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ABSTRACT Objective: To study the changes and significance of miRNA expression profile in the prefrontal cortex of mice with
generalized anxiety disorder induced by chronic restraint stress (CRS). Methods: After 7 days of CRS, the mice were tested by open field
experiment and elevated plus maze experiment to detect whether the mice can show nervous and anxious behaviors. High-throughput
sequencing was used to quantitatively analyze the expression levels of miRNAs in the prefrontal cortex of mice in the control and model
groups, and to study the molecular expression profiles related to anxiety induced by CRS. The differentially expressed miRNAs in the
sequencing results were verified by RT-PCR. Results: In mice in the CRS-induced generalized anxiety disorder model group, the total dis-
tance of activities in the model group increased (P<0.05), the average speed (P<0.05) increased, the central residence decreased (P<0.05),
and the percentage of open arm entry times (P<0.01) and residence time of the open arm (P<0.01)are reduced. Compared with the control
group, the results were statistically significant, indicating that the GAD mice were successfully modeled. Based on the results of
high-throughput sequencing and bio-informatics analysis, compared with the control group, there were 28 up-regulated miRNAs and 34
down-regulated miRNAs in the model group and 5388 target genes participated in the changes. In the up/down-regulated miR-GO analy-
sis results, they are mainly involved in the development of the nervous system, postsynaptic density, neuron projection, protein ser-
ine/threonine kinase activity and other processes; in the up/down-regulated miR-KEGG results, they participate in common pathways
Mainly include axon guidance, neurotrophic factor signaling pathway, cAMP signaling pathway, dopaminergic synapse, MAPK signaling
pathway and so on. Conclusion: The changes of miR-7a-5p, miR-124-3p, miR-141-3p, miR-183-5p and other miRNAs in the prefrontal
cortex are involved in the pathogenesis of generalized anxiety disorder, and may regulate and affect nerve conduction functions.
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Iz M2 e 565 (Generalized Anxiety Disorder, GAD )1 k&
SRS NI S SE R GRS UV RY, R b
) B A 45 54T R IR i 2 — 3, SRR AME M R &
EOHTA Rz T S AR AL AT REAZ PR, Tz M AR AR Y K
ST BRI TZHTEM. miRNAs ZERIGHS ) S arEEY,
FESHMAZGNARK KRB LEMIE RS, & 5IN AT Re
1 B 2 R 558 22 T 1 R AR R SRR DIAR DG 0, IR B
miR-124 {57745 BDNF 7£ N A4 JLRN i £85I () 2Rk , 9 HLAE
PRZTC AR & B S R 5 T IR A & ot h e 3k
ik, $ERHAEMZ L A 2 ouTh RE b B R S AR
FA®, BAETRFEH, 41 miRNA-132 miRNA-134 miR-181-5p
B ARIE, R ER A FR IR FEAT R 200, B T4 48 S KT 4
T B A AT A Y R SR AL S miRNA A OCHE , 5%
VEAT AR GAD H 22 03 B 19 25 2 32 2] miR S 15200
AR ST 50 SR A SR A I ks i B £ B R /INBRL, ISR AT
2 miRNA 7 FFRIBFENFZ M, AITERTT GAD FAL/N R
T M A AR AT 04 R R AL 32 A R — AR R T &
$RAHT VAT R S VR T A AT R

I R 5 E

L1 #18

111 RIGZh#H  SPF ifilt FEAfEE 6-8 J&it BALB/c /N, 14
(205 2)g, I FAL il A AL S i S B AR BRA 7, 526
PP ATIES : SCXK (5T)2016-0006, 17 % T Ht H A LT B2 Be i
IREE2ERIFEIT . SRR %R 22.0C-24.0°C, SR A 121
12D, FHXHIRE 60%-70% ., ShiyiaFeid f/ ™ #% IR SPF 51
TR E B ERAR GNP T . B SR 7 H SRR IER SRR .
112 FEMBERF 50 mL B0 Cbathh EE ), Bl
¥ (Biowest Agarose , Biowest) , #% ik 7€ & 23 M1 17 £ (Qubit®

RNA Assay Kit, Life Technologies), A=41it5F 0 R4 Bl iR,
7 (RNA Nano 6000 Assay Kit, Agilent Technologies ) , | 735
£ (TruSeq SR Cluster Kit v3-cBot-HS, Illumina), #H 2 Z1 iy
RNA /M ER 7 £ (HiPure Total RNA Mini Kit, Magen ), [z
% 5634050 & (miRNA 55 —%% cDNA & A, i4E 1)), qPCR il
MR (2% SG Fast qPCR Master Mix, 4:T.), Ji/K ZEE(HUI-
HANG, Jb 5t 4 1= B %)

113 EEMEMESE UG S TR E (et RSkl
BB K A RTHL AR, 178550 (EthoVision XT
15, faf 2% Nuldus A 5], 5896 563+ (Qubit® 2.0 Flurometer, Life
Technologies), A=#.th H 4381 £ 5t (Agilent Bioanalyzer 2100
system, Agilent Technologies ), il 5#{% (IlluminaHiseq2500/2000,
Illumina ) , A AL (VCX150, SONICS ) , MR 4241 /3t
J% 11 (Nana 3000, Hr M 2% ), ANFEHEE OHLIMINIG, 3R ),
BAEE PCR {Y (Bio-radT100, Bio-Rad ), %% 7 PCR L (CFX96
Touch,Bio-Rad),,

1.2 Fik

12,1 KWSHESERGE  RAXAREYLEHE X
WRZH RERIZE A 7 H . ARRZUR A R R il 45 )2

PEAL BRI PR 1 9:00 H5/NEUREE T 50 mL $L
LB T B B EKOE B AR L, BRI 4 h, 2
14 K,
122 W37 @& 14 RIGXTE /D RT3 5050
iR SEHHT, K NFURCTAT A 2= N IET 30 48P 0Yisni . i
ik 50% 50x 50 cm PIEJTIR, BHRRLICTW SR IE Er .
WA T 4 24 50K 532 25 H%, T IIBE (Y A1l A% 3 16 4,
PRy rh et , 3 9 A4~ SCERIREE/NERE T 48 1, 4T 5 min
N/INERIZ B L A 5%, Bl B /INER BT 75 %3054 2103
FE ARG W VRN A8 DY RE BUICTE , LB AT /N B B Y PR B
FeERZ T F/NERINEE SR o WS bR e 56 B B PR
Fh AR 5= B B ) AR TR
123 SRTFRERE B 14 RIGXHE A/ R4
TERE LI ST ERE AP 66 5% 13 cm [
PG 66% 5 em RYFHUE, i Jely 5% 5 cm BYFFIFIX, BB
BT 50 em IR IRE /DN B Sk 6 ) R XA T e 1 I ]
X, R 2 G0 5%/ 5 min (94T 2810, 046 P Xtk A
i) B3 A YRR, LA/ BRI PR TS 1 A B0 o e B /N,
WERA R, 75%IAE AR e &, W7 1L HT— R 3 i ik
B SMSE SER A IR TR AR R A REOA 43 L (I
TR 3 AR/ TR0 i A UE - A5 1 A B0 AT T80
15 BR B B) 1 4 L COFF TSR 457 B B[]/ S 3R 4 B sl T+ PR 5
FEER TR o
124 miRNA MFEREWEEZENHT  SA/NRET 2=
T8 U5 RTINSk A58, vkE EIUH B A4, 4y
SR ATCRAAFE I L R A T, RAFET -80°CokAEfr
FH o DU SR FEASHELT Total RNA FESL AN , 4347 RNA [
AL (LR SRR L BB A 15 9 FORFET miRNA 7
SCPERS EE T EALINY | SCEERAM G 4% Ja |, 3 BB AT 5ok B B B A
THLEE AT K pooling J&5 #E4T llumina SES0 BRI o

H & X perl 1 python A< 4b BT fastq 4 21 [ 46 £ 4fs , 7]
A JE AR EEE 1 Q20,Q30 il GC & 4G A/INE 18-25 nt Y
T o R Y T 42 B DL FE 3] miRBase =P AH W 4 Fh s 3L 14 pre
miRNA §1715 miRNA 341, AEVC R #2455 miRNAs fig &
miRBase H1#¥] pre miRNA fH—8H N AR BLARIC , 755 7E
miRBase 721 miRNA #Ridth 2/ 16 nt ()5S 2158
AT L4, FILIERTE 2 5 2 1) miRNA () %k, #
miREvo Fll mirdeep2 5G4, FHH miRNA RijiAR) & Je 45
FAARAE 7] LA UM A9 miRNA . A T 4 — iR miRNA
SUMLS B — AR, 73T 0 A AR ) 2E R REAR
DESeq #AF5 X5 T4 A ¥4 F S A AE i, /1] DESeqR
AL (3.0.3) 0 IG5 / it AT 2 52800, 0 FRA 4
YyoF w5 ARE {1 DEGseq(2010)R (X IAMFEAFEST 22
ISR BRI B0 miIRNA>TRNA>tRNA>snRNA>sno
RNA>repeat>gene>NAT-siRNA>gene>novel miRNA>ta-siRNA
1.2.5 miRNAs EBEE TR K P-value<0.05 f) 2% 57 miR-
NA YEN R AT HEIE R T, #1F miWALK | Targetscan J[f]
Tl 2% 5 miRNA FYREEER, 15 2] miRNA FI1HE I P[] (1456
KR NT HEAERHAEEE 10 207, 3 R LR ISR LAY
VETERY miRNA 4 () # FE ] < 1) 5 F miWALK | Targetscan %
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T g )y AU B3 A mRNAs ;2 )miR F50 Fr) 8 P
FHHAKRT S,

12.6 mR SEMERPFENEATRL 47— LT
miR-mRNA 42 5¢ 72 , A7 1 B BE TR, 37 miRNA Al
BOIE DR ) LA I 2, Xof SRR DR TR SCIR 5 1 O IBK
cyto scape 3.8.1 XA EE

1.2.7 miR-GO 5 miR-KEGG 44 T # 5 vl e &
B IR FIRAE, XF4% A A RE LN ] David BEATRE R A4Sy
#r(Gene Ontology, GO), i KOBAS #:17{5 51 1% 43 #r (Kyoto
Encyclopedia of Genes and Genomes Pathway, KEGG Pathway ),
PETTHR N S A miR SHUEE

1.2.8 LAt HEE PCR(qPCR)IGIEZE H miRNA AT 5
R AL desq I 5 70 A7 4G I 21 Y miRNA 3 30k A4 FL S 115 4
miRNAs 5 ) OGS L DA J5 22 73-# b 9 HERf 4, F QRT-PCR
i 6 T &4 miR, {1 $F mmu-miR-7a-5p . mmu-miR-183-5p .,
mmu-miR-182-5p . mmu-miR-429-3p 55 , 1 54T Total RNA i
Bk B 5 P A 5 YR miRNA 25 —4E cDNA 5 i
RFN G AT R 55, 5% 1K 28 2% miRNA RT Solution mix 3

10 wL . miRNA RT Enzyme mix 3t 2 L, Total RNA/micro RNA
3t 2 ug/100 ng . RNase-free water FEZA E 20 pL; RJFH17514
MBS E M, &5 LYt s PCR, ARy 2% SG
FastqPCR Master Mix 3t 10 wL,10 wM Forward Primer 3t 04 pL |
10 uM Reverse Primer 3t 0.4 wL Template DNA 3t 3 pL,
PCR-grade water 3t 6.2 pL, BT 20 wL; A b Ct (2 ¢ )3
AR miRNA AR F

12,9 Grit248 A EEEARE N AEE PRifE2E S,
PIZE ) LA, B A5 5 IE 2S00 A I, SR TR0 S7 R A ¢ A
5 (Student's test); BHEALFE ISR, RITIESER LR
(Mann-Whitney U test), P<0.05 #{IANZERAHFITHE XL,

2 &R

2.1 AR ER

He 1 A, S50 BRZIAH L ARV AR 37 S 6 v 19 B BE
B (P<0.01) -3 i (P<0.05) 15 i 254 5, vy Jhud 422 B I i)
(P<0.05)ysi7b , ZEA% AL (P>0.05 ) FHRT 87>

F 1 MRASEMNANRY HERLER (2£ 5,07)
Table 1 Open field test results of control group and model group(xt s, n=7)

G Total Distance Average Velocity Time of Central Zone Number of Central Zone
roups

P (e¢m) (em/s) (s) (n)
Control Group 1636.00+ 440.90 5.88+ 1.86 88.09+ 31.47 59.14+ 14.93
Model Group 2208.00 145.60** 8.01% 0.55* 48.30% 12.91* 4543+ 7.74

Note: compared with the control group, compared with the model group,* P<0.05, **P<0.01, ***P<0.001.

22 BRTFHREIHRER
M 2 P, BB ZH AR T OB E A RO 73 LS55 0 BRZH A
FEAT W S0/ (P<0.01) s JT U 45 BR IS 1E) 7T 23 Be o, 5008 R 4

AH He , BRI 20 FF R 45 BE s B 0 L B B L, E R A S
X (P<0.05),

F2WRASHEBASE+TFRELREE R (x2 5,0-7)

Table 2 Experimental results of elevated cross mazes of control group and model group(xt s, n=7)

Groups OT(%) OE(%)
Control Group 31.64+ 7.65 245+ 0.76
Model Group 20.57+ 4.07** 0.94% 0.34**

Note: compared with the control group, compared with the model group, *P<0.05, **P<0.01, ***P<0.001.

2.3 miRNA UF R EMERZES

G miRNA U P 4558, i 1 rsst 34 4~ 18 miR-
NAs,28 /4T ] miRNAs, 3t 5388 NHEELA ; & IR UM AR AE T
MR e e B, B R 3. R4 R, TEEETRE
mmu-let-7i-5p . mmu-miR-93-5p mmu-miR-320-3p ,mmu-miR-
182-5p . mmu-miR-183-5p %%,
2.4 x$ miRNAs 5$RE F 9 7E (i R = W 48 AT AL

miRNA FEy FIFfE R, P R R s AR R 5,
6 s, MM miRNA 1, T miR A5
mmu-miR-20a-5p ,mmu-miR-93-5p . mmu-miR-320-3p 55; L
mR F B A $F mmu-miR-200b-3p mmu-miR-141-3p .
mmu-miR-183-5p 4,

® log2FC>0,p>=0.05,
o log2FC<0,p<0.05,

o log2FC<0,p>=0.05,
o log2FC>0,p< 0.05

-log10 pvalue

0
log2 Fold Change

B 1 X vs RN E

Fig.1 Volcanic map of control group vs model group
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R 3 3H vs HAIE R il miRNAs §FiE 4 R (count>5)
Table 3 Filter results of differentially up-regulated MiRNAs in control VS model (Count > 5)

miRNAs Count Regulate

mmu-miR-182-5p 185 T

mmu-miR-96-5p 167 T
mmu-miR-200c-3p 121 1
mmu-miR-183-5p 118 1
mmu-miR-200b-3p 98 1
mmu-miR-141-3p 95 1
mmu-miR-429-3p 85 T
mmu-miR-200a-3p 82 T
mmu-miR-323-3p 37 T
mmu-miR-431-5p 31 T
mmu-miR-409-5p 19 1

F 4 XFE vs WRIZE R T miR §HIEL R (count>5)

Table 4 Filter results of differentially down-regulated MiRNAs in control VS model (Count > 5)

miRNAs Count Regulate

mmu-let-7i-5p 217 l
mmu-miR-93-5p 216 l
mmu-miR-320-3p 211 l
mmu-miR-125a-5p 178 !
mmu-miR-20a-5p 172 l
mmu-miR-23b-3p 164 |
mmu-miR-204-5p 145 !
mmu-miR-129-2-3p 126 l
mmu-miR-30c-5p 99 !
mmu-miR-132-3p 77 l
mmu-miR-135a-5p 63 l
mmu-miR-7a-5p 55 l
mmu-miR-7b-5p 54 !
mmu-miR-193a-5p 49 !
mmu-miR-344d-3p 43 |
mmu-miR-342-3p 38 !
mmu-miR-495-3p 32 l
mmu-miR-421-3p 25 l
mmu-miR-21a-5p 23 !
mmu-miR-146b-5p 22 l
mmu-let-7f-1-3p 14 !
mmu-miR-6516-5p 10 !

2.5 miR-GO 5§ miR-KEGG 4> #7 2%

WnE 2 B, [ miR-GO /A4, PR S5
DNA # 5t IE R, MARERE , Ml %5, M a oo,
B2 | ARG R B 3 oK, T M miR-GO

OrMTE R R, AL 2 5 B LS A A A
AGLH ,RNA RE T IR 3 75 10 1E ik

o, BEGERR, fih, M2 e BT AR e

729
T,

e

HH

sl

N

it

i
W

EEIN
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R 5 X vs MEIE R X miRNAs fFHiE4 R ( Count™>4)
Table 5 Filter results of differentially up-regulated crucial MiRNAs in
control VS model (Count > 4)

Down-regulated of MiRNAs COUNT
mmu-miR-200b-3p 17
mmu-miR-200c-3p 17
mmu-miR-141-3p 13
mmu-miR-183-5p 13
mmu-miR-200a-3p 13
mmu-miR-429-3p 13
mmu-miR-182-5p 10

mmu-miR-96-5p 10
mmu-miR-124-3p 10

F 6 FER vs BRIE R TFXHE MiRNAs 45 R ( Count>4)
Table 6 Filter results of differentially down-regulated crucial MiR in
control VS model (Count > 4)

UP-regulated of miR COUNT
mmu-miR-20a-5p 40
mmu-miR-93-5p 39
mmu-miR-320-3p 32
mmu-let-7i-5p 28
mmu-miR-23b-3p 27
mmu-miR-204-5p 20
mmu-miR-129-2-3p 17
mmu-miR-30c-5p 14
mmu-miR-125a-5p 13
mmu-miR-7b-5p 12
mmu-miR-132-3p 10
mmu-miR-135a-5p 8
mmu-miR-344d-3p 8
mmu-miR-342-3p 7
mmu-miR-7a-5p 7
mmu-miR-21a-5p 6
mmu-miR-193a-5p 5
mmu-miR-495-3p 5
mmu-miR-421-3p 7

& 4 i, b miR-KEGG 45 Hrbr | 5@ B 407 1 B A 4%
2877 ]5 \Ras {551 B KPR FoxO 15 Sl i M2 - M
TSI cAMP 5 53l . £ EURAESE fil MAPK {555
B AR B 5 R, R miR-KEGG Z5 5 b i
ST B4 CGMP-PKG {553 56751 5 MAPK {553
B \PI3K-Akt {55 i j# \EGFR it ZURR A1 ) 71 24 | FL ook g
il TOR {5 53, M TR N 5 S B A 7

2.6 LATEHER PCR &R

% H & 2 5 miRNA B #l % B miR-7a-5p.
miR-124-3p miR-141-3p miR-183-5p % i 47 S I 58 O & &=
PCR $3iiE, SLEE5 R NE frw, SXHIRAAM L, A
miR-124-3p (1.18 + 0.62 vs 6.87 + 4.2,P<0.01) .miR-141-3p
(0.88+ 0.39 vs 4.20+ 2.40, P<0.05) .miR-183-5p(2.26% 0.56 vs
480+ 1.83, P<0.05) WA F5H B2 FIH (P<0.05); 7
miR-7a-5p tft, ML X BRAAR N ek ek T i 10 (2,844
2.00 vs 0.29+ 0.18, P<0.05), LA 3855 miRNA ] FE4k Frp
AL EEA A
3 9HE

PEPEAAE N % (CRS) W B ik Rcie & S 38Uk IR
SCPPHISAE (4 & 2E 1, T A5 BE W] RS2 PRC L AR PFC A
59242 0 VR ML, (R R AR TR A5 e £ PR G ) E R B
X} PFC 4 miRNAs 53-F 3Rk i AR i ss A% 470 .

ARSI, BATE AW T CRS HSHY) 2 M e R
R/ N PRC 147 2278 £k . miRNA 3Rk 3% 92810 DL R 4R
R miRNA 55035 2 50K R A P o) g R i) G L 1
VAR . FEAT SN S50 50 5 4R se i vh AR 2 L xof B
ZHERF I A B RUAT y ke g, JIESE CRS iz MR R
R AR T A2 A S, 35 22 A1 SR A — s s,

2R R FRATR AT S miRNA 50 R 2> a) By A S
R FATH T AR AR I AL o TR T Z A8 R S
SRR — 2R U R, A miRNA 45 B3 P 1 i A
FERPIAE, FE ST S Y miRNA- 0L PR B VR IR ¥ , 308 1 7 12k
T A E L) 5G4 miRNAs 5 mRNAS, SHFRATHECHE miRNAs
FA6 TIE AT B SR, 2R 0T 2 S B A A B 3%
T ) 5 DRI D 4%, A B T 3RAT TR SR T T o A 3 D A
FH o R R A7 38 8% 5 4R 430, A b/ IR GO 5 KEGG
AT, 158 E 56k KEGG MR 5564t GO, Ffi1HnE
miRNA (1% ) B8 =2 230 2 LA 7 e 4407, 33 4 i 00 19 91 35 P
DNA 3R IE Y MARGERE R )E%E oot
P EE, EEAAEYIEE AT LR 2 KEGG
WA, 1AM 9 miR-KEGG 5 55| 194h58] 5
M E TR FE S MAPK {5538 %5 T AmiR-KEGG 3t
[ 42 LA b3 i, miRINA 845 FCRE B PR 7 2 1 i) A= ) ot 72
HEAAEE, UEAFRATIE Y —LL 5648 miRNAs Xf T CRS 5]
AR R FALHI AT Ry, 2T DL LR ik , 3
fiTHs3d gRT-PCR A IE LR AT 548

AFACIFTE R IR miR-124-3p FEHE iy id B2 3k i & m
J T EEAT R A BERAEEEAER1T h, [Fl B BDNF ik 5
miR-124 FIKE FAHIER2, WAERHIE miR-124-3p (357
AHEE X HRZE R, MRS ol |7 A —3%,
miR-124-3p A3 275 R AR 0 BLam AL R i A L 4
WS008 - 4F cGMP-PKG {55 v, PKA 80 23 (i 3 Jie s
PRI IR SN TG R4 4 8 H (CREB) B iR 1k, CREB B R 1L
JAIMfEHE T BDNF 363k, it Rk It miR-124-3p 7EjE$
BDNF {#Lil T, 53 GAD &P S HZ/EH , S0 2 FATT
S B2 S 5 P RO B T Y BRI , S 45 4 miR-KEGG
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Fig. 2 Analysis results of differentially up-regulated MiR-GO in the control VS model
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Fig. 3 Analysis results of differentially down-regulated MiR-GO in the control VS model
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Fig. 4 Analysis results of differentially up-regulated MiR-KEGG in the

control VS model
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