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Effect of Let-7e-5p on the Imbalance of Treg/Thl7
Cells in Mice with Allergic Rhinitis

YAN Zhiyong, ZHANG Shuang, TANG Qiaopei
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[ Abstract ] Objective: To investigate the effect of Let-7e-5p on imbalance of regulatory cells (Treg)/
helper T cells (Th17) in mice with allergic rhinitis (AR). Methods: 12 BALB/c mice, 3 mice in
the normal group, and the remaining 9 mice were treated with ovalbumin ( OVA) and aluminum
hydroxide [ AI(OH), ] to establish the AR model. They were randomly divided into the model group
(for modeling only), the let-7e-5p agonist control group ( intranasal infusion of let-7e-5p agomir

negative control ) and the let-7e-5p agonist group ( intranasal infusion of let-7e-5p agomir). The
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behavioral score was used to investigate the allergic symptoms of the mice in each group. Serum
Immunoglobulin E (IgE), IL-17A and IL-10 levels in each group were detected by enzyme-linked
immunosorbent assay. The pathological characteristics of the nasal mucosal tissues of the mice in each
group were observed by HE staining. The let-7e-5p of the nasal mucosal tissues of the mice in each
group was detected by real-time fluorescence quantitative PCR, and the expression of RORyt and
Foxp3 in the nasal mucosal tissues of the mice in each group was detected by western blot. Changes in
CD4 " Foxp3 " Treg and CD4 *IL-17A " Th17 subsets in peripheral blood of each group were detected
by flow cytometry. Results: Compared with the normal group, the behavioral scores, serum Igk and
IL-17A levels of mice in the model group significantly increased, and IL-10 levels significantly
decreased (P <0.01). Compared with the model group, the behavioral scores, Igk and IL-17A levels
of the let-Te-5p agonist group significantly decreased, and the IL-10 levels significantly increased (P <
0.01). Compared with the model group, the basal structure of the nasal mucosa tissues in the let-7e-
S5p agonist group was clear, and the infiltration of inflammatory cells was significantly reduced. The
expression of let-Te-5p gene in the nasal mucosa of mice in the model group was decreased compared
with that in the normal group. Compared with the normal group, the expression of RORyt protein
increased and Foxp3 protein decreased in mouse nasal mucosa of model group. Compared with the
model group, the expression of ROR+yt protein decreased and the expression of Foxp3 protein increased
significantly in mouse nasal mucosa of let-7e-5p agonist group. The subsets of CD4 * Foxp3 ™ Treg cells
in peripheral blood of mice in the model group were significantly lower than those in the normal group,
and the subsets of CD4 "TL-17A ™ Th17 cells were significantly higher (P <0.01). The proportion of
CD4 " Foxp3 ™ Treg subsets in the let-7e-5p agonist group was significantly higher than that in the model
group, and the proportion of CD4” IL-17A" Th17 subsets was significantly lower (P < 0.01).
Conclusion; let-7e-5p may mediate Treg/Th17 cell balance by regulating the expression of Foxp3 and
ROR~t proteins and reduce the inflammatory response, thereby improving the nasal allergy symptoms of
AR mice.

[ Key words | mice; allergic rhinitis( AR) ; let-7e-5p gene; T helper cell 17 (Th17) ; regulatory T
cells(Treg) ; T helper cells] (Thl) ; T helper cells2(Th2)

75 1 B 4% (allergic rhinitis, AR) & —F 1 %
PEPI , B ZRERARAE R BN FTWEHE R | S
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NLAIA R 2 RV B T 4 (T helper cells2, Th2) ()
TAFIMERE AR LZAMINEMRERERNED, £
Bl SRR 2 SR I DR A i , 22 MLl 1 RV Bk T 4
J1 (T helper cells1,Thl)/Th2 #4845 # H8 7E AR
A AN S2 0BT RO B o AT B
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FERIN miRNA-let-Te-5p 75 AR [ B FA N5 4H 21
KRk, Ak, let-Te-5p ik A] j@ 1875 Thl F1 Th17
L2 5 B B S5 P ik 58 %8 (experimental
autoimmune encephalomyelitis, EAE ) ] & 4 i
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BALB/c /N, AR f%0 $55+f let-Te-5p % Treg/Th17
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FHE AN A IR 22 W [ 45 46Uk 5 SCXK (1L) 2015 -
0001 ], &5 & s fa) b e 3% , AR HIZ8 AR K, bn i 3 4
SIS T IE R SR 1
L1.2 245 E29A08) g 4 H (ovalbumin,
OVA) Il H 3¢ [ Sigma 23 w], 3 AKE W B H E 2R K
FATBELLY W H b B AR, ek
fi# ( bicinchoninic acid , BCA ) 25 [ ¥ & ) 52 357 &1 .
1k 2% &t (electrochemical luminescent, ECL) ¥& .
S AR PO & e BR B R A (Sodium do-
decyl sulfate,SDS) — ¥ PN U7 Pk e 5 15 v, 3k ( polyac-
rylamide gel electrophoresis, PAGE ) it 3 il £ 12 57
& PR RRE G (immunoglobin G,1gG) —
AR A AL W ( horseradish Peroxidase, HRP) | N
SR B-LBhE H (B-actin) L2 SR ARIRERE
¥ 3 (fork-head box p3, Foxp3) iRl A H [Ek FH T
FAWy, WYL E 3 7 AR E A &K Fermen-
tas 2\ ), 4E R AH AL IR L 3Z 14 yt (retinoic acid-
related orphan nuclear receptor yt, RORvyt) Hi{A& )
EHE Affinity A7), /DR AeEBRE H E(immunoglob-
ulin E, IgE ) [ B¢ 40 5% 0% ff ( enzyme linked immu-
nosorbent assay, ELISA) 37| & F 4 A & 17A
(interleukin 17A , IL-17A ) ELISA &5 &0 g H E
BeRE AT, N A & 10 (interleukin 10,
IL-10) ELISA 27 & B B iU /R A 4w 3
2175 [ ( phycoerythrin, PE ) 112 #9430 AL 4 ( cluster
of differentiation 4, CD4) Fi{A& . 5l % ¥ & [ (allo-
phycocyanin, APC) Bt 0 1L-17A i 1 5% 50
D¢ & (fluorescein isothiocyanate, FITC ) #5 ic )
Foxp3 iy B & [E Thermo 2\ 7], let-Te-5p 14 57
(agomir) K BT HEE by o [ 25 B9 PR W) 45 il
L1.3 FEUE SW-CJ2FD #s TAEG I A h
= 7l , NWIOLVF 4K R4 0 B & Heal
Force /v w], RM2235 A7 350] - AL 3 2 Leica 2
), QHO1-9030A H HIE itk o3 X T A 1 F b [ |
TR 72 SR 45 /A W, DPT3 R S 3 IR 2R 4 I |
H A< OLUMPUS 7\ #], Exicycler 96 %% 3¢ % & PCR
{0 £ %% € BIONEER /5 7] . NANO 2000 48 4143 5%
JGEETHI A £ [E Thermo 23 H]) , DYY-7C HLIK{X
A P EHE s —A0GE ], ELX-800 BRI H 5
BIOTEK 2 7], NovoCyte it 241 M A 5 36 [5 3 #&
L7/
L2 Jrk
L2.1 kil
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12 2 BALB/c /] BL3&E I 2k

MREFE 1A 3 RAE IR R4, ARGS9 HU/RE
KRB N 21548 73 T Let-Te-Sp 35 7
X HRZH K let-Te-Sp PBhRIA, 9 H/N . AR £
Y SCEES 1.7 Je 14 d JEIEESSS OVA 25 pg FIE
AR AL(OH) ;| 2 mg iy A: FREER K IR K 200 plL
Xf /N BRHEA T BRI B0, 5 21 RITIG B i AL4 T
3% OVA BYEFRERKE 20 pl/ AL kAT R
RGESE 14 d(RIEE 21 ~34 K) 5 BURBUEEE 28 ~
34 K, T OVA BUKHT 3 h ] let-Te-5p ¥ 5l 57 2H /)N
B NTE 10 pl/ 2L A 5 wmol/L let-Te-5p
agomir, let-Te-5p P 5l 77 %5 RE 20 /)N BRLBL 8 P9 T A AR
[F] 7] £ agomir FMEXS Ry B 1E A A L ZH /)N
ST AR R ) 525 7 S AR AR BRER K . 547 o
WLEEAE G 25 2H /) SR EE e K BB, , T P 3 S 3
BB B 22 B (150 mg/kg) AR AE/IN L, B9 IR
4,
1.2.2 A7 b oy B A/NRUT A 34 K
S U 30 min N WLGEINER &1 AT WM 8
THER IR R E AR, 2 BOCHR[ 10 ] %/ Bl
KERIEATIT S, BIBEHE 1 ~3 24 1 53,4 ~ 10 2
21 I 11 AR 3 o TR B 1 4, TR
SRR 2 o) NGE SIS I A AL BEHE 3 I3
THER IR E AT S AL By 1 4, i S Loy 2 77,
PRI R 3 430 LA IEEIC sk B4, B0 7 1
~9 3, Byt 5 o U B AR

1.2.3  ELISA B IMTE IgE MARMER T RES
ZH /N R kL 1 mL/ 2 %E4E 30 min, 4 °C .5 000 1/
min .0 10 min, Y8 M3, SR A ELISA 4590 /)y
BUMLYE H 1gE JIL-17A F 1L-10 K284k, 432 BRI
U B TR,

1.2.4 F AN - 404 4 (hematoxylin-eosin stai-
ning, HE) e, I /N B R IRAH S T 4% £
RS 8] € 24 b, H LIS B I A )
A IKAE, RAR R G S min, 1% EhERIIGHG 7304 3 s,
PRELYL IR 3 min, K GBI B R, T 200 x
TlBE T~ SR,

1.2.5 SCE}3¢ 6 %E & PCR (Real-time PCR) £ Ml
let-Te-5p % RNA 2G| ( TRIpure ) 52 4%
/N B IR AR B RNA, 255 545 51 ¢DNA ; NC-
Bl & let-Te-5p Fl1 U6 P4, % F Primer5 1%t
S FIEE LA ; BL cDNA SRR , 75986 5E
i PCR AL AT Y784, RO 254y 94 °C Fie 4
5 min 94 CAxM: 10 s.60 CiB k20 s }; 72 C ZE:fifi
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30 5,40 AMEEF R 2SI letTe-Sp
CESTY NN

% 1 Real-time PCR 5| 4 JF 7|

Tab.1 Primer sequences of Real-time PCR
HEIN 44 PR 1P/ (5'-3) e
JE/bp
let-Te-5p 7 : TGAGGTAGGAGGTTGTATAGTT 22
T : GCAGGGTCCGAGGTATTC 18
U6 I3i% : CGCAAGGATGACACGCAAAT 20
T : GCAGGGTCCGAGGTATTC 18

1.2.6  ZEFEP % (Western blot ) 46 il S5 75 5 26
21 RORyt Fl Foxp3 [ M54 24/ R SR R4
ZUNEAS 1 5T 12 AR B RIPA 2R W, 0
5 min,4 CZfFF 12 000 /min &> 10 min, Yig4E
FWEREIE SRR Y, SR ] = M ik B R ( bicincho-
ninic acid, BCA ) S0 5@ & WK EE, Hl &5 0 B
W, U5 B 1 SR, SDS-PAGE % 3= AR )
KB 1 h 4 CRImEE —dt, YEIE 37 CiFE —
$1.45 min, ECL JIEY) A6, 5 R, FHBER BG4k
LR G H R 55l IR BE A, 1155 RORyt F1 Foxp3
ARV EPOE STy e

1.2.7 a4 AR 534 S8 il CD4 ¥ Foxp3 * Treg
AN CD4 " TL-17A " Th17 MM /0 SRAES A

INERAIE I, SR FH 96 B2 200 M 43 5 9 4 5 A A% 4
JH, i 2 A, PBS T Uk 2 YK, B CD4/IL-17A
Piik 0. 125 pg, 7 H 30 min, Jill Foxp3 Hifk 1 pg T
FRBOEIE R 30 min, [A]EFE [ AL AR, 1000 v/
min #5005 min, 37 F3E AN, PBS ¥ kS N
T 2 e o Y T A T A L, O A R a3 B
CD4 * Foxp3 * Treg 4 i 1 CD4* IL-17A * Th17 4ii jid
Aol
1.3 SiteEoir

i 1 SPSS 16. 0 Gt #4447 7 B, 1 i Bk
RFABHME £ b2 (x +5) FRoR , ZHLRI 22 7K A
22008, AL AR ¢ K23, P < 0.05 2y
ZRAGIEE

2 #R

2.1 F7R2rPsr AL IgE (IL-17A J% IL-10 /KF
S IE R AL A AR/ INERA T R AP0 LI T
Igk IL-17A 7K-F- W] 35 IL-10 ZKF-H] i B AIR, 22
SYARBERITFE L (P <0.01); 5HEAIZ [T
B, let-Te-5p PR RN AL/INRAT R #1F53 gk il 1L-
17A KB 8 R, IL-10 KB B T, 2 5194
EEGH R (P <0.01), &2,

®2 AYNBATHEIFE M E IgE TL-17A F IL-10 A F(x £5)
Tab.2 Behavioral scores and levels of serum IgE, TL-17A and IL-10 of mice in each group(x £s)

2053 2y Igk/ (pg/L) IL-17A/ (ng/L) 1L-10/(ng/L)
EE 1.33 +£0.58 22.25£2.35 17.22 +1.95 68.97 £7.18
T2 7.33 +0.58"" 179. 63 +20. 16" 38.54 +4. 76" 32.30 +3. 86"
let-Te-5p WEh7I %} IR 2H 7.00 +1.00 186. 80 +19.24 41.57 +5.34 35.67 £4.03
let-Te-5p P BN 720 4.00 +0.00% 38.01 4. 147 20.76 +2.42% 60.78 +7.79%

VU HIEW A R, P <0.01; Y SRR AL, P <0. 01,

2.2 BRI SUREARIE

e BT T AR K B, IEH 4L/ RS Al
e e, bR M HE B 55, R DL JE AR PR
LI 5 B2 /)N BR B R L IR 2 W B 3 R JF
P R RPN IR, b 5 ZE AL ; Rl A 4]
FLAL, let-Te-5p Wah 720 /)N B G Fh RR 2 2L B IC 45 1
T T, SV 40 IR i B S e, b R 2 HE A A X A
Fo W,
2.3 BFRAIL ler-Te-5p FERF IR

Real-time PCR #5485 5 7, 5 1E % 41 U AR,
BEARIZH /)N B S R LA 2R Ler-Te-5p J5 PR 1 2% 35 ik

1, 2 A BB (P <0.05) 3 IR A AL,
let-Te-5p WENFI AL/ B B ALL ler-Te-Sp 3
BT, 2 R (P <0.05) . i
2,
2.4 B ZIRA1ZY RORyt l Foxp3 2 H &k
Western blot Kl .77 , 15 163 40 FL 4%, B
LIRS BRI L20 T RORyt 2 P10 635 540
Foxp3 B [ KD, 2 AT Hei 12 3 X (P <
0.05) s [AIBIRILL oA, let-Te-Sp W41/ BLEA B
4141 RORyt 26 1 9 00> , Foxp3 2 14 10 235
WBHN(P <0.05) . W 3.
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TE - i S FR RAT N
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Fig. 1

1.5+

let=Te-SpHHXT ik it

S IERW A AL P<0.05; SRR AL, P <0.05,
H2 ZA/NRBHEEALR le-Te-5Sp FLFH W KA
Fig.2 Expression of let-7Te-5p gene in nasal
mucosal tissues of mice in each group
2.5 AFJE L CD4* Foxp3 * Treg 4 fifti #1 CD4 * IL-

17A " Th17 4UME 53 L
T AT 25 R 7R, 5 I 2 R, B
T2 /N ERAIJE I CD4 ™ Foxp3 ™ Treg 41 i WV # He
B B FEAK (P <0.01),CD4 " IL-17A* Th17 4 ify
548

HE staining of mice nasal mucosa in each group (200 x )

MEAE LA 2 T = (P < 0.01) 5 SRR L3, let-
Te-5p WZ 41 CD4 " Foxp3 * Treg 2t i A L 471
2FE, CD4 IL-17A * Th17 40 IV 2 He 5] BH 8 [
R EZRHAGI¥E L (P <0.01), WLk3,
K4,

®3 A 4/NESE MR E 4 CD4 " Foxp3 " Treg
#1 CD4 " TL-17A " Th17 48 T AW 8 (w £ 5)
Tab.3 Changes of CD4 " Foxp3 " Treg and CD4*
IL-17A" Th17 subsets in peripheral blood of

mice in each group(x +s)

CD4*Foxp3*  CD4*IL-17A*
205
Treg/% Th17/%
W 13.85 +1.63 6.07 +0. 82
PRI 7.37£1.09" 13.49 +1.37V
let-Te-5p BhFKINT IR 7.23 £0.82  12.86 =1.34
let-Te-5p PBhFI 4 12.98 £1.56”  6.78 0. 88"

TV SIER A A, P <0.01; Y SR AL, P <0.01,
3 tig

AR Sl WA TgE o5 19 S 28 25 RO 1
P , i PRAEIR 32 2 B g S5 P ATEIE J0 3 B A
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Fig.3 Expression of RORyt and Foxp3 in nasal mucosa of mice in each group( Western blot)
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10:.51' ——————— 1023 1022 o1 2108 104 105 106! 10>°
1001 102 10° 10° 10° 10! 10107 10° 10* 10° 10! o 10, 10 107107107 101 102 10° 10* 10° 10!
CD4-PE CD4-PE CD4-PE CD4—PE
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TR FRIRIZH let=Te=5pifahFi %t IR0 let=Te=5pi a7 4H

4 &4/ SN A itk B 48 1 CD4 " Foxp3 " Treg 7 CD4 " IL-17A " Th17 47 i T 2 #y 7t X 45 &
Fig.4 Flow diagram of CD4 " Foxp3 " Treg and CD4 *1L-17A " Th17 subgroup

in peripheral blood of mice in each group

GhFE. AR BURANE LU R A, (H BRI
BT A IR I AT O ik
52 5 R O % ke R 2 iR T M g iR
7 ORI AR AR BB RUA YT 45 22 P
FLHE IR GG , S Beify 7 A I PRS2 e e A A )i
SPFECT . B A V)T EASE AR R HLE K
AT oL T AR TT AR Tk . AATSE
Ohy i S MR S RS A R, ASRAS BN
SE R , D00 FHEPE BALB/ ¢ /N BUAE S 52 36 X
Gt OVA U7 AR /) BRUASEAY , 54 3R 7K 0 IR
A HOAE, B2 /)N B o TR BE 45 | 3T IBEEE 11 IAE 1 153 %
SN AT AP R R (P < 0.01) , LIl IR

AR LB, [F] I i 7 TgE A9 RIXB B Tk m (P <
0.01) , BEHT AR /N AL A ST ) o

MicroRNAs( miRNAs) B —ZE K JF 24 22 M %
TR (nt) AYESAS RNA 38 5 25 548 mRNA f# 3«
UTR [XAES% 55 5 7KV AR T, e 350k D e
BRI o miRNAs 76406 [ 3 5 5 Fi 2 g
P A E R VAR A O I A RN MR ke A A
LR e L IE R . HFFE R, miRNAs
R (LR AL AR L S IE o0 (S
—48 miRNAs R4 A L2 5 AR (A [F] Jy 1 : 40
miR-375 YE F§ T Janus 3 fiff 2 ( Janus kinase 2,
JAK2) — {5557 SO G AL - 3 (signal trans-
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ducers and activators of transduction 3 ,STAT3 ) i J,
it S RRIEAH ML A T, 0% AR JEAR T miR-4870
BT HA & 33 (interleukin 33, 1L-33 ) /ffed /&
A= 4114 & 19 2 ('suppression of tumorigenicity 2,ST2)
{5 7 SRR 1gE KF, s AR /N BLEER i
fCREAR™ s miR-199-3p i 3ot 45 DNA F L5 75 iy
3A(DNA methyltransferase 3A, Dnmt3A ) -STAT3 {5
53 B2 R PP T TFN-y Fl TNF-o B, 4%
miR-199-3p TUBR G /)N BUAE S5 1T W5 YR 550 48 0k
o UiH] miRNAs 7E AR % i 2 (0

MiR-let-7 ZZJEAE S Y)Y Fh b s BEOR ST, P42 400
B g Aok . A SCERIRE  let-Te-S5p TTER T
BRI FRHOE N, S E g, Li %
WFFEUESE , let-Te-S5p 7 AR SBR[ dif it
SO AT T3 541 4 Csuppressor of cylo-
kine signaling 4, SOCS4 ) J& 77 Janus ¥ 1 ( Janus
kinase 1,JAK1)/STAT3 {5 7& M0 AR /)N A&
KESC N o 275 let-Te-5p 22 5 AR 1 & AR F ik JE
AHFFE R ] Real-time PCR £ A3 AR /I B8 B
L, 2 B let-Te-Sp )3 IKHLIEH I (P <
0.05), SRTABIF AR5 . N T B HH
let-Te-5p P45 AR & () BAR 7 7 HLH, A WS 45
T AR /NG IE N T A Let-Te-5p #8177 agomir, JIE
S5t let-Te-5p b 3635 i 25 FEAK /N BRAT S 27 91 43 i L
T 1gE A 4 2 1k 4 M 2 i S R AR 2 21, i
/N BUEAR (P <0.01) , YW let-Te-Sp 11k
AR .,

25 LA RE 2 RN Thl 1 Th2 41 i 26 5 2 AR
KA Go e A, AR FIDRZS R Thl 1 Th2 AR H
M, HERF VAR B ARE T A MV B R
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