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Establishment of a model of developmentally regulated brain protein 1
knockdown based on the Tet—on system and its regulatory effect on

nuclear morphological homeostasis and senescence of lung cancer cells
Hu Xing',Li Yao',Zhang Lian’, Zhang Chundong’
(1.Department of Biochemistry and Molecular Biology , Chongqing Medical University;
2.Department of Histology and Embryology , Chongqing Medical University)
[ Abstract] Objective : To establish a conditional knockdown model of developmentally regulated brain protein 1(DBN1, also known as
Drebrin) in human lung cancer A549 cells using the inducible Tet-on lentivirus system, and to investigate the role of DBN1 in
maintaining malignant phenotype, preserving nuclear morphological homeostasis, and regulating cellular senescence in lung cancer.
Methods : UALCAN and Gene Expression Profiling Interactive Analysis database were used to analyze the expression characteristics
and prognostic value of DBN1 in lung cancer. The pInducer10-shDBN1 inducible expression system was constructed , and doxycycline
induction conditions were screened and optimized. Western blot, colony formation assay, wound healing assay, and (3 —galactosidase
staining were used to assess the effect of DBN1 depletion on cell proliferation , migration, senescence, and nuclear morphology. Results :
The poor prognosis of patients was significantly associated with abnormal upregulation of DBN1 in lung cancer tissue, and clinical data

showed that this protein was highly abundant in cancerous tissue (P<0.05). An efficient and controllable Tet-on inducible knockdown

model was successfully established , with the optimal condition of in-
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(2026-04-08) nied by upregulation of the senescence-associated secretory pheno-

duction with 4 wg/mL doxycycline for 6 days. Functional experi-

ments showed that inducible knockdown of DBNT1 significantly in-
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type factors such as interleukin-6 and tumor necrosis factor. Immunofluorescence assay showed that DBN1 depletion resulted in abnor-

mal F-actin remodeling and disrupted distribution of the nuclear lamina proteins Lamin A/C, thereby leading to distorted nuclear mor-

phology. Conclusion : DBN1 is a key oncogenic factor that promotes the progression of lung cancer. By using an inducible knockdown

system, this study reveals a novel role of DBN1 in maintaining nuclear morphological homeostasis and inhibiting cellular senescence in

lung cancer and provides a potential therapeutic target for senescence—inducing treatment of lung cancer.
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i % & ¥ 15 2 1 (developmentally regulated
brain protein, Drebrin, DBN1) & ¥ M X #1055 7 A&
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- [A]) J5 2% #4) 35k (actin—depolymerizing factor homology
domain, ADF-H) . coiled coil 2543k A2 5E 45 4 55, C
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PR 8% 7 3L (Opti—minimal essential medium, Opti—-MEM ) %
T4 H Gibcoo 43T )% : pInducer] 0-mir—RUP-PheS Fikr (#
44011) 1% A Addgene ; #% % R (ribonucleic acid, RNA) $i£ B
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G AR A 43 AT - TR SR B LVE 43 BT (radioimmunopre-
cipitation assay lysis buffer, RIPA) 24 fif i . 78 H1 3 Bff /it 96
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choninic acid, BCA) 17 &1 FI & 1 5% s - e SE R f -
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gel electrophoresis, SDS-PAGE) il £ 5 41 B 11 50 7 & -8
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Dojindo B ;= i 5 2 i — F & % 5 (polyvinylidene fluoride
membrane, PVDF) (0.45 pwm) 780 B 54 B 8% Pk K HAb .
DBN1 5 H i i -3 -5 % i & (glyceraldehyde—3—phosphate
dehydrogenase , GAPDH ) —3i 59 B Abcam 5 Proteintech ;
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edu/index. html) 73 #f DBN1 {5 fili 4% ¥ #% g (messenger ribo-
nucleic acid, mRNA) FE H KKKV 19 22 57 >R T K R GA
W% 32 H. 5 AT 2 8% 2 (Gene Expression Profiling Interactive
Analysis database, GEPIA ) (http://gepia. cancer—pku. cn/) 53 Hr
DBN1 ZA 5 A BUR IR
122 #MIEEFR 7837 °C.5% CO,MFRHERREE T , A549 2
M35 3% T8 10% JIE 4= 13 (fetal bovine serum, FBS) A 1% #X
YUY DMEM/F12 5535 54 4K, 293T 41 i 76 DMEM 25 H {4
Z (AN 109K BS B 19 75 %5 3R 8 %) ' UL AU IR
123 Ha g K Bt s 3 3 A BIFSE BT i 19 DBN1-
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shRNA # ] H Bt , 12 B Sigma—Aldrich ¥ %l (www. sigmaal-
drich.cn) 45t B T P07 51 5 1 B U 7E 26 35 B, DBN1-shRNA
1#: CTGTGGAAATGAAGCGGATTA ; DBN1-shRNA 2#: GCG
GATTAAGTTCCTGGTCAT ; #% 41 % DBN1 3 [A] (1) 45 5 1
miR30-shRNA JF ™, iy AR LK 23 1) G 8 DBN1-shRNA
). B R 3 5B 2 pInducer10 244 . 200 7 5 A
J5i i 44 4 DBN1-shRNA 1#41 DBN1-shRNA 2#. % & 4112
993 27 214 (pInducer10) 5 £ 3% Fikz (PLP1 PLP2 F1 VSVG) 3
e e 203T AN EAT o 75 0028 o i A A e RO T ik B IR
SCHR

1.2.4 A€M DBNT AN RAGE  AS49 4 i 721 YL 7
Ja TEE 1 pg/mL SRR A IR A b e bk ek, &
ST RS RS B TR A L R . 0 TR Y A R RSB T
R A I AR 1 T A7 B 2 A P R 7 32

125 #EH FEIE (Western blot) Kl 2 B SCHRUOEF T 45
fE, —PUR BB R Anti-DBN1(1:1 000) , Anti—-GAPDH
(1:5000) ; — P BAR 13 5 1L P i (horseradish peroxidase,
HRP) bric S0 S/ B A € BR B 11 G (immunoglobulin G, 1gG)
FRE LB K 1:5 000,

12,6 REIERIE S MOCHR TR

127 RJESEE: 6 FLAR T AU Bk 5 95% LA T
FHCKEALN 2 I FIR AR, & T Th ar 255, A0 h
FEhA A 12 R 1R IR R A 1B .

1.2.8 YAl M AR 534 40 S SR T KX B2 (shCul
2H) KR sE Bk DBN1 4H (shDBN1-#1 . shDBN1-#2) 21 i FH Ji
il A AR 2 T B0 v B0 R L I T mL SRR R 22
I (phosphate buffered saline , PBS ) B2 4 il , &34 2 V¢, il
AN T5% Tive ST E , Qe ERTH] PBS TR E W . InABLL
N BE (propidium iodide, PL) /4% BH ¥ B2 T A (ribonuclease A,
RNase A) e (0 TAEW, & I EEOGIE R 30 min, EHLEEIN 43
B2 0 S 30 . 20 B PBS WE VA AH I 2 XS L A 300 L 1x
454 2% WP TR AN M, ] Annexin VFITC #7330, EALRT 5 min
Jns L PLYL(, BRI 200 WL 254 2% vhif , #23E Annexin
VFITC H1 PLYY 855 553 Hr UL g8 715 0 o

129 A LKW LE AP A0 e 6 FLAR P H &
4 we/mL Doxy B85 37 36155 6 d, X IR 2 FH & 55 3 PBS /Y 1%
FRHIEFR 6 do AN A U 2 IR &5 U B 15 (Abbkine,
KTA3030) .

1.2.10  SEB g 300 5 55 BR A il =X s o (quantitative real—
time reverse lranscription polymerase chain reaction, qRT-
PCR) 2 MESCHRUUEST RNA R BUSGE S 5% o 5 |9 R
YR A BRAF A . M2 GAPDH: LiiE514 5’ -ACCTGA
CCTGCCGTCTAGAA-3", Fil#514) 5’ -TCCACCACCCTGTT
GCTGTA-3";DBNI1: Li5|4) 5’ ~AAGGACCCCAACTCTGG

ACT-3", T84 5’ ~-GCTTTCACAAGGAGAGTGGC-3" 5 [
A/ Z-6(interleukin—6,1L-6) : 5145 ~GAGAAAGG

AGACATGTAACAAGAGT-3", FiF5|#:5°~AGCTGCGCAG
AATGAGATGAGTTG-3" ; JRISAFE IR F (tumor necrosis factor,
TNF) : EU#514 5’ ~GCCTCTTCTCCTTCCTGATCG-3, F il
51415 ~GCCAGAGGGCTGATTAGAGA-3" ; C—C K F#a 1k M
T-Wi A% 2(C~C motif chemokine ligand 2,CCL2) : FiE5145°
—CAGCCAGATGCAATCAATGCC-3", FiiF5|4# 5’ -TGGAAT
CCTGAACCCACTTC-3" ; 2 51 42 J& 5 1 B 9 (matrix metallo-
peptidase 9,MMP9) : [ii#5|4 5’ -TCCCTGGAGACCTGAGA
ACC-3", N34 5’ ~CGCCAGGAAGATGAATGGAA-3" .
1211 [AMEREEDOCIE e g v Jl T 24 LA, 435l
T X FR 2 RS S o D 4 4 M, 5 A M % 2 A 31 85% A A
Ja B BRI IR E IR 4% 22 5 P T I Vi = L I o A0 i, AR
W —P GNP 3CIET s A% DL 47, 6- kA
—2- R LM WE (47, 6-diamidino—2—phenylindole, DAPT) 4% &
Y5 minJ5 {5 1) Leica SP8 UG IL R A9 WAl B i A7 7¢
FEEUG R AE

13 %it¥5 %

K H GraphPad Prism 8.0 #4748 11531 . SEERsh
FILATIHL + ArifE 22 (x £ 5) Fom , LA SCIR R UE = /0 31k
ST B AR, 2 2 R) 1 BE KT SR FH R 20 ST RE AR o R 8 e 8 K A
a=0.05,

2.1 FELRECHE R AT DBNL A2 5 & 4 s R & 5L

Sk B DBN 7 it 4 20 e 14 28 15 K7 B LI R
T G FH 7R 2 W3l UALCAN 43 i i i PR 4 P 2 0l T
(The Cancer Genome Atlas database, TCGA) P Jili B 8 (lung
adenocarcinoma, LUAD) | ili @ &% (lung squamous cell carci-
noma, LUSC) K 5 137 98 55 1E. % 414374 DBN1 Y mRNA Fl#E A
FRKFE, R R, 5RESFAZHLL, LUAD FILUSC 4140
H DBN1 mRNA Fl&E kK -F 378 & 14 (P<0.000 1) (&
1A~D) . Filb—45T DBN1 K ik 5l B & BRI R,
AW 5T K FH GEPIA B8 5 X TCGA BOs 4 v Jiti g H 35 )
DBN1 B 506 5 28 A2 05 b AT Bt . itk — 2 5T
DBN1 #2638 X Al 28 3 W5 B9S2 0, AR 52 R F GEPIA %
P& 7% (http://gepia.cancer—pku.cn/) 73 AT TCG A 45 [ Hh i g2
HBH MY DBNL ik 5 AE AR 19 56 & o 46 LUAD B35,
DBNI {5 IR 2 ) S AR 2B A7 2] B AR T34 20 (P=0.030 0)
(1 1E) ;76 LUSC H. 2, DBN 1 = F ik 4 19 T A AR 1] i,
G FRER LA (P=0.004 6) (B 1F), LI_EZ55RFH, DBN1 LN
FE LU b Rk, HHR R A S il 8 R TS
AR RAHIE 30 55 viga 2 2 o it e JXURS: 33 Jin g DDA OG
22 A A549 48 P Tet—on 5 F 7% DBN1 3R £ St M i
5 kAL

A5 8 5 12 5 TR AS49 2 T, 25 I g 2k
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PEARAG BHE ST , B El 37 Tet—On 5537 DBN1 fisiAa i 21
JItd % (A549-DBN1-shRNA-Tet-On) , Jf §ifi 12 15 %1 2 4~ 4§ i)
DBN 1 fUBATTREANMIRL (DBN1-shRNA 1# DBN1-shRNA 2#) ,
EL A HFFTHGE 10 pe/mL Doxy FT I A549 4119 , by i 16
WE AN 52 i) 41 2 BR S SCRE T A075- T 3k R A 1 Doxy ¥R
B ASHIFSE B S A IR R & Doxy X 26 A% AS49 41 I 11 5%
Wi CKE AS49 ATHE A H 2 .48 pg/mL J 10 wg/mL Doxy 4B
4d, DIASMZGH by 5ot BE 3 1 40 R 25 RS AN 04 52 68 7 A6 DU
RI:2 we/mL F1 4 we/mL Doxy &b ZH 41 L JE A FE0) | 2F K
RES R A, 50 B AH b3 4 0 R 0 B 8 25 575 1T 8 pug/mLL
F110 pg/mL Doxy Ab ¥ 2H 2 i 354 58 B i 52 9 (81 2A . B) , 4&
AR JE (<4 wg/mL) Doxy X+ A549 41l fitd J& I & #:1% , °T T
JEEE SR . W B S S A1, ¥ AS49-DBN1-
ShRINA 1471 2450 5 R 41 i 3 550 FH A [R] 4R B Doxy A3, 3 4ok
Western blot Kiilll DBN1 2K [ 283k 7K - 455 4nf& 2C 12D fir
/N, 4 pg/mL Doxy 53 6 d J& , 2 4> B TR K 1Y) DBN1 &
RS EH R T R, 5 TR AR 1 4
DG A (red fluorescent protein, RFP) i 5 3& K, 7F 4 pg/mL
Doxy 525155 T 1 5 Hh 3 1 2 O i 1B 20 25 WL 40 Jifd ¢ '
fF5281k . B2 6 K, Doxy bR 40 M RFP {5 53554
R, 9 TR 3K 100% , IR E T 155 R 5050 2000,
YIS REN R Doxy JH45 51 J5 2l shRNA 235 (Bl 2E) o DL 2%
W] A549 DBN1-shRNA 40tk B AE 15 T 45140 4 pg/mL

Doxy £F£EAL R 6 d.
23 %tk DBN1 X B an B3 55 15 iF 45 4 A 69 3460 45 R

Jg T & GEATA T F 19 Tet—On 75 5 2 A549-DBN1-
shRINA Fe % B [ 41 i ke o il s 200 M A 0 2 AT R B R i
ARWF ST S IR T 1455 24 BT [ A0 O R 10 556 R AE
Western blot % & 4347 7~ (€] 2C F12D) , 7 4 pg/mL Doxy 5
56 dJa, 1#5 2#50 M1 DBN1ZE 14 335 /K 45 9 8. 25 R 4
T 70% M 34%. BEIG , A58 R vE B IR ) S 56 ) S
B, 43 PR 5T DB i U %o il 45 240 it 184 5 K% S 8 T ) 1) 5%
W o SR ST B IE B SE 48 45 4 we/mL Doxy 755 DBN1 R U
JE AR SR BLRE o 25 SR i , 5 PBS X HRZ [ e b 4K
1#(212£9) 1 ;24#(278 £ 15) 4 4H [L , Doxy 75 5 DBNT i Jik
T8 RER 1#(19 £ 5) 152440 = 7) AN 40 i 58 B T2 il %
H B R (BT 3A FB) , X 2 B R 80 DB &3 41 1 it s 4
MBI AR Ty o R SLIR 45 0 /R | 506 R AR X 40 i T A
1#(81 +2) ;2#(65 = 4) M1 L , Doxy 17553 #il Vsl DBN1 % 35 5 fiff
I 20 LR A 8 T AZ A AR T S M TET AR - 144(59 = 1) % 5 24#(38 +
1)%](1#: P=0.008 ; 2#: P=0.033) (K1 3C.D) . LI 455 %
DBN1-shRNA 145 2#2 A~ B s B % 4 T 1% DBN1 2 [ K F
R S AN R A 85 5T 8 ) L BB E— B
YT L v B AR B 1 RORROR B HLAE T AR SE 00 B o AR e
AW 5 I S TR AL S 08 32 BER FH shRINA 14 B2 e [
i .
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1# 24
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Doxy

A. VTR IS IR D 240 ML 5 e
1# 2#

Il PBS [ Doxy

B. KA 2H s BT ARE )1 ) Stk AT
1#

PBS Doxy PBS

12h

24 h

2.4 DBNI & 4 8 fm Rz T 25 48 25 23 ) Il i 4m 6L 5% 2% P
o I He AT

I AN AR T & L, 7E A549-DBN1-shRNA 41l fifg
W, 28 Doxy W55 T IR DBN1 2355 , 410 & 10130 A5 26 i i
BELH AR T /KPR 2422 5 (1 4A~D) . SN IMIHR A549 41
Jif v R 98 DBN L 410 1fi 200 B 1 5 A9 AL Ak 0 — 20 G 00 R O
DBN1 XA TE# A5 0 . WA 4E R F s, -2 LB
Yt 5 R BIR  7E Doxy 755 DBN1 K35 F /5, AS49 4Ry
e BRI B TH 7 (P=0.010) . [AIA, qRT-PCR K il 45 51
P75 T B A A4 W 72 B (SASP) By A5 4k, - M A T PBS 4,
Doxy #b B4 1 IL-6 \ TNF . CCL2 K MMP9 45 3 bl 55 32 41 5 [H]
T mRNA k7K1 8 % 1 (P=0.010, 1 4G) .

EA ZHWF RS, LBh 8 454 8 1 DBN1 7R 44
WL 285 1 A R, R T 2 A 45 ) ) e
A, 1 LF)2 7 [ Lamin A/C 2 25 435 40 i A% 25 # Fa o 1Y)

S

100 -
DOXY - PBS

80

I Doxy

P=0.007 7
60 -

40 4 ns

ARXTAAEHIAR (%)

204

0 -
12h 24 h

D. 1#5E A A AR A A1 g o b
2#
9 Doxy

80
Il PBS

60

P=0.007 7
404

204

HAXTARAE AR (%)

12h 24h
E. 2450 B AR A AP I G 0B
B3 FiRE4EAE AR R DBN1 RIAST A549 H i R B i) R 1E

L 43, 20 258 55 53 A 52 M 2K K A% vh F- L sl 3 11 (fila-
mentous actin, F-actin) (JEHE"2, R IR & i gs &
E] 32 B EBE G F A, W 8E DBNT &k 4 % A549 41 il P§ F—actin
(£14%) 5 Lamin A/C (&R (0 ) 21288 T 23 R R 52 . 45 5L bk
7R, DBN1 R IE TG, F-actin 9¢ 658 B 556 IR 20 WA 4 T 5
(B 4H .41 o EAZ R 3 A J5 T, % B Lamin A/C 52 R0 ()
FRARAE B8 H A% B 25 150 5 10 DBN1 S84, Lamin A/C [ 1
TUBRARSI AT IS, A0 2501, IR bl )™ 2 A0 4 A2 e %, R 3
o R B 7 A B 4 4R (P=0.010, K] 4H 41) o X 42 7R il
WIBLBREK 7 7T e LB S 3 R, S I o 7 e A i R S A%
HEN AL B R A . LIRSS R AT T
it 240 S v DBN1 22 3A AU BH A T 20 i A 9, 38 3 B0 T 4
M TE SRS A AT . XA DBNT B4R 51 i % w8 5
Lamin A/C T HE , 2 40 i 7 A 3= 4K 25 (cellular senescence )
SR o2 v



BERERKFZR 2026 £5 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 ) — 651 —
1# 2#
. 3:P1 e 5:P1
? Q1-UL(2.86%) Q1-UR(6.96%) 2 3 Q1-UL(2.59%) Q1-UR(7.53%)
92} " .
@ b < 1
| 8] o]
g7 73
~ e 79.06%) ] Q1 -LR(11. 11%) K }Q1—LL(79.93%) 01 -LR(9. 95%)
0 20 40 60 30 100 1200 20 40,60 Ang 1 go 120 i T il T
-, e i N 6:P1
| = Q1-UL(3.23%) Q1-UR(7.86%) 2 JQ1-uL(3.10%) Q1-UR(8.30%)
1 000 1200 ]
800*- 1 000 ? 3 23
g S L2
I — 8% B
& 5600 £ 600 £ g
40()— ) =
20()— . < s
] ° | (76 87%) : g Q1'~LR(12.04"{n) e 8.52%) Q1-LR(10.08%)
0 104 10° 10° 107 ‘ 10¢ 05 100 107
0 20 40 6() 8() 1()() 120 0 20 4() 6() 8() 100 120 Annexin V FITC FITC-A Annexin V FITC FITC-A
FIL2-A PE-A FL2-A PE-A Annexin V

PBS

Doxy

E. B —FIL AR R S

DAPI Lamin A/C. F—actin

PBS

Doxy

e

A ﬁiﬁﬂﬂﬂﬂ**‘{mﬂﬁfﬂéﬁiﬂﬂﬂﬂ;ﬁ
O s e

100 -

80 -

60 4

404

201
0 T T

1#1 PBS 1#1 Doxy 1#2 PBS 1#2 Doxy

B. L4 E S EE (G, S, G2/M ) Hufl

40— | PBS
P<0.001

SA- B —gal FHIEAINE (%)

H. /] Lamin A/C HTIH L ZEFRRA YL .40 i
E4 mhEEEGE S5 DBN1 Rk

30 o P<0.001
20 —
10 <
0

0 Tun

SHEMRRERABZES

C. WA AKGIN A AP T M ( Annexin V-FITC/PIXUL )

25 I PBS " Doxy
0|  P=0469 P800
=
w15+
ﬁ 5
= 104
54
0
1# 24
B Doxy D AT HI S4B
1#
B PBS Il Doxy
%
= 41
z
~=
E
DBN1 IL-6 TNF CCL2 MMP9
F. SA-B —gal 5 P R A (RT-PCREG I SEL A L5 0  T-
so_ I PBS [ Doxy
P=0.001
P=0.004
40 -
/ﬂ 30
&
E\é
X 20—
10

1# 2#
L 2B AT B i gE T b



— 652 —

BERERKFZR 2026 £55 51 &5 5 # (Journal of Chongging Medical University 2026.Vol.51 No.5 )

UG = SNBSS = X S 5
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