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Abstract

Objective: Colorectal cancer (CRC) patients exhibit poor prognosis, and the exploration of novel mo-
lecular targets remains crucial for more accurate prognostic assessment and drug therapy. Abnormal
energy metabolism has been recognized as a significant component in cancer progression, with li-
pid metabolism dysregulation demonstrated to contribute to carcinogenesis and cancer develop-
ment. Acyl-CoA oxidase 1 (ACOX1), a key enzyme involved in lipid metabolism regulation, has rarely
been reported regarding its impact on CRC. In this study, we investigated the role of the ACOX1 gene
in CRC using data from the Cancer Genome Atlas (TCGA) database. Methods: The expression profile
of ACOX1 in CRC was analyzed using GEPIA. The survival module was employed to evaluate the im-
pact of ACOX1 on CRC patient survival. Subsequently, the CRC dataset was downloaded from TCGA.
Logistic regression analysis was performed to assess correlations between clinical parameters and
ACOX1 expression. Cox regression analysis was conducted to identify clinicopathological character-
istics associated with overall survival. Results: In logistic regression analysis with ACOX1 expres-
sion as a categorical dependent variable, elevated ACOX1 expression showed significant correla-
tions with pathological stage, primary tumor status, and regional lymph node involvement. Further-
more, univariate Cox regression analysis revealed that local lymph node metastasis, distant metas-
tasis status, age, carcinoembryonic antigen (CEA) level, lymphatic invasion, and high ACOX1 expres-
sion were significantly associated with overall survival in CRC patients. Conclusion: This study in-
vestigated the expression characteristics and prognostic value of acyl-CoA oxidase 1 (ACOX1) in col-
orectal cancer (CRC) using the TCGA database. Key findings demonstrated that ACOX1 expression
was significantly higher in normal colon tissues than in tumor tissues (P < 0.001). Elevated ACOX1
expression correlated with improved overall survival (HR = 0.60, P = 0.003), disease-specific sur-
vival (HR = 0.54, P = 0.007), and progression-free interval (HR = 0.72, P = 0.038), suggesting its poten-
tial tumor-suppressive role through lipid metabolism regulation. Multivariate analysis indicated that
ACOX1’s independent prognostic value was influenced by confounding factors including pathologi-
cal stage and carcinoembryonic antigen levels (HR = 0.379, P = 0.080), implying context-dependent
effects within metabolic networks. Mechanistically, ACOX1 may modulate fatty acid metabolism via
peroxisomal f-oxidation, subsequently influencing reactive oxygen species generation and epige-
netic modifications to regulate malignant phenotypes. The ACOX1-based prognostic model demon-
strated significant discriminative power (AUC = 0.876) in ROC analysis, highlighting clinical trans-
lation potential. Limitations include retrospective data bias and incomplete mechanistic elucida-
tion. This work provides novel insights into metabolic targeting for CRC, emphasizing ACOX1’s role
in tumor lipid reprogramming.
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H TCGA H1 GTEx i H i1 9736 /MR Al 8587 A IEH LA ) RNA T /5 F L BE . GEPIA [ “A47” #1
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Figure 1. Flowchart of the working process
E 1 IfeRiEE

S E R B T ARALY 53 6, FEx HHT T e A g, LR R L SR 55 4 2R 2 )
ACOX1 MFREZER . KAWL /R DA & A b6 HE i 2000 3E4T % 2% 2140 (IHC) 1 FH S bt
ACOX1 % wEHI ARl ACOX1 (Affinity Biosciences). [k /14T HIPLREE A pH 9.0 ) EDTA 2k
BHHEAT 10 20 8h. BV A5 1:270 FREIIPT ACOXL Hifh7E 4C P AR, K5 51LEHi% 196 (H +
L) HRP 7E %537 FHEE 30 min, 7EREMREEZE 5K (PBS) ok 3 ¥k, &k 10 min J&, K F 5 & Lk
KIZ(DAB)IFE 1 min, FAFAKEYL, WK, JFHEA.
KU b A4 BT B 0 B R TREAT VRS, (8 E BV RGN A L B (0, TRt 1+,

gggetty; 2+, TREEYL(n; 3+, GRYL( 4+), ACOXL FRiAE XN ACOXL 784 Lo B 4m M b vy 6 i 2]
IR, G ds N FE PP 7 >3+,
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3.1. BERIFE

FEARWEFE, BATIHT TR H TCGA Bi 1 644 484, WAL ZIEHN W RILEHF, PP
BN Rl AR IR, Horh 322 4 BRI ACOXT F:RIRFRIL, 4k 322 B EFH RN
ACOX1 B mRIE. TEE 1 PR ATE LB R ARE, 75 ACOXL FRIA I AN =y i ¥ 4 A 3 2 I,
Ji 96 R R IRES (T stage, P = 0.441) X3tk IR 45 52 B 45 00(N stage, P = 0.605). iz b %% F4 1% 0L (M stage, P =
0.189). ¥4 (P =0.137) 2 M ZER¥I LB MG %R .

Table 1. Baseline characteristics of patients included in the study

=L AR EBENELHHE

Characteristic Low expression of ACOX1 High expression of ACOX1 P
n 322 322
T stage, n (%) 0.441
T1 8 (1.2%) 12 (1.9%)
T2 50 (7.8%) 61 (9.5%)
T3 224 (34.9%) 212 (33.1%)
T4 40 (6.2%) 34 (5.3%)
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N stage, n (%) 0.605
NO 179 (28%) 189 (29.5%)
N1 78 (12.2%) 75 (11.7%)
N2 64 (10%) 55 (8.6%)

M stage, n (%) 0.189
MO 242 (42.9%) 233 (41.3%)
M1 38 (6.7%) 51 (9%)

Age, meidan (IQR) 68 (60, 75.75) 67 (57, 76) 0.137
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IE% vsIo 11, T, IV, P<0.001). X#uktl4isz 2% 2(B); 1E% vsNI. NII. NIII, P<0.001). &R
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>
w
o

~ ®
L N

15,
The expression of ACOX1
Log, (TPM+1)

The expression of ACOX1
Log, (TPM+1)
(<]
The expression of ACOX1
Log, (TPM+1)
[}

IS

T T T T T
Normal Stage| Stagell Stage lll Stage IV Normal Norrnal T1
Pathologic stage N stage T stage

Figure 2. Correlation between ACOX1 expression and clinicopathological characteristics. (A) ACOX1 expression across dif-
ferent pathological stages; (B) ACOX1 expression according to regional lymph node involvement status; (C) ACOX1 expres-
sion according to primary tumor status

[E 2. ACOX1 HEERESIRKFIEZ BIHIXEL. (A) TREFEM S ACOXL BFKIE; (B) FTRIXEMHELEZRIFR
1 ACOX1 HIFRIE; (C) FARIMERLZIRAH ACOXL HIFRIA

WK 3 frzn, ACOXL A 78 1E 3 2H 23 ) R0 7K 15 v - e g L 21151 3(A), P <0001) FE[F] —
BH PRI, R ACOXL 3 [RIAE IEH A 4N (kK T R 4L 45 5 (K 3(B), P <
0.001), HEA S35 1275 X X 7] e 7 ACOXT 3k PRI 78 g 2 A= A0 g J it A v vl sk 2 40
TEIEH ALK 3(C)FfR 2R (14 3(D) S ik 25 RIF T LB B, 1EH 4 41[22]+ ACOX1 JEH %
KK B T R A 2R [23] R TA K

33 EEFEERMBEERSH

w4 o, ACOX1 B: R Rk B3 In -5 s 4 MR AR A7 TS (14 4(A), HR = 0.60; 95%E {5 [X ]
0.42~0.84; P = 0.003). BE&FHIF R I AEAF TS (4] 4(B): HR = 0.54; 95% & {5 [X[A] 0.35~0.84; P =
0.007). FKMLHEREM B 4(C); HR =0.72; 95% & 15 [X 7] 0.53~0.98; P = 0.038)4 & 2 IAH I .
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Figure 3. ACOX1 expression profiles in normal and tumor tissues. (A) Unpaired analysis; (B) Paired
analysis; (C) ACOX1 expression in normal tissues; (D) ACOX1 expression in tumor tissues
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Figure 4. Relationship between ACOX1 expression and patient prognosis. (A) Overall survival; (B) Disease-specific survival;
(C) Progression-free interval
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0.001). mAbEEFLIEIL(HR = 3.989, 95% Cl: 2.684~5.929, P < 0.001). #F#%(HR =1.939, 95% CI: 1.320~2.849,
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Ko IEAL, ACOXI fmFRIATE HLEE 2520 A i R th AR PR 28R (XU B A% 34.5%), HH ROC HfiZk AUC K
0.876 (95% Cl: 0.815~0.937), f&/nixiEM HABERINMILIZIIX 73 ae I (18 4). 2R, EZRESH,
ACOX1 H4% 2 M 55 (HR = 0.379, 95% Cl: 0.128~1.122, P = 0.080), J it B H: 75 18 32 HoAth VR 4% R &K
(W B CEA KA T . [RIRT, B 5 X R 598 (95% Cl: 0.128~1.122), Suit e A — MR
PE, KRR ER PR BRI N R, B0 AR SR H S AE

Table 2. Cox regression analysis

52 2. Cox EIDHriEE

Univariate analysis

Multivariate analysis

Characteristics Total (N)
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
T stage 640
T1 20 Reference
0.271
T2&T3&T4 620 2.192 (0.542~8.868)
N stage 639
NO 367 Reference
<0.001 0.392
N1 & N2 272 2.627 (1.831~3.769) 1.895 (0.438~8.205)
M stage 563
MO 474 Reference
<0.001 0.120
M1 89 3.989 (2.684~5.929) 2.832 (0.763~10.506)
BMI 329
<25 107 Reference
0.090 0.846
>25 222 0.649 (0.394~1.069) 0.901 (0.315~2.576)
Age 643
<65 276 Reference
<0.001 0.419
>65 367 1.939 (1.320~2.849) 1.573 (0.525~4.713)
Gender 643
Female 301 Reference
0.769
Male 342 1.054 (0.744~1.491)
CEA level 414
<5 260 Reference
<0.001 0.602
>5 154 2.620 (1.611~4.261) 1.391 (0.402~4.816)
Lymphatic invasion 581
No 349 Reference
<0.001 0.192
Yes 232 2.144 (1.476~3.114) 2.212 (0.671~7.291)
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History of colon polyps 554

No 377 Reference

0.319
Yes 177 0.789 (0.496~1.257)
ACOX1 643
Low 322 Reference
0.018 0.080
High 321 0.655 (0.460~0.931) 0.379 (0.128~1.122)

5 fras, Cox [BIAZHT#E8LE) ROC 4k @n 7 HiZWiakaE. 4 T HA(AUC)HN 0.876 (95%E
fZ X ] 0.815~0.937), KM B G R &I EIAX /3EETT. AUC &3 & T REHLIE =% 26 (AUC = 0.5),
VLWZARE A B8 AL X 2> H AR 285, ROC HIZRAEA b7 ke, $EmiZ i R 7E Ut 55 S ik 2 T s 7
WU . %55 M8 0.8 (FPR = 0.2)fF, BEALG B I HUSME 20N 0.8, #E— B 300E T HIm RS M.
B 9 B 45 X 1] (0.815~0.937) 3 B AUC i iHE B A B m g it faoe M.
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Figure 5. ROC curve of the Cox regression analysis model

5. Cox [EV35r#h#EHLAY ROC BhZk
3.4. ACOX1 FRiA 5 RHRIBIFMEMR X

T P ACOXL FRIA MR S, FRATKT 53 15l J5 M 45 B e A 55 2H 233047 T e Ak e
(1% 6), 14 B E R TR, ERARPHIEY) BB 29 4, Lok 10 4], IR 64 5 . 1E 53 BilbrA
H, 30.2% (16/53) TR 414 ACOX1 ANZEik, ACOX1 ERIER A 1.9% (1/53). M [Fl— 1) F Bt B fé) 1E
WAL, KRBV AKX ACOXL KIRHELYIF, ACOX1 mRiLEE N 77.4% (41/53).
4. g

ACOX1 Ry it AR p- A IR B Bl , A 5 A 6 OGS R H Cal 2 AT, (B HAE CRC
I DL B TG IME MR AR RER . AR T TCGA ¥ G IR LA, RGHT T

ACOX1 74 H gl H IR IAFHIE X TS M E. KB, ACOX1 fEIEH & Ah BEmEik, miE
A RR R E N, HHEEEE SRS SRR R v A 17 ) M 0 i e AR 17 A okt S5
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FHEHRAL TR LA

Figure 6. Representative immunohistochemical staining of tissue sec-
tions. (1) Normal tissue; (2) Tumor tissue

6. IRARRIBLARYI A R AN REXE. (1) AERARRE
H#R; 2 AMBEARGELER

CUERF R, HE AU gm0 BB E 2 —, WS 1A ) B 57 8 5 2 Pl s il bk
FAFASR[7] [10] [11]. ACOX1 YE i A MIlG 1A p- S AL I SCBERGE, HLTh R 2R W] e 3 58 K BE g DT R 1Y)
SRR, HET R PR A AR BOACE AR, A IR S AR [19] [21]

AR FLE IS TCGA Hda 0 i ) e A IR, — UK I ACOX1 7E CRC Mg 2H b (1) 3Rk W KT
IEHHH. 7 TCGA BAFIH, ACOXL ik oy A3 e i 2 T R,  H 5 e F R MIRES & X
WO 2 RGO OC . Sy g it — P ESL, 53 4l CRC FEAH, 30.2%[1 iR 45 A3k
ik ACOX1, miRiEFAN 1.9%; xS M IEH HEF, maRik 2k 77.4% H AR W B RIAHEK . X —F
AR AIRIR, ACOXL 1 NI AT AE/E CRC KA K i f2 b i) R4, ik st 4k RIS .

MAEVIEDIRERTE, ACOXL VE N EMLIBEIR p-F AL RIPRERE, 1T AL A A2k 2-f X
IR EAEG A JFrERE I S A A, RS 4E i P I R A R —, R 4ERR IR AR
AT A BBt ACOXL [FRIAHK T AL T B0 KFEAR TR (VLCFA) I R U R, dh 4T
AR A BRI T A, (R R i R
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(2 Ak S FANME -

SRIM, ZRF Cox BIASHTE/R, fEWREW L. PR (CEA)K TR F R, ACOXL 1)
HSL IR I E A IS (HR = 0.379, 95% Cl: 0.128~1.122, P = 0.080), K ALk FIL GGt 2 3 M M .
KRR Z HMRE: 126, ACOXL MR AT e 5 M8 Fufar S o AR AE L A, LT 280N 4y
PR AR T HIR, ACOXL (T RE W] REM A T s S PR 15 b 52 28 AR M 2%, T JE B — kST
K. BN, SRR p-SE AL S AR R TR SE A L R AEAC U 2SS L, b Rg At P eI e e AR
R P e m A AR TR Aok 11 55 ACOXL LRI AEFH . (R, ACOXL (1705 i 58 mT B A I/ 45 e AR
FAEE RV CRC &, AR W AR SZ7US 1o i, 3 S B A5 Zobiig s 17 iR 44
WAFAERZ HAT FH[L7], T B3 240 Pt mT e 30 ik A 2 e b o JEL At W 308 6 (G W T A1) 11 55 ACOXL IR A
IEAh, ACOXL 4T iy S A S A BT BE AT XU AE - i P v Pk S T 0 b A A, i a3 e S 0 T
REMEBESE RN A AR B PR [21], X BRVFARRE 7 ACOXL 76 AN )i 8 B B B A0 284 o (1 532 o 1k S

ACOX1 7E CRC H )b yeg bl R B vl e b S 2 ML, 5 ACOXL ThReHH IS 73 5 HLAAT) 75 R AR
% ACOX1 H T k25 7] B S B K 55 5 R (VLCFA) 54 A1 2, (R HEWE 1 22U (ROS)AE 1 M S8 AL S i [21]
D 7% 2 S PR O A P O FEE AP i P AR G, a8 U455 5 R PR 2 A o 12 ) B ] g L AE AN [R) i o B
(0 IR o i S A G PR AR 5 40 P P 25 AR A DS IS 5 il K A7 7228 L% [20], Tif5# 7 CRC
RAEREHEKHEER . v ACOX1 #£ CRC 1 R#ZEM L 2 it T IFE s T Hefill. Ak, ACOX1 HKikHh
2RI Re I S R AR SRR R A P e B A, R OO B R O B s ) IR B2 14 [15], XN
ACOX1 k1L B A R PG 44t 1 7 Al R .

ACOX1 /i E A BEAR p-4E A2 VLCFA BRI E 2@t H I Redh s 3 BUIR B AL
JEH e AR R R g e 20 B2 O RE B i o, 1Y 5 HONHE T 25 W B B s ) B 2 . ik, ACOX1
P I AR b= A R TE P SU(ROS) BAT WU AR 20 s & FE RSP ROS RIS 4 it A S ks 25 a1 375 3
JAAIMIE T, T E ) ROS W AT e T Bk I ARG i 1 S A il . £ ACOXT IR AL g o,
VLCFA Rl il H AR (et ROS MR, MTMBREEMERA. thit, e A 5 i m
Z R 5 S (2 PPARa. MTOR Z5)fE7EAC ST, ACOXL [ IAZE Ak AT A i 5 i i 28 38 % 1) 3 1
(R R 4H L ) 3G 58 . 1R BRI R RE ). AR I Sk 75 B 45 G AR A 2 5 D R S i sk itk — D iy
UtH] ACOX1 X} CRC UM R A M B oM,  FFR R 5 Sy A B2 i Ok [18]

25 L Frid, ACOX1 7E CRC H 2 B ERFRIL, H sk 5 B3 I 1 AEAF TS % UIAH O, $&78 ACOX1
A A 38 I 1 3 S A T A T oA U B 4 S A SR B R HE B AR o RV FOMOSE TS (A 2 E
G RV AR K R s, (H3ET ACOXL MTIE AL R I H RAF MR IR X 4 3k . AR 70 S35 HR T
#T ACOX1 7E CRC AR o 4 v () B A 73 AL, 4R 2R AR AU m) v 77 B8 AUBR TS A8 B (i IR
LU R YIP

B B

ARG MR R B Ae B2 R S #E(FF IS . IRB-2021-379 5).
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