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Skin cutaneous melanoma has high morbidity and mortality. Identification of reliable and quantitative melanoma biomarkers
could facilitate an early diagnosis and improve survival and morbidity rates. CD96 has a significant role in adjusting immune
function. Although the abnormal expression of CD96 has been reported to participate in carcinogenesis in many human types of
cancer, the bioinformatics role of the CD96 in melanoma is unknown. Expression degrees and their underlying functions were
first studied by this study. According to TCGA, GTEx, and gene expression profile interaction analysis dataset in this paper,
compared with normal skin tissues, CD96 was expressed at higher levels in human cutaneous melanoma skin tissues. Meanwhile,
we detected the relative CD96 expression levels by immunohistochemistry. Gene functional enrichment analyses were applied
through cBioPortal database analysis. CD96 was clearly upregulated in skin cutaneous melanoma patients and carried out its
effects through regulating several signaling pathways, containing the JAK-STAT, PI3K-Akt, and MAPK. Taken together, the
analysis results indicated that CD96 could be used as a new clinical bioindicator as well as an underlying medicinal target for
cutaneous melanoma.

1. Introduction

Melanoma is the deadliest skin malignity with a rising
prevalence worldwide, of which the pathogenic mechanisms
remain unclear as both environmental and genetic factors
could contribute to its development [1] [2]. Even if apparent
development has been made in surgical therapy, clinical
diagnosis, and medical treatment covering immunotherapy
and targeted treatment, patients have a very low 5-year
survival rate [3]./us, it is urgent to investigate the initiation
and developmental mechanisms in SKCM and to find novel
combined molecular markers that may function as thera-
peutic targets for SKCM.

Cancer has been the number one killer gradually
threatening our health in the past decades. Newmechanisms
and novel therapy for the treatment of cancer are constantly

emerging. As we know, significant immunomodulatory
effects are possessed by immune checkpoints. It was dem-
onstrated that an effective strategy for treating cancer is to
prohibit the immune checkpoint on the cell membrane [4].
CD96 belongs to the immunoglobulin superfamily [5]. cells
and natural killer (NK) cells Its role in the regulation of
immune function is crucial. Because of its underlying tu-
morigenicity and therapy, more and more oncology biol-
ogists recognize CD96. CD96 was demonstrated to restrain
CD8+ T cells and NK cells which play an anticancer activity
[6]. Tumor immunity was reported to be promoted by the
lack of host CD96 and PD-1, but immune homeostasis was
not significantly injured [7]. Several mouse tumor models
were slowed by blocking CD96 [8]. Low expression of CD96
could reverse experimental lung cancer metastasis [8]. CD96
can be used as an oncogene, as the results suggested, and
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combined as a good therapeutic treatment target. What is
not clear, however, is how CD96 in SKCM is associated with
immune regulation and patient prognosis.

As the high-throughput sequencing technologies de-
velop [9], a key function in ascertaining biological and
biomedical functions was shown by a large number of
RNA and DNA studies [9]. /e underlying function of
CD96 in SKCM has not been explored by bioinformatics
analysis, and potential biological functions of CD96 in
SKCM were assessed.

2. Materials and Methods

2.1. CD96 Expression in Pan-Cancer. Users are permitted to
conduct customized bioinformatics studies [10] with the
relevant tools provided by the Sangerbox database (http://
sangerbox.com/). Using Student’s t-test, the gene CD96
expression levels in diverse specimens and corresponding
normal controls were discussed according to the Cancer
Genome Atlas (TCGA) and Genotype-Tissue Expression
(GTEx) datasets. /ere was statistical significance when the
p value was less than 0.05.

2.2. Gene Expression Profiling Interactive Analysis (GEPIA).
From TCGA and GTEx projects, RNA sequencing ex-
pression data were analyzed by this study from 8587
normal samples and 9736 tumor samples [11] using a
latest developed interactive website—the online database
Gene Expression Profiling Interaction Analysis (GEPIA)
(http://gepia.cancer-pku.cn/). Differences in CD96 ex-
pression between SKCM and corresponding normal skin
were detected. We conditioned the threshold on a p value
of 0.01 and a multiplicative variation of 1, matching the
GTEx data and TCGA normal data. In SKCM patients, by
using the GEPIA dataset, the correlation between CD96
transcript levels and tumor stage was also measured and
studied by us.

2.3. Immunohistochemistry Validation. From wide proteo-
mic and transcriptomic information [12], we collected the
mRNA expression patterns and proteins in tissues and cells
in the Human Protein Atlas (HPA) (https://www.
proteinatlas.org/), an extensive database [12]. As a result,
the tissue and immune cell expression atlas of CD96 was
analyzed by the HPA.

Distinct CD96 expression in SKCM and normal skin
tissues was verified by immunohistochemistry (IHC)
according to the method described above [13]. Tissue slides
were prepared following standard procedures, and rabbit
polyclonal antibodies were used against CD96 (Abcam,
ab264416) at 1/1000 dilution to incubate them at 4°C
overnight. We next sliced them and combined them with
horseradish peroxidase (HRP) antibody (1 : 200 dilution) for
2 hours at room temperature, then covered them with DAB
(Vector Laboratories, Burlingame, CA), and we mounted
slides with Vectashield mounting medium (Vector Labo-
ratories). We used a Nikon E800 microscope to observe all
sections.

2.4. cBioPortal Analysis. /e cutaneous melanoma (TCGA,
Firehose Legacy) dataset included 480 pathology-reported
cases and was further studied for CD96 applying cBioPortal
(https://www.cbioportal.org/) [14]. /e mRNA expression
z-scores (RNA Seq V2 RSEM), putative copy number al-
terations (CNA) of GISTIC, mutations, and protein ex-
pression z-scores (RPPA) were involved in the genomic
alteration profile.

2.5. Protein-Protein Interaction (PPI) Network Construction.
/e PPI network was developed after the top 100 genes
closely associated with CD96 alterations were entered into
the STRING database (https://string-db.org/cgi/input.pl)
[15], including physical and functional interactions. /e
cutoff of the PPI confidence score was set as 0.4.

2.6. GeneOntology (GO) andKyoto Encyclopedia ofGenes and
Genomes (KEGG) Pathway Analysis. R language software
was employed, and enriched GO terms and signaling
pathways of related genes closely associated with CD96
alterations were evaluated [16]. p value < 0.05 is the
threshold of statistical significance for enrichment analysis,
adjusted for p value < 0.05. /is study showed the top 30
enriched pathways and top 10 GO terms for BP, CC, and
MF.

3. Results

3.1. CD96 Expression Is Elevated in a Variety of Tumors.
As shown in Figure 1(a), the CD96 expression level was
significantly increased in a variety of tumors containing
SKCM than that in the corresponding normal controls.

3.2. CD96 Is Upregulated in SKCM and Correlated with the
Tumor Stage. CD96 expression level between SKCM and
normal skin tissues was evaluated by GEPIA. As shown,
CD96 expression level was significantly increased in SKCM
compared with the normal skin tissue (Figure 1(b)). Tumor
stage analysis also exhibited that CD96 expression levels
were significantly different between groups in regard to
tumor stage (Figure 1(c)).

CD96 proteins were expressed only in lung, salivary
gland, spleen, lymph node, tonsil, and bone marrow tissues
(Figure 2(a)).

3.3. SKCM Patients. /e CD96 alterations and neighbor
genes correlated with CD96 alterations were analyzed in
SKCM by cBioPortal database. As shown, CD96 alter-
ation included deep deletion, mRNA upregulation, splice
mutation, and missense mutation (Figures 3(a) and 3(b)).
/e whole altered neighbor genes correlated with CD96
were listed. /e results showed that P2RY10, LCK,
SLAMF6, IKZF1, CD2, CD247, TIGIT, TRAT1, CD3G,
SLA2, and so on were closely associated with CD96 al-
terations in SKCM (Table 1). Meanwhile, Figure 3(c)
shows the involvement and association among the
genes in PPI network.
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3.4.GOandKEGGEnrichmentAnalysis. Figure 4 shows post-
translational protein modification, RNA catabolic process, etc.
/e genes in the CC terms were strongly enriched in focal
adhesion, cell-cell junction, cell-substrate junction, etc.

For KEGG pathway visualization, we found that ap-
optosis and proliferation of cells were significantly more
apoptotic in related pathways (Figure 5). Nevertheless,
the most significant enrichment signaling pathway in-
cluded multiple inflammatory-related signaling pathways

(Figure 5). Also, tumor-related signaling pathways
containing gastric cancer and breast cancer were sig-
nificantly enriched.

4. Discussion

Although the function of CD96 in the pan-cancer
pattern has been partly explored, further demonstration of a
certain relationship between CD96 and cancers is very
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Figure 1: CD96 was upregulated in skin cutaneous melanoma. (a) /e expression level of CD96 was increased in multiple types of tumors
compared with normal samples. (b) /e expression level of CD96 was increased in skin cutaneous melanoma compared with normal skin
samples. (c) Significant relationship was found in skin cutaneous melanoma tumor stage with CD96 expression level by GEPIA (∗p< 0.05,
∗∗p< 0.01, and ∗∗∗p< 0.001).
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important. Our study provided a novel idea to explore the
correlation between CD96 expression and SKCM.

In the study, we found that CD96 was upregulated in
various types of cancers from the data in TCGA and GTEx
dataset (Figure 1(a)). GEPIA databases manifested that the

expression of CD96 was higher in SKCM samples than that
of normal skin tissues (Figure 1(b)), and it was significantly
correlated with the tumor stage (Figure 1(c)). Furthermore,
IHC also exhibited that CD96 expression was upregulated in
SKCM tissues (Figure 2). Moreover, CD96 alterations were
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Figure 2: Expression level of CD96. (a) CD96 protein expression. (b) CD96 mRNA expression level. (c) CD96 mRNA expression level in
different immune cells. (d) CD96 protein expression in skin cutaneous melanoma and corresponding normal skin tissue detected by IHC.
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Table 1: Genes are correlated with CD96 in skin cutaneous melanoma.

Correlated gene Cytoband Spearman’s correlation p value q value
P2RY10 Xq21.1 0.917792370177848 1.16269632845918E− 190 2.32818312810666E− 186
LCK 1p35.2 0.914186998262427 1.8019658692741E− 186 1.80412822831723E− 182
SLAMF6 1q23.2-q23.3 0.913079755637399 3.20377136123396E− 185 2.13841059124496E− 181
IKZF1 7p12.2 0.9108928449566 8.43332045425359E− 183 4.22172021939934E− 179
CD2 1p13.1 0.910340509960402 3.36839457860001E− 182 1.34897466083773E− 178
CD247 1q24.2 0.907572698456952 3.0458209366593E− 179 8.87185028600711E− 176
TIGIT 3q13.31 0.907565223675281 3.10142588903564E− 179 8.87185028600711E− 176
TRAT1 3q13.13 0.906742618574921 2.2499382652113E− 178 5.63159547782389E− 175
CD3G 11q23.3 0.906349373592915 5.76451363930558E− 178 1.28254023459394E− 174
SLA2 20q11.23 0.905792901587852 2.16707171454158E− 177 4.33934440119807E− 174
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analyzed by cBioPortal, and joint analysis was performed by
PPI and GO and KEGG enrichment. As shown in Figure 4,
clinically important module genes of SKCM in the GO
analysis contained RNA catabolic process, focal adhesion,

cell-cell junction, cell-substrate junction, cadherin binding,
ATPase activity, etc. (Figure 5). /e results of our analysis
prove that CD96 may be a powerful biomarker for SKCM
diagnosis and drug discovery.
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Figure 4: GO enrichment analysis of CD96 and genes correlated with CD96 alterations by R language software.
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Figure 5: KEGG enrichment analysis of CD96 and genes correlated with CD96 alterations by R language software.
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5. Conclusion

In conclusion, our study demonstrated a higher expression
level of CD96 in cutaneous skin melanoma. Abnormally
expressed CD96 was significantly related to the stage of skin
cutaneous melanoma. Moreover, CD96 alterations were
closely related with multiple cell functions such as post-
translational protein modification, cell-cell junction, cadherin
binding, and so on. Additionally, cell apoptosis and prolif-
eration and inflammatory-related and cancer-related signaling
pathways were significantly enriched through the gene with
CD96 alterations. /is study provides a new idea for using the
public genome information databases to excavate and obtain
specific gene information for certain cancer. Our findings
showed that CD96 may serve as a new gene for the diagnosis
and treatment of skin cutaneousmelanoma patients. However,
these results need to be verified by large-scale clinical inves-
tigations and verification experiments in vitro and in vivo.

Data Availability
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study are available from the corresponding author upon
request.

Conflicts of Interest

/e authors declare that they have no conflicts of interest.

References

[1] G. Chhabra, M. A. Ndiaye, L. M. Garcia-Peterson, and
N. Ahmad, “Melanoma chemoprevention: current status and
future prospects,” Photochemistry and Photobiology, vol. 93,
no. 4, pp. 975–989, 2017.

[2] L. Zhang, Q. Wang, L. Wang et al., “OSskcm: an online
survival analysis webserver for skin cutaneous melanoma
based on 1085 transcriptomic profiles,” Cancer Cell Inter-
national, vol. 20, no. 1, p. 176, 2020.

[3] Y. Wang, D. Li, J. Lu et al., “Long noncoding RNA TTN-AS1
facilitates tumorigenesis and metastasis by maintaining TTN
expression in skin cutaneous melanoma,” Cell Death &
Disease, vol. 11, no. 8, p. 664, 2020.

[4] Y. W. Choo, M. Kang, H. Y. Kim et al., “M1 macrophage-
derived nanovesicles potentiate the anticancer efficacy of
immune checkpoint inhibitors,” ACS Nano, vol. 12, no. 9,
pp. 8977–8993, 2018.

[5] H. Sun and C. Sun, “/e rise of NK cell checkpoints as
promising therapeutic targets in cancer immunotherapy,”
Frontiers in Immunology, vol. 10, p. 2354, 2019.

[6] J. S. O’Donnell, J. Madore, X. Y. Li, and M. J. Smyth, “Tumor
intrinsic and extrinsic immune functions of CD155,” Semi-
nars in Cancer Biology, vol. 65, pp. 189–196, 2020.

[7] H. Harjunpaa, S. J. Blake, E. Ahern et al., “Deficiency of host
CD96 and PD-1 or TIGITenhances tumor immunity without
significantly compromising immune homeostasis,” OncoIm-
munology, vol. 7, no. 7, Article ID e1445949, 2018.

[8] H. Sun, Q. Huang, M. Huang et al., “Human CD96 correlates
to natural killer cell exhaustion and predicts the prognosis of
human hepatocellular carcinoma,” Hepatology, vol. 70, no. 1,
pp. 168–183, 2019.

[9] F. Jiao, H. Sun, Q. Yang et al., “Identification of FADS1
through common gene expression profiles for predicting
survival in patients with bladder cancer,” Cancer Management
and Research, vol. 12, pp. 8325–8339, 2020.

[10] Z. Hu, F. Song, Y. Hu, and T. Liao, “Systematic analysis of the
expression and prognostic significance of P4HA1 in pan-
creatic cancer and construction of a lncRNA-miRNA-P4HA1
regulatory Axis,” BioMed Research International, Article ID
8877334, 30 pages, 2020.

[11] J. Wu, Y. Wang, and Z. Jiang, “Immune induction identified
by TMT proteomics analysis in Fusobacterium nucleatum
autoinducer-2 treated macrophages,” Expert Review of Pro-
teomics, vol. 17, no. 2, pp. 175–185, 2020.

[12] Y. Li, F. Li, X. Bai et al., “ITGA3 is associated with immune cell
infiltration and serves as a favorable prognostic biomarker for
Breast cancer,” Frontiers in Oncology, vol. 11, Article ID
658547, 2021.

[13] J. Huang, X. Zhou, Y. Shen et al., “Asiaticoside loading into
polylactic-co-glycolic acid electrospun nanofibers attenuates
host inflammatory response and promotes M2 macrophage
polarization,” Journal of Biomedical Materials Research Part
A, vol. 108, no. 1, pp. 69–80, 2020.

[14] C. Wu, Y. Duan, S. Gong, S. Kallendrusch, N. Schopow, and
G. Osterhoff, “Integrative and comprehensive pancancer
analysis of regulator of chromatin condensation 1 (RCC1),”
International Journal of Molecular Sciences, vol. 22, no. 14,
p. 7374, 2021.

[15] X. Yin, Y. Yin, L. Dai et al., “Integrated analysis of long non-
coding RNAs and mRNAs associated with malignant trans-
formation of gastrointestinal stromal tumors,” Cell Death &
Disease, vol. 12, no. 7, p. 669, 2021.

[16] W. J. Zheng, Q. Yan, Y. S. Ni et al., “Examining the effector
mechanisms of Xuebijing injection on COVID-19 based on
network pharmacology,” BioData Mining, vol. 13, no. 1, p. 17,
2020.

Contrast Media & Molecular Imaging 7


