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[ Abstract | Background and purpose: Members of the serine protease inhibitor (SERPIN) family can influence tumorigenesis,
progression, and prognosis by modulating processes such as apoptosis, invasion, metastasis, and angiogenesis in tumor cells.
However, their role in pancreatic cancer remains unclear. This study aimed to investigate the impact of high expression of serine
protease inhibitor A3 (SERPINA3) on the proliferation, apoptosis, migration, and chemoresistance of pancreatic cancer cells and
its mechanism. Methods: This study analyzed the SERPINA3 expression levels in the normal pancreatic ductal epithelial cell
line hTERT-HPNE and pancreatic cancer cell lines SW1990, Capan-1, PANC-1, and ASPC-1 by real-time reverse transcription
quantitative polymerase chain reaction (QRT-PCR). We established gemcitabine-resistant pancreatic cancer cell lines PANC-1/
R and ASPC-1/R, and used qRT-PCR assay and cell counting kit-8 (CCK-8) to determine the SERPINA3 expression levels in
the constructed resistant cell lines and their parental sensitive cell lines, as well as the differences in their chemosensitivity to
gemcitabine. We constructed the SERPINA3-knockdown cell line si-SERPINA with siRNA, and the negative control group si-
SERPINA#NC with siRNA negative control. We used MDA assay, CCK-8 assay, EdU cell proliferation assay, transwell migration
assay, matrigel invasion assay, scratch assay, and apoptotic assay to respectively detect the lipid oxidation levels, proliferation,
migration, invasion, wound-healing ability, and the influence on apoptosis of the gemcitabine-resistant pancreatic cancer cells in
the si-SERPINA group and the si-SERPINA#NC group. Results: Compared with normal pancreatic ductal epithelial cells hTERT-
HPNE, the expression level of SERPINA3 in various pancreatic cancer cell lines was significantly increased (P<<0.05). mRNA and
protein expression levels of SERPINA3 in PANC-1/R and ASPC-1/R were significantly increased compared with those in parent cells
(P<<0.001). When SERPINA3 was knocked down in PANC-1/R and ASPC-1/R cells, the survival rate of the cells under different
concentrations of gemcitabine chemotherapy decreased, and MDA detected that the lipid oxidation level was increased (P<<0.001).
In addition, the proliferation rate of PANC-1/R and ASPC-1/R cell lines with SERPINA3 knockout, the number of migrating/invading
cells and the healing rate of scratch test were significantly decreased (P<<0.01), and flow cytometry demonstrated that the number of
apoptotic cells was increased (P<<0.05). These results suggest that SERPINA3 knockdown can inhibit the proliferation, migration,
invasion and wound healing ability of gemcitabine-resistant pancreatic cancer cells, and promote the apoptosis of these resistant
cells. Conclusion: SERPINA3 overexpression was found in various pancreatic cancer cells. SERPINA3 overexpression promoted
malignant progression and chemotherapy resistance of pancreatic cancer, and interference with SERPINA3 expression promoted
ferroptosis and enhanced chemotherapy sensitivity of gemcitabine-resistant pancreatic cancer cells.

[ Key words ] Pancreatic cancer; SERPINA3; Ferroptosis; Gemcitabine; Drug resistance
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1.3 HEMEM 4K

PEHUAL T X804 K I RIPANC-1 . AsPC-141
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iz E FReERE, BERESAYERE,
FEoR AR A A Ab BE D7 v, B BI040 I RE A5/ e &
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HFIRE 30 min BRI ARG, FHEE ARSI
450 nmAb IO REE (D) . DAor2H Akt
D s MO, 2 40 HAE R RN
1.6 EdUZHpEIEsESCIE

P55 H AN LA L4 X 10° 40 B3 70 T-96 7L b
o, RRAR MG RE e BRG] S A I TR
B2 he H4%ZRH B NEE30 min,
AHZARE W E R T IRES minldthF15E & [
o H0.5%FfE B85 ( Trition X-100 in PBS)
%20 min, 3 7E RWFE S REFLINA Click )
W )G MA0.1 mL Hoechst 333427AW, == ik
HRFE 20 min, PG RMEE FWEIHHK, 1A
2 BRPE AN BT A L
1.7 ZHRBRIIRSELE

M5 Y48 him, G124, 24 hig Vg4
M A BER90%, Rk ELRGE Ko 35 fLAk b, H
10 LS WA W W i Ak vy B R RU% 4k, F 1 X PBS
PR3, H BB T A KR X 5k JC 58 40 A i A
M, T ImyE R IR, HINIB410/E) S A4 W) i il
10f55 R, sEse)s, nI37 CREFRA 4k
ZEHEFR24 h, 24 W MERANAE, FEIHEEREE, M
I XPBSPERR3IK, #priisidt, FRHINIB410f] &
A=) BB O BRI AR RIIR
1.8 Transwell321&

W2 G I ) AR BRI Ak SR S FH I Il v 4 7 4
55 LA AN MR, 4 °C R AE/NVE FEIRTE A
100 pLIESR G, ol 2 iREER, H200 wL A4
B E/ANEEESE, £ EPMA20%FBSH;
H500 pL, FLA37 C, COMRFINE 5%
TR TG FR24 ho ZJ5 KBREGFRE, AR
10 min, FMZRREIRIETR, H1XPBSHEYE
R, 45550830 min, ZiKPge T4, AR
TG F s F i,

1.9 HAEpAR
W AEPANC-1/R (si-SERPINA3HA . si-



558 A R, 5 SERPINASENHIHIBRIE T el BRIRE UAR M R A S PR 28U LIRS

SERPINA#NC4] ) #1AsPC-1/R ( si-SERPINA3
?H . si-SERPINA#NCZ M EW ) , R
Eppendorfi & 1, 300X g&.0»5 min, 7 [H
W, HEMAPBSHATEE, FHIK300XgE.0
5 min, 1 mLY1 X PBSHE & YEik4diffi2k, 51
H . BEFLINAL00 pLZs & 28 R 2400, N
Al uL Annexin V-FITCH- 78/ R5). MIAL puL
PN IE , FEIMRGE, TEZE IR T #EE R
15 min, T°1 hNSEF I A A I
1.10 MDAXI#MBH{KSERPINA3 G E P iR
i 25 2 B i g R | AL 7k F

YL SR A AL AN, H% LB A AR B K
il & 2138, 13 000X g&.0>10 minf& B LT
1.5 mLELLE T, HRAEMDAKINF &A1
BB K E K532 nm, I EFLIIDIE
Y e rh MDA R & J AR UL 5 19 A X TR
111 it

K HISPSS 25.0#GraphPad Prism 9.5.0%% {1t
TEHRG B Bl TR R LY+ sF0R .
o0, ABFRPAT B 2 IES s, HAR
ST 2E55E, RHWelch’s tha i . 2220 0] LA %
FER R 22508, #E—2D P4 b R LS D-1
K%, P<0.05NZERA SR L.

2 4 R

2.1 SERPINA3ZERRIREHME R E TR
qRT-PCRAMT R, SIEW R T8 I &
IMShTERT-HPNE (1.0420.31) A0, B
FEAN I ZSW1990 (10.99+0.55) . Capan-1
(4.14£0.1.58) . PANC-1 (60.89+4.41) .
AsPC-1 (48.18%+3.33 ) HISERPINA3FKIiEKF-
WERE (E1) .
2.2 EHAMEMZEREHAMSERPINAIERES
F AL
CCK- 84 A 16 4 S 56 DAty 1 i i i 40 i K

T 245 A4 16X 5 P A ) S PR, SIS R R
B, TR 25 40 SRR PANC-1/RFTASPC-1/R %} 5 P Al
VI Y B B A T AT SE A 4 I PANC- 1Al
AsPC-1 (EI2A) o #F—200 iR, HEAY
MOAAEE . i 25 40 AR PANC-1/R (3.17+0.11)
FIAsPC-1/R (3.824+0.38 ) FHSERPINA3f({F
KK PANC-1 (1.01+0.042 ) F1AsPC-1
(1.05+£0.12) B#F 7 (E2B) .

80

=}
(=

Relative expression of
SERPINA3
S 5

0

Q)
&
&

&

N ’ P P
9 & UL
& S

E1 SERPINA3ZERIREMAH EFRIE
Fig. 1 SERPINA3 was highly expressed in pancreatic cancer cells

This study detected the expression levels of SERPINA3 in normal
pancreatic ductal epithelial cells and multiple pancreatic cancer cell
lines by qRT-PCR assay. *: P<<0.05, compared with hTERT-HPNE;
*#%, P<<0.001, compared with hTERT-HPNE.
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Fig.2 SERPINA3 was significantly higher in gemcitabine-resistant pancreatic cancer cells than in parental cells

A: The CCK-8 cell viability assay was used to detect the differences in chemosensitivity to gemcitabine between the constructed resistant cells and the
parental sensitive cells; B: The qRT-PCR assay was used to detect the expression of SERPINA3 in gemcitabine-resistant cells and parental sensitive
cells respectively. ***: P<<(0.001, compared with each other. Cy: Concentration of gemcitabine (umol/L).
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Fig.3 Knockdown of SERPINA3 could induce ferroptosis in pancreatic cancer cells and enhance the chemosensitivity to gemcitabine

A: The CCK-8 assay indicated that knockdown of SERPINA3 enhanced the chemosensitivity of gemcitabine-resistant pancreatic cancer cells; B: The
MDA detection kit was used to verify that the lipid oxidation level in gemcitabine-resistant cells increased after SERPINA3 knockdown. ***: P<<(.001,
compared with gemcitabine+si-SERPINA3#NC. Cy: Concentration of gemcitabine (umol/L).

A s PANC-1/R

—_
=3
T

SERPINA3

Relative expression of
e
W
T

00—¢ > A
X X X
F P PP
FTESS
& & &S
S ¥ ¥ ¥

B PANC-1/R

2.0 = si-SERPINA3#NC
= 5i-SERPINA3#1
| = si-SERPINA3#3

24 48 72
t/h

AsPC-1/R
151
G
=}
(=]
S .
22 10}
g2
Q=
S
2505t
=
o
-4 dekok o foloiad
00 < N o %)
X X X
A G
S
S & &S
F & &S
RS- S A

%\
AsPC-1/R

2.01 - si-SERPINA3#NC
= §i-SERPINA3#1
| -+ si-SERPINA3#3

24 48 72
t/h

El4 BURSERPINASEFEMFE A MR 2 BRARE AR B IEH R, SR

Fig. 4 Knockdown of SERPINA3 inhibited the malignant progression of gemcitabine-resistant pancreatic cancer cells and reverses

chemotherapy resistance

A: qRT-PCR was used to verify the knockdown effect of SERPINA3. B: The CCK-8 assay indicated that knockdown of SERPINA3 reduced the
proliferation of gemcitabine-resistant pancreatic cancer cells. **: P<<0.01, compared with si-SERPINA3#NC; ***: P<<0.001, compared with si-

SERPINA3#NC.
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Fig. 5 EdU cell proliferation assay indicated that knockdown of SERPINA3 reduced the proliferation of gemcitabine-resistant pancreatic
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Fig. 6 Transwell migration assay and matrigel invasion assay showed that knockdown of SERPINA3 decreased the migration and invasion
abilities of gemcitabine-resistant pancreatic cancer cells respectively

A: Transwell migration assay; B: Matrigel invasion assay.
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Fig. 7 The scratch assay was used to detect that the wound-healing ability of gemcitabine-resistant pancreatic cancer cells was decreased

after SERPINA3 knockdown
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Fig. 8 The cell apoptosis assay detected that knockdown of SERPINA3 promoted the early apoptosis of gemcitabine-resistant pancreatic

cancer cells
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