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Abstract Colorectal cancer (CRC) poses a significant global health challenge, with liver
metastasis being a major contributor to its high mortality rate. The liver, due to its strategic
anatomical location, distinctive tissue architecture, and unique metabolic properties, is the
primary site for CRC to metastasize. The objective of this study was to identify hub genes
involved in colorectal liver metastasis (CRLM) using a combination of bioinformatics analysis
and experimental methods, and to decipher their molecular mechanisms that regulate this
metastatic process. By mining data from the TCGA and GEO databases, we identified that
low expression of 3-ketoacid CoA transferase 1 (OXCT1) might related to the development
of CRLM. Both in vitro and in vivo experiments have indicated that the downregulation of
OXCT1 significantly enhanced tumor migration and metastasis, suggesting a potential tumor-
suppressive role for OXCT1 in the progression of CRLM. Further bioinformatics analysis, dual-
luciferase reporter assays, and Western blot identified Yin Yang 1 (YY1) as a transcription fac-
tor regulating OXCT1 in CRC. RNA sequencing suggested that OXCT1 suppressed the Wnt
signaling pathway by downregulating CDK8 expression, and diminishing its interaction with
163.com (C. Li), gongdeao@stu.cqmu.edu.cn (D. Gong), shanxqun@stu.cqmu.edu.cn (X. Shan),
iayao_20@163.com (J. Yang), 1693211283@qq.com (R. Zhang), 17754921005@163.com (Y. Huang),
ang@cqmu.edu.cn (N. Tang), zhuyuxi@hospital.cqmu.edu.cn (Y. Zhu).
ty of Chongqing Medical University.

.101625
ishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
//creativecommons.org/licenses/by/4.0/).

mailto:lichenhao0105@163.com
mailto:gongdeao@stu.cqmu.edu.cn
mailto:shanxqun@stu.cqmu.edu.cn
mailto:wukang@stu.cqmu.edu.cn
mailto:jiayao_20@163.com
mailto:1693211283@qq.com
mailto:17754921005@163.com
mailto:wangkai@cqmu.edu.cn
mailto:nitang@cqmu.edu.cn
mailto:zhuyuxi@hospital.cqmu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2025.101625&domain=pdf
https://doi.org/10.1016/j.gendis.2025.101625
http://creativecommons.org/licenses/by/4.0/
www.sciencedirect.com/science/journal/23523042
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2025.101625


2 C. Li et al.
b-catenin. Additionally, OXCT1 governed CDK8 expression via histone H3 acetylation. Finally,
OXCT1 expression was significantly reduced in CRLM sites, which correlated with unfavorable
outcomes. Our research suggested the OXCT1/Wnt signaling axis pathway as a critical regu-
lator of CRLM. And these findings offered valuable insights, and potential therapeutic targets
for CRLM.
ª 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
Introduction

Colorectal cancer (CRC) has become one of the most
prevalent and deadly malignancies worldwide.1,2 It is
characterized by a propensity for metastasis to the liver, a
condition known as colorectal cancer liver metastasis
(CRLM), which affects approximately 20%e30% of patients
throughout the disease trajectory.3 Previously, the mech-
anisms underlying CRLM have been mainly attributed to
anatomical predispositions and immune suppression.4

However, recent evidence suggests that additional, yet
unidentified factors may contribute to the development of
CRLM.

The prognosis for patients with CRLM is grim, with a five-
year survival rate ranging from 12% to 30%. Most patients
with CRC liver metastases who do not receive treatment
typically have a life expectancy ranging from 6 to 20
months.2 Therefore, in-depth exploration of the new
mechanisms underlying CRLM, as well as the formation of
metastatic foci is critical for identifying therapeutic tar-
gets, intervening in early liver metastasis progression, and
improving prognosis.

Locally advanced CRC frequently invades surrounding
tissues, a process that is heavily influenced by tumor cell
motilityda key determinant of metastatic potential.5

Recently, several key molecules, including PCDH176 and
lncRNA XIST,7 have been identified as being involved in this
process. Moreover, aberrant activation of the Wnt signaling
pathway is frequently observed in solid tumors.8 The loss of
normal cell polarity and adhesion caused by Wnt signaling
activation is a fundamental step in tumor progression and
metastasis.9 Therefore, understanding the mechanisms of
Wnt signaling activation and targeting tumor cell motility
through Wnt signaling inhibition may serve as an effective
strategy for treating high-risk metastatic cancers.10,11

In this study, we employed bioinformatics analysis to
identify 3-oxoacid CoA-transferase 1 (OXCT1) as a pivotal
gene that may regulate CRLM. We also validated OXCT1’s
role in the biological functions of colorectal tumor cells
through both in vivo and in vitro experiments. Moreover, we
performed transcriptome sequencing analysis, and
revealed that OXCT1 significantly influences the Wnt
signaling pathway, particularly affecting the CDK8 gene.
Finally, we discovered that OXCT1 epigenetically regulates
CDK8 transcription. This study highlights the essential reg-
ulatory role of OXCT1 in CRLM, elucidates its specific mo-
lecular mechanisms, and offers a novel potential target for
preventing CRLM.
Materials and methods

Data acquisition and processing

Transcriptome data related to colorectal cancer metastasis
and corresponding clinical information were downloaded
from the Gene Expression Omnibus (GEO) and The Cancer
Genome Atlas (TCGA) databases (Table S1). Differential
gene expression analysis was performed using the limma12

package in the R programming environment, comparing
primary tumors and liver metastasis groups in the
GSE41258, GSE68468, and GSE35834 datasets. In the
GSE41258 dataset, genes were considered significantly
differentially expressed with a threshold of p.adj < 0.05
and |logFC| � 1. For the GSE68468 and GSE35834 datasets,
given the lower number of differentially expressed genes,
thresholds were adjusted to p.adj < 0.05 and |logFC| �
0.5. Subsequently, volcano plots were generated using the
ggplot2 package.

Univariate COX regression analysis was conducted on the
differentially expressed genes from the GSE41258 dataset
using the survival package. Genes with p < 0.05 were
subjected to the subsequent lasso regression. Genes with a
hazard ratio (HR) greater than 1 were classified as risk
factors for colorectal cancer prognosis, whereas those with
HR less than 1 were deemed protective factors. The glmnet
and survival packages were then used to further filter the
candidate genes, and genes with p < 0.05 were incorpo-
rated into a risk model and identified as key genes in
colorectal cancer metastasis.
Clinical sample collection and immuno-
histochemistry experiments

Paraffin-embedded tissue sections of cancerous and adja-
cent non-cancerous tissues were collected from 20 colon
cancer patients, obtained from the Department of Pathol-
ogy at Chongqing Medical University. The sections were
incubated overnight at 4 �C with a primary antibody against
OXCT1. Subsequently, the sections were incubated with a
secondary antibody, anti-rabbit IgG (ZSGB-BIO, Beijing,
China) and stained using 3,30-diaminobenzidine (DAB). The
stained sections were scanned using a Pannoramic Scan 250
Flash scanner, and the images were acquired using Pan-
noramic Viewer 1.15.2 software (3DHistech, Budapest,
Hungary).

http://creativecommons.org/licenses/by/4.0/
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Cell cultures and reagents

Human cell lines HCT116 and RKO were obtained from the
Cell Bank at the Chinese Academy of Sciences (Shanghai,
China). Mycoplasma contamination was ruled out using the
MycoAlert PLUS kit (Lonza, based in Basel, Switzerland).
Cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM; Gibco, Grand Island, NY, USA). This medium was
supplemented with 10% fetal bovine serum (FBS; Corning,
NY, USA), 100 mg/mL streptomycin, and 100 IU/mL peni-
cillin (MCE, NJ, USA). The cultures were maintained at 37
�C in an humidified atmosphere of 5% CO2.
Adenovirus production and stable cell lines
construction

The amplified OXCT1, OXCT1-S226N, YY1 fragments were
cloned into the shuttle vector pAdTrack-TO4, provided by
Dr. He Tong-Chuan (University of Chicago, USA). Recombi-
nant adenovirus pAd-OXCT1 was generated using the
AdEasy system, with AdGFP was used as a negative control
as previously described.13

The CRISPR-Cas9 system, provided by Professor Ding Xue
(Tsinghua University, Beijing, China), was used to construct
OXCT1 knockout (KO) cells as previously described.14 The
KO efficiency was verified by Western blot analysis.
Quantitative real-time PCR

Total RNAs were extracted from colorectal cancer cells
using TRIzol reagent (Invitrogen, Rockville, MD, USA) and
reverse transcribed into cDNA with the PrimeScript� RT
reagent kit (RR047A, TaKaRa, Tokyo, Japan). Quantitative
real-time PCR was conducted on a Bio-Rad CFX96 system
(Bio-Rad, Hercules, CA, USA), with b-actin serving as the
normalization control to calculate mRNA levels via the 2-
DDCt method.
Western blot

Cells were lysed with a cold buffer containing 1 mM phe-
nylmethylsulfonyl fluoride (PMSF) from Beyotime Biotech-
nology (Shanghai, China). The resulting cell suspension was
kept on ice and vortexed for 20 min. Sonication was then
performed. The cell suspension was then centrifuged at
14,000 rpm for 20 min at 4 �C. The protein concentration in
the supernatant was measured using the BCA Protein Assay
Kit (Beyotime Biotechnology). Protein extracts were
resolved by 10% or 12% SDS-PAGE and subsequently trans-
ferred onto PVDF membranes (Millipore, Bedford, MA).
Membranes were incubated in a blocking solution of 5% non-
fat milk in TBST for 1.5 h, followed by overnight incubation
with the specified primary antibodies at 4 �C. After
washing, membranes were incubated with secondary anti-
bodies (Abcam, Cambridge, UK), and immunoreactive
bands were visualized using the Enhanced Chem-
iluminescence (ECL) system (Bio-Rad).
Proliferation assay

Colon cells were plated in 96-well plates at a density of 800
cells per well. Each experimental condition was replicated
three times and incubated for five days. The growth rate of
the cells was monitored daily by using the IncuCyte ZOOM
software (ESCO, USA).

Transwell migration assay

Cell migration was assessed using 24-well Transwell plates
(Corning, USA) with a serum concentration gradient estab-
lished between chambers. The upper compartments were
inoculated with 5 � 104 cells suspended in 200 mL of serum-
deprived medium, while the lower compartments con-
tained 800 mL of complete medium supplemented with 10%
fetal bovine serum. After incubation, membrane-traversing
cells were fixed and subjected to crystal violet staining.
Cellular quantification was performed by counting stained
cells in three randomly selected microscopic fields per
insert under 200 � magnification using a ZEISS Axio Imager
A2 microscope (Germany).

Wound healing assay

Cells were cultivated in 96-well plates, and a scratch was
made in the cell monolayer using a WoundMaker (ESSEN).
ESCO IncuCyte ZOOM software documented the area of the
wound, and the extent of scratch closure was calculated.

Cecum injection

In the cecal injection model, 6-week-old nude mice were
anesthetized with 2.5% sodium pentobarbital (40 mg/kg)
and then subjected to a surgical incision. HCT116 cells (2 �
106) from the AdGFP, AdOXCT1, sgControl, and OXCT1-KO
groups (5 mice per group) were injected into the cecal wall,
followed by closure of the mice with sterile sutures. Six
weeks later, the size and number of liver metastases were
observed, the liver metastasis was assessed by weighing
and the tumor area was analyzed using imageJ.

Chromatin immunoprecipitation (ChIP) assay

Chromatin immunoprecipitation was performed using
chemically crosslinked HCT116 cells (8 � 106 cells fixed
with 1% paraformaldehyde at 37 �C, 8 min). Chromatin
fragmentation was achieved through ultrasonic processing
(30% amplitude, 10 cycles of 15-sec pulses interspersed
with 15-sec intervals). Immunoenrichment was conducted
by incubating clarified lysates with specific anti-YY1 (SC-
7341, Santa Cruz) or isotype-matched control antibodies in
ChIP dilution buffer (16 h, 4 �C). Chromatin-immunocom-
plexes were captured with Protein A/G magnetic beads
(Millipore, 16-663), followed by sequential washes with
low-salt, high-salt, and hiTE buffers. The DNA fragments
bound to YY1 in the ChIP samples were then analyzed using
real-time PCR. The procedures for ChIP and ChIP-qPCR
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were performed in accordance with previously established
protocols.14

Dual-luciferase reporter assay

The OXCT1 promoter sequence (fragment þ878 to þ2100)
was cloned into the pGL3-basic plasmid to investigate the
interaction between YY1 and the OXCT1 promoter. HCT116
and RKO cells were transfected with AdTrack-TO4 (used as
a negative control) or YY1-TO4 for 24 h in 12-well plates.
Subsequently, cells were co-transfected with 0.5 mg of
pGL3-OXCT1 and 25 ng of pRL-TK-Renilla (used as a trans-
fection control) for 48 h. Luciferase activity was then
measured using the Dual-Luciferase Reporter Assay System
(Promega, Madison, WI, USA).

To assess the transcriptional activity of b-catenin
downstream target genes, we utilized the TOPflash and
FOPflash luciferase reporter assay (Beyotime, China).
HCT116 and RKO cells were infected with AdGFP (negative
control) or AdOXCT1 for 24 h, or seeded with sgControl,
OXCT1-KO1, or OXCT1-KO2. The cells were then co-trans-
fected with 0.5 mg of the TOPflash or FOPflash plasmid and
25 ng of the pRL-TK-Renilla plasmid for 48 h. Luciferase
activity was subsequently measured using the Dual-Lucif-
erase Reporter Assay System.

RNA-seq

HCT116 cells (1 � 107) were treated with either Ad-GFP or
Ad-OXCT1 for 36 h to perform RNA sequencing (RNA-Seq).
Following the manufacturer’s instructions, total RNA was
extracted using TRIzol reagent (Invitrogen), and the RNA-
seq experiment was then conducted by Applied Protein
Technology (Shanghai, China).

Co-immunoprecipitation (Co-IP)

Co-immunoprecipitation (co-IP) assays were performed by
incubating 500 mg total protein lysates with specific pri-
mary antibodies (1 mg) in IP lysis buffer (4 �C, 12h, rotating
platform). Antigen-antibody complexes were precipitated
using Protein A/G Plus Agarose (MCE, HY-K0202), followed
by three washes with ice-cold PBS containing 0.1%
Tween-20. Bound proteins were denatured in 2 � loading
buffer (95 �C, 5 min), resolved on 10% SDS-PAGE gels, and
immunoblotted with species-matched secondary
antibodies.

Human acetyl-coenzyme A ELISA kit

To quantify acetyl-CoA levels, cells or tissues were rinsed
with chilled PBS, collected in RIPA buffer, and subjected
to sonication. Proteins from the cellular or tissue samples
were then precipitated using PCA. Following centrifuga-
tion, the supernatant was collected and adjusted to a
neutral pH (6-8) by adding potassium bicarbonate. Any
resulting precipitates were eliminated through additional
centrifugation. The final supernatant was analyzed in
triplicate for acetyl-CoA content using the COIBO
CB12747-HU assay kit, adhering to the manufacturer’s
guidelines.
Statistical analysis

Data analysis was performed using R software (version
4.1.1). Differences between groups were tested using t-
tests, one-way ANOVA, and c2 tests. For differential gene
expression analysis, p-values were adjusted using the
Benjamini-Hochberg (BH) procedure, with an adjusted p-
value threshold of less than 0.05 considered statistically
significant. *p < 0.05, ))p < 0.01, )))p < 0.001.
Results

Low expression of OXCT1 was associated with liver
metastasis in colorectal cancer

To identify the key genes regulating liver metastasis in
colorectal cancer, we employed bioinformatics methods for
screening and analysis. In the GSE41258 dataset, we con-
ducted a differential gene expression analysis between
primary tumor samples and liver metastasis samples, visu-
alizing the results with a volcano plot (Fig. S1A). We iden-
tified 190 genes with significantly altered expression levels.
Subsequent Univariate Cox regression analysis revealed
that 18 of these genes were significantly associated with
colorectal cancer liver metastasis and the prognosis of pa-
tients (Fig. S1B).

To refine the selection of prognostic genes, we applied
Lasso regression analysis by utilizing the model with the
minimum deviance value. Lasso regression is particularly
suited for handling high-throughput datasets in cancer
biology. When the number of genes far exceeds the num-
ber of samples, Lasso effectively selects relevant feature
genes, thereby enhancing the predictive accuracy for the
target variable.15 This analysis identified 11 the variables
with non-zero coefficients, as depicted in a coefficient
trajectory plot during logarithmic changes in the Lasso
penalty parameter (l) (Fig. S1C-D). These 11 key genes
were significantly related to the prognosis of patients.

Additionally, we performed differential expression
analysis on the GSE68468 and GSE35834 datasets (Fig. S1E-
F), and intersected the significantly altered with those
previously prognosis-related genes (Fig. S1G). A Venn dia-
gram visualization highlights the intersection, featuring the
OXCT1 gene, which is downregulated in colorectal cancer
within the datasets and exhibits a hazard ratio (HR) less
than 1, suggesting a potential protective role. We then
analyzed OXCT1 expression in primary tumors and liver
metastases across the GSE41258, GSE68468, and GSE36834
datasets to further validate differential expression using
paired patient data (Fig. 1AeB). The results showed a sig-
nificant downregulation of OXCT1 in liver metastases
compared to primary tumors. OXCT1, a key rate-limiting
enzyme in ketone body metabolism, is generally associated
with poor prognosis when highly expressed in certain can-
cers, such as liver cancer16 and pancreatic cancer.17

Interestingly, our findings suggest that it may be down-
regulated in colorectal cancer, indicating a potential
discrepancy. To address this discrepancy, we sought to
confirm the potential role of OXCT1 in the liver metastasis
of colorectal cancer.
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Subsequently, we extracted survival data from the
TCGA-COAD (The Cancer Genome Atlas Colon Adenocarci-
noma) and GSE41258 datasets for primary tumors to draw
KaplaneMeier survival curves. We also assessed the rela-
tionship between the expression level of OXCT1 and colo-
rectal cancer prognosis. The results indicated that patients
with low expression of OXCT1 had a poorer prognosis.
Figure 1 Low expression of OXCT1 was associated with liver met
OXCT1 in liver metastasis in datasets GSE41258, GSE68468, GSE35
expression of OXCT1 was low in paired data from GSE41258, GSE684
calculate p value. (CeD) KaplaneMeier analysis of survival curve o
OXCT1 levels. p value was calculated based on log-rank test. (E) R
OXCT1 expression measured on a tissue that contained 20 paired no
calculated based on paired Student’s t test. Scale bar: 100 mm (*p
Further analysis revealed that OXCT1 expression was
significantly downregulated in samples from the M1 stage
compared with those from the M0 stage (Fig. 1CeD). The M0
stage refers to the absence of distant metastasis, while the
M1 stage indicates the presence of distant metastasis.

Finally, we collected tissue sections from 20 patients,
including 10 cases with liver metastasis, and 10 cases
astasis in colorectal cancer. (A) It was shown low expression of
834. Student’s t - test was used to calculate p value. (B) The
68, GSE35834. Paired two - tailed Student’s t - test was used to
f patients with CRC in TCGA and GSE41258 with low and high
epresentative immunohistochemistry images and evaluation of
rmal colon, primary tumors, and liver metastases. p value was
< 0.05, **p < 0.01, ***p < 0.001).
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without liver metastasis. Immunohistochemistry (IHC)
analysis confirmed that OXCT1 expression was significantly
reduced in liver metastases compared to primary tumors
and normal tissues (Fig. 1E). These findings suggested that
low OXCT1 expression might be associated with liver
metastasis in colorectal cancer.

OXCT1 promotes colon cancer cells migration in
vivo and vitro

Next, we constructed the recombinant adenovirus to
overexpress OXCT1 in the HCT116 and RKO cell lines. The
overexpression was confirmed at both the protein and
mRNA levels using Western blot and qRT-PCR analyses (Fig.
2AeB). In parallel, we established OXCT1 stable knockout
cell lines in HCT116 and RKO cells by CRISPR-Cas9 tech-
nology. The efficiency of the knockout was validated using
Western blot analysis (Fig. 2A).

To further investigate the impact of OXCT1 on cell bio-
logical function, we conducted cell proliferation assays.
Cell growth curves indicated no significant difference in cell
number between the AdOXCT1-and AdGFP-transfected
groups (Fig. S2A). Similarly, proliferation assays following
OXCT1 knockout showed no significant change in prolifer-
ative capacity among the OXCT1-KO1, OXCT1-KO2, and the
sgControl groups (Fig. S2B). These findings indicated that
OXCT1 expression levels do not substantially affect the
proliferation of HCT116 and RKO cells in vitro.

To further explore the role of OXCT1 on cell migration,
wound healing assays were performed in HCT116 and RKO
cells. The results revealed that OXCT1 overexpression
significantly impaired the migration capacity of colon can-
cer cells (Fig. 2C, Fig. S2C), while OXCT1 knockout signifi-
cantly promoted cell migration. Moreover, this finding was
corroborated by transwell assays, which showed that
OXCT1 overexpression reduced the migration of both
HCT116 and RKO cells, whereas OXCT1 knockout enhanced
their migration (Fig. 2D, Fig. S2D).

To investigate the effect of OXCT1 on colon cancer
metastasis in vivo, we employed a cecum injection model
with orthotopic cecum implantation18 using HCT116 cells,
followed by assessment of liver metastasis (Fig. 2E). Six
weeks following the procedure, liver samples were
collected from the mice for analysis. The results showed
that OXCT1 overexpression significantly reduced the num-
ber of liver metastases, while OXCT1 knockout significantly
increased them (Fig. 2FeG). These findings suggest that
OXCT1 plays an inhibitory role in the metastasis of colon
cancer in vivo.

The transcription regulation of OXCT1 by Yin and
Yang1 (YY1)

To investigate the regulatory mechanisms of OXCT1
expression in colorectal cancer, we performed a compre-
hensive screening using bioinformatics approaches.
Firstly, we used the JASPAR19 tool from UCSC20 to predict
transcription factors that may regulate OXCT1 expression,
and found YY1, E2F8, NFATC1, and NFATC3 as potential
candidates. We next performed a Spearman correlation
analysis21 of these genes’ expression levels in colon tumor
tissues using data from the TCGA database (Fig. S3A). The
results showed that all four genes were significantly
correlated with OXCT1 mRNA levels. Subsequently, we
used siRNA to knock down these four transcription factors,
and assessed their impact on OXCT1 expression by qPCR
(Fig. S3B-C). Notably, only the knockdown of YY1 signifi-
cantly decreased the mRNA levels of OXCT1 in both cell
lines (Fig. S3D). Furthermore, Western blot confirmed that
overexpression of YY1 significantly increased OXCT1 pro-
tein levels, while YY1 knockdown reduced OXCT1 protein
expression (Fig. 3A). Collectively, these results indicate
that YY1 is a key transcription factor of OXCT1 in colo-
rectal cancer.

In addition, we predicted YY1 binding sites within the
OXCT1 promoter region using the JASPAR database. And,
we found the most probable binding motifs for YY1 were
located within the �1191 to �1197, and �1269 to �1275
regions (Fig. 3BeC). To further determine whether YY1
could bind to the promoter region of OXCT1 and regulate
its transcriptional activity, we constructed a pGL3-OXCT1
plasmid containing the OXCT1 promoter, and confirmed its
activity using a dual-luciferase reporter assay. The results
indicated the overexpression and knockdown of YY1 could
significantly increase and decrease the luciferase activity,
respectively (Fig. 3D). Finally, ChIP-qPCR experiments
confirmed these two potential binding sites of YY1 on the
OXCT1 promoter (Fig. 3E). In summary, these findings
suggested that YY1, as a key upstream regulatory factor, is
involved in the transcriptional regulation of OXCT1.

OXCT1 inhibits colon cancer metastasis by
regulating the CDK8-b-catenin axis

To unravel the mechanisms by which OXCT1 inhibits tumor
metastasis, we performed transcriptomic sequencing anal-
ysis on HCT116-derived cell lines to find differentially
expressed genes (DEGs) between AdGFP and AdOXCT1
groups. By applying thresholds of adjusted p-value <0.05
and |logFC| > 0.35, we identified a total of 648 signifi-
cantly differentially expressed genes (DEGs) (Fig. 4A). A
literature review indicated that many of these genes are
closely linked to tumor metastasis. Specifically, highly
expressed genes in the AdOXCT1 group, such as FZD2,22,23

CDK8,24 TIMP3,24 and UCHL1,25 are known to promote
metastasis. In contrast, genes associated with metastasis
inhibition, such as DKK4,26 NDRG1,27 and BTG2,28 were
significantly upregulated in the AdGFP group (Fig. 4B).

Subsequently, we performed KEGG/GO enrichment
analysis and GSEA enrichment analysis on these DEGs. GO
enrichment analysis revealed that these genes were pri-
marily enriched in biological processes related to tumor
metastasis, such as the Wnt signaling pathway, matrix
adhesion-dependent cell spreading, and extracellular ma-
trix binding (Fig. 4C). KEGG enrichment analysis indicated
significant enrichment of these genes in signaling pathways
such as basal cell carcinoma, hepatocellular carcinoma,
p53 signaling pathway, and adherens junctions (Fig. S4A).
Additionally, GSEA enrichment analysis further confirmed
significant enrichment of the DEGs in the Wnt signaling
pathway (Fig. 4D, Fig. S4B).



Figure 2 OXCT1 promoted colon cancer cells migration in vivo and in vitro. (AeB) OXCT1 overexpression and knockout system
was constructed, validated through Western blot (A) and qRT-PCR (B). (C) Scratch assay was used to assess the impact of OXCT1 on
the migratory capacity of HCT116 cells. (D) Transwell experiment was conducted to assess the effect of OXCT1 on the migratory
capacity of HCT116 cells. (E) Schematic of the CRC orthotopic mouse model. HCT116 cells were initially injected into the mouse
cecum wall, and metastasized to the liver. (FeG) Representative images of liver metastases in the HCT116 mouse cecal injection
model of colorectal cancer, along with H&E staining images and corresponding quantitative analysis. The p - value was calculated
using a T - test (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 3 The transcription regulation of OXCT1 by YY1. (A) The protein levels of OXCT1 were regulated by YY1 in HCT116 and
RKO cells. (B) Schematic diagram of the OXCT1 promoter with two potential YY1 binding sites. (C) The YY1 binding motif was
predicted through bioinformatics analysis. (D) The wild-type reporter plasmid containing the OXCT1 gene and pRL-TK-Renilla was
co-transfected with either the YY1 overexpression plasmid or siYY1 into CRC cells, and dual luciferase activity was measured. (E)
ChIP-qPCR analysis indicated that YY1 directly bound to the OXCT1 promoter in HCT116 and RKO cells. The results were validated
using a t-test. Gene enrichment was assessed relative to input controls using qPCR with primers specific to the promoter regions of
OXCT1 (*p < 0.05, **p < 0.01, ***p < 0.001).
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Further analysis of OXCT1-related DEGs (Fig. S4C) in the
GSE41258 dataset similarly showed significant enrichment
in the Wnt signaling pathway according to GSEA results (Fig.
S4D). Taken together, OXCT1 might inhibit colon cancer
metastasis by suppressing the Wnt signaling pathway.

Thus, we validated the expression of CDK8 which was
related to the Wnt signaling pathway by qRT-PCR, and found
that the transcription level of CDK8 was significantly
elevated following OXCT1 knockout, and downregulated
after restoration of OXCT1 (Fig. 4E). These results suggested
that OXCT1 might regulate the Wnt pathway through CDK8.
On the other hand, b-catenin is the key protein in the Wnt
signaling pathway.29 Thus, we performed qRT-PCR analysis of
OXCT1 and b-catenin in each of the AdOXCT1 and AdGFP
groups of RKO and HCT116 cell lines, respectively (Fig. 5A).
The results indicated that OXCT1 did not significantly affect
b-catenin expression at the transcriptional level, but did
significantly regulate CDK8 expression.

Furthermore, our examination of the CPTAC database30

found a significant negative correlation between OXCT1



Figure 4 Overexpression of OXCT1 inhibited CDK8 expression in mRNA level. (A) Visualization analysis of differential expression
in transcriptome sequencing data. (B) Heatmap of migration-related genes in DEGs. (C) GO enrichment analysis was performed on
differentially expressed genes. (D) GSEA enrichment analysis was conducted on all genes. (E) qPCR validation of the effect of
OXCT1 on CDK8 transcription levels (*p < 0.05, **p < 0.01, ***p < 0.001).
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and b-catenin at the protein levels (Fig. 5B). Further
Western blot analysis confirmed that OXCT1 inhibited the
protein expression of b-catenin and CDK8 (Fig. 5C, Fig.
S5A). These findings suggested that OXCT1 might suppress
the protein level of CDK8 and b-catenin of the Wnt
signaling pathway.

In addition, we conducted Western blot analysis of
cytoplasmic and nuclear proteins to investigate how OXCT1



Figure 5 Overexpression of OXCT1 inhibited colon cancer metastasis by regulating the CDK8-b-catenin axis. (A) qPCR study on
the effect of OXCT1 on b-catenin transcription levels. (B) CPTAC database prediction of OXCT1’s regulation on b-catenin protein
levels. (C) Effects of OXCT1 on the WNT pathway in HCT116. (D) Regulation of b-catenin expression in the nucleus by OXCT1. (EeF)
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affects b-catenin in both compartments. The results indi-
cated that OXCT1 significantly inhibited the expression
levels of nuclear b-catenin and CDK8 (Fig. 5D). Next, we
conducted TOPflash and FOPflash dual-luciferase assays
under OXCT1 overexpression and knockout conditions,
respectively (Fig. 5EeF, Fig. S5B-C). These assays further
confirmed the regulatory effect of OXCT1 on the down-
stream Wnt signaling pathway.

To verify whether overexpression of OXCT1 inhibits the
migratory ability of colon cancer cells via CDK8, we treated
the cells with the CDK8 inhibitor (MSC2530818). The results
showed that the CDK8 inhibitor reversed the increase of b-
catenin levels and TOP/FOP activity caused by OXCT1
knockout (Fig. 5GeH, Fig. S5D-E), and also reduced the
enhanced cell migration after the knockout (Fig. 5I). Next,
we found that overexpression of CDK8 in the AdOXCT1
group reversed the inhibitory effect of high OXCT1
expression on b-catenin (Fig. 5JeK, Fig. S5F-G). Similarly,
CDK8 overexpression reversed the inhibitory effect of
OXCT1 on the migration ability of HCT116 cells (Fig. 5L).

Previous studies have found that CDK8 upregulates the
expression of b-catenin,31 and that the inhibition of b-
catenin transcription by E2F1 is counteracted by CDK8.32 To
further investigate the relationship between CDK8 and b-
catenin, we conducted Co-IP experiments using AdGFP and
AdOXCT1, respectively. Specifically, when IP was per-
formed for b-catenin (with normalized b-catenin), a sig-
nificant decrease in CDK8 levels was observed. Conversely,
when IP was performed for CDK8 (with normalized CDK8),
we observed a decrease in b-catenin levels. These results
showed that overexpression of OXCT1 downregulated the
levels of CDK8 and b-catenin, and reduced their interaction
(Fig. 5M). Additionally, the half-life of b-catenin was
significantly prolonged in OXCT1-KO HCT116 cells after CHX
treatment (Fig. 5N). These findings suggested that OXCT1
influenced the stability of CDK8. Furthermore, we found
that YY1, as a transcription factor, does not regulate the
mRNA level of CDK8, a downstream target of OXCT1 (Fig.
S5H). This suggested that YY1 may not be involved in the
regulatory mechanisms of OXCT1 on its downstream path-
ways, which likely involve a complex regulatory network.
OXCT1 suppresses CDK8 expression by reducing H3
protein acetylation

OXCT1 is a key enzyme in ketone body metabolism, and its
enzymatic activity depends on the S226 amino acid residue.
It was found that mutating this amino acid residue to S226N
abolished OXCT1’s ability to inhibit the migration of colon
cancer cells.33 Drawing from previous research by Zhu et
al.,34 which indicated that OXCT1 enhances H3 protein
Verification of OXCT1’s effect on b-catenin transcriptional activity u
Inhibition of CDK8 restored the promotion of b-catenin by OXCT1
migration caused by OXCT1 knockout. (JeK) The overexpression of C
group. (L) The overexpression of CDK8 rescued the inhibitory effect
of OXCT1’s effect on the interaction between CDK8 and b-catenin
catenin in OXCT1-KO treated with 50 mg/mL of CHX. The cells we
prolonged the half-life of b-catenin protein (*p < 0.05, **p < 0.01
acetylation by regulating ketone body metabolism, we
conducted a series of experiments.

First, we performed GSEA analysis on RNA-seq data and
found that the results were significantly associated with H3
acetylation (Fig. 6A). We examined the global histone
acetylation levels following OXCT1 knockout, and found a
significant increase in the expression of low-molecular-
weight proteins (Fig. 6B). Further experiments revealed
that H3 protein acetylation levels significantly increased
after OXCT1 knockout, whereas H4 protein acetylation
levels remained largely unchanged. Overexpression of
OXCT1 inhibited the acetylation of H3 protein and the
CDK8-b-catenin axis, whereas overexpression of the OXCT1-
S226N mutant did not affect the inhibition of H3 protein
acetylation and the CDK8-b-catenin axis (Fig. 6C). Addi-
tionally, we found that the OXCT1-S226N mutant did not
influence the migratory ability of HCT116 cells (Fig. 6D).
These findings suggest that OXCT1 inhibits H3 acetylation
through its enzymatic activity and, consequently, sup-
presses the migration ability of colon cancer cells.

To investigate whether OXCT1 regulates CDK8 expression
depending on H3 acetylation, we treated cells with the
histone deacetylase (HDAC) inhibitor Trichostatin A (TSA),
and the p300 acetyltransferase inhibitor C646 to modulate
H3 acetylation levels. Results showed that TSA treatment
blocked the effect of OXCT1 overexpression on the reduc-
tion of H3 acetylation levels, and downregulation of CDK8
(Fig. 6E), while C646 treatment inhibited the effect of
OXCT1 knockout on the increase of H3 acetylation levels,
and upregulation of CDK8 in HCT116 cells (Fig. 6F). In
conclusion, OXCT1 suppresses H3 acetylation through its
enzymatic activity, which in turn downregulates CDK8
expression.

As a metabolic enzyme, OXCT1 mediates the reversible
transfer of coenzyme A (CoA) between acetoacetate (AcAc)
and succinyl-CoA. Typically, OXCT1 is thought to regulate
the production of acetyl-CoA from AcAc (Fig. S6A). Inter-
estingly, we observed that acetyl-CoA levels decreased
following OXCT1 overexpression, a phenomenon dependent
on OXCT1’s enzymatic activity, as evidenced by the S226N
mutation (Fig. S6B-C). These results suggested that, in the
context of colon cancer, OXCT1 might preferentially drive
the conversion of acetoacetyl-CoA to AcAc.
Discussion

Colorectal cancer (CRC) is one of the most common ma-
lignant tumors of the digestive system worldwide. Metas-
tasis is the primary cause of poor prognosis in patients.
Extensive research has focused on the mechanisms of
migration, however, the specific molecular mechanisms of
CRC metastasis are still not fully understood. In this study,
sing the TOP/FOPflash dual - luciferase assay in HCT116. (GeH)
-KO group. (I) The CDK8 inhibitor reversed the enhanced cell
DK8 rescued the inhibitory effect of b - catenin in the AdOXCT1
of AdOXCT1 on the migration of HCT116 cells. (M) Investigation
using IP assay in HCT116. (N) Western blotting analysis of b-
re harvested at the indicated times. The knockout of OXCT1
, ***p < 0.001).



Figure 6 OXCT1 modulated CDK8 expression by regulating H3 protein acetylation. (A) GSEA analysis of RNA-seq results showed
that OXCT1 overexpression inhibited H3 acetylation and the degradation of HDACs. (B) OXCT1 knockout promoted an increase in
the acetylation of small molecular weight proteins, as demonstrated by Western blot experiments. (C)Western blotting was used to
detect the levels of histone H3 acetylation and histone H4 acetylation in the OXCT1 overexpression, mutation, and knockout groups
of HCT116 cells. (D) The inhibitory effect on HCT116 cell migration was lost after the enzymatic inactivation mutation of OXCT1.
(EeF) This study investigated the effects of Trichostatin A (TSA) and C646 on H3ac levels and CDK8 expression in HCT116 cells. Two
experimental groups were set up: an overexpression group with or without 0.5 mM TSA treatment, and a knockout group with or
without 10 mM C646 treatment (*p < 0.05, **p < 0.01, ***p < 0.001).
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we used bioinformatics methods to analyze DEGs associated
with colorectal cancer in the GSE41258 dataset, And we
performed univariate Cox regression analysis, LASSO
regression analysis, along with survival analysis to further
screen for prognosis-related genes. The results indicated
that OXCT1 was the only gene that was downregulated in
these datasets. We conducted overexpression and knockout
experiments of OXCT1 in colorectal cancer cells. Results
showed that OXCT1 overexpression significantly inhibited
CRC metastasis, suggesting that OXCT1 might serve as a
protective factor against colorectal cancer. This finding
contrasted sharply with previous studies.16,17,35

OXCT1 (3-ketoacid CoA transferase 1) is a protein
composed of 521 amino acids located in the mitochondrial
matrix.36 It is widely expressed in the heart, brain, and
kidneys, but is nearly undetectable in liver tissue.37 Previ-
ous studies have shown that OXCT1 was a key factor in
promoting tumor progression and drug resistance in liver,
lung, and pancreatic cancers, and was closely related to
energy metabolism, proliferation, and survival of cancer



Figure 7 In colorectal cancer, OXCT1 is a suppressor of tumor progression, and low expression of OXCT1 is associated with poor
prognosis. The transcriptional level of OXCT1 is promoted by YY1, and OXCT1 inhibits the expression of CDK8 and b-catenin by
suppressing H3 acetylation, thereby further inhibiting liver metastasis of colorectal cancer.
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cells. Despite being reported as a critical factor in keto-
genic diet therapy for colorectal cancer, its impact on CRC
metastasis remains unclear.38 We explored OXCT1 and
other key genes involved in CRC metastasis from different
perspectives, which might help reveal potential targets for
CRC metastasis, and provide guidance for clinical medica-
tion and personalized therapy.

Previous studies have found that the abnormal Wnt
signaling pathway, resulting from the interaction between
the APC gene and b-catenin protein,39,40 was crucial in both
the initial stages of CRC metastasis, and the later stages of
migration and invasion.41 Inhibiting the Wnt signaling
pathway decreases tumor proliferation, migration, inva-
sion, and angiogenesis, highlighting its potential as a target
for slowing CRC progression. In our study, by comparing the
transcriptome sequencing of OXCT1 overexpression and
control groups, we found that OXCT1 regulates the
expression of CDK8 at the mRNA level. CDK8 is a member of
the cyclin-dependent kinase complex, responsible for
coupling transcriptional regulators with the basal tran-
scription machinery.42 The CDK8 gene is frequently ampli-
fied in CRC, and its kinase activity is crucial for regulating
b-catenin-dependent transcription.43 We found that OXCT1
inhibition affects b-catenin protein expression by regu-
lating CDK8 transcription, which further influences the
activation of the Wnt signaling pathway. Additionally, we
discovered that OXCT1 regulates the interaction between
b-catenin and CDK8. Notably, the regulatory effect of
OXCT1 on tumor cell migration could be reversed by a CDK8
inhibitor. This finding provided new insights into the role of
OXCT1 in CRC metastasis, and suggested that CDK8 might
be a potential therapeutic target.

As a metabolic enzyme, OXCT1 can catalyze the transfer
of CoA from succinyl-CoA, forming a reversible reaction
process with acetoacetyl-CoA, thereby regulating the pro-
duction of metabolites such as acetyl-CoA and succinyl-
CoA.44 This led us to consider how OXCT1 regulates CDK8
transcription. Previous studies have indicated that metab-
olite changes induced by OXCT1 can affect histone H3
acetylation in the nucleus.34 In our study, we found that in
CRC, OXCT1 regulated CDK8 expression by inhibiting the
histone acetylation in colorectal cancer cells. This regula-
tion depends on the enzymatic activity of OXCT1. There-
fore, we believe that OXCT1 may inhibit the activation of
the Wnt signaling pathway by regulating the balance of
intracellular metabolites, and suppressing histone H3
acetylation. Next, we found that acetyl-CoA levels
decreased upon OXCT1 overexpression. This effect was
dependent on OXCT1’s enzymatic activity, as demonstrated
by the S226N mutation. Previously research has indicated
that acetyl-CoA metabolism regulated histone acetylation
modifications in cancer, and the overall intracellular levels
of acetyl-CoA were positively correlated with histone
modification levels. An increase in acetyl-CoA
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concentration enhanced the activity of lysine acetyl-
transferases (KATs), thereby promoting histone acetyla-
tion.45 In summary, we proposed that OXCT1 regulated
cellular migration ability by modulating intracellular
acetyl-CoA levels, which in turn affect histone acetylation
and subsequently regulate CDK8 transcription.

Furthermore, we found that OXCT1 could regulate the
interaction between CDK8 and b-catenin. These findings
suggest that OXCT1’s regulation of CRC metastasis involves
a complex network among OXCT1, CDK8, and Wnt signaling
pathway as illustrated in the mechanistic figure. Based on
our results, CDK8 might be a therapeutic target of CRLM in
case of low OXCT1 expression. Additionally, overexpression
of OXCT1 might be utilized in the cell therapy under con-
ditions of low OXCT1 expression.

This study has several limitations. First, although YY1
regulates OXCT1, it did not modulate the Wnt signaling
pathway downstream of OXCT1, which did not fully explain
the downregulation of OXCT1 in CRLM. Additionally, the
regulation of OXCT1 by YY1 might involve a complex regu-
latory network. Second, the mechanistic insights into how
OXCT1 regulates histone acetylation remain incomplete. In
future studies, we will investigate OXCT1-mediated
metabolomic changes to provide a more comprehensive
understanding of the molecular mechanisms by which
OXCT1 regulates CRLM.
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40. Albrecht LV, Tejeda-Muñoz N, De Robertis EM. Cell biology of
canonical wnt signaling. Annu Rev Cell Dev Biol. 2021;37:
369e389.

41. Bienz M, Clevers H. Linking colorectal cancer to Wnt signaling.
Cell. 2000;103(2):311e320.

42. Conaway RC, Sato S, Tomomori-Sato C, Yao T, Conaway JW.
The mammalian Mediator complex and its role in transcrip-
tional regulation. Trends Biochem Sci. 2005;30(5):250e255.

43. Firestein R, Bass AJ, Kim SY, et al. CDK8 is a colorectal cancer
oncogene that regulates beta-catenin activity. Nature. 2008;
455(7212):547e551.

44. Puchalska P, Crawford PA.Metabolic and signaling roles of ketone
bodies in health and disease. Annu Rev Nutr. 2021;41:49e77.

45. He W, Li Q, Li X. Acetyl-CoA regulates lipid metabolism and
histone acetylation modification in cancer. Biochim Biophys
Acta Rev Cancer. 2023;1878(1):188837.

http://refhub.elsevier.com/S2352-3042(25)00114-X/sref11
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref11
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref11
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref12
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref12
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref12
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref13
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref13
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref13
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref13
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref14
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref14
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref14
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref14
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref15
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref15
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref15
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref16
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref16
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref16
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref16
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref17
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref17
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref17
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref18
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref18
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref18
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref18
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref19
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref19
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref19
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref19
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref20
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref20
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref20
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref20
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref21
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref21
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref21
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref21
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref22
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref22
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref22
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref23
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref23
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref24
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref24
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref24
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref24
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref24
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref25
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref25
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref25
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref25
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref25
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref26
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref26
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref26
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref26
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref27
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref27
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref27
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref27
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref27
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref28
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref28
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref28
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref29
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref29
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref29
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref30
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref30
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref30
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref30
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref31
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref31
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref31
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref31
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref32
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref32
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref32
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref32
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref33
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref33
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref33
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref33
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref33
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref34
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref35
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref35
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref35
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref35
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref36
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref36
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref36
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref36
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref37
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref37
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref37
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref37
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref38
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref38
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref38
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref39
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref39
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref39
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref39
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref40
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref40
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref40
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref40
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref41
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref41
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref41
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref42
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref42
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref42
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref42
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref43
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref43
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref43
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref43
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref44
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref44
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref44
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref45
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref45
http://refhub.elsevier.com/S2352-3042(25)00114-X/sref45

	Low expression of OXCT1 promote colorectal cancer liver metastasis by upregulating CDK8 and β-catenin via H3 acetylation
	Introduction
	Materials and methods
	Data acquisition and processing
	Clinical sample collection and immuno-histochemistry experiments
	Cell cultures and reagents
	Adenovirus production and stable cell lines construction
	Quantitative real-time PCR
	Western blot
	Proliferation assay
	Transwell migration assay
	Wound healing assay
	Cecum injection
	Chromatin immunoprecipitation (ChIP) assay
	Dual-luciferase reporter assay
	RNA-seq
	Co-immunoprecipitation (Co-IP)
	Human acetyl-coenzyme A ELISA kit
	Statistical analysis

	Results
	Low expression of OXCT1 was associated with liver metastasis in colorectal cancer
	OXCT1 promotes colon cancer cells migration in vivo and vitro
	The transcription regulation of OXCT1 by Yin and Yang1 (YY1)
	OXCT1 inhibits colon cancer metastasis by regulating the CDK8-β-catenin axis
	OXCT1 suppresses CDK8 expression by reducing H3 protein acetylation

	Discussion
	CRediT authorship contribution statement
	Ethical approval
	Data available statement
	FundingThis study was funded by Special Key Project of Chongqing Technology Innovation and Application Development, Chongqi ...
	Conflict of interests
	Funding
	Acknowledgements
	Appendix A. Supplementary data
	References


