPK {5538 % 4 i 2 4f
B 98 T A 5 B AL BT ], PYEREE 2% . 2019.31(6) :840-847.
YEJS, CHENL, LUY Y, etal. Honokiol-Mediated Mitoph-
agy Ameliorates Postoperative Cognitive Impairment Induced by
Surgery/Sevoflurane via Inhibiting the Activation of NLRP3 In-
flammasome in the Hippocampus[J]. Oxid Med Cell Longev,
2019,2019:1-13.
XIONG H, LUO T, HE W, et al. Up-regulation of miR-138
inhibits hypoxia-induced cardiomyocyte apoptosis via down-regu-
lating lipocalin-2 expression[J]. Exp Biol Med ( Maywood),
2016,241(1) :25-30.
LU F, INOUE K, KATO J, et al. Functions and regulation of
lipocalin-2 in gut-origin sepsis:a narrative review[ J]. Crit Care,
2019,23(1):269.
KIM J H, KOPW, LEE HW, etal. Astrocyte-derived lipoca-
lin-2 mediates hippocampal damage and cognitive deficits in ex-
perimental models of vascular demential J]. Glia, 2017,65(9);
1471-1490.
ZHANG Y, LIU J, YANG B, et al. Ginkgo bilobaExtract In-
hibits Astrocytic Lipocalin-2 Expression and Alleviates Neuroin-
flammatory Injury via the JAK2/STAT3 Pathway After Ische-
mic Brain Stroke[]J]. Front Pharmacol, 2018,9:518.
SI' Y, ZHANG Y, HAN L, et al. Dexmedetomidine Acts via
the JAK2/STAT3 Pathway to Attenuate Isoflurane-Induced
Neurocognitive Deficits in Senile Mice[J]. PLoS One, 2016,11
(10):e0164763.
TU T T, SHARMA N, SHIN E ], et al. Treatment with
Mountain-Cultivated Ginseng Alleviates Trimethyltin-Induced
Cognitive Impairments in Mice via IL-6-Dependent JAK2/
STAT3/ERK Signaling [ ] ]. Planta Med. 2017. 83 (17).
1342-1350.

(Y75 H 81 :2021-08-21; {& B B # :2022-02-29; 48 : F/h5)



