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This study explored a novel therapeutic target, MORC2 (Microrchidia family CW-type zinc finger 2), for
patients with unresectable advanced Cholangiocarcinoma (CCA), a lethal epithelial cell malignancy lacking
effective treatments. Utilizing bioinformatics analysis, we examined MORC2's role in CCA progression. The
focus was on its association with the cell cycle and its involvement in the tumor's immunosuppressive mi-
croenvironment. MORC2 was found to accelerate CCA cell proliferation by promoting cell cycle progression
through the activation of TNF-a signaling via the NFKB signaling pathway. Furthermore, the downregulation
of MORC?2 induced cell cycle arrest and might facilitate neutrophil infiltration by upregulating CCL3, indica-
ting its pivotal role in modifying the immunosuppressive tumor microenvironment. Our findings suggest that
MORC?2 plays a crucial role in both the proliferation of CCA cells and the modification of the tumor microen-
vironment. Targeting MORC?2 presents a novel potential therapeutic approach for patients with advanced
CCA.
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1. Introduction

Cholangiocarcinoma (CCA) is a highly lethal epithe-
lial cell malignancy categorized into intrahepatic CCA
(iCCA), perihilar CCA (pCCA), and distal CCA (dCCA)
based on anatomical location[1]. CCA ranks as the second
most prevalent primary liver cancer after hepatocellular
carcinoma (HCC), comprising approximately 15% of all
primary liver cancers[2]. Globally, the incidence and mor-
tality rates of CCA continue to rise, predominantly attribu-
ted to iCCA[2, 3]. Well-established risk factors for CCA
include chronic hepatitis B and C infections, cirrhosis, pri-
mary sclerosing cholangitis, and choledocholithiasis[4-6].
Additionally, non-alcoholic fatty liver disease and meta-
bolic syndrome contribute to an escalating risk of CCA in
Western nations[7, 8].

The majority of CCAs manifest as well, as modera-
tely, or poorly differentiated adenocarcinomas[9, 10]. Ear-
ly-stage CCA patients may qualify for resection or liver
transplantation[11], yet most cases are diagnosed in ad-
vanced stages[12]. Identifying an ideal biomarker remains

imperative for treating advanced CCA.

Human MORC2 (Microrchidia family CW-type zinc
finger 2), characterized by a CW-type zinc finger and three
coiled-coil domains, belongs to the MORC protein family
and predominantly localizes in the nucleus[13, 14]. Re-
cent studies have elucidated MORC?2's role in gene trans-
cription repression[14, 15], chromatin remodeling during
DNA damage response[15], and regulation of lipogene-
sis[16]. Elevated MORC2 expression correlates with an
aggressive phenotype in clinical gastric cancer and shorte-
ned overall survival. Increased MORC2 levels promote
tumor cell differentiation and proliferation via C/EBPa-
mediated SUMOylation modification, thereby affecting
protein stability and inducing cell proliferation and tumo-
rigenesis[17]. Additionally, MORC?2 regulates cell cycle
checkpoints through an acetylation-dependent mechanism
in breast cancer[18]. Moreover, MORC2 enhances cancer
stemness and tumorigenesis by facilitating DNA methy-
lation-dependent silencing of Hippo signaling, presenting
a potential molecular target for cancer therapeutics[19].
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Previous research has shown that MORC2 promotes CCA
cell proliferation and tumorigenesis[20]. This study aims
to further investigate MORC?2's role in CCA progression,
suggesting its potential as a therapeutic target for CCA.

2. Material and Methods
2.1. Data Collection

RNA sequencing (RNA-Seq) data from GSE26566 and
GSE76297 were retrieved from the Gene Expression Om-
nibus (GEO) repository database (https://www.ncbi.nlm.
nih.gov/gds/).

2.2. Cell Lines

The human cell line HuCCT1 was procured from the
Chinese Academy of Sciences' Shanghai Cell Bank. All
cell lines were cultured in Roswell Park Memorial Insti-
tute (RPMI) 1640 medium supplemented with 10% fetal
bovine serum (FBS) and 1% antibiotics (100 U/mL peni-
cillin and 100 pg/mL streptomycin). Cells were maintai-
ned in an incubator at 37 °C with 5% CO?2.

2.3. Western Blot

Cells were lysed in a radioimmunoprecipitation assay
buffer containing protease and phosphatase inhibitors.
Samples were separated using SDS-PAGE and transfer-
red to polyvinylidene fluoride membranes. Following
blocking with 5% skimmed milk at room temperature for
1 h, membranes were incubated with primary antibodies
overnight. Subsequently, membranes were incubated with
secondary antibodies for 1 h at room temperature, and the
bands were visualized using an enhanced chemilumines-
cence kit. The primary antibody used in this study was
MORC2 (NBP3-05127).

2.4. TIMER2.0 Database Exploration of MORC2 Ex-
pression and Tumor Features in TCGA

The TIMER2.0 database (http://timer.cistrome.org/)
[21]enables the investigation of differential expres-
sion between tumor and adjacent normal tissues for the
MORC?2 gene across all TCGA tumors. Box plots depict
distributions of MORC2 expression levels, with statistical
significance assessed using the Wilcoxon test and annota-
ted with stars (*: p < 0.05; **: p < 0.01; ***: p <0.001).
The database facilitates the identification of up-regulated
or down-regulated MORC2 expression in tumors compa-
red to normal tissues for each cancer type, with normal
data displayed in gray columns when available.

2.5. Correlation Analysis of MORC?2 Expression and
Tumor Features in GEO Datasets

We assessed the differential expression of MORC?2 in
tumors compared to normal tissues for cholangiocarcino-
ma in the GSE26566 and GSE76297 datasets. Up-regu-
lated or down-regulated MORC2 expression levels were
identified, with statistical significance denoted by asterisks
(*: p<0.05; **: p <0.01; ***: p<0.001).

2.6. Gene Set Enrichment Analysis

Gene set enrichment analysis (GSEA)[22]was conduc-
ted using the GSEA website (http://software.broadinsti-
tute.org/gsea/index.jsp). Samples were categorized into
high- and low-expression groups based on risk score
and viral expression levels. We utilized the c2.cp kegg.
v7.4.symbols.gmt sub-aggregate from the Molecular Si-

gnatures Database[23](http://www.gsea-msigdb.org/gsea/
downloads.jsp) to assess related pathways and molecular
mechanisms. Gene expression profiles and phenotypic
grouping guided the setting of minimum and maximum
gene sets to 5 and 5,000, respectively, with 1,000 times
resampling. Statistical significance was determined by p <
0.05 and false discovery rate (FDR) < 0.25.

2.7. Correlation Analysis between MORC2 and HALL-
MARKS Signaling Pathways

We computed HALLMARKS signaling pathway scores
through single-sample GSEA (ssGSEA) analysis using the
combined GEO microarray dataset comprising GSE26566
and GSE76297. Pearson’s correlation analysis was em-
ployed to evaluate the relationship between MORC2 ex-
pression and hallmarks signaling pathways, encompassing
the mitotic spindle, coagulation, G2M checkpoint, and
DNA repair within the combined GEO microarray dataset.

2.8. GO and KEGG Enrichment Analyses

For functional enrichment analysis of gene sets, we uti-
lized Gene Ontology (GO)[24]annotations of genes from
the “org.Hs.eg.db” R software package as the background
to map genes into the background set. Subsequently, en-
richment analysis was conducted using the “clusterPro-
filer” R software package. The minimum and maximum
gene sets were defined as 5 and 5,000, respectively, with
statistical significance set at p < 0.05 and FDR < 0.25.

For gene set functional enrichment analysis, we em-
ployed the KEGG[25] REST API (https://www.kegg.jp/
kegg/rest/keggapi.html) to obtain the latest KEGG pa-
thway gene annotations for mapping genes into the back-
ground set. Enrichment analysis was then performed using
the “clusterProfiler” R software package, with the mini-
mum and maximum gene sets set at 5 and 5000, respec-
tively. Statistical significance was determined at p < 0.05
and FDR < 0.25.

2.9. Immune Cell Infiltration Levels and Immune-Re-
lated Functional Analysis Associated with MORC?2

IOBR[26]serves as a computational tool for immuno-
tumor biology research. Utilizing our expression profile
of the combined GEO microarray dataset, the R package
“IOBR” selected ESTIMATE and quanTIseq methods
to calculate the immune-infiltrating cell score of each
sample. Pearson’s correlation analysis was employed to
assess the relationship between MORC2 and immune-in-
filtrating cell scores.

Cell cycle-related scores, TNF-a signaling via NFKB
score, inflammation-related scores, and ICPScore were
determined through ssGSEA analysis in the combined
GEO microarray dataset. Pearson’s correlation analysis
was utilized to explore the relationship between inflamma-
tion-related scores and ICPScore and immune-infiltrating
cells. Analysis of the single-cell sequencing dataset from
GSE125449 was conducted using the TISCH database
(http://tisch.comp-genomics.org/).

2.10. Statistical Analysis

Statistical analysis was performed using Sangerbox 3.0
(http://www.sangerbox.com/tool) and GraphPad Prism
9.00 (GraphPad Software, La Jolla, CA, USA). Most of
the data analysis was performed using the Sangerbox 3.0
(http://www.sangerbox.com/tool). Student’s t-test was
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employed for comparisons between the two groups. Pear-
son’s correlation analysis was utilized to determine linear
relationships. Results were considered statistically signi-
ficant at p < 0.05 (*p < 0.05; **p < 0.01; ***p < 0.001;
*EEED < 0.0001).

3. Results
3.1. Association of MORC?2 with Cholangiocarcinoma
Progression

The expression of MORC2 displayed dysregulation
across various tumor types, with notably higher levels
observed in several tumor tissues, including cholangiocar-
cinoma (CCA) (Figure 1A). Elevated MORC2 expression
was consistently observed in CCA tumor tissues, validated
by analyses of patient samples from GEO datasets (Figure
1B). The combined GEO microarray dataset, comprising
GSE26566 and GSE76297, was analyzed by GSEA, re-
vealing enrichment of gene sets associated with malignant
progression-related signaling pathways, such as the mito-
tic spindle, G2M checkpoint, and DNA repair, in CCA
patients with high MORC?2 levels. Conversely, gene sets
linked to coagulation were enriched in CCA patients with
low MORC?2 levels (Figure 1C). Furthermore, utilizing the
combined GEO microarray dataset, single-sample Gene
Set Enrichment Analysis (ssGSEA) was performed to
calculate the hallmarks signaling pathway scores of CCA
patients. Regression analysis demonstrated a positive
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Fig. 1. MORC?2 was associated with cholangiocarcinoma progres-
sion (A) Distributions of MORC2 expression levels in pan-cancer
were displayed using box plots. The statistical significance computed
by the Wilcoxon tests was annotated by the number of stars. (B) The
expression of MORC?2 in cholangiocarcinoma is based on the datasets
of GSE26566 and GSE76297. (C) Based on the combined GEO mi-
croarray dataset of GSE26566 and GSE76297, the GSEA enrichment
analysis in the patients with cholangiocarcinoma. (D) The correlation
analysis between the expression of MORC2 and hallmarks signaling
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Fig. 2. MORC?2 was associated with the regulation of the cell cycle
(A) The volcano plot showed the genes related to MORC2 in patients
with cholangiocarcinoma. (B-C) The heatmap showed the top 50
genes of positively correlated significant genes with MORC?2 and ne-
gatively correlated significant genes with MORC?2. (D) GO functional
analysis for MORC2 co-expressed genes in Biological Process (BP).
(E) KEGG enrichment analysis for MORC?2 co-expressed genes.

pathway. *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.

correlation between MORC2 expression and the levels
of the mitotic spindle, G2M checkpoint, and DNA repair
pathways, while the expression of MORC2 exhibited a
negative correlation with coagulation levels (Figure 1D).
These findings collectively suggest that elevated MORC2
expression is implicated in CCA progression.

3.2. Association of MORC?2 with Cell Cycle Regulation

Analysis of Linkedomics datasets revealed significant
correlations between MORC?2 expression and a multitude
of genes in CCA patients. Specifically, MORC2 exhibited
positive correlations with 1844 genes and negative cor-
relations with 922 genes (Figure 2A-C). GO and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses unveiled that MORC2 co-expressed genes were
enriched in processes such as microtubule bundle forma-
tion, chromatin assembly or disassembly, DNA recombi-
nation, and positive regulation of the cell cycle in CCA
patients. This enrichment profile suggests that MORC2-
coexpressed genes predominantly participate in the regu-
lation of the cell cycle (Figure 2D-E).

3.3. MORC?2 Facilitates Cholangiocarcinoma Progres-
sion by Promoting Cell Cycle Advancement

To delve deeper into the involvement of MORC?2 in
cell cycle progression, we employed shRNA to knock
down MORC2 expression in the human CCA cell line
HuCCT1. Subsequent RNA sequencing allowed for the
identification of differentially expressed genes (Figure 3A-
B). Hallmarks enrichment analysis revealed that MORC2
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downregulation led to decreased expression of genes as-
sociated with the cell cycle and the MTORCI signaling
pathway. Interestingly, the suppression of MORC2 appea-
red to potentiate the anti-tumor immune response by acti-
vating the coagulation and complement signaling pathway
(Figure 3C). Moreover, GO enrichment analysis indicated
that downregulated MORC?2 influenced cytoskeleton or-
ganization, cell cycle processes, mitotic cell cycles, and
cell division (Figure 3D-F). These findings collectively
suggest that MORC2 promotes cholangiocarcinoma pro-
gression by accelerating cell cycle advancement.

3.4. MORC2 Regulates Cell Cycle Progression via
TNF-a Signaling through NFKB

Utilizing ssGSEA, we established cell cycle-related
scores based on differentially expressed genes by MORC2
knocking down, associated with E2F targets, the G2M
checkpoint, and the mitotic spindle (Figure 4A). The pre-
vious results suggested that decreased MORC2 could re-
gulate the TNF-a signaling via NFKB signaling pathway
which was associated with cell cycle progression (Figure
3C). Then, we calculated the TNF-a signaling via NFKB
enrichment score from KEGG signaling pathways using
ssGSEA analysis. Linear analysis revealed a negative cor-
relation between MORC?2 expression and TNF-a signaling
via NFKB, as well as a negative correlation between cell
cycle-related scores and TNF-a signaling via NFKB (Fi-
gure 4B). Furthermore, we established the TNF-a signa-
ling via NFKB score using differentially expressed genes
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Fig. 3. MORC2 promoted the progression of cholangiocarcino-
ma via accelerating cell cycle progression (A) Western blots show
MORC?2 knockdown by shRNA. (B) The heatmap of differently ex-
pressed genes related to MORC2 knockdown. (C) The hallmarks en-
richment analysis revealed the signaling pathways related to the diffe-
rently expressed genes in the human cell line HuCCT1 with MORC2
knockdown. (D-F) GO functional analysis for down-regulated genes
in Biological Process (BP), Cellular Component (CC), and Molecular
Function (MF).

e}

TNFA_SIGNALING_VIA_NFKB

7 [] ]
‘The expression of MORCZ

TNFA_SIGNALING_VIA_NFKB

4z L4 02 L2 s
Cellcycle-related score

3
,
%,

o
%
,

OLRI
sDCa

MAP3KS
cxcLs
SLC2AG 7 7 0
SOSTMI The expression of MORG2

TNFa signaling via NFKB score

p=17e5r=0.30

SERPINE]
TRAFI
ELTIETY
PLAU
ccLao

TNFa signaling via NFKB scare.

O T S
ES LIS

o2 00 0z 04 o
Cell cycle-ralated score

Fig. 4. MORC?2 regulated cell cycle progression by TNF-a signa-
ling via NFKB (A) The heatmap showed differently expressed genes
between the sh-MORC2 group and the Control group related to cell
cycles signaling pathways, including E2F targets, G2M checkpoint,
and mitotic spindle in the HuCCT1 cell line. (B) The linear analy-
sis of TNF-a signaling via NFKB, MORC?2, and cell cycle-related
scores. (C) The heatmap showed differently expressed genes between
the sh-MORC?2 group and the Control group related to TNF-a signa-
ling via NFKB. (D) The linear analysis of TNF-a signaling via NFKB
score, MORC?2, and cell cycle-related scores. *p<0.05; **p<0.01;
***p<0.001; ****p<0.0001.

between the sh-MORC2 group and the Control group rela-
ted to TNF-a signaling via NFKB (Figure 4C). Intriguin-
gly, both MORC?2 and cell cycle-related scores exhibited a
negative correlation with the TNF-a signaling via NFKB
score (Figure 4D). These results suggest that MORC?2 re-
gulates cell cycle progression through TNF-a signaling via
NFKB.

3.5. Role of MORC?2 in the Tumor Immune Microen-
vironment

We conducted an immune infiltration analysis utili-
zing the combined GEO microarray dataset. ESTIMATE
analysis revealed a negative correlation between MORC2
expression and the ESTIMATE Score, Stromal Score,
and Immune Score, suggesting a potential association of
MORC2 with microenvironment modification (Figure
5A). Furthermore, quanTIseq immune infiltration analysis
demonstrated a negative correlation between MORC2 and
various immune cell types, including B cells, Macrophages
M2, Neutrophils, NK cells, and CD8+ T cells (Figure 5B).
Targeting MORC2 could potentially enhance anti-tumor
immune responses by promoting the infiltration of inflam-
matory cells. A heatmap displayed that the downregula-
tion of MORC?2 increased the expression of genes related
to TNF-a signaling via NFKB, inflammatory response,
coagulation, and complement in the HuCCT1 cell line
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(Figure 5C). Linear analysis based on the combined GEO
microarray dataset showed a negative correlation between
MORC?2 and the expression of certain differential genes,
including IL7R, IL6, THBD, C8G, SLC7A2, DOCKI10,
and GNG2 (Figure 5D). Inflammation-related scores were
established using these genes, demonstrating a positive
correlation with various immune cell types, including B
cells, Macrophages M1, Macrophages M2, Neutrophils,
NK cells, CD4+ T cells, CD8+ T cells, Tregs, and den-
dritic cells (Figure 5E). The intersection of immune cells
between MORC2 and Inflammation-related scores in-
cluded B cells, Macrophages M2, Neutrophils, NK cells,
and CD8+ T cells, suggesting a potential association of
MORC?2 with immune microenvironment modification.
Additionally, we observed an association between
MORC?2 and the expression of immune checkpoint genes
(Figure 6A). Utilizing immune checkpoint genes related
to MORC?2, we established the ICPScore using ssGSEA
analysis. QuanTIseq immune infiltration analysis indica-
ted a positive correlation between MORC2 and B cells,
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Fig. 5. The role of MORC?2 in tumor immune environment cha-
racterization (A) The ESTIMATE analysis showed the correlation
between MORC2 and the ESTIMATE Score, Stromal Score, and Im-
mune Score in the combined GEO microarray dataset of GSE26566
and GSE76297. (B) The quanTIseq immune infiltration analysis
showed the correlation between MORC2 and immune cells in the
combined GEO microarray dataset. (C) The heatmap showed diffe-
rently expressed genes between the sh-MORC2 group and the Control
group related to TNF-a signaling via NFKB, inflammatory response,
coagulation, and complement signaling pathways in the HuCCT]1 cell
line. (D) The correlation analysis between MORC?2 and genes related
to TNF-a signaling via NFKB, inflammatory response, coagulation,
and complement signaling pathways in the combined GEO microar-
ray dataset. (E) The correlation analysis between inflammation-rela-
ted scores generated by ssGSEA analysis and immune cells in the
combined GEO microarray dataset. *p<0.05; **p<0.01; ***p<0.001;
***%p<0.0001.

Fig. 6. MORC2 influenced tumor immune microenvironment
via regulating immune checkpoint (A) The correlation analysis
between MORC2 and immune checkpoint in the combined GEO
microarray dataset. (B) The quanTIseq immune infiltration analysis
showed the correlation between ICPScore by ssGSEA analysis and
immune cells in the combined GEO microarray dataset. (C) The heat-
map showed differently expressed VEGFA and TLR4 between the sh-
MORC?2 group and the Control group in the HuCCT]1 cell line. (D-E)
The correlation between VEGFA and TLR4 and immune cells in the
combined GEO microarray dataset. *p<0.05; **p<0.01; ***p<0.001;
**x%p<0.0001.

Macrophages M2, Neutrophils, NK cells, CD8+ T cells,
and Tregs (Figure 6B). RNA-seq analysis revealed that
downregulation of MORC2 decreased the expression of
VEGFA and increased the expression of TLR4 in HuCCT1
cells. TLR4, known for its role in promoting inflammatory
cell infiltration[27], showed a positive correlation with B
cells, Macrophages M2, Neutrophils, CD4+ T cells, and
CD8+ T cells, as well as Tregs (Figure 6C-E). The inter-
section of immune cells in MORC2, Inflammation-rela-
ted scores, ICPScore, and TLR4 included B cells, Macro-
phages M2, Neutrophils, NK cells, and CD8+ T cells,
further supporting the involvement of MORC2 in immune
microenvironment modification.

3.6. Targeting MORC2 Induced Elevation of CCL3
Associated with Increased Neutrophil Infiltration
RNA-seq analysis revealed MORC2's involvement in
the regulation of cytokine-cytokine receptor interactions.
Specifically, downregulation of MORC?2 led to increased
expression of the inflammatory chemokine CCL3 (Figure
7A). CCL3 exhibited positive correlations with macro-
phages M1, monocytes, neutrophils, and CD8+ T cells
(Figure 7B). Furthermore, analysis of single-cell sequen-
cing data from GSE125449 demonstrated that MORC2
was highly enriched in malignant tumor cells but less so
in inflammatory cells, whereas CCL3 showed the oppo-
site pattern, being less enriched in malignant tumor cells
but highly enriched in inflammatory cells (Figure 7C).
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Fig. 7. Targeting MORC2 enhanced neutrophil infiltration
through CCL3 upregulation (A) The heatmap showed differently
expressed genes related to cytokine-cytokine receptor interaction
between the sh-MORC?2 group and the Control group in the HuCCT]1
cell line. (B) The correlation between CCL3 and immune cells in the
combined GEO microarray dataset. (C) Based on the TISCH database,
the single-cell sequencing dataset of GSE125449 analysis showed the
expression of MORC2 and CCL3 in different cells. (D) The correla-
tion analysis of MORC?2 with Inflammation-related scores, ICPScore,
and CCL3. (E) The intersection of immune cells related to MORC2,
Inflammation-related scores, ICPScore, and CCL3 based on the quan-
TIseq immune infiltration analysis. *p<0.05; **p<0.01; ***p<0.001;
***%p<0.0001.

Linear analysis indicated a negative correlation between
MORC?2 and inflammation-related scores, ICPScore, and
CCL3 (Figure 7D). Notably, the intersection of immune
cells in MORC?2, inflammation-related scores, ICPScore,
and CCL3 highlighted neutrophils and CD8+ T cells, with
neutrophils being the most relevant immune cell (Figure

7E, Table 1).

Therefore, targeting MORC2 could significantly en-
hance neutrophil infiltration, thereby promoting an anti-tu-
mor immune response by upregulating CCL3 expression.
In summary, these findings demonstrate MORC2's role
in modifying the immune microenvironment and suggest
that targeted MORC2 interventions may improve the tu-
mor immune microenvironment by enhancing neutrophil
infiltration through CCL3 upregulation.

4. Discussion

Our prior research has demonstrated MORC2's role in
promoting cholangiocarcinoma cell proliferation[20]. In
this subsequent study, we aimed to delve into the mecha-
nisms underlying MORC?2's promotion of cholangiocarci-
noma proliferation. GSEA enrichment analysis revealed
that patient samples exhibiting high MORC?2 levels in cho-
langiocarcinoma were enriched in genes associated with
the mitotic spindle, G2M checkpoint, and DNA repair pa-
thways. Furthermore, MORC2 expression positively cor-
related with the expression levels of genes related to these
pathways. Additionally, Linkedomics analysis indicated
that MORC?2 co-expressed genes primarily participated in
regulating the cell cycle. Our experimental results strongly
supported the hypothesis that MORC2 promotes CCA cell
proliferation by modulating the cell cycle.

Further mRNA sequencing analysis revealed that
genes downregulated by sh-MORC2 were implicated
in the cell cycle and MTORCI signaling pathway, with
these pathways predominantly regulating cell proliferation
and metabolism. Moreover, GO enrichment analysis hi-
ghlighted that downregulated genes were enriched in pro-
cesses such as the cell cycle, mitotic cell cycle, and cell di-
vision in cholangiocarcinoma. We elucidated that MORC2
regulates cell cycle progression via the TNF-o signaling
pathway through NFKB in CCA. Targeting MORC?2 pre-
sents a promising avenue for novel therapeutic strategies
in treating CCA.

Another noteworthy discovery was the association
between MORC?2 and the tumor immune microenviron-
ment. ESTIMATE analysis revealed a negative correla-
tion between MORC2 and the ESTIMATE Score, Stro-
mal Score, and Immune Score, indicating a potential link
between MORC?2 and immune cell infiltration. Vascular
endothelial growth factor A (VEGFA) is secreted by va-
rious cell types, including endothelial cells and tumors.

Table 1. The correlation analysis of the immune cells with MORC?2, Inflammation-related scores, ICPScore, and CCL3.

Correlation analysis

Inflammation-related Score ICPScore

CCL3

quanTIseq MORC2

B cells Negative (**) Positive (¥**%*)
Macrophages M1 - Positive (**)
Macrophages M2 Negative (*) Positive (*¥*%*)
Monocytes -

Neutrophils Negative (***%*) Positive (****)
NK cells Negative (***) Positive (**)

T cells CD4 - Positive (*¥***)
T cells CD8 Negative (***%*) Positive (¥**%*)
Tregs - Positive (¥**%*)

Dendritic cells

Positive (**)

Positive (***%*)
Positive (*¥*%)
Positive (*)
Positive (**)
Positive (**)
Positive (¥**%*)
Positive (¥**%)
Positive (¥**%)

Positive (*¥*%%*)
Positive (*)
Positive (*¥**%*)
Positive (*)

#p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.
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Initially identified as an endothelial growth factor and re-
gulator of vascular permeability[28, 29], VEGFA has been
shown to promote angiogenesis in cholangiocarcinoma,
thereby facilitating tumor growth[30]. Our investigation
also demonstrated a decrease in VEGFA expression in
HUCCT]1 cells following MORC2 knockdown.

Toll-like receptor 4 (TLR4) is a single transmembrane
cell-surface receptor pivotal in the innate immune sys-
tem. While predominantly expressed in myeloid-derived
immune cells such as monocytes, macrophages, and den-
dritic cells (DCs), TLR4 is also found in non-immune cells
like endothelial cells[31]. TLR4 induces inflammation in
monocytes/macrophages through interactions with TLR6
and the receptor CD86[27].

The quanTIseq immune infiltration analysis revea-
led an intersection of immune cells involving MORC2,
inflammation-related scores, ICPScore, and TLR4. This
intersection included B cells, M2 macrophages, neutro-
phils, NK cells, and CD8+ T cells, indicating MORC2's
involvement in modifying the immune microenvironment.

Additionally, we observed that decreased MORC?2 ex-
pression led to increased levels of the inflammatory che-
mokine CCL3, known for its inflammatory and chemoki-
netic properties. Analysis of the single-cell sequencing da-
taset GSE125449 revealed MORC?2 to be highly enriched
in malignant tumor cells but less so in inflammatory cells.
Conversely, CCL3 exhibited low enrichment in malignant
tumor cells but high enrichment in inflammatory cells.
Particularly noteworthy was the intersection of immune
cells in MORC?2, inflammation-related scores, ICPScore,
and CCL3, with neutrophils and CD8+ T cells being iden-
tified, with neutrophils being the most relevant immune
cell. Thus, targeted inhibition of MORC2 may signifi-
cantly enhance neutrophil infiltration, thereby promoting
an anti-tumor immune response through the upregulation
of CCL3 expression. Consequently, MORC2 emerges as a
promising therapeutic target for CCA.

This study has several limitations. First, it primarily
relies on cellular and genomic analyses, lacking experi-
mentation at the tissue and animal levels for additional
validation. Second, the absence of survival and clinicopa-
thological data for Cholangiocarcinoma limits our ability
to investigate the correlation between MORC2 expression
and clinical outcomes, thereby hindering its potential for
guiding clinical treatment strategies.

5. Conclusion

In summary, our study illustrates that MORC2 regu-
lates cell cycle progression through TNF-o signaling
via NFKB, thereby facilitating the progression of CCA.
Additionally, MORC?2 significantly influences the tumor
immune microenvironment. Targeting MORC2 could no-
tably enhance neutrophil infiltration, promoting an anti-tu-
mor immune response by upregulating CCL3 expression.
Thus, MORC?2 emerges as a promising therapeutic target
for CCA.
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