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[ZE] B - BT ATP 454 & %518 % 1 A7 (ATP-binding cassette subfamily A member 7, ABCA7) & [F 1E 45 H W I
(colorectal cancer, CRC) H TS PEAMGNE, “h CRC BIAGHEZ WIS MAL IR T SR A8 B 0 ThR kW . 773k - MM S s
AN I ZCBE %2 (Tumor Immune Single-cell Hub, TISCH) 3K HU CRC F) B 40 g 55 s 4L 5 i, MIER Rk 454 (Gene
Expression Omnibus, GEO) ¥4 T 2 GSM8594571 FEA Iy 25 [A] 45 2 5idE (3T 10x Genomics Visium -5 ), M JiE 3
P AL&% (The Cancer Genome Atlas, TCGA) #t#iJE I TCGA-COAD # TCGA-READ i H F 55 s 8 . it 1d £ 40 2%
L IIHTIRMG, R FH A I S SR ABHT ABCA7 FE N TR AR (2 k8, 455 2 A1 S A BCHR AR 5 LA I B 43k
AP By 23 (B3 REAE 5 SR L BIXURS: [al A8 (proportional hazards model, Cox %) ¥4k ABCA7 TR E ; 38 1 A%,
5 A 1) B i [0 SCFE &2 7 81 (clustered regularly interspaced short palindromic repeats, CRISPR) &7 A 454 CERES 53
IS UFHT CRC A4 BE A 520 5 I FH Cistrome 3098 42 () ChIP-seq 544 & Pearson A VE43 T, #EE ABCA7 555 5 IR T 448
BTB 4% #4 3 % 11 33 (zinc finger BTB domain-containing protein 33, ZBTB33) . 1% F «B flilil Al F (nuclear factor-«B-
repressing factor, NKRF) HRE SEPHER 4 . G5 R - ST R, ABCA7TE CRC BN BTk, NHAEK-67 mEEL
M R h ik 20 B, HIMIE A ABCA7mRNA F3k B3 & TIEF AL (P<0.05), HA—EizWiskit [Z2ik
H RN E (recelver operating characteristic, ROC) HiZk T 1! (area under curve, AUC) =0.686], rfiFk ABCA7 Al it &0
il CRCANIEA (W C75. CLI1) HIEIHAETT . ABCA7 HiaRiIBRH R BIREA (overall survival, OS). PORHFrSEIELEAT
1 (disease-specific survival, DSS) FIJCHEEAEAFIM (progression-free interval, PFI) &g & 4% (34 P<0.05), F£Wisfe
IMTELIR, ZBTB33 #ll NKRF W] H #4555 ABCA7 SER A% X3, )R ZBTB33/NKRF-ABCA7 ¥ sl ek, H =71 CRCHh
YRFE FIRRE (P<0.05). 45k « ABCA7TE CRCH E £ IE HE N R BUS MK, ZBTB33/NKRF-ABCA7 M A2 UK 5)
CRC il & 1y AL
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[Abstract] Objective-To investigate the prognostic value of the ATP-binding cassette subfamily A member 7 (ABCA7) gene in
colorectal cancer (CRC) and provide a novel molecular marker for the precise diagnosis and personalized treatment of CRC.
Methods - Single-cell transcriptome data of CRC were retrieved from the Tumor Immune Single-cell Hub (TISCH). Spatial
transcriptome data of sample GSM8594571 (based on the 10x Genomics Visium platform) were downloaded from the Gene
Expression Omnibus (GEO) database. Transcriptome data from the TCGA-COAD and TCGA-READ projects were extracted from
The Cancer Genome Atlas (TCGA) database. Using a multi-omics integration analysis strategy, single-cell transcriptome data were
employed to analyze the expression patterns of ABCA7 in different cell subpopulations and were combined with spatial
transcriptome data to explore its spatial distribution characteristics in tumor and adjacent tissues. The Cox Proportional Hazards
Model (Cox) was used to evaluate the prognostic value of ABCA7. The effect of ABCA7 on CRC cell proliferation was verified using
Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) knockout technology combined with the CERES algorithm.
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The transcriptional regulatory network between ABCA7 and the transcription factors zinc finger BTB domain-containing protein 33
(ZBTB33) and Nuclear factor-kB-repressing factor (VKRF) was constructed using chromatin immunoprecipitation sequencing (ChIP-
seq) data from the Cistrome database and Pearson correlation analysis. Results: The analysis revealed that ABCA7 was significantly
overexpressed in CRC malignant cells, with further upregulation particularly in tumor tissues with high Ki-67 expression. Moreover,
the mRNA expression of ABCA7 in tumor tissues was significantly higher than that in normal tissues (P<0.05), showing certain
diagnostic efficacy [area under the curve (AUC) of the receiver operating characteristic (ROC) curve=0.686]. Knockout of ABCA7
significantly inhibited the proliferative capacity of CRC cell lines (e.g., C75, CL11). Patients in the ABCA7 high-expression group
had significantly shorter overall survival (OS), disease-specific survival (DSS), and progression-free interval (PFI) (all P<0.05).
Epigenetic analysis showed that ZBTB33 and NKRF could directly bind to the regulatory region of the ABCA7 gene, forming a
ZBTB33/NKRF-ABCA?7 transcriptional regulatory axis, and all three were significantly upregulated in CRC (P<0.05). Conclusion-
ABCA7 is highly expressed in CRC and associated with poor prognosis. The ZBTB33/NKRF-ABCA7 regulatory axis may be a key
mechanism driving CRC progression.

[Key words] ATP-binding cassette subfamily A member 7 (4BCA7); colorectal cancer; spatial transcriptomics; single-cell

sequencing; CRISPR technology; epigenetics; transcriptional regulatory axis
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ATP 4% & & %512 25 11 A7 (ATP-binding cassette
subfamily A member 7, ABCA7) FEPHA{; F AZKYe
A 19p13.3 IXBR, Zft i 2 146 2 FLmR 4 nl 4 5 5 e
M, JBABCHIZEAMFAEAWLKE, &2
S 285 4 8RN 2 AR IR 45 A e i Y i P R
Z 5 RERG A . AR EE A HE S AN A R A
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(Tumor Immune Single-cell Hub, TISCH) #(#&, &
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FIH 10x Genomics Visium 25 [0 5% 5E 4 $i s, R R I
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Expression Omnibus, GEO) #(#5 & H i) GSE201348
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1A IR A1STRG 4 351 4185 o bk B 400 M 5 Sre 21 80
25 [6) % 51 20 B0dE o) R T GEO $ s 2 1) GSM8594571
PR BEA FI O & % B9 CRC RE A DY BT 10x
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P R 5T TCGA i d i 9 TCGA-COAD #1 TCGA-
READ Tl H , % FH STAR Jii & 4b ¥ () RNAseq $ 4 |
P& W5 S A B A U7 R i B 52 £ (transcripts per
million, TPM) &2 i) 5 A 3 18 B4 KA I I PR 10 5
{5 B o ABCAT7 Ry 4l fb 3235 50 W B 2L T N2 11 i
Ki#%31%] (The Human Protein Atlas, THPA) TrZk%k
2 o B SR T AR BHE ok 3 GEO B4
GSE176756 (NKRF #l5%) 1 GSE69155 (ZBTB33 fil
Br) Edlife .
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<200 5{>6000 Y 4HAE, LI UMIHH4<1000 A9 5 &=
Y, A R SR B AT AR i R O o g
R ZS (A4 (spot) , S R G 3k A £k <500 5 UM
TTH4<1000 19 5 . @ 412101 H&E G (o BG4
A, B ORAS )5 5 L 2 X R E R X R . B
SpaceRanger (v1.3.0) FEATaiAb 3, 5l Bk 5
FE LR BN o TS 43 A B Ak BRI B, S BRI
B LR AR R Z 58 B R G B REA, X2
2% 35 B s 1T log, (value+1) b i L 55 ¥ . TCGA-
COAD il H ) RNA I J7 B0 40 3o i sl 1E AR A, AR
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1.3 ABCA7 XA A il A K 5 e

HETRIBEF TG, AWF5ERH LA XU R E
il (proportional hazards model, Cox#%%!) X} CRC
BHE N Z R EATR R AT TIRA TS 208, 458
H AW (overall survival, OS) . %55 B 5 A= A7
(disease specific survival, DSS) FlJG ¥t J& 4 77 1))
(progress free interval, PFI). %X ABCA7. %% 5& K
F5¥ 48 BTB 45 #4325 11 33 (zinc finger BTB domain-
containing protein 33, ZBTB33) FI#% K+ «B 1l
F (nuclear factor-kB-repressing factor, NKRF) & [H
TS 58T, R RIE S survival . (v3.3.1) #E47H
RS AR A B, AR AR Cox BAY Ay ah F 14 . FLART
5, i3 schoenfeld 5k 22 A6 90 Ak 4 Jik A 2 1k K HoA
DA B A R A AL, R S5 2R i 4% i
PEH>0.05, RWARE R, BAEH, )5,
¥y % A5 i Cox L8, 4 A\ ABCA7. ZBTB33 Fll
NKRF ik K (4 log, ARifEfL I 1 TPM(E)  JIIfi IR
AR RS R, L B E AR, SRR T R
{5 B MEN]  (Akaike information criterion, AIC) [
B AL 1 AR G, R AR R B A5 R R 3R
VER AL S R, DA T 3 A A T 4 T 4y
. REL LN S Z, Al H survminer 1
(v0.4.9) 1Y surv_cutpoint PR%EL, i 13 i KAk log-rank
Giitin, o A SRR IR M A AR (E e R
i HER 53 Sy v AU ZEL AR AR 4 . 43415, log-rank
K36 7R 2 ZH7E OS . DSS FIPFI b AR 47 22 5 5 H.
A, NIRSEHE e ft Tl SE LGl .
24 1 survminer Fll ggplot2 1 (WA 3.4.4) XA 4757
Mres Rt kAL T L s, 445 Kaplan-Meier /f
P S N U Sl O o (T S e (S
(receiver operating characteristic, ROC) [i£k5%, &
CRC H 3 WA PR AL 305 Tl FURS HE TG 97 DL sk $ Ak
B 5T AW
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(AR . UM . AMBEARSE) o I Bl o m) G gl gk
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FRAIRGT ABCA7 FEHAE CRC 4 19 A= 4 2
Iifie, AWFSE R T CRISPR B4 0 v 45 A i CERES
BT ERER 5, KEHITAL ABCA7 1E AR TR CRC
A1 NS RO I s A 1 R G X N
ABCA7 2 5 EBHIR AN M AR 1, B 7 12 35 PR X 240 i 44
S EA SR o AR A A T e VT AR, IE
MRS 1 £ 43 T 5 R 35 R R ABCAT7 A k4 g Ak
FEW 2 L PR EAT W AE 04 B B ) T

1.6 HICPE S B

PEPE ABCA7 F£H (ENSG00000131269.19) 1E K
H¥rsr+, MR (WA 4.2.1) RH Pearson fH
KEBII T ABCAT7 KR 5 5 520 v e A A L TR
FikM M . R Benjamini-Hochberg (BH) J5 %)
PAEBATICIE, TRIEPREBE . MR E~0.7 H
KB G P<0.05 B A 5 ABCAT = FEAH G Y 3L 3%
IRFEA

1.7 Bk A7 5 by
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T 454 B . 2 % DAVIS 2 U8 7E Nucleic Acids
Research & & ) NKRF ¥4 5% [F 7 £ 45 LA & GERTZ
4t 1190 0013 4F K 2 19 ZBTB33 &% 5% K FHde . XA [
R B BB R AT IO e 4R TR AR ME AL AR 3 MR AR e ik
5 H AR5 R 456G A0 S i BT 43, 1% 42 score>
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FE T ChIP-seq {5 5 ¥ J& FI 45 4 07 S AR ST ME L7 & PEAG
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1.8 Kk 1 REBR A ABCA7 335 W 14 5 T HLK
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SRR G T NKRF F1 ZBTB33 X ABCA7 %[
FIRMTREAE I, ASBISE R DR A B SR s 45 5 e o
2T k. HE, ARBFSE N GEO Bds 3R B T 2
AT 1 B SR R Y- R PR B %2 : GSE176756 (NKRF
FiER) FIGSE69155 (ZBTB33 W) o i X b4y Hr
Y A R T HE 255 A 7 2 57 PR e 3k 201 1) B Sk A A
R YLVl NKRF H ZBTB33 2 %f ABCA7 mRNA 2
TRIKF- IS

1.9 SilF bt

K SPSS #AFHAT G4 0 Hr . o AR AT
HFIERSME, RHM (0, 0,) Fx, HEH
Wilcoxon Fk FIAS 56 1Ak ABCA7 R R F ik B4R 22 57 .
FEPEEAE W PR S e A o . e et Ar Bk
FHRUMAE S . P<0.05 %7n 26 5 BA et 5 L.

fifi F pROC .2 il ROC i £k, JFIFSE £~ i
1 (area under the curve, AUC) {H KVl ABCA7 &
KT BIZWRLEE , AUC{H BT | R IFI2 W14 RE i
oo PrAGEit st 7E R AR e i, B IR 4h
) ] A MR AT S

2 HR

2.1 ABCA7{E CRC v B 5 8 v e o,
ABCA7 £ CRC A1 41 SR I 1 25 1) i3 R AL -
PO B ST SR . ABCA7 HE A A 40 i rp
Fk KW B IR (K1A) . BRI Z AN ABCAT 1EkE
A CRC-101-04-1A Ji 87 21 21 CRC W 1 20 Jfd v sy 2258
(K 1B~D), F H#eEEBrampEa —fiikxs ., B
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ABCA71E MKi-67 B ik 1 CRC 41 h [EFE R 9 m 36 TR YIAIG . TE5E 2 40V R ABCAT7 [RIFE R i3 3
S (K 2A~C), 8 Hn] E 5 e 40 i 1Y 1 5 IKIPIRA (2D, E).

A
| CRC cell subpopulations |
s A A
CRC_GSE146771_Smartseq2 ABCA7 CRC EMTABS107 ABCA7
i Celltype - Celltype 25
y /'Flbl‘OblﬁStS (major-lineage) 35 Mast (major-lineage) ’
g B B & )
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" + Malignant 2 lial 7"+ Fibroblasts g
CD4 . \D *Mast L5 Maki naetla _‘, .+ Malignant -« Lo
X « Mono/Macro 1.0 & C Enterie’glial Mast
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DT & <Plasma 05 & 4Tconv.™ . Myofibroblasts T ’
« Tprolif . - Plasma T
< Treg -0 0
CRC_GSE166555 Celltype CRC_GSE179784 ABCA7
(major-lineage) DC ;.
Plasma .BJ ¢ 3.5 ~C1;4Tconv L Celltype 25
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| The expression of ABCA7 in CRC cells |
B C D
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Note: A. Subgroup division of multiple CRC single-cell sequencing datasets, displaying the expression distribution of ABCA7 in different CRC cell subgroups.
B. Identification of CRC and microenvironmental cell types (including endothelial cells, intestinal epithelial cells, malignant cells, etc.) using t-SNE
dimensionality reduction clustering. C. Pie charts presenting the proportion of different cell types in CRC samples, reflecting the dominance of malignant cells.
D. t-SNE visualization of ABCA7 expression distribution in CRC cells, with color gradients indicating differences in expression levels. E. Heatmap analysis of
differentially expressed genes in CRC, showing gene expression patterns in subgroups and screening for differential genes. F. t-SNE display of the expression
distribution of key CRC genes (CEACAMS, TP53, BRAF, etc.) in cells.

1 ABCA7 RN FHIERE R CRCEEMM A ABCATHRIZS T

Fig 1 Single-cell sequencing data of ABCA7 showing the expression distribution of ABCA7 in malignant cells of CRC

R AP 22 R RGR A IESE 1 BRI, @ P, ARSI RN KA R I (P<0.05).
i) LR MR 4 SR H AR ABCA7 mRNA £ik/K  FEIEWHLAM AT (n=51), ABCA7 R M (Q,,
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Ik, E

MKIs7
02468

ABC47 IR Tl
0246

Expression of ABCA7

Note: A. H-E staining of the first group of CRC tissues. B. Spatial transcriptome showing the expression distribution of MKi-67 in CRC tissues, with a color

gradient (0-8) representing expression levels. C. Spatial transcriptome presenting the expression distribution of ABCA7 in CRC tissues, with a color gradient

(0-6) reflecting expression levels, suggesting high expression of ABCA7 in active tissue cells of CRC. D. H&E staining image of the second group of CRC

tissues. E. Mapping of ABCA7 expression values to tissue space, with scatter points and color shading showing the expression distribution, quantifying and

visualizing differences and accurately indicating its high expression in active tissue cells of CRC.

2 ABCA7#ECRCEMALHPAMMT BHERARENT

Fig 2 Spatial transcriptome showing the expression distribution of ABCA?7 in active tissue cells of CRC

0,) H2.602 (2221, 2.929), ¥l N 2.524+0.533,
F IRk R 1.226~3.367. 1 7 9 AL 2L KR AR R
(n=647) , ABCA7 K ik W M (Q,, 0, H 2.949
(2.510, 3.495), DUk 0.985, #{H N 3.003+
0.761, FIEEH K 0.683~5.828, ow HH m Ay F ik
IRV R K ) #3848 S . ROC £ 43 A ik — 25 3
i T ABCA7 W2 Wi (8, 455 Woniz i BA R4
HIZ WAL BE, AUC=0.686 (95%CI 0.626~0.747),
W] ABCA7 7r. CRC 2 Wi th AT — & 1Y It K B FH 7 75
(KI3A. B). JFHikE— &Ik ABCA7 J5 CRC M
KAz 2 H (K13C),

2.2 ABCA7 bR %354 CRC 4L Hg it

J B UE ABCA7 7E CRC 4l g 38 58 b 19 T REAE
ik ABCA7 N5, 50 CRC 4 i & A4 58 A8 152
IR, W C75. CLIA4E (K30)., #
7N ABCA7 TEHERE CRC 4t J Y 14 78 1% PR A A7 fig g v
RYECHAER, SRS T AR VAR YT 2 )
Bl JF Bk — 20k 9 4 % 4 AL s £8 1 7R ABCAT
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( U #& . HPA041564) 7E CRC 41 & mh 5 £ &
(El4A. B).

2.3 ABCA7 i #iL s CRCEFA R G

55T Kaplan-Meier 4= 17 43 H7 (4 Tl J5 P74l 25 2R &
N, MR ABCA7 He P 35 1Y e AR B W E (GE i
survminer 12 surv_cutpoint pF 5z K fL log-rank 4t 11
W), ¥EES S REIAMRERLAE, Mk
IR B FAE 3 RIS HEbr R W
ARG . BARITS ., £ O0S i, ABCA7 &
FRYLR A MFE T KRS SRR R A 1.77 1% (HR=
1.77, 95%CI 1.24~2.52, P=0.002); 1% %5 DSS 7>
B, e 2R IK 2H A S AR OCHE T XU 3G i T 2.07 4%
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Note: A. Violin plot comparing tumor and normal tissues, showing high mRNA expression of ABCA7 in CRC. B. ROC curve evaluating the diagnostic
efficacy of ABCA7 mRNA for CRC, with an AUC of 0.686 (95% CI 0.626-0.747). C. CRISPR screening results showing CRISPR scores corresponding to
different sgRNAs, with CRISPR score<0 suggesting that ABCA7 promotes CRC cell growth.

3 ABCA77E CRC ¥ mRNA 7K 5= 1% K H 3 CRC 48 4 K B #200

Fig3 mRNA expression level of ABCA7 in CRC and its effect on CRC cell growth
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Note: A. CRC tissue: low magnification (x20) showing tumor gland distribution, and high magnification (x40) showing positive staining of ABCA7 in tumor cells.
B. NON-CRC normal tissue: low magnification (x20) presenting normal tissue morphology, and high magnification (x40) showing ABCA7 expression in normal cells.
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Fig4 Immunohistochemical staining images of ABCA7 in normal and tumor tissues of CRC
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Note: A. Overall survival (OS) cohort: low-expression group (n=239, events=39) vs high-expression group (n=238, events=64). B. Disease-specific survival
(DSS) cohort: low-expression group (n=234, events=24) vs high-expression group (n=227, events=40). C. Progression-free interval (PFI) cohort: low-
expression group (n=239, events=54) vs high-expression group (n=238, events=74).
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Fig5 mRNA expression level of ABCA7 in CRC and its correlation with prognosis
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Note: A. Pearson and Spearman analyses screening genes co-expressed with ABCA7 (r>0.7, P<0.05. e.g., ZBTB33, NKRF), with scatter plots showing
expression correlation. B. mRNA expression of ZBTB33 and NKRF in CRC tumor tissues (purple) vs normal tissues (blue), showing higher expression in tumor
tissues. C. Survival curves indicating a higher overall survival probability in CRC patients with low ZBTB33 and NKRF expression (ZBTB33: HR=0.80, P=
0.263; NKRF: HR=1.14, P=0.517), reflecting the association between co-expressed genes and prognosis. D. Knockout experiments showing downregulated
ABCA?7 expression after NKRF and ZBTB33 knockout, revealing their transcriptional regulatory effect on ABCA7.
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Fig 6 Co-expression analysis of ABCA7 with highly expressed ZBTB33 and NKRF in CRC
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Note: Integration of multi-omics data (chromatin accessibility, gene expression, epigenetic regulatory elements, etc.) to present the epigenetic regulatory effect of

ABCA7 on highly expressed ZBTB33 and NKRF in CRC, and analysis of CRC gene regulatory network through chromatin status and binding element regulation.
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Fig 7 Epigenetic regulation of ABCA7 on highly expressed ZBTB33 and NKRF in CRC and analysis of gene network
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