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[ Abstract] Objective To investigate the effect and mechanism of BIM/BCL-2 pathway mediated by CircRNA-
Foxo3 in regulating the apoptosis of type II alveolar epithelial cells (AECII) in mice with emphysema. Methods
Twenty-four C57BL/6 male mice were selected and divided into nomal control group (group A), emphysema group (gro-
up B), emphysema+CircRNA-Foxo3 shRNA negative control group (group C), and emphysema+CircRNA-Foxo3
shRNA group (group D), with six mice in each group. Mice in group A were not treated, while mouse models of em-
physema were established by cigarette smoke exposure in groups B, C and D; mice in group C were injected with a nega-
tive control of CircRNA-Foxo3 shRNA via the tail vein, while group D were injected with CircRNA-Foxo3 shRNA,
once every two weeks. The pathological changes of lung tissue in mice were observed by HE staining, and the mean al-
veolar lining interval (MLI) and mean alveolar area (MAA) were measured. The changes of composition ratio of SPA and
SPC positive cells in lung tissue were detected by immunohistochemistry. The apoptosis of AECII was detected by TUN-
EL and SPC double immunofluorescence staining. The expressions of BIM, BCL-2, BAK, BAX mRNA and protein
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were detected by qRT-PCR and Western blot. Results  The lung tissue of emphysema mice showed obvious patholog-
ical manifestations of emphysema. The levels of MLI and MAA in lung tissue were significantly incresed (all P << 0.05),
the composition ratio of SPA and SPC positive cells were decreased (all P < 0.05). Meanwhile, the apoptosis percentage
of AECII in lung tissue was significantly increased (P << 0.05), which was related to the increase of CircRNA-Foxo3, BIM,
BAK, BAX and the decrease of BCL-2 (all P << 0.05). The expression of CircRNA-Foxo3 in lung tissue of group D was
significantly decreased (P << 0.05), the pathological changes of emphysema improved, the expressions of MLI and MAA
decreased, the composition ratio of SPA and SPC positive cells increased, the percentage of AECII apoptosis decreased,

while the expressions of BIM, BAK and BAX were significantly decresased, the expression of BCL-2 was significantly incre-
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ased(all P < 0.05). Conclusions

BIM/BCL-2 pathway mediated by CircRNA-Foxo3 regulates AECII apoptosis in em-

physema mice, and blocking the expression of CircRNA-Foxo3 may be a new strategy for emphysema treatment.
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(type II alveolar epithelial cells, AECID 2 fifijfd 21 21
() S B RSB 0, AE A IR 55 2 R 5 3 100 il UM
P o AR b o 25 8 EAE Y 2R RNA Foxo3 (circular
RNA foxo3, CircRNA-Foxo3) nJ LI it #% K -F«xB
(nuclear factor kappa-B, NF-xB) 15 51l # /5 & M
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1.1 5 H] & 6 ik C5TBL/6 HEME/NER,
PR 16 ~ 20 g, AFRIEIE (23+£2) C, MHXHEE
(50+10) %, KI5 T 3 i 3 70 SEIE WA FR BT A
F] (SIS WIYF AT IE S : SYXK (3)2022-0015], BF 5T
PRAFFEN T — R BT SEIR S YO B S A ik (fe
LS IXY'Y2024-040) .

R4 circBase % [F 7 A7 CircRNA-Foxo3 741 )
%8 Zhou 2% 11 CircRNA-Foxo3 shRNA 51,
1 ¥ GenePharma A 5] & /% . TRIzol W H Invitro-
gen A 7 ; SPA fil SPC —HiHifkI H 3 [E Santa Cruz
/A BIM\BCL-2.BAK.BAX —¥i#i{k 2 TUNEL
IR A FRCIRF I ETL 752 = R AR TR A

A ; qQRT-PCR X7 &0 H TaKaRa A ] .

1.2 il NG 0 b3 24 U C5TBL/6 M
NI 4 21, 3 RN IE SRR (A 4D il SO 4
(B 4. i<+ CircRNA-Foxo3 shRNA [ 14%} 8
4 (C ) M i<+ CircRNA-Foxo3 shRNA 41 (D
), H 6 . AHANMNRATAEE,BA.CHLD
AR SCRRI6 1R FH A MR 55 2 e 422 ST M U/ ) BRUAE
B, @ERIIE, C A/NREFKES CircRNA-
Foxo3 shRNA B 1:x} 8, D 41/ 2 liki: 4 Cir-
cRNA-Foxo3 shRNA, 2 J& 1 K.

1.3 SEH %6 5E B PCR (QRT-PCR) ¥61F CircRNA-
Foxo3 #*ix TRIzol iE$EHL 4 H /N AR L
RNA, £ rRNA FIZEPE RNA . 238077 &30 A
cDNA J5 1T qRT-PCR ZiIF CircRNA-Foxo3 #ik, LA
GAPDH fE NS, DL 2% £IR CircRNA-
Foxo3 [RIAHXT FRIE A, 515 WK 1.

1.4 FRHLURE A 4 HNRITAHZ U A HE
et JE AT B A I, AR SCER (7100 5E i~ F- 3 N
#J 8] % (mean linear intercept, MLI K¢ “F-34) fitiyf3 1 A1

%1 qRT-PCR 3|45

FIE/EA S S5 —37)

CircRNA-Foxo3 _Li#51#): GTGGGGAACTTCACTGGTGCTAAG
T51%): GGGTTGATGATCCACCAAGAGCTCTT

BIM L3 51%: CATCGCGGTATTCGGTTC
N 5I%: GCTTTGCCATTTGGTCTTTTT
BCL-2 LU 51¥): TTCAGGGATGGGGTGAACTG
N 5I149: CACAGGGCGATGTTGT
BAK L 551%): ACTGCCGCATCCTCTTCCT
NI 514: AACCGCTCGTTGCCAATAG
BAX LU 51%: CCCGAGAGGTCTTCTTCC
5% : GCCTTGAGCACCAGTTTG
GAPDH L35 514): CTTAGGTTCATCAGGTAAACTCAG

T51%): CATGTAGTTGAGGTCAATGAAGG
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(mean alveolu area, MAA) .

1.5 AR fitiZH 2y SPA & SPC FHYESH iy
BeEl 4 2R/ BRUTZELZR ) s B et 22K, K3 P IR
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—P 4 CHEBE R, PBSIEYL G 1gG P =EIRIFH,
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1.6 XH Gy 2 e J AR AECILE T 4 4/
FB LR ZR47) b L S R 1 KSR AL, TN SPC
—Pi 4 CHWEIR, 5 FITC bric ) —Hi = s
)55 TUNEL 08 'GI 6 J5 98 s N
SRR I . Z B SCER[7] 715 TUNEL 11 SPC XX
FHE4H A E 43 He, TUNEL A1 SPC XU BH 1 fé 41 fit B
RPETH) AECIL.

1.7 gRT-PCR #Jll BIM. BCL-2. BAK /% BAX
mRNA ik TRIzol EFEHL 4 /R4 L
RNA, %55 & 1 B & i cDNA J5i#4T qRT-PCR,
UL GAPDH 1E AN Z 3L, DL 2229 37K H 1) R A
XFRIEIKF, S FH LR 1.

1.8 Western blot £l BIM. BCL-2. BAK f BAX
HHRIE 4 AN RIEHR R S EH, BCA R
PG E 8 FR S, B SR | FLK S LR 2 A
FRAYHENE b, 72 4°C 5 —h g m, —Prsinm
B 1 h, Wi, B EARMEE, BUEKE S, it &
H #)E AN F kKo BLB-actin {FE AR SR .
1.9 Sit ik BdEKH SPSS 20.0 #A:4r T, 1t
BRI bR E RO, ZHMBECRH F &
¥, ZHEIEBCRH LSD-t /. P < 0.05 FRZER
BRI E X

2 R

2.1 4H/PEITHL CircRNA-Foxo3 ik @7 fii
SRS, B 44 CircRNA-Foxo3 ik & 1
BET AH(=8.91,P<0.05),C 4 CircRNA-Foxo3
KikESBHERLGITFE N @=0.72,P > 0.05),
D 4 CircRNA-Foxo3 RixEHE/NT BHK CAH
(t=6.45.8.35, 1 P < 0.05), WK 1.
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A 293D, 853 Bty 1R W 24 9@ A s CircRNA-Foxo3
ShRNA ACER 5, Jili = A0 35 O3 B . 4 4, LI 2.
B 41 C HfifiZH4 MLI A1 MAA /K P& T A
4 (r=33.46, $J P < 0.05); D 41 MLI fil MAA /K-
BWKTFBAHAKCH, mT AH ¢=1752, ¥jp<
0.05), 5% 2.
23 4 H/NRITZHZ SPA 2 SPC A 40 B Ah B b
Tl AR RN, 5 A S, BARN CH
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5 A AR, aP < 0.05; 5 B A, bP < 0.05; 5 C A,
cP < 0.05
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VEEANAY, l&lBjjBéﬂ l&lcﬁcéﬂ KD ANDA

B2 4 /RN 24008 (HE Y, x200)
2 4B/)DRAALR ML A MAA FKFEEER
45 15115 MLI(um) MAA (um?)
A4 6 41.96+2.91 4158.71+£149.83
B4 6 91.3942.14 10 384.40+£931.95
CH 6 91.51+1.95 10 234.90+503.02
D4 6 70.55+20.84 7 989.63+164.26
F1E 634.54 172.76
PAE < 0.05 < 0.05
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FHPEAN M s T B AR CAH, KT A4
(t=5.12,3 P <0.05, WK 3 ~ 4 &% 3.,
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2.5 BIM.BCL-2.BAK /% BAX mRNA Ffl R IA
Bl 5 A4, B4R C 4L/ B4 24 BIM,
BAK & BAX mRNA Fli [ &k & W 18
t=15.03, %) P < 0.05), BCL-2 mRNA FlE £k
miLE NF (=14.04, ¥ P <0.05. D ANliHLA
BIM. BAK } BAX mRNA fl& £ & EH KT
BN CH, mT AHGE=6.01,%)P < 0.05);BCL-2
mRNA fIEEARZEHESGT BAL CH, KT A
=>433,%1P <005, ILE 6~ 7.

~

S
fm
)
~

3 Tig

CircRNA-Foxo3 /& —Ff#ME T circRNA, %
R AT 38 I sl0a 55 22 b N 9 0E 1) 4 5 TR B AR L
CircRNA-Foxo3 AI{E#E L F%E%, Nl CircRNA-
Foxo3 I3 IA Al k4 O M e i - E v E 5245 ' A F
FRIN, CircRNA-Foxo3 7E 7 JHNH 55 5 &% 11 /)N Bt
S 2R R 00 2 B A A R g /N BRI 9L 7 240 i
Tk LY AR, B E RS S
i/ SR 4 CircRNA-Foxo3 ik &M & FTT,

TUNEL %:{f, SPC 4Lty DAPI %4, Merge 44
[ A Fa Ta A

A:EANAYLEBABYU, K CHCY, B DAND U, ikt
NPT AECIL. AECII 4y 1T Z4Jfliia L 5z 4 it
5 4 4/NRIAZ AECH TR P B (S 4, x640)
F4 ARNRIEL | BEE ERERATKELRRE %

ZH 5 Bi% SPA BHYE4TMuK L SPC BHPEANub sk 450 % TUNEL #I SPC X PH 4 #4 & L
AH 6 13.25+1.10 9.45+0.79 AH 6 4.16+1.47

B4 6 8.04+0.79 5.66+1.03 B4 6 13.16+1.94

cH4 6 7.69+0.60 5.96+0.81 CH 6 14.00+1.78

D4 6 10.21+0.66 7.62+£0.94 D4 6 8.50+1.87

F1a 58.90 22.48 F1iH 39.45

P1H < 0.05 < 0.05 P < 0.05
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