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Bioinformatics analysis of
COMMD family in pan-cancer
reveals potential biomarkers and
therapeutic targets
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The copper-metabolism Murrl domain (COMMD) protein family plays an essential role in tumours and
the immune system. However, the multi-omics characterisation of COMMD family genes and their role
in tumour patients has yet to be explored. We collected data from 33 types of cancer and conducted a
comprehensive analysis of the expression abnormalities, diagnostic and prognostic roles, subcellular
localisation, pathway enrichment, immune microenvironment and immune checkpoint associations of
COMMD family genes in these diseases. We also predicted patient responses to immunotherapy using
ICls. Finally, we confirmed the role of COMMD?7 in ccRCC and bladder cancer through in vivo and in vitro
experiments. We found differential expression and diagnostic biomarker value of the COMMD family
of proteins in pan-cancer, and also found that they play a key role in the tumour microenvironment.
COMMD proteins are closely related to common immune checkpoints, TMBs and MSls, and COMMD
family proteins can predict immunotherapy response in patients with various cancers. Finally,
knockdown of COMMD?7 was found to inhibit the progression of ccRCC and bladder cancer cells, as
verified by in vivo and in vitro experiments. Our study highlights the great potential of COMMDs

as prognostic and immunotherapeutic response biomarkers, which could pave the way for further
research into tumour infiltration mechanisms and the therapeutic potential of COMMDs in cancer.
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Cancer is a major global public health problem as it is the leading cause of related deaths worldwide'. Most of
the genomic alterations interacting with the tumour microenvironment and their role in immunotherapeutic
response are currently unexplored, and there is a great deal of genetic variation across tumour types as well as
between individual tumours®.

Copper-metabolism Murrl domain proteins (COMMDs) consist of 10 members, that regulate cellular
signalling through endosomal transport regulates cell signalling®. Members of the COMMDs family have been
reported to be involved in the regulation of a variety of tumourigenesis and tumor microenvironment®-. For
example, COMMDI1 protein is associated with the regulation of copper homeostasis and affects the immune
response, cell growth and cell cycle in cancer cells”!?. COMMD3 and COMMDS are essential for B-cell
migration'!. Currently, studies have shown that COMMDs are involved in the progression of multiple tumours
and can be used as a prognostic biomarker for a variety of tumours, but their systematic studies in pan-cancer
have not been elaborated. systematic studies have not been elaborated.

In this study, we explored the differential expression and diagnostic biomarker value of the COMMDs
family in pan-cancer. COMMDs were also found to play a key role in pan-cancer in relation to the tumour
microenvironment. Finally, it was verified by in vivo and in vitro experiments that knockdown of COMMD?7
inhibited the proliferation and invasion of renal clear cell carcinoma and bladder cancer cells.
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Materials and methods

Data sources

We used TCGA database and UCSC Xena public datasets to download data from normal and tumour tissue
samples for 33 cancer types, which included transcript expression and clinical information.

Diagnostic and prognostic value analysis
ROC graphs can reflect the relationship between sensitivity and specificity. The diagnostic value of the COMMD
family of genes was estimated using the pROC’ package to draw ROC curves for visualisation.

Information related to the prognosis of pan-cancer patients was downloaded from the UCSC Xena database.
We positioned risk factors with HR > 1 and protective factors with 0 <HR <1 of the analysed results.

GSEA and immune infiltration analysis
We downloaded the gene sets of HALLMARK cancer-associated pathways and GO signalling pathways in the
MSigDB database, which were used to assess the expression of each COMMD gene correlation with cancer-
related pathways!2.

The correlation between the expression of COMMD family genes and the level of immune cell infiltration
was downloaded from the TISIDB database (http://cis.hku.hk/TISIDB/), and the correlation between COMMDs
genes and immune cell infiltration.

Immunotherapy response
We calculated the association between each member of the COMMD family and the level of immune cell
infiltration in each of the tumour microenvironments as well as common immunotherapy biomarkers.

Cell culture

Human renal clear cell carcinoma 786-O and ACHN and bladder cancer cell lines T24 and UM-UC3 were
purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences and used.786-O, ACHN, T24 and
UM-UCS3 cells were cultured in an incubator at 37 °C, 5% CO2 with medium containing 10% fetal bovine serum.

Plate cloning

From 786-O, ACHN, T24 and UM-UCS3 cells in logarithmic growth phase, cell suspensions were inoculated in
6-well plates with 800 cells per well. The plates were placed in an incubator at 37 °C with 5% CO2 for 14 days.
Cells were fixed using 4% paraformaldehyde and then stained with 1% crystal violet stain.

Wound-healing experiment

Use a gun tip to make cell scratches, the direction of the scratches is perpendicular to the marking line, and
choose the appropriate time point to take pictures, such as 0 h and 48 h after removing the cells to take pictures
under the microscope.

Transwell experiment

Appropriate amount of cell suspension was taken and added into a small chamber, 600pL of complete medium
containing 10% FBS was added into the lower chamber of a 24-well culture plate, and the plate was incubated
in a CO2 incubator at 37°C for 24 h, and the cells were fixed with paraformaldehyde after removing the small
chamber, and then stained with crystal violet solution, and finally photographed under a microscope.

Xenograft experiments

Xenograft experiments in nude mice were conducted at the Experimental Animal Center of Hunan University.
The nude mice were purchased from Jiangsu Huachuang Xinnuo Pharmaceutical Science and Technology Co
Ltd. 10 mice were randomly divided into two groups. Each mouse in the control group was injected 786-O
cells, and each mouse in the knockdown group was injected 786-O cells stably transfected with COMMD?7
knockdown lentivirus. After 30 days of intervention, the nude mice were deeply anesthetized with inhaled
isoflurane (1-2% volume) and euthanized by cervical dislocation. The xenograft experiments were approved by
the Animal Care and Use Committee of the Ethics Committee of The Affiliated Hospital of Hunan University.
All animal experiments and experimental procedures were conducted in accordance with the guidelines of the
Ethics Committee of The Affiliated Hospital of Hunan University, and adhered to the recommendations of the
National Institutes of Health as well as the ARRIVE Guidelines (https://arriveguidelines.org).

Statistical analysis
P-values less than 0.05 were considered statistically significant. Image ] and GraphPad software were used for
experimental data processing and plotting.

Results

Expression of COMMDs family genes in human normal tissues and cancers

By collecting 33 cancers from the TCGA database and the GTEx database as well as the corresponding normal
tissues, we went on to analyse the differences in the expression of each member of the COMMDs family in
pan-cancer. We found that the COMMD1, COMMD2, COMMD4, COMMD5, COMMD?7, COMMDS8, and
COMMDS? genes were significantly highly expressed in most of the tumours compared to the corresponding
normal tissues, whereas the expression of COMMDE6 was significantly reduced in most of the tumours (Fig. 1).
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Fig. 1. COMMD:s family genes are dysregulated in cancer expression.

Diagnostic and prognostic value of COMMD family genes in pan-cancer

The value of COMMD family genes as diagnostic biomarkers was further assessed by ROC curves in pan-
cancer. For example, COMMD?5 in BRCA, COMMD4 and COMM4 in CESC, each COMMD family member
(COMMDI1-10) in CHOL, COMMD2, COMMD4 and COMMDS5 in ESCA, COMMD2 and COMMD4-10 in
GBM, COMMDS5 in HNSC, COMMD1-2, COMMD6-7 and COMMD?9 in KICH and COMMD?2-5, COMM?7
and COMMD? in LIHC had AUC values greater than 0.9, suggesting that these COMMD family genes have
high diagnostic value for the above cancers (Fig. 2A). Therefore, it can be inferred that abnormally expressed
COMMD family members can be used as diagnostic biomarkers for cancer.

Prognostic analyses, including uniCox regression and Log-rank analysis, were performed by each COMMD
family gene (COMMDI-10) in pan-cancer, which in turn assessed the value of each COMMD family gene as
a prognostic biomarker in pan-cancer. The results showed that COMMD1 was protective in KIRC but risky
in KICH, LGG, STAD and UVM, COMMD?2 was protective in KIRC but risky in ACC, LIHC and SARC,
COMMD3 was protective in BLCA and LUSC but risky in ACC and LIHC, COMMD4 is hazardous in ACC,
COMMDS is hazardous in MESO and UVM, COMMDSE is protective in LGG and UVM and hazardous in ACC
and HNSC, COMMD?7 is hazardous in ESCA, HNSC, LGG, LIHC, PAAD and UVM, COMMDS is hazardous in
KIRC and dangerous in HNSC, LIHC, and MESO, COMMD?9 was protective in KIRC and dangerous in KICH,
and COMMD10 was protective in KIRC and dangerous in ESCA, HNSC, LGG, and STAD (Fig. 2B).

Subcellular localisation and and functional enrichment analysis of COMMD family members
The HPA database was used to obtain immunofluorescence images of COMMD family member proteins to
clarify the subcellular localisation of COMMD member proteins. The results showed that COMMD1, COMMD5
and COMMDS8 proteins were located in Nucleoplasm and Cytosol, COMMD2 and COMMD? proteins were
located in Vesicles, COMMD4 was located in Vesicles, Plasma membrane and Cytosol, COMMOY was located in
Nucleoplasm, Golgi apparatus and Cytosol, and COMMD10 is located in Nucleoplasm (Fig. 3A).

We first constructed a network map through the COMMDs family members and other related role proteins
(Fig. 3B). This was further followed by gene set enrichment analysis to elucidate the role of COMMDs in cancer
progression. We found that gene sets were mainly enriched in the HIF-1 signalling pathway, Ubiquitin mediated
proteolysis, NF-kappa B signalling pathway and cullin-RING ubiquitin ligase complex signalling pathway
(Fig. 3C-D).
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Fig. 2. Diagnostic and prognostic analysis of COMMD family genes. (A) Diagnostic ROC curves of
COMMD family genes in pan-cancer. an AUC> 0.9 is considered a high diagnostic value, 0.9> AUC>0.7 is an
intermediate diagnostic value, and 0.7 > AUC> 0.5 is a low diagnostic value. (B) Results of DFI, DSS, OS and
PFI prognostic analysis of COMMD family genes in pan-cancer.

Association of COMMD family genes with tumour microenvironment

By correlating the COMMD family genes with the degree of infiltration of various immune cells in the pan-
cancer dataset, it was found that COMMD1, COMMDS, and COMMD?9 showed a positive correlation with
the majority of immune cells in a variety of tumours, whereas COMMD2 and COMMD®6 showed a negative

Scientific Reports|  (2025) 15:25490 | https://doi.org/10.1038/s41598-025-11118-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

>

HPA049223
A-431

COMMD1

HPA046905
PC-3

COMMD5

HPA009142
U-251MG

COMMD9

COMMDS Location:

Nucleus/COMMD1 Microtubules/COMMD1
COMMD1 Location: Nucleoplasm, Cytosol

HPA075248
Rh30
HPA039935
U20s

COMMD2 Nucleus/COMMD2 Microtubules/COMMD2
COMMD?2 Location: Vesicles

COMMD4 Nucleus/COMMD4 Microtubules/COMMD4
COMMD4 Location: Vesicles, Plasma membrane, Cytosol

2 2o
; x 2 =
Py @ -
=N o w
g< iy
I £o
Nucleus/COMMDS5 Microtubules/COMMDS COMMD7 Nucleus/COMMD7 Microtubules/COMMD7 COMMD8 Nucleus/COMMD8 Microtubules/COMMD8
COMMDS5 Location: Nucleoplasm, Cytosol COMMD?7 Location: Vesicles COMMDS8 Location: Nucleoplasm, Cytosol
©
©
prily
[T
§ o
h x=
I
Nucleus/COMMD9 Microtubules/COMMD9 COMMD10 OMMD10 Microf OMMD10
Nucleoplasm, Golgi apparatus, Cytosol COMMD10 Location: Nucleoplasm
RELB i lation of NF-kappaB t t )
negalie reguiaion of NF-—appa ranscrton | o HIE-1 signaing pathway ] e

Golgi to plasma membrane transport 1 Human T-cell leukemia virus 1 infection <

dg

fesponse to muscle stretch - Human immunodeficiency virus 1 infection

copper ion homeostasis - Ribosome 4 o alg 0016
]

0.0012
0.0008
0.0004

cullin-RING ubiquitin ligase complex Ubiquitin mediated proteolysis 4

cytosolic ribosome Osteoclast differentiation [ ]

fo0)
993

Cul2-RING ubiquitin ligase complex4{ @ Toxoplasmosis Counts
° 3

polysome C-type lectin receptor signaling pathway

NF-kappa B signaling pathway <

Qoo
oo

DNA-binding transcription factor binding

ubiquitin-like protein ligase binding [ ) - Renal cell carcinoma 4
ubiquitin protein ligase binding ) n Cytosolic DNA-sensing pathway 4®
NF-kappaB binding4{ @® Legionellosis 4®

-
0.20 0.25 0.30 0.35
GeneRatio

—
0.10 0.15 0.20
GeneRatio

Fig. 3. Protein localisation and functional enrichment analysis of COMMD family members. (A)
Immunofluorescence images of COMMD family member proteins. (B) Network map of COMMD family
members and other related role proteins. (C-D) Heatmap of enrichment of each COMMD family member in
Hallmark signalling pathway.

correlation with the degree of infiltration of a variety of immune cells in a variety of tumours (Fig. 4A). By
further investigating the correlation between the expression of common immune checkpoints and the COMMD
family of genes in a variety of tumours, we found that COMMD?2 showed a significant positive correlation with
CTLA4, PD-1 and PD-LI in most cancers, while COMMDS6 showed a significant negative correlation with
CTLA4, PD-1 and PD-L1. In addition, each COMMD family gene was significantly positively associated with
common immune checkpoints in UVM and LGG (Fig. 4B-D). Suggesting that our COMMD family genes may
have an important impact on immunotherapy.

Association between the COMMD family and immunotherapy

We assessed the correlation between each member of the COMMD family and TMB in pan-cancer and found
that COMMDI1 showed significant positive correlation with TMB in BRCA and LIHC, and significant negative
correlation with TMB in SARC and THYM (Fig. 5A). COMMD?7 was positively correlated with MSI in DLBC,
HNSC, LIHC, PRAD, SKCM, and TGCT, whereas in COAD, GBM, and LUSC it was negatively correlated with
with MS.COMMDI10 in ACC, READ, and UCEC was positively correlated with MSI in BLCA, BRCA, DLBC,
GBM, HNSC, LUAD, LUSC, OV, PRAD and TGCT (Fig. 5B).

We subsequently evaluated the role of the COMMD family in immunotherapy by immunotherapy data,
which showed that in Mammary cancer (EMT6) COMMDI expression was significantly elevated in the anti-
PD-L1 treatment response group compared to baseline levels. In addition, the expression level of COMMD3
was significantly elevated in Mammary cancer (EMT6) and Colorectal carcinoma (CT26) compared to baseline
(Fig. 5 C).

Knockdown of COMMD?7 inhibits the proliferation and migration of renal clear cell carcinoma
and bladder cancer cells

To investigate the role of COMMD? in renal clear cell carcinoma and bladder cancer cells, we designed two
shRNAs (COMMD7-1, COMMD?7-2) to silence COMMD?7 expression in renal clear cell carcinoma (786-O
and ACHN) and bladder cancer cells (T24 and UM-UC3). We performed plate cloning, Transwell and wound
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Fig. 4. Association of COMMD family members with the immune microenvironment. (A) Heatmap of the
association of COMMD family members with immune infiltrating cells. Correlation of COMMD family genes
with CTLA4 (B), PD-1 (C) and PD-L1 (D) in pan-cancer.

healing assays on renal clear cell carcinoma (786-O and ACHN) and bladder cancer cells (T24 and UM-UC3)
transfected with COMMDY? lentivirus, respectively. The results of plate cloning showed that the proliferative
capacity of renal clear cell carcinoma (786-O and ACHN) and bladder cancer cells (T24 and UM-UC3) after
transfection with COMMDY? lentivirus was significantly lower than that of the NC group (Fig. 6A-B).The results
of the Transwell assay and wound healing assay indicated that the knockdown of COMMD? significantly
reduced the proliferative capacity of renal clear cell carcinoma (786-O and ACHN) and bladder cancer cells (T24
and UM-UC3) in the NC group, as compared with that of the COMMD? lentivirus. O and ACHN) and bladder
cancer cells (T24 and UM-UC3) had significantly reduced migratory ability after knockdown of COMMD?7
(Fig. 6C-F). The above results indicated that COMMD? could promote the proliferation and migration of renal
clear cell carcinoma and bladder cancer cells in vitro. To further explore the oncogenic role of COMMD?7 in
vivo, a subcutaneous tumour model was established. Knockdown of COMMD? significantly delayed tumour
progression (Fig. 6G-I).

Discussion

The current study found that various members of the COMMD family play key roles in cancer'. We
comprehensively analysed the expression abnormalities, diagnostic and prognostic roles, correlation with
cancer-related pathways, association with the immune microenvironment and immune checkpoints, and
prediction of patient immunotherapeutic response to ICI and targeted small molecule drugs in cancer by
using multi-omics pan-cancer data for each gene of the COMMD family. We found that COMMD family
gene expression levels are specific and vary across many cancer types. For example, COMMD1, COMMD?2,
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Fig. 5. Association between COMMD family and immunotherapy. Correlation of COMMD family genes with
TMB (A) and MSI (B) in pan-cancer. (C) Predictive analysis of COMMDs expression related immunotherapy
by TISMO database.

COMMD4, COMMD5, COMMD?7, COMMDS8, and COMMD? genes are significantly highly expressed in most
tumours, whereas COMMDE6 is significantly less expressed in most tumours.Various members of the COMMD
family (COMMD1-10) have high diagnostic value in CHOL.Various COMMD family members have significant
correlation with immune checkpoints, implying that the COMMD family has important research value in the
direction of immunotherapy. Finally, we verified that knockdown of COMMD? inhibited the proliferation and
invasion of renal clear cell carcinoma and bladder cancer cells by in vivo and in vitro experiments.

Major breakthroughs in tumour therapy by immunotherapy have led to new directions in tumour treatment,
however, the complexity of the tumour microenvironment responds to immunotherapy differently from
tumour to tumour'. Understanding the tumour microenvironment is more helpful in identifying new effective
immunotherapy targets®-315. Researchers have found that hypoxia-induced COMMDI1 regulates signalling and
metabolism in human macrophages and thus inhibits osteoclastogenesis'®. COMMDS is a signalling articulator
for chemoreceptors, and COMMD3 and 8 form a protein complex that can affect humoral immune responses
and autoimmunity'.

COMMD family members can serve as therapeutic targets as well as diagnostic and prognostic indicators,
according to a comprehensive analysis conducted in this work. Our study does, however, still have certain
shortcomings. First, there are a number of biases, including the retrospective design, the limited number of
patients, and the mixed usage of tumor specimens that had preoperative chemotherapy and those that did not. To
further confirm the veracity of our findings, a sizable cohort of clinical cases must yet be gathered and evaluated.
In this study, we used one-way cox regression analysis to determine whether COMMD family members were
associated with survival in pan-cancer patients, but one-way cox regression analysis can only assess the effect of
a single factor and cannot consider the effects of multiple factors at the same time and the use of multifactorial
cox regression analysis is limited by factors such as data availability or study design. Ultimately, further in vivo
and in vitro investigations are required in subsequent research to confirm the role of COMMD family member
genes in cancer and to methodically identify the mechanism by which COMMD family members operate as
therapeutic targets and cancer biomarkers.
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Fig. 6. COMMD?7 promotes growth and metastasis of ccrcc and bladder cancer cells in vivo and in vitro. Plate
cloning assay (A-B), transwell cell migration ability (C-D), and wound healing ability assay (E-F) of renal clear
cell carcinoma (786-O and ACHN) and bladder cancer cells (T24 and UM-UC3) transfected with COMMD?7
lentivirus. (G-I) Knockdown of COMMDY? significantly inhibited tumour growth, such as tumour growth rate,
tumour weight. Note * p <0.05, **p <0.01, ***p <0.001.

Conclusion

In this study, we explored the differential expression and diagnostic biomarker value of the COMMDs
family in pan-cancer. COMMDs were also found to play a key role in pan-cancer in relation to the tumour
microenvironment. COMMD:s are closely related to immunotherapy. Small molecule compounds that can target
COMMDY, COMMD3 and COMMD8 protein complex proteins were found by molecular docking. We verified
that knockdown of COMMDY? inhibited the proliferation and invasion of renal clear cell carcinoma and bladder
cancer cells by in vivo and in vitro experiments. In this study, we analysed the role and feasibility of COMMD
family members as diagnostic and prognostic biomarkers and therapeutic targets through a multi-omics system,
providing new targets for future cancer drug therapy.

Data availability
All data utilized in this study are included in this article and all data supporting the findings of this study are
available on reasonable request from the corresponding author.
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