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Autophagy in Lung Tissue of Mice with Chronic Obstructive Pulmonary Disease
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[ABSTRACT] Objective To investigate whether electroacupuncture (EA) can regulate the expression of nuclear
receptor 77 (Nur77) and its nuclear-cytoplasmic translocation, affect the interaction between Nur77 and tumor necrosis
factor receptor-associated factor 2 (TRAF2) , thereby inhibiting excessive autophagy of pulmonary macrophages and
improving pulmonary inflammation in chronic obstructive pulmonary disease (COPD) mice. Methods Forty SPF-
grade C57BL/6 male mice were used, with 10 randomly selected as the normal group and the remaining 30 exposed to
cigarette smoke for 3 months to establish the COPD model. After successful model establishment, the model mice were
randomly divided into COPD model group, EA group, and antagonist+EA group, with 10 mice in each group. Mice in
the EA group and the antagonist+EA group received EA stimulation at bilateral “Feishu” (BL13) and “Zusanli” (ST36)
for 20 min, once daily, for 14 days. The Nur77 antagonist DIM-C-pPhOH (25 mg/kg) was administered to mice in the
antagonist+EA group via intraperitoneal injection 30 min before each EA session, once daily, for 14 days. Pulmonary
function was assessed using an animal respiratory function analyzer. The pathological morphology of lung tissue was
observed after H. E. staining. The contents of interleukin (IL) -6, IL-1p and tumor necrosis factor (TNF) -« in the
bronchoalveolar lavage fluid (BALF) were measured using ELISA. Superoxide dismutase (SOD) activity and
malondialdehyde (MDA) content in pulmonary tissue were detected by colorimetric assay. The expressions of Nur77
(nuclear and cytoplasmic proteins), TRAF2, microtubule-associated protein 1 light chain 3 (LC3), and sequestosome
1 (P62) proteins in the lung tissue were detected using Western blot. The expressions of Nur77 and Traf2 mRNA were
detected using real-time fluorescence quantitative PCR. The interaction between Nur77 and TRAF2 was detected using
co-immunoprecipitation (Co-IP). The changes of autophagosomes in pulmonary macrophages were observed under
transmission electron microscopy. Results Compared with the normal group, the COPD model group showed a
significant decrease in respiratory function parameters (P<0.05, P<0.01). Pathological sections revealed thickened
alveolar wall structure, multiple alveoli fused into larger vesicle-like structures, accompanied by diffuse infiltration of a
large number of inflammatory cells. BALF analysis demonstrated markedly elevated levels of inflammatory mediators IL-
6, IL-1B, and TNF-a. Pulmonary tissue showed substantially reduced SOD activity with increased MDA content (P<
0.01). The LCS3II/LC3I ratio was significantly increased (P<0.05) , while P62 protein expression was markedly
decreased (P<0.01). TRAF2 protein level was significantly elevated (P<0.01). Nur77 demonstrated predominantly
nuclear localization with elevated nuclear expression and reduced cytoplasmic distribution (P<0.01). Nur77 mRNA
expression level was significantly decreased (P<0.01), and Traf2 mRNA expression level was increased (P<0.05). The
relative binding of Nur77 to TRAF2 was significantly decreased (P<0.01) , and the number of autophagosomes in
macrophages was significantly increased under electron microscopy. Compared with the model group, all the above
indicators were improved to varying degrees in the EA group (P<0.05, P<0.01). SOD activity was significantly
increased (P<0.01), and MDA content was significantly decreased (P<0.05). The LC3II/LC3I ratio was significantly
decreased (P<0.01) , and P62 protein expression was significantly elevated (P<0.01). TRAF2 protein level was
significantly decreased ( P<0.05). Nur77 showed reduced nuclear expression with increased cytoplasmic localization (P
<0.05, P<0.01). Nur77 mRNA was upregulated while Traf2 mRNA expression was significantly decreased (P<0.05).
The relative binding of Nur77 to TRAF2 was significantly increased (P<0.05), and the number of autophagosomes in
macrophages was significantly decreased. Compared with the EA group, all the above indicators were reversed in the
antagonist+tEA group (P<0.05, P<0.01). Conclusion EA can up-regulate Nur77 expression and promote its
translocation from nucleus to cytoplasm, enhance the interaction between Nur77 and TRAF2, regulate autophagy-
related proteins, inhibit excessive autophagy of pulmonary macrophages, and reduce pulmonary inflammatory reaction
in COPD.

[KEYWORDS] Electroacupuncture; Chronic obstructive pulmonary disease; Nuclear receptor 77; Tumor necrosis

factor receptor-associated factor 2; Macrophage autophagy

18 P B ZEPE Il B (COPD) St —Fp LA T GE B 2E O 32 2R BUAY 12 1k 0P IR R G A, ol i



Bt BT 5

- 3 -

FERR T T 5 B T By 596 97, J0m 3 BE b o 2 B 24 1
il 358 K 4 B P SR PR BN L BB R AR BRI N R
T AP, WHEAE A COPD fi 35 %2 (1 IR 5E fE [
2 KA M0 AR 25 (CS) 22 58 2 3R s H % A % e 1Y)
B BT T SO I8 RS R A a0k
IR BT 4 Y P A R IR T R DL 40 A &
(IL)-6 IL-1B M9 IR FE [N F (TNF ) -o J 48 2 18 2
28 7 KT T A1 3 4R ok B bk £ 1 IE 4 2R B
FI 6 ) i B 5 A8 COPD & 9 HIL I o & 4% &5 1
I I — i 7 0 A v s R ST A 4 P R A ML A
HC T BE J BR B 4540 10 A0 B DL A B A0 R
AP, A COPD R HUIRAS TR, il B0 41 i vh 4778 A
W R 4 A, 5 B0 M R R SR sz AR 7T
(NUr77) & — Ff P (44 P 5 5% 7, ml 3l o 4% - i
Jo % A7, A B 5 Hh 55 R IR 8 R F A2 ARRE G T 2
(TRAF2)MEAEH , 2 52bi ik A Wiy 83", 7&
COPD 35 (1 Jifi 41 23 rp UL ¢ 31 Nur77 3358 7 % JOH:
740 M v 2= ALY, 8% Nur77 Bl TRAF2 2 5 f
W 1l BB J& COPD % P J I i o 22 08 45 ML 1 L 4K i
Nur77 7€ COPD Jiili . Wit 41 it 1 1 98 2 v 1) 4 F BIL 1
W AR BB . B RITIEAE N AR G BE R0 IR YT T
B, EBIE LR COPD £tk & 1F 1 i fee ) i 3
L 0 ) i I 4 ) 5 M B O CBE R B2 AT
st 5t 680 A 9T A0 BT R BR B HEAT IR A
B2 0F 5, B B JHL 8 98 5 A5 R ORI 38 Ak o PR G
RS F 5 2 A I T 30T A R0 COPD AR g
Yy 4 il 8 e Ak 95 5 R Ak I S A A, R ML A T R
KR 9 VA 5 s R AGE d L SR, HLET IR
57 COPD f BAK 53+ ML i AW A, PRt , AR BF 5%
B 7E TR AT BE 75 8 O 5 Nur77 20k B A -
TG, 5 Nur77 5 TRAF2 09 A HAE H 3251 4
i L W 40 B R A DR COPD 14 il 3 4¢ 1 4t
B3, N 4r 7 B A BE R T 150 COPD 42 436 5 i) 28
T S S IR -

1 #REFE
1.1 s shyy kesrii

AW 7E 4 Fl SPF 2% C57BL/6 MEdE /N 40 H,
BRI Sk 8 S, /N BRI [ YT i 0 v D30T A 0 B Iy
A BR 2 /) LA 72 V8 AT HIE g % - SCXK(75)2020-0005],
It T4 Bl I8 28 K 2 S 3 2 ) vl i A ) 57 A B
B9 5 B AR AR 22~25 °C 18 B AR R
50% ~60% , JEHRJE I 12 h B8 /12 h G 28 8,
H R IROK . PR R 1R S AL 10 H

YERa B, R 30 R T COPD #2403
B JG  He 3 BN B LR 7 R0k o 34, A
10 5, 4000y o B2 T A B PR + AL
AR S5 T 58 4 B D B 2 K 2 S G Bl A0 B A
Z o it e S (it HE S . AHUCM-mouse-
2023099) .
1.2 FZH 5

LA CZ BT ) L LC3. P62, TRAF2,
Nur?77 HiA (€ [ Affinity) , LaminB1(& i€ SciBen), B
—actin PUAA L I 2EHT/N B IgG OlE i 1gG (dE 5t
P4, F4/80 Btk (2 = 1) , ECL # i & ik
7 & (£ E GLPBIO) , 75 A K -HH 21 (HE ) 3 £, 3 5
& (db 5t Solarbio) , %P UL VE 1A & (i 38 = K),
IP J§ Nur77 #%i #& ( 25 [ Proteintech) , i ¥t &
Marker( € [& Thermo) , PVDF & ( 32 [& Millipore) ,
4t 7l DIM-C-pPhOH( | ¥ Ambeed) , IL-6 , TNF-
a IL-1B8 ELISA 25 & (R DU F 56 ) | J % si il )
& (H A TaKaRa),SOD MDA 37 & (B 5t 2 ) o

— K PEAE 8T (A% £ 0.25 mm X 25 mm) FE, T
P AL CIR M =97 T ), Ani-Res2005 s 4 I 12
IRE /M A (b st D1 2% 1), BX53 2% 8 i % ( H A%
BRBR L 80 ) , F KA R IR (v R B8 ) , W BR X (36
AL ) 98O0 i PCRAX (S EFEER K, = 3R
B AL CZ B 30, H 3 BB R ) Bk
RS TBRA (Ll =%), BHFHEE(HA
BT
1.3 R

25 P AL/ BRUIE 8 1R 3% R 7 AR AT 35 Ay 30
/N BRGE 2o A 00 25 % 5% 3 A &l COPD sl Py
A, SR H PAB-S200 9% 2 W K 2 ) G 3 R 48 i A7 M
55 i RO A R (29 & B 10 mg, Je il T
TE0.8mg). REHTRNER 2K, B h, IR
T 8 ) B% 5 h, 22 34, B IR 5 5 R B s 4R 10 3
. YedEad B CO VR B 4EHF7E 1200 ppm. %5
AN BRAE M ) S T 2 88 TR # s ], i)
5 bR il D) A I 7R FEVO0.1/FVC HAE B 3%
RoEAR , 45 75 7 75 W] b ACU 52 PR 5 o BP0 7 L 4 R
it 76 445 A 0 2 2L, I R] T 4 A v
BTG RARAS IR FERE R REA M R E S
B,
L4 TRk

e R U T AT, S
SCHRU 2 2 O vk O LS A BRI T
DMSO Pt #l % 120 mg/mL 4655 W . I AT, BOS



- 4 -

Acupuncture R esearch

0% £ W, 5 PEG 300, Tween-80 11 0.9 % 444k
B WOIR A, Wk B2 Dy 2.08mg/mL (1 8 1E T AE
W AEBUR 4 R AL B A s O U T
ZAE PR W, 45 25 %) 5 R 25 mg/kg, 1 SRR
0.30 mL/H (L 25 gk it /hRlit) . B H %21
W, RRLE 14d.

H A 97 2 S PR - A AN, TR
W HE WS 45 25 )5 0.5h, 5 L B 21 — [A] 22 32 U i — B
"N I HL B . 2 BRI B SR I R 6 AR T
B 1 s E R R i T S & N L N S
IR T 77 JHE B /NS 1R 2529 2 mm &b 5 il i 7 EUER
3 M A € R Z, BE AR IE PR AN 3 mm. $RAE
B, O = B JOEE IR E 2 3 mm; T AT
S RE D7 1) R R B 2 1~2 mm., B % B2
TEIT A B R < il iy 5 = L O — A
W AT S Bk A Bk o R
F 2 Hz 5 10 Hz 28 B A5 2, il 0 el 30 5 3 00 90 %2 1
mA, DU SR B /Iy BB AR H 3042 1B B R R Ok 3
B o, AR ROk AR 1K, B RE S ] Ry 20
min.,
1.5 WEEHE bR Bl 75 i

its Ty B A4S A /0N B 38 <P RE o8 IR T
Jei o, A5 4H R B AL e B 5 S 0N B i O AR 40 4
2% % B L 2 A WA IR 75 mg/ kg 1 R S
3 SRR TS o BRI 3T 43 i K 20 4 A0 B L T
B AR ATE V) 11 5 5 R A5, S R D) T 4R
(G W K- -SSR =L R A SEESES A T I
W AE 8 5N Y ) e R G A i L R
o P2 o W R T A0 I 38 A8 b B < T il
(FVC).0.05 s HI A4 B(FEV0.05) K 0.1 s ]
J1 K % B (FEVO0.1) , FEV0.05/FVC H {8 &
FEVO0.1/FVC 18 .

HE % (075 W42 fili 20 2008 28 0048 - 45 4 v
Bl ML B 6 S /0N BRI A 0 s 2 280, 4 20 2 e, A
25 A bR o TR, AR AR 6 R VR B B L REEAT 1%
G i K Ak B B FS (R AT 3 I Ak B 58
A W R L MR ERAE S L 38 A 20 R A 3 2L T
IR R 4 pm WRERD) R o VIR B KA S R IR
AT HARE YRR L BE(1%) b Ab B frer
JiL R e e, e 58 LR K U0 R R K B O LA
R I B . T AR T REALERE 5 AR E
B X P LT, < 200) E 47 95 B 0 2K 5 BT Ak il
T2 R e A M I 0 [ B TR K e M A IR i 4
B 2E AR

ELISA 7465 M /N BRSZ A88 Ml i #E E W (BALF)
o R R F A i W D BE A I 58 S, $EAT BALF
KA S LA R E S 1) AL 28 48 E T T0A
PBS 28 vl ¥ IF 81 i , 42 3 Wk LA 3 B S A< ik 74
PEW (BALF) . ¥ BALF T4 °C.3 000 r/min & .»
15 min, Je 4 E3E WOIE T-80 CIHAF 55 FH o 2R JH il 1Be
B 2 W BRF I 72 (ELISA) 32 %) IL-6 . TNF-o #l IL-18
HEAT 2 B, BT A S 36 25 R ™ A% 305 70 3R] G R A
FURR AT o 30 3 il B A A F 450 nm KR I
25 BN LR G BE AR, 45 A b o ol 2 1 B3 4% A i )
T AR

L 2 32 A5 I/ U 20 21 SOD 3% ¥ #1 MDA &%
i BOUNRA AL 2L, 3 T () AR B (mL)=1:9 [t
B A T 0.9 % S AN W, VKB ST 2o o
JE& 1 B 1096 G EN5) 0 . STHW 4 °C .3 500 r/min
0 10 min, BU VW o S5 30 R AR ™ b A0 1 R A Ul
B AT o B o A5 A O RE A 96 FLAR P, BT AR X
M, 3 9 AE 450 nm Al 532 nm P K T I E H 0O R
B o IR Jm MR 22 W 0 A o il 42, T 93 il 4 R
A SOD I MK Je MDA 1 BAR & 5 o

75 S F S GO AR ) IR B AR AL - B PIL
Bk 3 H/NVE, B o B il A 40, R 4R 1 mm X 1
mm X 1 mm %) fifi 2 U, 57 B [E 2 F 2.5% 1
W 24 he FH0.1 mol/L PBSY5 %6 hJE,1% M
AAL T B 5E 2 ho 286 B S WEI K (30% .50% .
70% .80% .95% . 100% ) F 34 5 N ot Ab BHL S , 34 4R
PIAR IR M, 45 CREA 12 h, 72 CIRERT 24 h B &
Ak o R D) LR A 3 e ) R R B 24 Sk 70
nm AU R IR B E TR L BEiE,Y)
56 J5 20 I TR UL 4 il RIAT 68 TR T VA W E AT FL T e £
Ab B SE R D) TS T OB R SR, DLy
BT B W/ MA I T 25 45 40 0 e 1 B0 AR Ak

Western blot 72 &6 I /1N Bl 4 23 v A0 G 2 1 AY
P U RUIMZH 2, 4300 5% F RIP A 24 W32 LR
L, DL Rl B A% R AR il B R & A B A S
[, BCA WL 8 (VR B . 30 pg 8 (k4T
SDS-PAGE #E i v ik (LC3 K 2R FH 12% 70 25 e,
HAYIRM10% 4y B ) , B 5 ¥ 5% 2 PVDF i,
5% Wifg =R E M 2 h )5, A —$1 Nur77(1: 1
000) . TRAF2(1:1 000) ,P62(1:1 000) ,LC3(1:
500) L JF N 2 B-actin(1:1 000) & i #% N 2 Lamin
B1(1:2000), — P W T 4 CHE THE L, 3
H 28 70843 VR U5, WS N3O 3 460 £ K ) — it
TAEW (s B % 1:10 000) , 76 28 I & 140 K B



Bt BT 5

ol

2h, R ECL #58b 2% £ OG5 B 5% . Image
J IR AF X Western blot 3k 15 1) 85 H 2% i 47 K B (H
Sy W, Himp , TRAF2 5 P62 % H B A A 1k &,
b T G K BE AR 5 N 2 8 B-actin £l K BE
(B A9 EU B R B 22 5 Nur77 76 A% A I S5 AP #6840 X 2%
5 43 DL H S Lamin B1 Al B-actin (4 4K B {H {6
FoR;LC3MFIL LU LC3-TI/LC3-1 1 LI =R .

K JH 52 i %€ 96 G B PCR H AR A I fiti £ 41
Nur77 55 Traf2 5 H (5% 5 K -« A 45 20 v B HIL A
6 F/NEL, FREL 50~100 mg il 2 ZUREA . K5 4 418
ARETWAINEE S 2R AR MG A1
mL TRIzol i 7 # 17 24 i JF 42 HUS RNA L F H]
Bl i 43 6 0l BE T X A RNA e B a7 kG #ff

E o f#H PrimeScript™RT Jz %% iR 7 &0 RNA [
55k cDNA, RN 55 F 1% & 8 37°CHE F 15 min, fifi
J& 85 CAbFE 5 s, FLHil SRy 20 L 19 PCR 2 Jf
K2, P45 10 ul f9 2 X SYBR Green iR 4 4%
1 pL @ B FUE51 9 (3 B R 10 pmol/L) (3 pL 1Y
cDNA B DL e 5 pL i T IR B K . PCR Y31 2
BT B A 95°C A& T WA ME 1 min; R 5
HEAT 40 A 3, B8 PR A 45 95 CAE P 20 .60 °C
B KIFIER 1 min, 3 FH B-actinfE N S IILH
it 2 (-AACOH B )5 ¥4 Nur77 5 Traf2 3 4 19 41 4
TR TR RN, IR R AE T AR, T
JPA L2 1.

®1 5l¥F5
Table 1 Primer sequences

HN 1515’ —>3") P /bp
Nur77 e CCCCACTATTTGTCTTATCCC 112

T iF TTACAGTAGCGTCAGCTTATTT
Traf2 i GGAACACCTAGCCCTACT 148

T GTTCAAGACGCAGACAAT
B-actin L iF AGTGTGACGTTGACATCCGT 120

T TGCTAGGAGCCAGAGCAGTA

T Nur?77 8% 32 & Nur77, Traf2 2 I SR8 K 32 R A DG K 5 2.

B 5 L PTTE 21 B IF Nur77 5 TRAF2 (95 A
HAE R RN ZL, 0 A T 1 S B M 2
Tk Ak T 0 ) 700 %) 284 A 9% PO S A RS L T ACC A%
T O U BV . SR Protein A+G % 2k
K 4 pg 9 Nur77 ik 5 Protein A+G #i 2k T %
T 1/NB AT, JF % TgG S BPE XS IR H
B LWERSME TR MEEER T 4 CRETRE
PR DB SR e AW o FH 2400 W 3T 43 Yk % 1 B
LRI A JERSHELS & EA, &5 A SDS-
PAGE L FEZZE v ¥ T 95 ‘CHmAA TR . Ve B A9 26 F
B b 38 3k 10 Y6 SR I Tk e 56 Jig P K 43 5 B S A B
| PVDF B I, 1 5% BEAR W TR & 2 he 43
S LA Nur77(1:1 000) #1 TRAF2(1:1 000) 2k —
P, 4 CH % HRP AR iy L EHt e =41 (1: 10
000) % 7 & 2 he o R A ECL k2% &Gk 4T
K, -4 Image J 43 Hr 45717, LA TRAF2 5
Nur77 {55 R R a8 . BiRasHdn
X HEAR HE AL (15228 1.0) , HoAl 45 21 3 A 6 F 45 1
B .

1.6 ZLit2#air

AW 5E BT A 508 24 48 B GraphPad Prism 9 483
BOPEHEAT AR B . i R L B AR (2 £ )
PR o AEBEAT A R) LU BCHT , T 5 0 RS AT O A
Koo 5 255 R 8. Xt T2 A mp Bk s, k
FH B R 2 7 2250 b A7 VAN o o 55 R AT 4 L
B, AR 7 22 5 PEAG 56 i 25 S vk B AR I ik
25 3¢ BF R Tukey’ s K 50, 7 22 A 5% oF W 3 H
Dunnett’s T35, LLP << 005/ ER B AYS
TF2E R S H G bR

2 #£R
2.1 £ 4/ B E S D) BE TS bR LR

Haaxr BA e, BEA 4 R B FVC,
FEV0.05. FEV0.1 ¥ FEV0.05/FVC. FEV0.1/
FVC HAE T (P<<0.05,P<<0.01) ; &4 T 1)
F A 2 Y 3R 5 T D) e S B R A 2 I 4R T (P
<C0.05) s FEPT I -+ F EF AL Tl B 48 A5 45 B4l i B A
B (P<<0.05), WK1,



Acupuncture Research

2.0-
== FEHYE
== {RHYLE

1.5+ == %A

* .
T == FEHRT B
G aw [] 2
~ g L
& 1.0
& * A
##
0.5- '
# * A H
- " ISlnln
- | 1 1
FVC FEV0.05 FEVO.1
80-
60- =
A
N = |/
H]I *
20-] # H &
WA
FEV0.05/FVC FEV0.1/FVC

HLFVC: G FEV IS &, 525 4 A, *P<<0.05,%P<<C0.01; SRR 4H Hds " P<<0.05; S M 440 thds ,~P
<0.05,
B 1 &ANREESWALIERILE (12s,5 RF/4A)

Fig.1 Comparison of pulmonary ventilation function parameters of mice in the 4 groups(;is,S mice/group)
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Fig. 2 Comparison of lung histopathological morphology changes of mice in the 4 groups(HE staining, scale=50 pm)
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