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[ Abstract] Objective To analyze the expression level of cathepsin E (CTSE) in lung
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adenocarcinoma (LUAD) tissues, and to investigate its regulatory role in proliferation and its potential molecular
mechanism, so as to provide experimental evidence for the pathological assessment and targeted intervention in lung
adenocarcinoma. Methods Clinical samples from LUAD patients were selected, and immunohistochemistry (IHC)
was performed to evaluate the differential expression of CTSE between LUAD tissues and adjacent normal tissues, as
well as the factors influencing CTSE expression. The expression levels of CTSE in various LUAD cell lines were
evaluated. CTSE knockdown and overexpression cell lines were established to evaluate their effects on cell proliferation
in vitro using cell counting kit-8 (CCK-8) and colony formation assays. Subcutaneous xenograft tumor models were
generated to verify the effect of CTSE on tumor proliferation in vivo. Flow cytometry was used to analyze cell cycle
distribution and immunoprecipitation combined with mass spectrometry was employed to explore the potential
molecular mechanisms underlying CTSE-mediated cell proliferation in LUAD. Results The CTSE-positive area was
higher and the expression level of CTSE was significantly higher in LUAD tissue than in adjacent normal tissue (P<
0.05). The proportion of pathological grades 2—3 was higher in the CTSE-high expression group than in the CTSE-
low expression group. Compared with normal human bronchial epithelial (HBE) control group, CTSE messenger
RNA (mRNA) and protein expression levels were significantly increased in PC9, A549, H1650 and H1975 cells (P<
0.05). Following CTSE knockdown, the single-cell clone formation ability of A549 and H1299 cells was significantly
enhanced, whereas the doubling time was reduced (P<<0.05). Conversely, after CTSE overexpression, the mRNA
and protein expression levels of CTSE were significantly increased in both A549 cells and H1299 cells (P<<0.05).
After CTSE overexpression, the colony formation ability of A549 and H1299 cells was significantly decreased, while
the doubling time was increased (P<<0.05). Subcutaneous injection of CTSE-knockdown A549 cells and control A549
cells into nude mice was performed to establish a subcutaneous xenograft model; CTSE knockdown significantly
accelerated tumor growth rate and increased xenograft weight (P<<0.05). Flow cytometry analysis demonstrated that
after CTSE knockdown the proportions of cells in G1 and S phases were significantly altered in both A549 and H1299
knockdown cell lines (P<<0.05). In A549 cells overexpressing CTSE, the G1 phase was prolonged and the G2 phase
was shortened, while in H1299 cells overexpressing CTSE, the G2 phase was also shortened, showing significant
differences (P<<0.05). The regulation of cell proliferation by CTSE was independent of cell cycle progression
transitions and might instead be mediated via lysosome pathway, mammalian target of rapamycin (mTOR) signaling
pathway and other function pathway. Conclusion CTSE is highly expressed in LUAD tissues and is closely
associated with pathology, serving as a potential biomarker for pathological grading assessment of LUAD. CTSE
negatively regulates cell proliferation in vitro and in vivo via the lysosomal and mTOR signaling pathways, emerging as
a promising novel target for targeted therapy in LUAD.
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ARG . AR AR 2~ 3 d AL AR — R, SEE I FH 40
B0 T2 5~2010 0 A EE 3% T % 10% i 48 1 v
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WAREE SRR R . B0 R B L, R
HETC N B &R R/ 2 i R & (B85 DP118)
Xof 98 4% TR AR R AT SR B2 B, #% IR Lipofectamine ™
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of genes and genomes, KEGG) FlJ i 41 i [# A4
J£ (reactome pathway knowledgebase, Reactome)
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1.3 Giit*#Jrik WA GraphPad Prism 10. 2. 3 &
IBM SPSS Statistics 26 48 78 F 2 B Kot o ¥ 2
PEATIE S 0 A0 M7 22 SR PR R S, AP IE S A Y
TR 2 s R, BRI S HEAS (4G 56
RS PR R 7 22 48 BT F Dunnett's (A3 B . R

F CTSE Jf & XF LUAD # & 7= £ B i 19 0 )2 3¢
i (Log-rank P=0.720), W& 2. it— 4447 i
~, CTSE W #£ ik LUAD % B 2» 2% 2~3 2% L 1)
mTCTSEMETSA, 2R AFRITFEENL (P<
0.05), 2ZHPER . AFU Sm K539 T4 . N4y
WA AR B PR R ) 2 F ESE IR
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Table 1 CTSE expression in LUAD tissues and adjacent

normal tissues on tissue microarrays

W 0 5 2253 BT o AAF A IE A 20 A6 9 3 1 B8R (n=89)
M (QR) #Fin, WH R HBMKL, 507k D i CTSE I #E i B CTSE kK F
B 0 Fom, RIS, SYv Gl MQR)
FREAG . P<0.05 %2 RA 51221 ¥ S 55 441 8.423+2.469 0.336<o.o1s_s>
LUAD 441 12.89546.722 0.350(0.035)
o % =] t/ 21k 6.344 4.076
Py <0.001 <0.001

2.1 CTSE7E LUAD @40 & 3235 H 590 B 4> 9%
BREIEMX HEICTSE £ LUAD H 4 b
FIEME B, X 89 il LUAD 4 408 F #E47 THC 4t
o, SR Wk, LUAD 440k CTSE B i FL
FHEsH 44, CTSE Fik/KF @ Frasr s,
ERAGIFE X (P<0.001), WE1HEIL
ik — AR CTSE Xt LUAD #3519 1 1 fig
Ji, MRAE CTSE A mi AL b 47 #c CBH M AL
12.741%) ##F 4> N CTSE i k4 Ml CTSE
Tk, X HBEAT AL, SR BoR, B fi

2.2 CTSEZEZF LUAD 41 il & h Z 505 /£ ik
RE qPCREREx, S A (HBE) L,
1EPCY, A549. H1650, H1975 4 CTSE {5 ffi
RNA (message RNA, mRNA) kK & & Tt
B, WBIESZPCY9, A549. H1650, H1975 41k
CTSEEHRHRENREE LI, ZRARITHE
X (P<0.05); 7£ H1299 41 i b CTSE mRNA %
KK REAKFEZS TSI FE XL (P>0.05),
W3, E3.

%2 CTSERREAMCTSEMRIEZAIGKERLLE

Table 2 Comparison of clinical characteristics between CTSE-high expression group and the CTSE-low expression group

(%, %)
. PE AF i 431 T 49
24 431 1%
Erg i 54k <60% >60% 114 11 1 4 14 21 34 41
CTSE@mF ik 45 18(44.0) 27(60.0) 25(55.6) 20(45.5) 21(47.7) 13(28.9) 11(24.4) 26(57.8) 14(31.1)  3(6.7) 2(4.4)
CTSEffFAL 44 24(54.5) 20(45.5) 20(45.5) 24(54.5) 23(52.3) 12(27.3) 9(10.4) 25(56.8) 14(31.8)  4(9.1) 1(2.3)
Y/ Z14 1.889 0.908 0.320 0.638
P1H 0.169 0.341 0.852 1.000
N N 41 9 L5 G0
215 1515
03] 13 24 34 1% 2~3%%
CTSE@#£ikA 45 27(60.0) 10(22.2) 7(15.6) 1(2.2) 0(0.0) 45(100.0)
CTSEfRFEEH 44 29(65.9) 8(18.2) 6(13.6) 1(2.3) 9(20.5) 35(79.5)
/21l 0.653 8.113
P 0.930 0.004
Ji 988 2 A Ao L o =R 1A Ji 33 2 78
51 1514 -
4 Lt ERIU Tk g - A JE 1 LEEAiT]
CTSE®#ikeH 45 14(31.1) 31(68.9) 19(42.2) 4(8.9) 20(44.5) 2(4.4) 38(84.4) 7(15.6)
CTSEfk#iEd 44 15(34.1) 29(65.9) 17(38.6) 9(20.5) 17(38.6) 1(2.3) 33(75.0) 11(25.0)

Y/ Z18 0.090 2.628 1.230
P& 0.764 0.518 0.267
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%3 CTSE7ZELUAD 4 & i mRNA RiZKFE
Table 3 mRNA expression levels of CTSE in LUAD cell

lines
(x+£s)
15 8 CTSE m‘RNEA AT
ik

X 41 (HBE) 4 1.007£0.136
H1299 #H 4 0.4464-0.060
PCYZ 3 2.28740.368"
AS49 21 4 7.36340.722"
H1650 41 4 6.94240.391"
H1975 4 4 5.49240.169"

FAH 256.000

P{H <0.001

"PE<0. 055 %} HE 24 LA (Dunnett's 1 K 56

2.3 CTSE f [ ¥ £ LUAD 40 jg 14 4h 3% 5 € 1
g B 3iF CTSE XF LUAD 40 Jifg 5% 58 1 9 422 /5 1

AW 5E 18 B CTSE ik K B A AR A549 4

M (A 5 HI200 410 (REE) AR,

EGFR (WT)
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EGFR (WT)
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CTSE
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B3 CTSEZ7ELUAD 4% %R ixKE
Figure 3 Expression levels of CTSE in LUAD cell lines
I CTSE AR b ok IR BEAY T e DI RE 2 50 .
2.3.1 CTSE @ & {2 #F LUAD 4i fid (9 14 4 338 515
B e ¥ ) CTSE shRNA B 18 %% 75 T # i
CTSE 7E 4 jfg h iy 2 35, qPCR k& I 45 R /R,
CTSE @ik J5 , A549 2 il 1 H1299 4fi jf H CTSE
mRNA KRR, 2ZRA% 1228 X (P<0.05),
WFE 4, WBEERE R, CTSEMK)E A549 41 it Fi
H1299 4 gt CTSE M2 H/KFIRREAL (B 4D
16 AS49 A Fn H1299 4 g, 5 shControl Xt
FAH L, shCTSE-141. shCTSE-2 4 /5 %41 g 52
FETE UBE ) W 0, 2R A% R X (P<
0.05), WK 5, %5, CTSE #fik J5 H1299 A
ASAO 2 JiL A $G B )R D, ALiE] . B AR AL -
I ] 52 AR 22 A g it B L (P<<0.05),
W 6T,

x4 CTSEZERURAMESH mRNARKKF
Table 4 mRNA expression levels of CTSE in knockdown

cell lines
(F+s)
i CTSE mRNA % ik it
H1299 4l its (n=3) AB49 A (n=4)

shControl £ 1.011£0.160 1.00640.131
shCTSE-1 0.073+0.005" 0.67340.058"
shCTSE-2 41 0.134+0.022" 0.48540.067

FfA 95.370 33.570

P <0.001 <<0.001

"PAH <0.05 5 shControl 0 H 4% ( Dunnett's t¥:3:)

2.3.2 CTSE i £ ikl LUAD 48 1 i 4K 51 3
B B CTSE @+ cDNA i A 918 55 75 2% 7R 5 Ye itk
AS49 40 L A1 H1299 41 il , qPCR A& CTSE i %
KGR B mRNA K, 45 R B, AS4944
Jitg AT H1299 40 il i) CTSE mRNA 3 35 K F T+ 5,
ERAGII RN (P<0.05), WiES, WBEE
R, o FikE AS49 I H1299 H CTSE % 11 /K F
¥i7tm (E6).
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+ _ _ shControl + _ _ shControl
_ ¥ - shCTSE-1 _ L - shCTSE-1
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1.00 0.74 0.61

4 CTSERKAILUAD #iRa % WB I iE

Figure 4 Western blot verification of CTSE knockdown in LUAD cell lines

A549-shControl

A549-shCTSE-1

A549-shCTSE-2

B 5 CTSERIKAI LUAD 40 R 5 18 58 /K 3 46 i

H1299-shControl

H1299-shCTSE-1 P ;

H1299-shCTSE-2

Figure 5 Proliferation of LUAD cell lines with CTSE knockdown

*5 CTSEmRAEMAPHNEEMMYE

Table 5 Number of colonies formed in CTSE-knockdown

cell lines
(n=3,7%s,1)

w3 TR R

H1299 A549
shControl ZH 62.000+8.888 1.667+0.577
shCTSE-141 93.667+5.132" 99.000+8.185"
shCTSE-2 2 95.667+14.189" 34.667+13.429"
FH 10.468 89.040
P i 0.011 <0.001

"PAH <0.05 5 shControl 40 I 4% ( Dunnett's t¥:3:)

CTSE i #iAJ5, A549 Fl H1299 40 il (1) 5 [
B RE 1 W FE A, 2R AL E L (P<
0.05) WK 7., 9. CTSE if £ ikJ5, A549.
H1299 4 g £75 384 st () 386, 4L fe) . b st 1R L 4L 1) -
] 22 BAE 22 A e it B S (P<C0.05),
W10, F 11,
2.4 CTSE fu 6] 8 % LUAD 48 Jfd /& P 1 5 fig

TERR R T 1 4 CTSE i IR XT B8 20 /) A549 4
M, AT B TR AR, S CTSE J5 1l
D g AR R, IR NS A R, 2
SA G E X (P<0.05), WRE S8, %12,
%13,

2.5  CTSE X 4t fft 3 78 98 4 (4 B

2.5.1 ] 45 40 O 3 A AN AR AN A SR I AR X
2 ARG T 45 SR R, AS49 R 40 A £ F1 H1299
MR B R CTSE @i fis . 4l G1. S Hfi) 22
SAEGIFEY (P<0.05), G2 ESR LG
R (P>0.05), W14, A549 i 3Rk 40l &
GLEEK, G245%, H1299 i Fk 4l & G2
ik, ZRAGITFERE X (P<0.05). WEI15,
2.5.2 CTSE fJ fig i i i B K % 12 & mTOR 5 5
R A A A A Flagbr 2 19 CTSE i3 %
IR TR A B 12 O R Y ASA9 A1 B, M A A
Flag b7 ic i CTSE it ik M IR 4 R o Xzl
3K A0 M Kot R AL A0 Mg 5 AT WB RSN, 25 R B,
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Table 6 Growth curves of the H1299 CTSE-knockdown cell line
(n=5,7+s)
450 nm AW
20 51
0d 1d 2d 3d 4d
shControl £ 0.181+40.006 0.196+0.015 0.285+0.010 0.514+0.051 0.859+0.065
shCTSE-14 0.17540.003 0.19740.003 0.305+0.013 0.709+0.083 1.114+0.075
shCTSE-24 0.185+40.009 0.206+0.007 0.3134+0.021 0.758+0.021 1.074+0.119
4111 F{i=35.694 P{t<C0.001
R s 18] FA=814.037 PA{<C0.001
Y] - ) FA{=10.489 P{<C0.001
F7 A549 CTSERURAMRAIERK L
Table 7 Growth curve of A549 CTSE-knockdown cell line
(n=5,7=%s)
450 nm 4 W S
215
0d 1d 2d 3d 4d
shControl 41 0.190+0.001 0.21440.009 0.256+0.022 0.657+0.079 0.75540.090
shCTSE-141 0.200+0.003 0.241+0.008 0.285+0.017 0.620+0.045 0.894+0.070
shCTSE-24 0.191+0.003 0.234+40.003 0.332+0.044 0.777+0.085 1.054+0.168
i) F{E=19.199 P{E<<0.001
I £ ] FA{=19.199 P{4<0.001
4118+ i ) FA{=5.236 PAt=0.006
*8 WRILMAFEH A CTSE mRNAFRIEKF -
Table 8 mRNA expression levels of CTSE in .
overexpression cell lines P ne
(n=5,7=+s) Vector -* . Vector
CTSE mRNA i % 5 it o
il P 8
H1299 A549 S acu?
Vector £ 1.113+0.505 1.028-+0.299
OE 4 2471.2134136.354 171.23845.721 !
/MY 36.230 59.426 , % :
Pl <0.001 <0.001 CTSE0E | CTSE-OE |
A549 H1299
+ - Vector * - Vector = : @ &
B 7 CTSEE®RiAR LUAD 4 A % 18 58 7K F 4 i
_ . OF - * CTSE-OE

B 6 CTSEd&®ixZayLUAD 4 ZE WBIRIE

WB validation of CTSE overexpression in

Figure 6
LUAD cell lines

FE e FE IR 18R 7 5 AS49 4 i Y Flag-C TSE &

FIACFI R (K 9AD . 1 i — D4R 55 4

M B D, XF Flag-CTSE 44 Jfd 47 S 22 DLTE
gE R LW, (i F P Flag 8% 2k 7T 8 50K A A Flag b6
BRI CTSEEHAMIIALF (F9IB),

ALAS49 4RI ;B H1299 40 i

Proliferation analysis of LUAD cell lines with

Figure 7

CTSE overexpression

9 CTSEEERIEMMENMNTEREREE
Table 9 Number of colonies formed in CTSE-

overexpressing cell lines

(n=3,7r+s)
o BT 1K
21 51|
H1299 A549
Vector 21 222.667+17.616 53.667+18.556
OE4 125.333429.161 20.000=47.000
A 4.948 2.940
P 0.008 0.042
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#£10 H1299 CTSE iT KA 40 A R Ay & K th £

Table 10 Growth curves of the H1299 CTSE-overexpressing cell line
(n=5,7+s)
450 nm Ab WG EE
20 5
0d 1d 2d 3d 4d

Vector 4 0.213+0.010 0.365+0.014 1.23440.193 1.91240.149 2.395+0.122

OE4 0.189+0.006 0.201+0.006 0.378+0.028 0.717+0.049 1.457+0.096

411 FA{i1=356.193 PA<20.001

IR} A5 1) FA{=715.104 P1{E<20.001

L[H] - A A ) F1{1=89.279 P1{E<20.001

F 11 A549 CTSE T RiA LM R 0 A& 4K i 2%
Table 11 Growth curves of the A549 CTSE-overexpressing cell line
(n=5,7+s)
450 nm b W e 14
20531
0d 1d 2d 3d 4d

Vector 0.202£0.011 0.311+0.017 0.472+0.028 0.907£0.053 2.159+0.264
OE 4 0.204=£0.006 0.281+0.014 0.388+0.019 0.847+£0.101 1.63440.237
2] F{i=18.719 P{E=0.003
Hif i3 ] F{f=337.859 P{H<20.001
L] - ] F{t=8.256 P{E=0.014

shControl

shCTSE

shControl

shCTSE

B8 CTSEMMREHRRE TEEHXRE
AL SRR BT AR AT S VLGS 5 B. 25 d I 4R LR AR 1R

Figure 8 Xenograft tumor formation assay in nude mice following CTSE knockdown

*12 BERBEEBE=S & 10C),
Table 12 Weight of transplanted tumors in nude mice
(n=4,7+s,8) 3 it it

S ETBERER LUAD 5 Hy i 96 5 3 B2 9 956 0 0 0, L%
shControl 41 031850049 WA 5 TR S B T L B R U R0
s 4 .768+0. N , N N N
o S SEAFAE, 95 T M O R 54

P o001 KB AYF . XA I BT E A L4 g

VA T R R L. KBRS T CTSE 18

XCTSE ALK RO IR MM RATDURERCE 1 A o g o o R . o 0 ML 98 0 0 5 1
BT TR AE CTSEFRAM PSMBY . e iy p gy S LUAD #0560 BF 52 5 16 PR 5 £
FAH. RPE. BCS1L. SNX15. HEMK2, PLL T T A SE B AR
HSPBAPI1, PARPS, BAG6, ODAD1, L HEgE U 0 JEST . CTSE 78 6 R .

LAMTOR2., POLE44FHE HKF-THi (B 10AD. g
R RS R R, CTSER/EEH R EHETH
Bk & 12 5 mTOR 5 % @ 8% £ (& 10B,

B A LI T 0 7 i
N T "
AL . B, SRR R R 2,
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Table 13 Growth curves of transplanted tumors in nude mice
(n=4,7+s,mm*)
50 KR RARR
- 5d 10d 13d 16d 19d 22.d 25d

314.630£65.200

461.7994118.595

709.835+144.534

shControl 41 0.000-0.000 57.888-+5.788 73.115+36.306  137.651+65.734
shCTSE 41 0.000-0.000  88.233+22.696  129.722+29.042  196.958+41.080  447.104+159.807  786.363+145.755  1115.5504254.344
41 fi] F{4=10.683 P{i=0.017
S g5 ) F{=103.965 P{<20.001
N gy 1] F1{=5.706 P{E=0.017
F14 CTSERURAMEARMMBEAHREN
Table 14 Cell cycle changes in CTSE-knockdown cell lines
(n=3,7+s5,%)
5 AS49 : H1299
G1 S G2 G1 S G2
shControl £ 50.633+0.907 36.567+1.914 10.273+2.149 36.63340.379 43.067+3.980 17.467+3.828
shCTSE-141 52.43340.737" 37.867+1.242 6.89740.412 35.60040.529 40.900+0.872 20.000+1.400
shCTSE-241 54.933+0.153" 31.367+3.355 12.667+3.758 42.733+0.929° 31.467+1.7017 23.067+1.021
F{A 30.194 6.468 3.999 103.946 17.560 4.008
P1{H <£0.001 0.032 0.079 < 0.001 0.003 0.078
"P{#<<0.05 5 shControl 41 F 8 (Dunnett's ¢ #6556 )
#15 CTSEXRZHAMRMEEARETML
Table 15 Cell cycle changes in CTSE-overexpressing cell lines
(n=3,7+s5,%)
- A549 H1299
G1 S G2 Gl S G2
Vector 2 52.133+1.563 37.567+1.616 7.78340.627 33.700+£1.044 39.800+0.794 24.267+0.702
OE4 54.8334+0.513 36.300+0.361 5.73040.303 34.600+5.950 38.933+4.552 21.900+1.253
/118 2.843 1.325 5.108 0.258 0.325 2.854
P{H 0.047 0.256 0.007 0.809 0.762 0.046
Input 1P
Fis ET o
F5% 58 °F
A549
+ - Vector
- + CTSE-Flag-OE
WP | CISE-Flag Flag-CTSE
- | o

®

9 WHFlagiR% K CTSEXFR&E LUAD Ml R M EEIE

A. WA Flaghr & A549 CTSE i Z ik 4N i 8 5 B. LI Flag B4 BRVE 1755 Yt Flag-CTSE K XoF 18 21 20 a1 5 P2 UL E , ULTE
W4 SDS-PAGE 73 8 5 i 4% , 5 k78 Flag-CTSE R

Figure 9 Construction and co-immunoprecipitation of Flag-tagged CTSE-overexpressing LUAD cell lines
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Figure 10 Differential protein analysis between CTSE-overexpressing and control LUAD cell lines
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