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Effect of miR-322-5p on inhibiting Th17 differentiation by targeting Akt3 in experimental autoimmune
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[Abstract] Objective - To investigate the effect of miR-322-5p which targets Akt3 on Th17 differentiation in experimental autoimmune encephalomyelitis
(EAE) interfered by interferon-p (IFN-B). Methods * The effect of IFN-f on EAE mice which were randomly divided into IFN-B group and PBS group
was examine. The percents of Th17 in the two groups were compared by fluorescence activated cell sorting. The miRNA array was made to find different
miRNAs between those two groups. MiR-322-5p was screened for further research. The target gene of miR-322-5p was predicted using softwares and the
common predicted target gene Akt3 was got. The expression of 4kt3 was detected after IFN-f intervention and miR-322-5p overexpression. The target
relationship between 4kz3 and miR-322-5p was verified by luciferase reporter assay. At last, the effect of Akt3 on Th17 differentiation was explored in
vitro. Results - Compared to PBS group, the percent of Th17 was significantly downregulated, the expression of miR-322-5p was significantly upregulated
and Akt3 was significantly downregulated in IFN-B group. The expression of 4kt3 was obviously decreased after overexpressing miR-322-5p. Luciferase
reporter assay showed that 4kt3 was directly targeted by miR-322-5p. The percent of Th17 differentiation was greatly promoted by Akt3 in vitro.
Conclusion - IFN-f significantly ameliorates the severity of EAE by affecting miR-322-5p which can inhibit Th17 differentiation by targeting Akt3.
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Th17 4HMEAE T 4ok & BLRY —FELL 40 b 1 Al A 35 17
(interleukin 17, IL-17), IL-21 FnIL-22 4 &S, HA £
Fob 2 2 45 P (0 A0 M G oy 6 1 TL-17 W] £ 20 41
JEERiE S IL-1B, IL-6, e 31 26 (Kl + -0 (tumor necrosis
factor-o, TNF-o), H#fLEE DL R HE T 4 8 28 1 B 5 1 40
W, A FEREANER RS . TR R, Ok
LIS " AEHE W] Th17 4ilfge EAE )£ 8omdili.

THFE P (interferon-B, IFN-B) f&—FhRILAFAETHL
RNrIEA R, BADUERE. Dulbyen g T fE A,
2 & s 2 i ISR (FDA) #tdEie AT
MS iBIT I Z5W. EAE ™ &, IFN-B {&3T MS 11k
DI IR e 1L E e e S w211 o o R ) A S
MRt 1o % (B, TEN-B X MS HiRTTHLHEE
At — .

miRNA J& —Ffr i 5 2 K Rk 7k PR Ems L 55 /Ny
+ RNA, B # 1) miRNA & —F A 20 ~ 24 A~
R/ RNA, & 3k fE o R < 4w RNA™, 3
— KA IREERE S RNA B A FUTERE &% (RNA-
induced silencing complex, RISC) #£5 & J& ik 3 *F ¥k 1Y
RISC &%, %X PR RISC & & #REDS 5 4 mRNA 45
A, MifIfE E AR Y, BF5 " R EL, miRNA 25
MS {2 A~ A JRbr B, 1878 miRNA Xf MS (1959 ot Fe A
HARFN

YT BRI 5, RS EMLE IFN-B T T
J& EAE /v miRNA Y48 18, JF IR & 0 8 H 22 5 3R iR
miRNA, PP GUE A R, #4828 TFN-B THi&
i 20 miRNA {928 (L 4] Th17 5346 K 2% i EAE,
BE— 2T IFN-B T MS [ F FAL I

1 HHS%HE

L1 $48t

1.1.1 Zht C57BL/6 /MR, HEPE, 6 ~ 8 &k, s
H20 ~ 23 g, W ERERE RS HLOIRBE, BFRT
LR R B KR B P P R BRI EE N [ A1
AIIESH SCXK (§7) 2018-0007, {f V¥ ATIES A SYXK
(1) 2018-0027] ; /NEUIRHR BLT 440N NIH3T3 40 &
bl sl R E A R R B S B U E T R T AR
E{ii. N

112 F WA HE D o8 e a0 i e & A K B
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(MOG;; ), W il /RAMCARA E AR | H%H
2% (pertussis toxin, PT) [T List Biological Laboratories 2%
Tl KIE S5 4 B AT B (tuberculosis, TB) -+ Difco
Laboratories 2y ]; TRIzol, SYBR Green master mix j& il
& N8 WUk 5% g2 71 lipofectamine 3000 (Lipo3000), i
-+ Invitrogen 2% T]; Prime Scrip RT reagent kit i) + TaKaRa
2y s RPMI 1640 15 F5 ik, Opti-MEM K5 35 3k g 2F L1
(FBS), T Gibco 2v H; %l Akt3, GAPDH #i 57 [%
Pifk, —Hi, WgF CST 24 w]; RIPA 240 (58).
blotting B 52k, HaAMBEESR, WTHIRAF; It
/INEL CDA-FITC itk B/ IFN-y-BV421 Hiifk . i/t
IL-17A-PE $ii f&, W1 Biolegend 2% w]; 4 i il i iR & 4
iKFE (EINE A EEF) [Cell Stimulation Cocktail
(plus protein transport inhibitors)] (500 x ). Hi/NEL CD3 $t
fh. BU/NEL CD28 Bk, BB IFN-y ik, B/ 14
Prfk, T eBioscience 2y Wl IL-6, TGF-B, IL-23, Wy T
R&D 2 w5 Hi/hil CDA'T Ai@iark. MS syt T2 K
#8245 7l; cDNA 4}4f KOD-201 Iy - TOYOBO 23 w5 Pl
PENYIEE Xho 1. Not 1 FA T4 iE 485181 NEB 2 w5 psi-
CHECK2 Fikzie) Tt s o w5 BRSO &, TN
W E/NEFUREEUL 7 & (Endo-free Plasmid Mini Kit 11 )
Wy Omega 2% w]; B2 I 25 W+ & 2 RS ) & 52 W T
Promega 2\ w]; Akt #1751 SC79 T CSNpharm 2 %] ; miR-
322-5p K404y (mimics) Wy T-HE 2w,

113 FEALSHEMRES THR R EAE & TIES CA-
1390-1 (_Lifg k%), CO, ¥ 3% (Thermo 24 W), Filk#E.
R BLOHL, m 0L (Eppendorf 24 5]), sl
4AAE{L FACS Canto I (BD 2yw]), ABI 7900 real-time PCR {3
(ABI 2\ %)), NanoDrop ND-1000 (NanoDrop 23 w] ), PCR {¥
(Bio-RAD C1000 Thermae Cycher 2% &), L HLIK{L. &l
{ (Bio-RAD), 4HahEEIHI%FHSE (Tanon 23 7]),

Western

1.2 92585051k

1.2.1 EAE BIRUEEST Jesr . fEA 4 ab R oA
TB B ik 55 4 3B G 7] (complete freund adjuvant, CFA),
TB 4 24 5 mg/mL ; MOG,; _ 5, ik EE Fil PBS fit 5 10 mg/
mL; CFA Fll MOG;; _, itz 111 ;e k. THIEES
MH (B 0R), & H/NE RS 200 pL 2k o4
1 pg/mL [ PT, FEAEI A A MR E AL IR
{4+ 100 puL 1 MOG,, -, PUR AL T4 2 K, /0
BUFF R R ERIATEST 200 L PT DAANSR 5 s 1 E e /N Bt
BLor B 2 21 (IFN-B T4 Fn PBS Xf 184 ), il /M
MEE 3 RIFhaka R B TS 100 uL & 1x 10 U fy IFN-B
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BB BALSEM H, A B/ NS T R S =AY TS PBS
K

1.2.2 EAE WIERPEArME  EAE WUIEIREEDHRHEA - O
5rs AR 1y, RESIE N 24y, RIERE. IO, B
115 345, PURKE MR 45y, RS2 5, BUE
15 S 5y, WlEFET ARSI,

1.2.3 WAERFRIC & CDA'T 40l e il MACS 2% il
(pH 7.2 PBS, & 0.5% 4-1fi.{E 3 % (1. 2 mmol/L EDTA),
4 CTRAEM: MR EMIE£05, 310xg Bl
10 min, 3£ i #2% 10" 44002 90 L f R A MACS
G 0hiR AN, A 107 AP 10 pL f &I A BT/
CD4'T 4iighisk, {RA40NE, 4 CREOEMEHE 10 min; i MS
HOBCEREZE b, R 1S mL g0 380 ik /£ MS
HEAIIA ImL MACS % ihifg ik, 8 ©L45 & A HEZR AT 40
MLIA MS BN, BRI 3 mL MACS £ it t:, H4 3
s FRHRAIRSE, B MS AEFEE—/NHHY 15 mL BLOA |-,
—PEMA 5 mL MACS i, rBIUHNLEH CDA'T 4
et 15 mL BL.OiE b, BIoh CDA'T 4hi.

1.2.4 RNA {42 HURI real-time RCR  H 1 x 10° /™4 fifg FH
500 uL TRIzol 24 fiF, FRELE RNA, JiE3tpk cDNA, {f
H SYBR Green master mix i}t f7 real-time PCR, L) B-actin
AWNZE Akt3 mRNA Fk gL, 517510 1,

1.2.5 miR-322-5p Kk K EAE M H 1 x 10° A~ 41 g il
500 uL TRIzol ZYfi#, FEHUE RNA, f{# ffl U6 F1 miR-322-
Sp RS, R0 &R e i cDNA, (]
SYBR Green master mix 47 real-time PCR, Ll U6 HNZ:
ME miR-322-5p ) mRNA FiklEd, 5 s0EE 1,

1 %55 % real-time PCR 5| ¥ 551

Tab 1 Primer sequences of reverse transcription and real-time PCR

PCR 3[4 SR (573
U6 RT TTCACGAATTTGCGTGTCAT Q
U6-F TCGCTTCGGCAGCACATA
U6-R TTCACGAATTTGCGTGTCAT
miR-322-5p RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT

GGATACGACTCCAAA

miR-322-5p-F GCGCGCAGCAGCAATTCATGT
miR-322-5p-R ATCCAGTGCAGGGTCCGAGG
B-actin-F TTCAACACCCCAGCCATGT
B-actin-R GTGGTACGACCAGAGGCATACA
Akt3-F CAAGCCGTAGCCGACCGATTG
Akt3-R GGTTGTAGACGCATCCATCTCTTCTTC

1.2.6 miR-322-5p g i iAiLge (24 fLANN S 7 b b 45
fL A 5% 10" 4~ NIH3T3 44 Jig, £ 500 pL = $ DMEM
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B, 37 C, 5% CO, ¥ 3% 12h, (H 40 g A fl & =
K T70% ~ 90%, #E45 5/ 1.5 mL EP 4, Bi4k gudn i 4>
o NC 2. miR-322-5p 24, miR-322-5pI 4, NCI 4, ik
a 4 Opti-MEM 50 uL+Lipo3000 1 uL, b 24 Opti-MEM
50 uL-+NC mimics 100 nmol/L, ¢ & Opti-MEM 50 puL-+miR-
322-5p mimics 100 nmol/L, d >4 Opti-MEM 50 pL+miR-322-
5p inhibitor 100 nmol/L, e >4 Opti-MEM 50 uL+NC inhibitor
100 nmol/L,

SRR afnb, afic, afiid, afield 1 (ULLBREA,
WERJRIZIRT, , ik E 20 min, ££ NC 2, miR-322-5p 41,
miR-322-5pIl 2., NCI £H NIH3T3 rh 4> Blliigfna f1 b, a fic,
afid, afile IRRATR, 37°C. 5% CO, FHFE4 ~ 6h, 3¢
RHFRA, e AT B DMEM K5 3%k 500 L, 37 C. 5%
CO, TH:3% 48h, YeAE4n, 1200 % g 8.0y 3min, 3 ki,
fA 700 uL PBS W4T {6 %), 1200x g 5.0 3min, F¢ |-,
S 500 uL TRIzol, JAEWKAT 20 vk, $2ELE RNA 8¢ —20 C
RAF
1.2.7 WS F Bk 5 28 R e 55 PCR 7 48 s B /1 Bl
Ake3 3 R 37 4E 48 i3 [X. (3'-untranslated region, 3-UTR),
LR AIE N U R Xho 1 F1 Not 1 EgYI e, 46 A C RS
i 5 5k R ik psi-CHECK2, #4H BUkz £ fH). PCR Al
P, MEEEA k3 H K 3-UTR [ 2 K FORL psi-
CHECK2-4kt3-3"-UTR,

NIH3T3 4afgeft T 24 4LBr, &lAEELE 70% ~ 90%
I, BE Bt 44 4L miR-322-5p mimics/NC mimics, 4520 1%
3AEAL, By ABh )T, RGO FHEER & Ak AR A
FIGREATREM, 22 K A TC SR AHE ML 5 N 24l B 9 e
PRI ELIE RN Y psi-CHECK2-4k£3-3 -UTR 4§25 3 R T ki
FIXFOCERHEY: . SR EE 3 KEHTHI .

1.2.8 Western blotting 4 #7 It 4 2 x 10° ~ 5 x 10° 4~ 41
H, A RIPA Z 9 2k, fhfgdnigs & E . 10%SDS-
PAGE Wik BE A )G, WBAEGHEALIINCIEE L, 5%
JBd JE Wby =5 i % % ) 1Th, TBST PR, il Akt3 8¢
GAPDH HygFEdifk 4 CHE AL, TBST e, A
HRP $RicHIBLR —Ht, FimBFdE 1h, I ECL kGt T
RS, B BRSO & A St T, SRR A
1%, JExTEURBEATIREE /b (Image) Bk f4), IdR /K FETE
HEHNEASNSEARKERE, KBEE 3 k)Fik
TG

1.2.9 Th17 4RHI SN 1 R AR ARAS I 5 15
#| CDA'T 4iife, 7E 96 LI Ak b A2 LA 0.15 x 10° 4>
M, HnA Th17 40085 LT 4riE IR+ S b ik . CD3
Pt & Sug/mL, CD28 Hi f& 2 pg/mL, IFN-y $ii & 10 ng/
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mL, IL-4 $1 & 10 pyg/mL. TGF-B 2.5 ng/mL_ IL-6 20 ng/
mL, IL-23 20ng/mL, Akt # zh 7] 44 7 fn A 20 nmol/L
SC79, HT37°C. 5% CO, Wi A HH 7R3 ~ 5d, it
Aguts, M Thi7 4005 fLRIEL B,

£ EAE 93 1 S0 e i 201 53 SIAL S8 /N, BRCHE DR
AR R G, 4 Aoy B4R, T RPMI1640 52
LR FRIRE S, AR RIBER &R ekl anle, &1
37 CE:FMTPEE3% 4 ~ 5h, CD4 J& Th17 FKimksE, IL-
17A & Th17 fg N brids, FKif 4 @A bt/ CD4-FITC
Puik, 4 CHECWE A 30 ming JE PN G & hn A i/ B IL-
17A-PE $iLfk, SEHEECIFE 30 min, HJ5H 2% £ R H
MR, A AAS I Th17 4R EL (],

13 G240tk
R JHl GraphPad Prism 5 #{F#EAT5tiH2£5 0, iRkl
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15347 Student’s £ #4535, P<0.05 FERAGIT2EE L,

2.1 EAE /pREUE WO Thl7 fELBiIE1E

EAE #4527 )i, 4 BN R RIEN, FHitirk
iR, &R (B 1A) 2o, PBSHU/NR A REES 8
RIFGE K, B & mE R, (258 17 RAABE
P e s 177 TEN-B 14/ N BUER S e [ 38 3R L9595 7™
R AL, 1278 IFN-B THIREDS BB 4E 8 EAE ik
St (] - 30 2 % iR EAE P50 ™ B R . st i AR AR
g8 (B 1B, 1C) o, {EEAE kpmpiifnmiel], 5
PBS %} HRZA AL, TEN-B F P /U A fiX e 2 R 50
Wi Th7 Ll 8.2 T, 275 IFN-B T TiREDS B &40
fill EAE /RPN Th17 #9531E.

4 -
-+ pPps
- [FNJ
34
&
& 2
#
| 4
0 —— )
0 2 4 6 & 10 12 14 16 18 20
I ] Ad
25 Orss B 25 orss  C
207 WIFN-p 204 e B IFN-B
£ 15 £ 151
510 g 5 104 o
= " H .
2 5 2 37
§ = | 1T
£ 3 e— d = °
g il L
oLl |

L] T

ARk LD R

ARk LD R

1. A EAE 305 B9y (n=5) s B. EAE % 5 %) 01 B 0% 1 A X 0 22 2 5 7 Th17 [ EL 5 (n=4); C. EAE 25 I 30 0 I 0 e 4K fih 22 R 485/ Th17 (Y EE (5 (n=4),

"P=0.029, ©P=0.003, “P=0.037, °P=0.000, 5 PBS %}/ tik
1 IFN-p FHiZH5 PBS X$884A EAE /NR ARG Th17 LLilZ L

Fig 1 Disease scores of EAE and change of percentages of Th17 between IFN- group and PBS group

2.2 EAE /Dl miR-322-5p #3574/

I EAE &1 1 TFN-B —F P41 A1 PBS % BA 21 /N1
JE CDA'T 40 e/ T RNA M5, 5855 (B 2A), 5
PBS % B 41 AH Lk, TFN-B T Fi41 47 76 17 /4 2 % miRNA,
H 14 4 miRNA [, 3 /4 miRNA FiH, ABF7ekeE
SRy (LA S MAPK (% 25@ % (& 2B), @it

http://xuebao.shsmu.edu.cn

WEHE o~ 22 5 miRNA TR & s 2481 KB, miR-
322-5p SUEHE AP A TIINSE AL AR DG PR K, H. miR-322-5p
f EAREECA 3.23, Bk miR-322-5p {Ei#E— P9,
ik won (B 2C, 2D), {E£ EAE RIFMfIEEy, 5
PBS xf HRZH#HLL, IFN-B FTi2H miR-322-5p Fik B E %
ThaEi.
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PBS IFM-f

DM mT
i Kb

Lotburpbintord . -
25+ i C 150 > D
= = I
) 204 )
i w4
i3 1004
= ]54 =
= =
a & 5o [
£ 5 =
] T T 0 T T
PBS IFN- PBS IFMN-f

T A2 4172 5 miRNA 5T B. MAPK 550l % (EHE b AR R R 22 57 miRNA (Y TRIISL A IR ) 5 C. EAE RH #0030 miR-322-5p ik ; D. EAE %5 I Jf) miR-
322-5p #ik, “P=0.023, ®P=0.010, 5 PBS X} HiibhEk

2 IFN-B F%iZ8 5 PBS 318848 EAE /NfR miR-322-5p £iX 3k
Fig 2 Change of expression of miR-322-5p between IFN-f group and PBS group

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.39 No.8 Aug. 2019



B, F miR-322-5p #fi Akt3 #Ifi] Th17 53 Aexd THREE B T iSE9rh B B Sy Pk o 13 1 9 /o 52 | 839

2.3 P miR-322-5p [FHEE P v miR-322-5p {4k [B TR0 #E L R & 71 Fh, & 3B Bk
40 & 3 fror: & 3A B R venn 43 A microRNA.org, X 71 Fpdk [RITM#EIE (R 5 MAPK {5538 B 774 1 FhdL R
TargetScan 1 RNA22-MMU 3x 3 fift miRNA #5 F5cde  FRMEEEE R k3,

A B

microRMA org TargetScan

;[ ol MO A 1R MAPK {55 il B

RNAZ2-MMIL Aked
TE: AL 3 R DRI TR JE R T 71 FREDR s B. 71 Fiub [E FUHE A (KA MAPK (% Sl kA 1 Ak m B se ] Akes

3 miR-322-5p KSR E T 54T
Fig 3 Analysis of the predicted target gene of miR-322-5p

2.4 2 4] EAE /ML Akt3 mRNA (043575t TR Ake3 mRNA 32540 2 AU 4)-
FRIFF =R, 5 PBS %tIE4A4HEL, TFN-B T

15+ A 20 B
= =
# By _——
o104 — i
= = @
= i = 101 ——
: == :
= =
E 51 E
=2 T
1] T - 1] T -
PBS IFMN-f PBS IFN-
£ A. EAE %359 B. EAE g5, °P=0.007, ©P=0.008, 5 PBS % Bz Lhik
4 EAE /NG Akt3 mRNA Rix (L
Fig 4 Change of expression of 4kt3 mRNA between IFN-f group and PBS group
2.5 2 4] EAE /D! Akt3 #0681k Lk, IFN-B T4l Akt3 & H AR D ERL (P=0.004),
Western blotting £5 58 (& 5) &7, 5 PBS %} B4 AH
0.54 B
A
—1—
0.4
PBES IFN-f % 03
NG — e T e 5
T 0.2
GAPDI] — e Gl S ——— O = '
0.1
0 T T
PBS IFMN-f

7 : A. Western blotting #51ll ; B. %5 (43¢5 S U4L A EbAE, © P=0.004, 5 PBS %} a4 Lbisk

5 IFN-p FTitH5 PBS x$884H EAE /R Akt ERFRIXT L
Fig 5 Change of protein expression of Akt3 between IFN-f group and PBS group
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2.6 miR-322-5p [R5 4e NIH3T3 )iy Ake3 &AL REoR: 355 miR-322-5p )5, Ak3 ) mRNA /K g 2%
£ NIH3T3 40 Jitl Z o & #b A5 5T 74 4% 42 NC mimics, &K, #)f] miR-322-5p 5:3% Ake3 (FA B B %
miR-322-5p mimics, miR-322-5p inhibitor, NC inhibitor, £% ik miR-322-5p J5 Akt3 R A ZEEKE B ERE (B 6),

A B
4 000 000 25
s 3500000 — " &
#3000 000 ¥ 201 -
= 2500000 % 5] i
3 = 54—/ —_
ZF 20000004 z
& 500 @ s
<) 4004 = a =z 109
o 3001 . i ==
Z 200 D LS
B 10404 I__'_j ’
0 . : . 0 . : .
1 2 3 4 1 2 3 4
c

1 2 3 4
A —— T S

IE: A miR-322-5p 2 ik B. 4k3 mRNA 2 ik C. Western blotting £ Il Aki3 % |9 % %, 1. NC 41; 2. miR-322-5p 41 3. miR-322-5pl 41; 4. NCL 41, © P=0.000,
?pP=0.002, 5 miR-322-5p 4 Lb4%

6 NIH3T3 fHfZ it FiA S MH miR-322-5p B Aki3 FixT Ik
Fig 6 Expression of Akt3 overexpressed or inhibited by miR-322-5p in NIH3T3

2.7 miR-322-5p 45 Ake3 LRI X 2 {6, #5% (B 7) o, #79 miR-322-5p mimics {4 21 Jit]
% NC mimics, miR-322-5p mimics F1 psi-CHECK2-  ZUfiftif rprag k O R BTG 5 N 2B 56 R RGP

Ake3-3-UTR $g 2 & A UKL 53 51 4 [R] 4 94 81 NTH3T3 b, LU{E B EFEAT, R Ake3 & miR-322-5p Y EZIEAE A,

B M= ok B R ERIE T 5 N 28 B 5Ot R EEE P L

g
o —
= 0y @
¥
o 201
#
0 T T
NCH] miR-322-3p]
£ YP=0.003, 5 NC 4lEb#
7 miR-322-5p 5 Akt3 WEEEXFR
Fig 7 Target relationship between miR-322-5p and Akt3
2.8 Akt §ZhFI% Th17 4R Hsb s 1L s m Th17 4t b s (L LU IR B 42 &, 2R W Akt i 2h 7l Rg

WA A A A M AR (B 8) Bork, MMASCTJa  BRFRIE Thl7 4Rk 1t.,
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& A
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