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Abstract

Background and Aims: ATP-binding cassette transporter A5 (ABCAS), a member of the ABC
transporter, plays a crucial role in various cancers. However, the role of ABCAS5 in pancreatic cancer
remains unclear. Therefore, this study was conducted to explore the expression of ABCAS in pancreatic
cancer and its relationship with prognosis of patients, using both bioinformatics analysis and clinical
sample validation. Additionally, the potential mechanisms of ABCAS in pancreatic cancer were analyzed.
Methods: The expression of ABCAS in pancreatic cancer tissues and normal tissues was analyzed using
TCGA and GEO databases. Kaplan-Meier survival curves and Cox proportional hazards models were
used for univariate and multivariate analyses of the survival of patients. Immunohistochemistry was
employed to detect ABCAS expression in 65 pancreatic cancer and adjacent tissue samples, and its
association with prognosis and clinicopathologic features was assessed. TIMER, STRING, and Gene
MANIA databases were used to analyze ABCAS in relation to immune cell infiltration, protein-protein
interaction networks (PPI), and gene-gene interaction networks. Gene set enrichment analysis (GSEA)
and correlation analysis were performed to explore the potential signaling pathways and mechanisms
involving ABCAS5 in pancreatic cancer. The relationship between ABCAS and drug sensitivity was
analyzed using the Genomics of Drug Sensitivity in Cancer (GDSC).

Results: In both TCGA and GEO datasets, ABCAS expression was significantly lower in pancreatic
cancer tissues compared to normal tissues (both P<0.05); patients with low ABCAS5 expression had
significantly shorter overall survival in both TCGA and GSE62452 datasets (both P<0.05); ABCAS
expression was identified as an independent prognostic factor for pancreatic cancer patients (HR=0.458,
P=0.001; HR=0.439, P=0.017). Clinical analysis of 65 cases revealed that ABCAS5 was downregulated in
cancer tissues compared to adjacent tissues, and patients with low ABCAS expression had worse
prognoses (both P<0.05). Univariate and multivariate Cox regression analyses indicated that ABCAS
expression was an independent prognostic factor for pancreatic cancer patients (HR=0.327, P=0.032).
TIMER database results showed a close association between ABCAS expression and immune
infiltration. The PPI network revealed 14 interacting proteins associated with ABCAS, while the gene-
gene interaction network identified 20 interacting genes. Gene enrichment and correlation analyses
suggested that ABCAS may be related to the cell cycle and ferroptosis in pancreatic cancer. Patients with
high ABCAS expression showed significantly lower ICy, values for five therapeutic drugs than those
with low ABCAS expression (all P<0.05).

Conclusion: The expression of ABCAS is downregulated in pancreatic cancer tissue and is associated
with poor prognosis in patients. ABCAS expression is an independent prognostic factor for pancreatic
cancer, and its potential mechanism in pancreatic cancer may involve the cell cycle, immune regulation,

and ferroptosis.

© WA F [ H3E A FH 4 E BT http://www.zpwz.net



woll  BHBER FATPHCEREFAASERBRETHNIEEXNANGE EF 25 RIE 1315
Key words Pancreatic Neoplasms; Prognosis; ABCAS; Computational Biology; Ferroptosis

CLC number: R735.9

8 J% 98 2 — B B A AR 2R M HL B A e T
b 2 G0 0% 1 g, R S AR AR AE R A0 1297
i3 B g 7 AR S RS IR AR R R HEZ S T, &
PP HEZ S 11, o5 AR R A JEFE T 1 ER 4401,
T 4 BR T LN 10 2% 6 2R AL ST SR 2 S 0 g 1 T
It e i R AR S L P e NN 74 Y S
BETERR S T & T I A B E m b
MBI 159%~20% () 835 TR 12 5 A 52 T AR 1Y)
BRigbl4s, HERZA80% MEHE ARG KEE L
f(ER) ¥, BIRMEUS IR 2ED . Wik, 52X
i B g A BT AN, TR 1 AR W SRR R AR R
I R AF 5 <00 38 1) TS 48 b, DA T 8 38 S AR ARG T
WIT IR, Ak — 2048 v AR g 1 12 TR AR .

ATP 254 & (ABC) ¥ HE KK H 48115
JE 5 3 ) AR A B2 B, T A A AR B AR W R
By, RESY RN ZEE XY, ABCE K
fife ATP JIT 3 45 1Y) BE 2 4 FH O o iR v 5 6 38 O 8 OIC
Yyiz i 2 N A, ABC & H R IR Y . &
. ZIRME A, FEEMAEZE . A LA ICHL
B B & E N2 AR I oE i Al i S s
EA BN, ABCHZH I AS (ABCAS) 745
B, FLRR R AR IR e 5 T g R R
. OO P AR R IR 5 OR )OS A e, e
B AT A S R A AR I AR — T R L R N
AL Wi AR G, B AT ABCAS 78 R 8 b i &
5 R LA AR FHAIL I o AT 4

ABFFE  F TCGA H Al 5 GEO 4 12 b i) 8%
P, BT ABCAS 76 R AR o vh i 635, B H7E g i
I BB E TS P R S, O e 21 Sk A O Tk
K ABCAS 78 i B 4 80 Y s 1 00, 40 #r
55 1 R 95 R I S B AE KBRS M OG & )R
Xt ABCAS 7 i B 9 v 1% 7T RE 1 FH AL 2 4748 R 4%
B, LAIYI Ay B B 8 A S R0 RIA O R A 0 AR Y
B o Fhr i .

1 ARSI

1.1 HIRETHRERE
T % T8 B Y PR 3RS £ EOR U T TCGA Kl

© WA )3 of [ FF I F A EPTA

J5EFT GEO %4l 22 o i B8 It i J8 35 (9 8088 o GEO %%
% ) 40 45 GSE15471 H1 GSE62452 F %4l . 70 i1 L AT
I PR T3 9% ) 1) B30 55 GSE62452. M TCGA B 4
TR EEAFENERRAFEEMEIRGEE . LRk
HREBIERD (M) AR REA
1.2 f&REIER

T IR FH %) J M 9 2 AR AR T O 1 s
785 — AN REE B v 2019 4 2 H —2022 4 4 H 255 B
W12 o I B 95 1) 65 ) fB 38 I AL SURRAS o Il PR o 3
FERHOFR AR . PR . WSS A T L I R 4
HA A . B ZAZIE N DL AE o I R 8 I IR 43 1 4%
TR PR pUm B (UICC) 28 8 MRy WihnifE . BT A
T B8 R T S8 o 42 32 ATl B 6T b R B TR T
AWETE 4R B R 2F AR 2 By Stk (R E R 5
KY20190924002) .
1.3 RERAANFKEMNITS

W TR UIBR 00 JE B 98 5 98 55 2R AR 225 4%
2R W TR A SR VI 4 pm YD R
U0 R 7E R R A B O R R B 2 b R AT R
K o FH 3% izt S Ak 00 VR L BT P D 1 3 4R Ak ) il
PGP, IFFH 3% LU= s BHT IR R S P2 & o FE S
5 ABCASHUR (Bioss AFR/AF, BS-7940R, 1:200
k), —BAE4 CTHEIRHR. HoEmRihsE ik
KIEE MU0 R 15 S B IR L R R it Ak
WG i —RIRE . &SR A6
JEik, ARG IS, VIR BAK bR A O
MR, FARA DM FWEE., 2 AT
i I A A JEL %) L 2 O Ko Y 6 5 B ORI B 40 B E
oy L HEATBR VT 23 o G 41 A0 T 43 AR 4l BH P 41
W3 <25% K14y, 25%~50% H 2 4%, 51%~75%
H35;, ST5% K45 JEREEITESr: TR0,
WREQ R 15, RGN 2h, HERE N3 H; ¥
ABCAS 3% 3k 19 BH P 48 M L 56 T g% (a5 FE AR O, &
LAFRT 5 o008 SO AR R, Wifs o m T
53R Xk BEAE B Rk
1.4 RERFEDN

i i TIMER 2045 %2 (https:/cistrome.shinyapps.io/
timer) 43 HT ABCAS (1) K ik /K °F 5 8 F 4 % 40 iy
(CD4'T 4fiffl . CD8'T 4l . MO 7 = W 28 fif . M1 784

http://www.zpwz.net


https://cistrome.shinyapps.io/timer
https://cistrome.shinyapps.io/timer

1316 HE AR R

%324

FOREANAL . M2 YRR A . BE DR AL A0 . NK
20 e A b MORE AR ) TR K P A DG
1.5 MEEBR-ZEE8REENE(PPI) EE-E

EEEM 2%

i F§ STRING %% #% )% (https://cn. string—db. org)
2R A AR A 6 ABCAS #4431 BR 1A I 4%
(PPI) o i FiJ Gene MANIA % 4 )% (http://genemania.
org) 2l ABCAS 1Y PR — e PR BAE 5C 3 R 2% (5]
1.6 EEEESH

i 1 GSEA 422 # fF X TCGA %t i £ .
GSE62452 45 45 P (1) ABCAS 3 17 5% 6 & 4 43 i
( gene set enrichment analysis , GSEA) . KEGG & &4
BT A FH A8 18 B TR 4E A ¢2.0p.kegg.v2023.1.Hs.symbols.
emt, P<0.05 Hfh & B % (false discovery rate, FDR)
<25% N K ZERA G FEE L.

1.7 e &R min

R4l ABCAS B R E WM 25 Wiy 45 2%, BT
YU 25 W U FE R 21 2% (https://www.cancerrxgene.
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Figure 1 Expression of ABCAS in pancreatic cancer and normal tissues
samples of 65 cases; E-H: Immunohistochemical staining for ABCAS expression
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i 1 X TCGA F GEO B4 g rh i i 4l 81 5 1 %
H U ) ABCAS FRA K #4753 8, I GEPIA2
TE 2k W 3t 73 At TCGA $ 418 P2 v Joe i i A8 4 21 5
GTEx ¥ #% J& rf 1E % JE IR 4 21 ABCAS 3t [H 3 35 1%
M. & BLAE GSE15471 . GSE62452 Fl TCGA %4 4
o 5 0F % 42U A [ ABCAS 78 9 4 40 vh 2K %
(¥ P<0.05) (E1A-C) . il 3 535 41 Ak 7 v 46 3%
Bt 65 1 i fi 6 20 20 R 9 55 20 41 ABCAS 1Y R ik,
g5 WoR R E M UR A T Al i R b
ABCAS 5 (H 78 JiE R 88 41 21w 19 PH PE R 3k R
38.46% (25/65) ; 1M 7E % 55 41 21h ABCAS FHM: R ik
FH61.53% (40/65) , [ RRIE 4 818 55 4l 21 3R Gk
[ BE B A (P<0.001) ([&]1D-H).

A: TCGA; B: GSE62452; C: GSE15471; D: Clinical
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2.2 ABCASHIRIZSHEIEEENERFEXR
T BE— W E ABCAS B 2% 35 5 9 IR B %
MG OC &R, BEECE A B E IR TS R
GSE62452 #l TCGA %45 %, il Kaplan-Meier /£ 17
Rk, 458 BR, £ TCGA Fil GSE62452 K % 4

h, MESBEES ARMBGEHZAE L (B P
0.05). [#E, TEFRBE 65 Ik PREEA v, 3l i 4
PE M AAR T 203k Ky m AR Rkl , IRk 4d
BEMBGE W R 2T REEdEE (P=0.0026)
(FE2A-C) .

2 ABCASRIESHEHXER

Figure 2 The relationship between ABCAS expression and prognosis

65 cases

2.3 ABCAS5 5Bk Rz £ & BT f5 4 A 0GR w12

FFEED AT

i 5 X TCGA . GSE62452 K T B 65 14l I K 95
5] v B I PR AR AR AT I R 5 2 IR Cox 4
Br, B E Cox AT 45 R R, 78 TCGA 4 5,
ABCAS )33k . M 43 109 F0 ol g 43 9% 55 1 g s R
FH WM (P<0.05); £ GSE62452 H1, ABCAS Y
2235 R Il g o G0 I MR R R A TR A OG (3 P
0.05) . ZHZE Cox M HT R ~, 7€ TCCA B &
ABCAS 119 2 3K i i 98 43 01 /2% 52 o e g i A6 3 P JS
RS2 I ZE (P<0.05), 7E GSE62452 Ff, ABCAS 1

A: TCGA; B: GSE62452; C: 65HllfiRFEA
A: TCGA; B: GSE62452; C: Clinical samples of

& TR R M 968 43 2 R i) JR R R SR A TS A A 7 [
£ (¥ P<0.05). [AIME, TEFKRBE 65 51k 0 1]
FRZ Cox T 45 s, ABCAS Y35 . s 4
WL owEgSSMmAS LS BREWEA L, £
[ Cox M 45 S W%, ABCAS 19 28 34 F W JR3 0 3
S 5 W) g B 9 AR E TR ST I (3 P<0.05)
(£ 1-3) . Hboh, i x* K5 53 B ABCAS (1) 3K ik
KOV 50 PR BRARAE /YOG R, 45 4278, ABCAS
F Ik 5 A 4o A R B R A A OG (1 <
0.05), HHHl. Fik . MESERE . e iES
Tk (B P>005) (£4),

F1 TCGAHIREHZREZE Cox EIF5HT

Table 1 Univariate and multivariate Cox regression analysis of TCGA data

AR 0.129 1.376(0.911~2.079) — —
5] 0.455 0.856(0.568~1.289) — —
iR 434 0.011 1.448(1.089~1.926) 0.06 1.332(0.987~1.796)
JiiEg 5341 0.004 1.421(1.122~1.799) 0.033 1.307(1.022~1.671)
ABCAS 0.001 0.413(0.268~0.637) 0.001 0.458(0.296~0.707)
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Table 2 Univariate and multivariate Cox regression analysis of GSE62452 data

. PR E ZHER
AR
P HR(95% CI) P HR(95% CI)
Jiesd o33 0.527 1.146(0.751~1.747) — —
JieiEd o 0.014 1.787(1.122~2.847) 0.032 1.697(1.047~2.75)
ABCAS5 0.007 0.394(0.201~0.773) 0.017 0.439(0.223~0.865)

®3  65GllaRENEE X E R Cox EARHT

Table 3 Univariate and multivariate Cox regression analysis of clinical samples of 65 cases data

h AR EASES
P HR(95% CI) 2 HR(95% CI)

AR 0.567 0.8(0.373~1.717) — —
P 0.742 0.88(0.41~1.888) = =
NERT i 0.009 1.96(1.186~3.239) 0.561 1.191(0.661~2.144)
2 331 0.001 3.057(1.902~4.915) 0.001 2.606(1.482~4.583)

Lk 0.04 0.57(0.333~0.974) 0.653 0.851(0.421~1.719)
PR 0.941 0.971(0.448~2.106) = =
ABCA5 0.005 0.281(0.116~0.681) 0.032 0.327(0.117~0.91)

F4 ABCASKRIESRIMEEENIRKFIEFEX R (%) |

Table 4 Relationship between ABCAS expression and
clinical characteristics of patients with pancreatic
cancer [n (%)]

I n {KZZ35 (n=40) F#Ik (n=25) P
(%)
<65 28 20(50.0) 8(32.0)
0.154
>65 37 20(50.0) 17(68.0)
i
& 26 13(32.5) 13(52.0)
0.181
b 39 27(67.5) 12(48.0)
NRER TS
7o 37 19(47.5) 18(72.0)
0.052
el 28 21(52.5) 7(28.0)
Jie 5344
I~IIA 32 15(37.5) 17(68.0)
0.017
1B~V 33 25(62.5) 8(32.0)
EIEAgs e
f&rh 41 32(80.0) 9(36.0)
N <0.001
=2 24 8(20.0) 16(64.0)
PUEZYCSE|
b 33 17(42.5) 16(64.0)
0.092
i 32 23(57.5) 9(36.0)
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2.4 ABCAS5 5%&i2iEmrItE X

WE £ 43 0F 551 % BE ABC 2% 5 I JR8 4 88 3R
B YIAOC . ABCAS 5 [iJgg e 2 AH OC o G i 473 A
A, i A TIMER 04 B dE 47 0 4, R B8R,
ABCAS 5 7 F 4 fill (CDAT 4L . CDS'T 4 g .
MO &Y g A0 A . MO RY I A AL S R 4
M. NK 40 AN b PRI A ) B PIAROG . IkAh, R
& ABCAS 5 M2 8 05 20 e A7 76 AH O, (HAH OGP
g FE L (P>0.05). 5 CDATHIME (r=0.463,
P=1.66e-10) . CD8'T 4 il (r=0.328, P=1.13e-05) .
NK 40 8 (r=0.44, P=1.5e-09) . W k400 (r=
0.414, P=1.6e-08) FI M1 BIEWELIHI (r=0.224, P=
3.2e-03) iR IE K IEAH G, M5 MO %Y B W 4

fl (1=—0.275, P=2.57e-04). M2 B E 40 i (r=
-0.101, P=1.88e-01) HI #& V5 ¥4 40 i 408 Mg (=
-0.388, P=145¢-07) ®Y & W /K F £ i M
* (K3).
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© Rho=0.463 . ] © Rho=0328
P=1.66¢-10 I P=1.13¢-05

Rho=-0.388 H o Rho=0.224 ° - Rho=-0.101
T P=145e-07 1y T L . P=3.2e-03 L - P=1.88e-01

El3 ABCASS5®EZEZIEMM  A: CDATHIM; B: CDSTHIME; C: NKAUM; D: sPHRIZNM; E: BEWEI0H 400 ;
F: MOMYEREANNE; G: MIBIEWEANN; H: M2 E AN
Figure 3 ABCAS5 and immune cell infiltration A: CD4' T cells; B: CD8' T cells; C: NK cells; D: Neutrophils; E: Myeloid
derived suppressor cells; F: MO macrophages; G: M1 macrophages; H: M2 macrophages

2.5 ABCA5SHIZE R PPIRM%E X HAE WA 20 4, Bl ABCAIO. ABCD3,
¥ PPI, 5 ABCAS 5 XM EAEE A 144, ABCG1 . ARFGAP3. CLDNI2, DMXL1., DNAJB9,

% W J& . ABCAI3. ABCD4. ABCF1. ABCF3. DOPIA. GALT., HSPA4L., MAP2K6, PCSK9,

CCDC137., CCDC3. CHD7. ELP6, FAM26E . RASGRP3. RUFY3. SARAF. SGK3. SLC25A16.

MAP2K6., PAH. PLXNA4. TMEMI163, TRAPPCI STXBP3., TMEMS9, WWC2 ([4]4B).

(E4A) . ML -FEH EAEMZ, 5 ABCAS
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4 ’kl @@
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ee0®
El4 ABCASHIPPINHAERE-EEEMEMELESHT  A: PPIM%Z; B: JHEPH-FEHGAEMZ

Figure 4 PPI and gene-gene interaction network analysis of ABCAS A: PPI network; B: Gene-gene interaction network

B

2.6 ABCASHERERETHEREESES T LA R R R P R SR R AR O, 4
18 1 F GSEA4.2.2 B {F X 76 TCGA H 4k £ A 7R FE ABCAS fIf 32 35 A A vp 34 5 4 3] 40 it Ji) 19
GSE62452 ¥ 4% 4 1Y ABCAS #4755 N & 4 70 #r (P<0.05, FDR<25%) (I¥15),
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Figure 5 Gene set enrichment analysis of ABCAS
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CCNB1, CCNB2 ¥R HAHE (K 6A-B).
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Figure 6 Heat map of the relations of ABCAS with cell cycle and ferroptosis

A: TCGA 52051 ; B: GSE62452 S#4JE M ; C: TCGA H58:36T;
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