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Abstract: Objective

on lung function and immune imbalance in rats with acute exacerbation of

To explore the effects of apple polyphenols ( AP)

chronic obstructive pulmonary disease ( AECOPD ) by adjusting the
miR —21 —5p/SKP2 pathway. Methods The stable stage of COPD was
established by cigarette smoking and endotoxin infusion, and then
AECOPD rats were established by nasal infusion of Staphylococcus aureus
bacterial solution. They were randomly assigned into the AECOPD group,
the AP —25 group, the AP — 100 group, the dexamethasone group, the
AP - 100 + NC agomir group, and the AP —100 + miR —21 - 5p agomir
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group. And rats intervened with normal saline were as the control group. Subsequently, tracheal intubation was
performed to measure the peak expiratory and inspiratory flow rates ( PEF, PIF), and the ratio of forced expiratory
volume to forced vital capacity in 0. 3 seconds (FEVO0.3/FVC). Serum was collected to measure the levels of tumor
necrosis factor — o (TNF — o) and interleukin —6 (IL —6). Bronchoalveolar lavage fluid ( BALF) was recovered,
and the numbers of neutrophils, lymphocytes and macrophages were determined. Left lung lobe sections were prepared ,
and lung tissue lesions and scores were observed. The right lung tissue of rats was taken. The proportions of Th17 and
Treg cells, the mRNA expression of miR =21 —5p and SKP2, and the protein expression of retinoic acid — related
orphan receptor yt (ROR+yt), IL —17A, forkhead box protein P3 (Foxp3), IL —10 and SKP2 in the lung tissue were
The AECOPD group had higher RORyt, IL - 17A, miR - 21 - 5p, TNF - «, IL -6,
macrophages, neutrophils, lymphocytes, Th17 cell proportion, and Th17/Treg than the control group, and had lower
Foxp3, IL -10, SKP2 mRNA and protein expression, Treg cell proportion, PEF, PIF, and FEV0.3/FVC than the
control group (P <0.05). The AP - 25 group, AP — 100 group and dexamethasone group had lower RORwvt,
IL-17A, miR -21 -5p, TNF - «, IL =6, macrophages, neutrophils, lymphocytes, Th17 cell proportion, and Th17/
Treg than the AECOPD group, and had higher Foxp3, IL — 10, SKP2 mRNA and protein expression, Treg cell
proportion, PEF, PIF, and FEVO0. 3/FVC than the AECOPD group (P <0.05). In addition, miR —21 - 5p agomir
reversed the protective effect of AP on AECOPD rats. Conclusion AP improves lung function and immune imbalance
in AECOPD rats by inhibiting the miR —21 —5p/SKP2 pathway.
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WRGEH , C BN Rk AN FFE T i) R Z —,
it Z ARG T B, 25 N AR R BE A I Mt
B IR AR TUCE AR i ST Y (acute ex-
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W, 78 AECOPD o 0 % Ji& Je 36 7 I LB K
miR =21 = 5pJ&—F = B AR~F 1) miRNA Pk, 75 il 53 45
SUR M SAE NG 1 e X H AR o Star-
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A 72 HOR B B ), BEAL 2> 5 AECOPD 4 |
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VRS B AR S EL T4 FH
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FE N Th17 4iiJf] ,CD4 ™ Foxp3 " 41y Treg 20l , 73
BT 35 T il 4 2 B A B P A L A
1.2.7 ZHZth miR -21 -5p SKP2 mRNA Fix

WAL FEHLE RNA, fif A HiScript I Q RT Su-
perMix %% 5 RNA i fif SYBR® Green Super Mix i
BTN D B PCR S RN AR FA4E 95 C
10 min,#kJ5 95 °C 10 .60 °C 30 s 172 °C 1 minfFFH
40 W FERFUGBATHY, A A A il 2 LADE Al 5 P 1Y
FESEREY B, 20 TS L 6 Xt 2 ik, SKP2
1Em] ;5" = ATGGACAAGAACGCCATCCT -3, Jx [n] ;5" -
TCGGCTCGTTGATGTTCTGG - 3'; miR - 21 - 5p 1E 0] :
5" = CGGGATCCAGCCACTACCAAGGCATGTT - 3', &
Ml :5" — CGGAATTCAACCACGACTAGAGGCTGAC - 3';
B —actin 1F 8] 5° — TACCCAGGCATTGCTGACAG -3’ il
Jzm] 5 — TATGGGTCCAGGCTAAGGCT -3'; U6 1F [ :
5" — CGCTTCGGCAGCACATATAC - 3, )2 Ju]: 5" -
TTCACGAATTTGCGTGTCATC -3,
1.2.8 SKP2 ¥ Thl7, Treg fr &
IL —17A Foxp3.IL -10 EE X%
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1.2.9 $EEXREIE

Starbase {48 £ i miR — 21 — 5p . SKP2 (45 &
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5 293T A ,48 h J5 K 2 6 Z BE 1
1.3 $itZEaSH

THE TR R A v 5 o, R SPSS 27.0
WAESYHT, P <0.05 B, 2R A FIT¥E L, REE
TrEMT T 24 R e, L snk — g K36 38— 7 )
FAs o
2 #R
2.1 AP X&HKR PEF PIF FEV0.3/FVC B500

PEF . PIF .FEVO. 3/FVC FL%5 . AECOPD £ %5 %} R
AR (P <0.05) ;AP —25 41 AP — 100 2 Hb ZE KA
2% AECOPD £ i1 (P <0.05) ; AP — 100 + miR -
21 -5p agomir ZH % AP - 100 + NC agomir 2f [ 1
(P<0.05), 31,
2.2 AP XWRAKRIMF TNF - . IL — 6 & BALF
rh 2 B 2 B9 22

TNF — o AL -6 | E W20 | A PAbr 4 bk 0 448

%1 %4 PEF PIF FEVO.3/FVC iy H# (x £5,n=12)

B 8. AECOPD 41 % %) B 413 m (P < 0.05)
AP -25 21 AP - 100 4 Hi FEKFA 41 % AECOPD 4%
K (P <0.05); AP — 100 + miR - 21 - 5p agomir 24 %
AP - 100 + NC agomir 4{t/1( P <0.05) , LF& 2,
2.3 APXMEAKXBRMALRELTUHIM

Xof REEH [t ZH 2R A5 4 G S USRI I H, e i
F 1473 ; AECOPD 2 ity BEAS i FH e 24, B RG R b 7
JEES Il 2B AN LA 5K M TR, R IR 2 5 AN
FIFEHT AP S M FEARIA T TS | i 2H 25 A2 10 15 3] ek
9% M OIE 4> 8 AECOPD 4] [% % ( P <0.05);
AP - 100 + NC agomir 2H Ji5 B 25 fb 23 AP - 100 4,
AP —100 + miR —21 —Sp agomir ZH 48 435 a3 i, 9 B
PGINE , JFHE AP - 25 21, 5 BPE 20 88 AP - 100 +
NC agomir ZH¥M(P <0.05) , LKl 1 M3,
2.4 AP W EAKXRATHAL Thl7, Treg 4 A Lk 5189
Al

AECOPD 4 Th17 4ij b 5] . Th17/ Treg %%} R 41
Hahn, Treg 40 i Eb 91 %5 %} BE 41 AR (P < 0.05);
AP -25 21| AP - 100 4  HbZEKRFAZ] Th17 4 L]
Th17/Treg % AECOPD 41 [% {i%, Treg 4 ig tb f] 44
AECOPDZLIIN (P <0.05) ; AP — 100 + miR —21 - 5p
agomir 2 Th17 4 g Lt .\ Th17/Treg % AP — 100 + NC
agomir ZHIE /T, Treg 2 i L5148 AP — 100 + NC agomir
HFFER(P <0.05) LK 2 £ 4,

Table 1 Comparison of PEF, PIF, FEVO0. 3/FVC among different groups (x s, n=12)

group PEF(mlL/s) PIF(mlL/s) FEV0. 3/FVC
control group 28.64 +£2.92 50.63 £5.02 84.57 £8.55

AECOPD group 11.24 +1.42° 22.34 £2.75° 48.02 4. 93*
AP - 25 group 17.53 +1. 86" 32.34 +3. 28" 62.11 +6.25"
AP - 100 group 26.34 +2. 77" 49.34 +4.97" 83.02 8. 32"
dexamethasone group 27.05 +2. 74" 50.05 +5. 01" 83. 11 8. 38"
AP - 100 + NC agomir group 26.85 +2. 81 49.85 +4.98 82.97 +8.34

AP - 100 + miR - 21 - 5p agomir group 18.05 +1. 88 32.44 +3.31¢ 61.89 +6.22¢

GRS, * P <0. 05 ;5 AECOPD 4] Hids PP <0. 05 ;5 AP —25 4 H#%, P <0. 05 ;5 AP — 100 + NC agomir 4] Fb#%, 1P <0. 05

R2 AU TNF - o L -6 ERRANM bR 20 A I 2 20 R LA (e 25,0 = 12)

Table 2 Comparison of TNF — «, IL. -6, macrophage, neutrophil granulocyte, lymphocyte among different groups (x +s, n=12)

group INF — a( ng/mL) IL - 6(ng/mL) macrophage neutrophil granulocyte lymphocyte

( x10%/L) ( x10/L) ( x10%/L)
control group 9.48 1.55 57.84 £6.42 180. 18 +19. 06 78.11 8. 84 82.11 8. 84
AECOPD group 28.13 =2. 85° 121.22 +12.22° 388.37 £39. 84° 168. 84 +17. 02° 171. 62 +17. 24*
AP -25 group 17.22 +1.83" 84.18 +8. 84" 281.07 +28. 22" 111.14 +11. 38" 120. 18 +12. 38"
AP - 100 group 9.94 +1.61" 61.24 +6. 88" 192. 74 +19. 54 80.02 +9. 05" 88.34 +9. 09"
dexamethasone group 9.77 £1. 58" 60. 86 +6. 75" 193.05 £ 19. 64" 79. 85 +8. 95" 85.37 £8. 61"
AP - 100 + NC agomir group 9.81 +1.60 60. 94 +6. 81 192.87 +19. 58 79.94 +9.01 85.54 +8.61
AP -100 + miR - 21 —5p agomir group 17.34 1. 884 85.02 £8.91¢ 280. 95 +28. 19¢ 113.05 +11. 40¢ 120. 34 £12. 15¢

T G R LA, P <0. 055 5 AECOPD 4 1b%¢, P <0.05; 5 AP —25 £H 1%, P <0. 055 5 AP — 100 + NC agomir ZH [L#5, ‘P <0. 05
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Figure 1  Pathological changes of lung tissue (HE, x200)

®3 BHRBURHPE; L (2 £5,n=12)
Table 3 Comparison of pathological scoring of rats among differ-

ent groups (x s, n=12)

AP-100+NC agomir

AP-100+miR-21-5p

2.5 AP W& MAKXRIAL miR - 21 - 5p, SKP2
mRNA RiZ IR0
AECOPD £ miR — 21 - 5p F2ik %X BE 41 1% in,

group score SKP2 mRNA &A% % B R (P <0.05) ; AP - 25
control group 1.21 £0. 21 ZH AP - 100 ZH | Hb ZE K WA 24 miR - 21 - 5p Rk &L
AECOPD group 7.54£0.77° AECOPDZLFE{IE . SKP2 mRNA #3k% AECOPD 414
AP =25 group 4.52 £0. 46" (P<0.05); AP - 100 + miR - 21 - 5p agomir ZH
AP - 100 group 2.01 £0.22" miR —21 -5pF k% AP - 100 + NC agomir 4 1% i,
dexamethasone group 215 £0. 24 SKP2 mRNA ik % AP — 100 + NC agomir 41 [ G
AP =100 + NC agomir group 2.09 +0.25 (P<0.05), %5,

AP ~100 + miR —21 —5p agomir group 4,64 +0.48° 2.6 AP 3 & 4 K BB 40 42 RORyt, IL - 17A,
- A IRALEC R, P <0. 055 55 AECOPD 41HAE,"P <0.05;5AP-25  Foxp3.IL — 10 . SKP2 38 3% H9 2501

S ELES, P <0. 05315 AP — 100 + NC agomir £ He 4%, “P <0. 05

NI
AECOPD 2 RORwyt IL = 17A IR ER BRI A,
10* 10* 10* 10
)3 3. 3 3.
10 10 < 10 :510
102 10 ~ 10 ; 10
=] =
10! 10! 10 % 10
) 10042 10042 = Ll IR e 10045
10° 10' 10® 10° 10* 10° 10" 10* 10° 10* 10° 10' 10? 10° 10* 10° 10' 10* 10° 10* 10° 10' 10* 10° 10* 10° 10' 10> 10° 10 10° 10" 10> 10° 10*
CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC
Treg
10* 10* 10 10 10 10 10
10°4 10% 10%4 10°4 10 10 10°4
« « « « @ o o
[=5 f=5 f=5 f=5 = f=5 =
5107 510 510 5104 5107 51024 5107
= = = = = = =
10" % 10' 10" 10' QP& 10! 104 10'4
10° — 10° I 10° I 10° o 100 o 10° o 100 o
10° 10" 10* 10° 10* 10° 10" 10* 10° 10° 10° 10" 10° 10° 10* 10° 10 10® 10° 10*  10° 10' 10* 10° 10 10° 10" 10* 10° 10* 10° 10" 10> 10° 10*
CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC CD4 FITC
Control group AECOPD group AP-25 group AP-100 group Dexamethas one group AP-100+NC AP-100+miR-21-5p
agomir group group
2 M ARKT I Th17 Treg 4H g L 5]

Figure 2

Flow cytometry detection of cell ratios of Th17 and Treg
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Table 4 Comparison of cell proportions of Th17, Treg in rats among different groups (x +s, n=12)

group Th17(% ) Treg( % ) Th17/Treg
control group 3.33 +0.81 16.87 £1.72 0.20 +0. 05
AECOPD group 18.35 +1. 88° 5.12 +0. 89° 3.58 £0. 36"
AP 25 group 10.28 1. 14" 8.87 £0.95" 1.15+0. 15"
AP - 100 group 5.58 £0. 94" 15.64 +1. 59" 0.36 £0. 07"
dexamethasone group 5.37 £0.91"™ 15.68 +1.61" 0.34 0. 06"
AP - 100 + NC agomir group 5.44 +0.93 15.57 £1.58 0.35 +0. 06
AP - 100 + miR - 21 —5p agomir group 10.37 +1. 16¢ 8.72 +0.92¢ 1. 18 £0. 169

0 SR BRAL L #, U P <0. 055 5 AECOPD 4[4, P <0.05; 5 AP —25 41 [4#¢,°P <0.05; 5 AP — 100 + NC agomir 41 [£,%¢,9P <0. 05

x5 K4KE miR -21 -5p SKP2 mRNA Fik K (x =,
n=12)
Table 5

Comparison of mRNA expressions of miR - 21 - 5p,

SKP2 in rats among different groups (x s, n=12)

group miR -21 -5p SKP2 mRNA
control group 1.06 £0. 11 0.98 £0. 10
AECOPD group 2.24 +£0.22*  0.38 £0.04*
AP -25 group 1.54 £0.16"  0.59 +0. 06"
AP - 100 group 1.08 £0. 12" 0.88 +0.09"™
dexamethasone group 1.02 £0.11%  0.91 0. 10"
AP - 100 + NC agomir group 1.05 +£0. 11 1.01 £0. 11
AP - 100 + miR =21 - 5p agomir group  1.61 £0.17¢  0.55 £0. 06¢

T 5 R LA, * P <0. 05 ;55 AECOPD # %5, P <0.05; 5 AP 25
44, P <0.05;5 AP — 100 + NC agomir 41 He45, *P <0. 05

Foxp3 \IL - 10 SKP2 ik B A FEAR (P <0.05) 5
AP -25 2 (AP - 100 41  #h ZEKAA 4] RORyt IL - 17A
FihH AECOPD 2H [ 1, Foxp3 . IL — 10 SKP2 F&iA%%
AECOPD 41## 1 ( P <0.05) ; AP =100 + miR - 21 = 5p
agomir 2 RORyt  IL — 17A &A% AP - 100 + NC ag-
omir ZH}E I, Foxp3 . IL — 10 ,SKP2 k% AP - 100 +
NC agomir ZHF#K (P <0.05) , IL& 3. % 6,
2.7 B&iF miR -21 -5p SKP2 $I[E % &

miR —21 —5p SKP2 EL.{&%E 4 X 35k SKP2 3L [

¥y chr5 ;36183929 - 36183935 {3 &5, —# (1945 4 ¥ 5
VCPCUNPE 4 FroR, 4545 2610 8 mer; HE0t S HL
B,miR - 21 - 5p JLAE gL SKP2 B AE 2 fA Ik T NC
(P<0.05), W%,

RPRyt W SEEED S SRS S e S oD,
IL-17A -- T e e s SR S5 D:
Foxp3 — — — S S B a4 D2
IL-10 -- - -- . S 18kDa
SKP2 ------- 48 kDa

B-actin

D AN SRR NS R A, - o

A B c D E F G
3 g+ RORyt, IL - 17A [ Foxp3 . IL - 10 SKP2 5 [ F ik
(Western blot [&])
Figure 3 Protein expressions of RORyt, IL — 17A, Foxp3,
IL - 10, SKP2 in cells ( Western blot)
TE:A XHERAL; B Sy AECOPD 41;C 2y AP - 25 41;D iy AP - 100 41;E
N HBFEKFN s F Sy AP =100 + NC agomir 2H ;G iy AP =100 + miR -21 -
5p agomir 41,

F6 4Lk RORyt IL - 17A Foxp3 1L - 10 SKP2 FiERI L (x +5,n=12)
Table 6 Comparison of expressions of ROR+yt, IL - 17A, Foxp3, IL —10, SKP2 in tissues (x s, n=12)

group RORy/B —actin ~ IL—-17A/B —actin  Foxp3/p - actin IL - 10/B - actin SKP2/B - actin
control group 0.25 0. 03 0.37 0. 05 0.85+0.10 1.27 0. 14 0.76 +0. 09

AECOPD group 0.87 +0. 10* 1.05+0.11° 0.28 +0. 04 0.57 +0. 06 0.27 £0. 03"
AP 25 group 0.57 +0. 06" 0.72 +0.08" 0.49 +0.05" 0.87 +0. 10" 0.43 +0.05"
AP - 100 group 0.31 £0. 04" 0.48 +0. 06" 0.75 +0. 08" 1.21 +0. 13" 0.64 +0.07"
dexamethasone group 0.38 £0. 05" 0.42 +0. 05" 0.78 +0. 08" 1.17 £0. 12 0.72 +0. 08"
AP — 100 + NC agomir group 0.34 0. 04 0. 46 0. 05 0.81 +0. 09 1.19 0. 13 0.69 0. 07

AP - 100 + miR -21 - 5p agomir group 0.61 =0. 074 0.78 +0.09¢ 0.45 +0.05¢ 0.81 +0. 09¢ 0.48 +0.05"

1 5 IR FL#, * P <0. 05 ;5 AECOPD 4[4, PP <0. 05 ;55 AP —25 41 [b45,°P <0.05;5 AP — 100 + NC agomir 41 Fb#¢,9P <0. 05
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Binding Site of hsa-miR-21-5p on SKP2:

Show 10 v entries

TargetRegion 1. Type Alignment

chr5:36183929-36183935[+]  8mer Target: 5' CAAAC-UCAAGUCCAGCCAUAAGCUA 3°

LI L B B R AR NN

miRNA : 3' AGUUGUAG-UCA-GAC--UAUUCGAU 5'

B 4 miR -21 -5p SKP2 Fii4h & 5
Figure 4  Predicting binding sites of miR —21 —5p and SKP2
7T HWEXARKIE(x £5,n=6)

Table 7 Targeted relationship verification (x +s, n=6)

group wild SKP2 mutant SKP2
NC 1.02 0. 11 1.07 +0. 11
miR -21 -5p 0.61 £0.07° 1.04 +0. 12

1. 55 NC 55 SKP2 WpA: BIALEE e Hrdss 2P <0. 05,

3 g

AECOPD [y ¢ fiF J2& PP W 38 i IR AL, N2 F
COPD JRF(E B iy 1 5, iF 4 i B FE TR 45 1R
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YRI5 SR, S dF IL - 6 Fl TNF — o (3R ik,
Foxp3 Ji& Treg /b 1 4¢ i % 5 B, HOKOF FRAIG 3 34
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M2 | ARG L4 0 i 8 s kA iR gE 3k
B, AP 0 T ) 40 P 5 | S P4 R Y b 3ot B D e 1 P
W3 PG 1 2 M N T, ke A e . AR WS s R
IR, AP AT AR AECOPD K 548 M I+ 7K °F- I B
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miRNA A] 52 AR HAMHEAEH, S 5905010 .
Tl SO0 S B BT B, JL S8 5 AECOPD (1) & E
M5, Bl o AECOPD J 97 1 8 75 #8507
miR - 21 = 5pfii FYL 1K 17q23. 1 F,/F 5 miRNA &
T I B R 43, 2 5 e i & Ak . T — A Ak ik
YUKARLE T miR - 21 - 5p/GCLM {5 51 75| & E
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