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Background: Immunotherapy has significantly improved patient outcomes, but
encountered obstacles recently. CD96, a novel immune checkpoint expressed on T
cells and natural killer (NK) cells, is essential for regulating immune functions. However,
how CD96 correlating with immune infiltration and patient prognosis in pan-cancer
remains unclear.

Methods: HPA, TCGA, GEO, GTEx, Oncomine, TIMER2.0, PrognoScan, Linkedomics,
Metascape, and GEPIA2 databases were used to analyze CD96 in cancers. Visualization
of data was mostly achieved by R language, version 4.0.2.

Results: In general, CD96 was differentially expressed between most cancer and
adjacent normal tissues. CD96 significantly impacted the prognosis of diverse cancers.
Especially, high CD96 expression was associated with poorer overall survival (OS) and
disease-specific survival (DSS) in the TCGA lower grade glioma (LGG) cohort (OS, HR =
2.18, 95% Cl = 1.79-2.66, P < 0.001). The opposite association was significantly
observed in skin cutaneous melanoma (SKCM) cohort (OS, HR = 0.96, 95% CI =
0.94-0.98, P < 0.001). Notably, SKCM samples demonstrated the highest CD96
mutation frequency among all cancer types. Furthermore, in most cancers, CD96
expression level was significantly correlated with expression levels of recognized
immune checkpoints and abundance of multiple immune infiltrates including CD8+ T
cells, dendric cells (DCs), macrophages, monocytes, NK cells, neutrophils, regulatory T
cells (Tregs), and follicular helper T cells (Tth). CD96 was identified as a risk factor,
protective factor, and irrelevant variable in LGG, SKCM and adrenocortical carcinoma
(ACC), respectively. CD96 related genes were involved in negative regulation of leukocyte
in LGG, however, involved in multiple positive immune processes in SKCM. Furthermore,
CD96 was significantly associated with particular immune marker subsets. Importantly, it
strongly correlated with markers of type 1 helper T cell (Th1) in SKCM, but not in LGG or
ACC either.

Conclusions: CD96 participates in diverse immune responses, governs immune cell
infiltration, and impacts malignant properties of various cancer types, thus standing as a
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potential biomarker for determining patient prognosis and immune infiltration in multiple
cancers, especially in glioma and melanoma.

Keywords: CD96, biomarker, cancer, bioinformatics, prognosis, immune infiltration

INTRODUCTION

In the past few decades, cancer has gradually become the top killer
threatening human health (1). With the deepening understanding
of the mechanism underlying cancer initiation and development,
we have opened up more options to fight it (2). Co-inhibitory or
immune checkpoint receptors, such as cytotoxic T lymphocyte
associated protein 4 (CTLA-4) and programmed death-1 (PD-1),
are expressed on immune cells to limit the immune responses, and
prevent immune-driven pathology. Indeed, immunotherapies
blocking these receptors have shown tremendous success in the
treatment of several cancers. However, despite the great success of
immune checkpoint blockade (ICB), a considerable number of
patients still do not respond to currently available immuno
therapies (3). Therefore, the dilemma has attracted attention to
exploring new immune checkpoints that can be safely targeted
with high anti-tumor efficacy in malignancies, with the hope that
targeting more co-inhibitory receptors will lead to higher response
rates and better therapeutic outcomes.

Previous review has elucidated the mechanism of CD226/
TIGIT/CD96 pathway, addressing the important role of these
membrane-sided signal receptors in multiple cancer types (4).
Especially, TIGIT (T-cell immunoglobulin and ITIM domain) can
suppress immune responses by counterbalancing costimulatory
receptor CD226-mediated immune activation via hampering
CD155-CD226 interaction, since TIGIT harbors higher affinity
with CD155 than CD226 (5). TIGIT also exerts certain effects on
the tolerogenic DC phenotype and Treg stability (6, 7). These
properties of TIGIT enhance the immunosuppressive functions,
partially contributing to immune escape of malignant tumors.
Emerging evidence confirms the combination of PD-L1 and
TIGIT blockades (atezolizumab/tiragolumab) as a promising
approach for targeting tumors resistant to a single ICB.

Involved in this pathway, CD96 is regarded as a novel immune
checkpoint and suspected harboring potential in the context of
immunotherapy. However, data to date revealed seemingly
controversial results. Study has suggested that CD96 could
synergize with TIGIT to inhibit the antitumor response in
tumor-bearing mouse models with lung metastasis, as the
antitumor effect of CD96 blockade is higher in Tigit"~ mice (8).
Anti-CD96 monoclonal antibody (mAb) also demonstrates higher
efficacy in combination with either anti-CTLA-4 or anti-PD-1
mAbs, depending on the activation of CD226 signaling in NK cells
(9, 10). However, CD96 paradoxically acts as a costimulatory
receptor and activates CD8+ T cells (11), making it still uncertain
whether CD96 functions as an immunosuppressive receptor. A
more comprehensive analysis of CD96 profile in human cancer is
warranted understand immune-cell-intrinsic effect of CD96 in
tumor immunity. We herein conducted a pan-cancer analysis to
illustrate the CD96 profiles including expression, mutation status,

correlation with signatures of interest, as well as contribution to
patient’s survival. In this study, all data was elicited from well-
known open databases, and all these analyses were conducted
based on webtools and R language.

RESULTS

CD96 Expression Profiles in Human
Normal Tissues

To detect the CD96 mRNA and protein expression profiles in
human tissues, we evaluated the expression of CD96 in various
tumor and normal tissues using the Human Protein Atlas (HPA)
database. As shown in Figure 1A, the CD96 mRNA expression
was group enriched in blood and lymphoid tissues. We then
examined the CD96 protein expression and found it widely
expressed, but at low levels in various normal tissues (Figure
1B). Immunohistochemistry (IHC) showed CD96 protein was
mainly distributed in cytoplasm and membrane, and was low
expressed in non-germinal center cells in normal lymph node
tissues and white pulp cells in normal spleen tissues (Figures 1C,
D). Meanwhile, CD96 was also low expressed in several cancers,
such as breast cancer and skin melanoma (Figures 1E, F). The
detailed information of IHC results were summarized in Table 1.

CD96 Expression Profiles in

Human Cancers

CD96 mRNA distribution showed low cancer specificity.
Furthermore, CD96 protein expression was extremely low in
all cancer tissues, with moderate CD96 cytoplasmic positive
expression observed only in a subset of lymphoid cells within
the tumor stroma.

We next compared expression differences of CD96 mRNA in
cancers and normal tissues using Oncomine database, and found
it expressed at relatively higher levels in brain cancer, breast
cancer, renal cancer, and leukemia than in normal tissues
(Figure 2A). But in certain studies, CD96 was less expressed in
breast cancer, colorectal cancer, gastric cancer, and leukemia,
lymphoma, melanoma, and sarcoma. To further evaluate the
differential expression of CD96, we compared the its expression
levels in the TCGA dataset using TIMER2.0. As shown in Figure
2B, CD96 expression was significantly elevated in various cancer
types, including esophageal carcinoma (ESCA), head and neck
squamous cell carcinoma (HNSC), kidney renal clear cell
carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), and stomach adenocarcinoma (STAD). However, the
expression of CD96 in breast invasive carcinoma (BRCA), colon
adenocarcinoma (COAD), lung squamous cell carcinoma
(LUSC), rectum adenocarcinoma (READ), SKCM, and thyroid
carcinoma (THCA) was significantly decreased.
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FIGURE 1 | CD96 expression profiles in human normal and cancer tissues. (A) CD96 expression profiles in normal human tissues. (B) The protein expression
profiles of CD96 in human normal tissues. (C—F) Representative IHC images of CD96 expression in normal lymph node tissues, normal spleen tissues, breast duct
carcinoma tissues, and malignant melanoma tissues.

TABLE 1 | Clinical information and relative scores of immunohistochemistry results (IHC, immunohistochemistry).

Protein Tissue Histological type Age Gender Location Quantity Intensity Relative IHC score
CD96 Lymph node Normal tissue 55 Male Cytoplasmic/membranous <25% Weak 1
CD96 Spleen Normal tissue 57 Male Cytoplasmic/membranous <25% Weak 1
CD96 Breast cancer Duct carcinoma 38 Female Cytoplasmic/membranous 50-75% Moderate 6
CD96 Melanoma Malignant melanoma 77 Male Cytoplasmic/membranous 50-75% Moderate 6

The number size of normal tissue in the TCGA database is too
small to be statistically convincing [e.g., TCGA glioblastoma
multiforme (GBM) cohort has only five normal controls], so we
matched the GTEx normal tissues with the TCGA cancer tissues
to reflect the CD96 expression landscape in a more convincing
manner, and found that CD96 was differentially expressed in
most cancers (Figure 2C). Specifically, the CD96 expression level
was significantly increased in ACC, BRCA, endocervical
adenocarcinoma (CESC), cholangiocarcinoma (CHOL),
COAD, ESCA, GBM, HNSC, KIRC, KIRP, acute myeloid
leukemia (LAML), LGG, liver hepatocellular carcinoma
(LIHC), ovarian serous cystadenocarcinoma (OV), pancreatic
adenocarcinoma (PAAD), SKCM, STAD, and testicular germ
cell tumors (TGCT). On the contrary, CD96 was low expressed
in lung adenocarcinoma (LUAD), LUSC, READ, and THCA
compared to GTEx normal controls.

The Association Between CD96 Expression
and Cancer Patient’s Prognosis

To understand how CD96 impacting cancer patient prognosis, we
used the PrognoScan database to analyze the relationship between
CD96 and the survival outcomes of cancer patients. Results based

on eight cohorts [GSE5287 (12), GSE13507 (13, 14), GSE19615
(15), GSE2034 (16), GSE17537 (17-20), GSE8894 (21), GSE17260
(22), GSE19234 (23)] suggested that high expression of CD96 was
significantly associated with better prognosis (COX P < 0.05;
Figures 3A-H). Detailed information of these cohorts can be
found in Supplementary Table 1.

To further examine the prognostic potential of CD96, we used
TCGA RNA-seq and clinical data downloading from UCSC
Xena to analyze the prognosis of 33 TCGA cancer types. As
shown in Figure 31, elevated CD96 expression was significantly
related to a poorer OS in GBM (HR = 1.28, 95% CI = 1.04-1.58,
P =0.020), LGG (HR = 2.18, 95% CI = 1.79-2.66, P = 1.5e-14),
and uveal melanoma (UVM; HR = 1.33,95% CI = 1.08-1.63, P =
0.007). On the contrary, increased CD96 expression was
associated with the better prognosis in BLCA (HR = 0.96, 95%
CI = 0.93-0.98, P = 4.3e-4), CESC (HR = 0.94, 95% CI = 0.89-
0.99, P = 0.025), HNSC (HR = 0.95, 95% CI = 0.91-0.98, P =
0.005), SKCM (HR = 0.96, 95% CI = 0.94-0.98, P = 9.3e-4), and
thymoma (THYM) (HR = 0.95, 95% CI = 0.92-0.99, P = 0.021).
The survival curves with significance (P < 0.05) were displayed as
Figures 3K-R. Furthermore, to avoid the bias resulting from
non-cancer events, DSS was analyzed and shown as Figure 3]J.
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FIGURE 2 | CD96 expression levels in different types of human cancers. (A) Increased or decreased CD96 in datasets of different cancers compared with normal
tissues in the Oncomine database. (B) CD96 expression levels in different tumor types from TCGA database were analyzed by TIMER2.0 (P < 0.05, **P < 0.01,
***P < 0.001). (C) Comparisons of CD96 expression levels between tumor tissues from TCGA database and normal tissues from GTEx database (*P < 0.05, *P <

0.01, **P < 0.001).

The result, much like that of the OS analysis, indicated higher
CD96 expression to be significantly related to a poorer DSS in
GBM (HR = 1.31, 95% CI = 1.05-1.64, P = 0.015), LGG (HR =
2.18, 95% CI = 1.78-2.67, P = 6.7e-14), and UVM (HR = 1.30,
95% CI = 1.04-1.61, P = 0.021). In contrast, low CD96 expression
was related to a poorer DSS in BLCA (HR = 0.94, 95% CI = 0.91-
0.97, P = 1.6e-4), CESC (HR = 0.92, 95% CI = 0.85-0.99, P =
0.027), HNSC (HR = 0.94, 95% CI = 0.84-0.99, P = 0.020), and
SKCM (HR = 0.96, 95% CI = 0.93-0.98, P = 0.002). These results
clearly demonstrated that the CD96 expression was significantly
associated with patient prognosis in multiple cancer types.

The Landscape of CD96 Mutation Profile

in Different Tissues

We then employed cBioPortal to inspect the mutation frequency
of CDY6 in the TCGA database (10967 samples in 32 studies), and
we found that LUSC and SKCM shared relatively high mutation
level with the CD96 alteration frequency exceeding 8% (Figures
4A, B). A total of 165 mutation sites (including 140 missense,

19 truncating, 1 inframe, and 5 fusion mutations) were detected
locating between amino acids 0 and 585 (Figure 4C). Among
them, E24K and E574K were the two most frequent mutation sites.

COSMIC provided detailed information on the CD96 mutation
types, including substitution missense, non-sense, and synonymous
mutations in different cancers. The results were depicted in pie
charts (Supplementary Figure 1). Non-sense substitutions were
found in cervix cancer (25%), large intestine cancer (2.47%), lung
cancer (4.90%), and skin cancer (0.58%), while missense
substitutions were observed in biliary tract cancer (5.56%), breast
cancer (8.94%), cervix cancer (25%), central nervous system (CNS)
cancer (33.33%), endometrial cancer (41.67%), hematopoietic and
lymphoid cancer (7.41%), kidney cancer (25%), large intestine
cancer (35.80%), liver cancer (8.70%), lung cancer (34.31%),
esophageal cancer (25.53%), ovary cancer (12.50%), pancreas
cancer (6.25%), prostate cancer (3.28%), skin cancer (44.77%),
stomach cancer (16.22%), thyroid cancer (100%), upper
aerodigestive tract cancer (46.15%), and urinary tract cancer
(53.33%). Additionally, synonymous substitution mutations were
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Genome-Wide Association of CD96 mRNA

detected in breast cancer (1.63%), CNS cancer (6.06%), endometrial
cancer (22.22%), kidney cancer (4.17%), large intestine cancer

Cancer
Using the Regulome Explorer web tool, we further explored the

n

(12.35%), liver cancer (4.35%), lung cancer (8.82%), skin cancer

relevant genomic correlations between certain signatures and
CD96. Based on the associations among gene, deoxyribonucleic

acid (DNA) methylation, somatic copy number, somatic mutation

(12.79%), stomach cancer (10.81%), and urinary tract cancer (20%).

Besides, C > T and G > A types were predominantly observed in the
CDY% coding strand mutations. Other types of base mutations

occurred sporadically in different cancers.

and protein level, circus plots were displayed to illustrate these
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interrelations in human cancers. According to the data from
TCGA, associations could be detected between CD96 and other
signatures in ACC, BLCA, BRCA, COAD, READ, ESCA, STAD,
GBM, HNSC, KIRC, LGG, LIHC, LUAD, LUSC, OV, prostate
adenocarcinoma (PRAD), READ, SKCM, STAD, THCA, and
uterine corpus endometrial carcinoma (UCEC) within the
context of genomic coordinates (Figure 5). Detailed data can be
found in Supplementary Table 2.

Relationship Between Immunotherapy,
Immune Checkpoints, and CD96
The pan-cancer correlations between CD96 and immune
checkpoints were displayed as Figure 6A. In most cancers, except
ACC, BLCA, diffuse large B-cell lymphoma (DLBC), LAML,
LUAD, and THYM, robust and significant relationships existed
between CD96 expression and expression levels of recognized
immune checkpoints including B- and T-lymphocyte attenuator
(BTLA), leukocyte-associated immunoglobulin-like receptor 1
(LAIR1), CD244, lymphocyte activation gene 3 (LAG3), inducible
T cell costimulator (ICOS), CD40 ligand (CD40LG), CTLA4,
CD48, CD28, CD200 receptor 1 (CD200R1), CD80, PDCD1,
transmembrane and immunoglobulin domain containing 2
(TMIGD?2), programmed cell death 1 ligand 2 (PDCD1LG2),
CD27, TIGIT, CD86 and tumor necrosis factor receptor
superfamily 9 (TNFRSF9). This suggested a potential synergy of
CD96 with known immune checkpoints. However, based on
several published works summarized in TISIDB, there was no
significant difference in expression of CD96 between responders
and non-responders to immunotherapy (Supplementary Table 3).
Mismatch repair pathway plays a critical role in identifying
and repairing mismatched bases during DNA replication and
genetic recombination (24). DNA mismatch repair deficiency
and subsequent microsatellite instability (MSI), a hypermutator
phenotype secondary to frequent polymorphism in short
repetitive DNA sequences and single nucleotide substitution
(25), lead to the accumulation of mutation loads in cancer-
related genes and the aggravation of tumor mutation burden
(TMB) (26). They are responsible for tumor initiation and
regarded as independent predictors of ICB efficacy (25, 27, 28).
Here we examined the correlation between CD96 expression and
several essential MMR signatures. CD96 expression was
positively correlated with MutL homolog 1 (MLH1), MutS
homolog 2 (MSH2), and MutS homolog 6 (MSH6) in HNSC,
KIRC, LGG, LIHC, PAAD, PRAD, and THYM. In contrast, it
was negatively correlated with epithelial cell adhesion molecule
(EpCAM) in BRCA, CESC, COAD, KIRC, LAML, PAAD,
STAD, TGCT, and THYM (Figure 6B). In addition, CD96
expression was positively correlated with TMB in COAD,
LGG, and UCEC (P < 0.001), while negatively correlated with
TMB in THCA and THYM cohorts (P < 0.001; Figure 6C). In
general, MSI-High tumors were showed to express higher level of
CD96 than genetically stable ones (P < 0.001), while the opposite
trend existed in HNSC, KIRP, LUSC, OV, SKCM, and TGCT
cohorts (P < 0.001, Figure 6D). Despite the significances of these
correlations, the correlation coefficients between CD96 and
TMB, as well as MSI, were below 0.6 in almost all cancers,
suggesting that CD96 was rather unlikely to affect tumorigenesis

by participating in the process of genetic alterations, and was not
sufficient to independently predict the patient’s response to
ICBs either.

High CD96 Expression Correlates With
Immune Infiltration in Cancer

To explore whether CD96 is involved in the process of immune
infiltration in pan-cancer, we first evaluated the association
between CD96 expression and tumor purity. As Figure 7A
indicated, CD96 was most significantly associated with stromal
scores in COAD, GBM, and HNSC. Meanwhile, the abundances
of immune components in BRCA, CESC, and CHOL were
significantly correlated with the expression level of CD96.
Finally, the relationships between CD96 expression and tumor
purity were significant in CESC, COAD, and ESCA. It suggested
that CD96 was highly involved in the process of immune
infiltration and formation of pluralistic components in the
above tumors.

Besides, we employed TIMER2.0 to exhibit the landscape of
CD96 correlating with various immune infiltrates in human
cancers (Figure 7B). Overall, it was positively correlated with
immune infiltrating levels of multiple infiltrates including CD8+
T cells, DCs, macrophages, monocytes, NK cells, neutrophils,
Tregs, and Tth. However, the negative correlation was discovered
between CD96 expression and myeloid-derived suppressor cells
(MDSC) abundance. The profile indicated that CD96, to some
extent, participated in the immune infiltration process and
played a vital role in the immuno-oncological interactions. It is
worth noting that in tumors such as ACC, BLCA, DLBC, GBM,
LGG, THYM, and uterine carcinosarcoma (UCS), the trend of
this correlation was subtly different, which may be caused by the
various immune infiltration ratios in different cancers. For
instance, in brain tumors (GBM and LGG), CD96 was only
positively correlated with infiltration levels of CD8+ T cells,
dendritic cells, macrophages, and neutrophils, partially due to
the distinct tumor microenvironments in central nervous system.

CD96 Impacts Patient Prognosis via
Intervening in Tumor Immunity

According to the expression, survival, and mutation analysis, we
observed significant but contradictory roles of CD96 in different
cancers. Considering that CD96 was a significant risk factor for
LGG and a distinct protective factor for SKCM, we identified
LGG and SKCM as representative cancer types for subsequent
analysis, with ACC serving as a control group since CD96
seemingly had no impact on ACC prognosis. The subtype
analysis revealed contrary expression distributions of CD96 in
glioma and melanoma. Specifically, in LGG, CD96 expression in
grade 3 was significantly higher than that in grade 2 (P < 0.001).
In contrast, higher CD96 expression level was observed in lower
stage of SKCM (P < 0.001). In addition, the differences in
expression between different ACC stages were not so significant
(Figure 8A).

To investigate the biological characteristics associated with
CD%6 in these representative cancers, we ranked the related
genes using the Linkedomics website. In general, 232, 421, and 77
CD96 related genes were identified in LGG, SKCM, and ACC
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cohorts respectively (|R| > 0.6, P < 0.001; Supplementary Table
4). We performed functional analysis of these genes using the
Metascape website and found that the three gene lists shared
multiple overlapping genes and enriched terms (Figure 8B).
Specifically, CD96 related genes were mostly associated with
various immune responses (Figure 8C). Intriguingly, CD96
related genes in LGG were involved in negative regulation of
leukocyte. However, genes in SKCM were intensively involved in
positive immune processes including lymphocyte activation, NK
cell activation, and positive regulation of cytokine production.
This intriguing difference suggested that CD96 mediated
immunosuppressive effects in glioma patients, but participated
in completely opposite immune processes in melanoma patients,
highly indicating that CD96 impacted patient prognosis via an
immune-related manner. Incidentally, in ACC, CD96 related genes

were enriched in terms that were not tightly linked to the typical or
specific tumor immune response. Meanwhile, KEGG pathway
enrichment analysis showed similar results, these genes were
closely involved in a variety of immune processes, including
cytokine-cytokine receptor interaction, NK cell mediated
cytotoxicity, and nuclear factor kappa-B (NF-kB) signaling
pathway, et al. (Figure 8D).

To clarify the specific cell types modulated by CD96 in tumor
microenvironment (TME), we explored the correlations between
CDY%6 expression and immune infiltrating levels in LGG and
SKCM based on sets of immunological markers using the
TIMER2.0 database, with ACC serving as a control cohort. We
adjusted these results based on tumor purity, revealing strong and
significant correlations between CD96 and CD8+ T cell markers
(CD8A), general T cell markers (CD3D, CD3E, CD2), DC markers
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(HLA-DPBI1, HLA-DRA, HLA-DPA1) in LGG. While in SKCM
cohort, CD96 expression was significantly correlated with CD8+
T cell markers (CD8A, CD8B), general T cell markers (CD3D,
CD3E, CD2), monocyte markers (CD86, CD115), DC markers
(HLA-DPB1, HLA-DRA, HLA-DPA1), Thl markers (TBX21,
STAT1, STAT4, IEN-y), Treg markers (FOXP3, CCRS8), and
exhausted T cell makers (PD-1, LAG3, TIM-3, GZMB) (Pearson’s
rho > 0.6, P < 0.001). Besides, no significant correlation was detected
between CD96 expression and any immune marker set in ACC
cohort (Table 2). Further re-examination using the GEPIA2
database revealed consistent results (Table 3).

DISCUSSION

In this report, we assessed the expression of CD96 in 33 different
cancer types using the independent Oncomine and TIMER2.0
databases, revealing clear differences of pan-cancer CD96
expression between tumor and normal tissues. Oncomine data
showed increased levels of CD96 in brain, breast, and kidney
cancers and leukemia relative to normal tissues, while in several
datasets, CD96 levels were lower in breast, colorectal and gastric
cancers, as well as in leukemia, lymphoma, melanoma, and
sarcoma. Analysis based on TCGA data showed that CD96
expression was increased in ESCA, HNSC, KIRC, KIRP, and
STAD, but decreased in BRCA, COAD, LUSC, READ, SKCM,
and THCA compared with adjacent normal controls. Mainly
expressed on T cells and NK cells (29), CD96 expression level
may reflect the abundance of these two immune infiltrates in
TME indirectly. And we suppose that CD96 plays a delicate role
in tumor initiation or development based on the differential
expression profiles. However, considering the low protein
expression of CD96, we do not recommend utilizing it as a
molecular biomarker for tumor diagnosis.

Structurally, the CD96 molecule may play a contradictory role
in immune processes. On the one hand, it has an immunoreceptor
tyrosine-based inhibition motif (ITIM) motif, which is conserved
in inhibit receptors such as KIR2DL (4); On the other hand,
similar to the activating receptor NKG2D, CD96 harbors a YXXM
motif (30). Therefore, whether CD96 activates NK cells to exert
tumor cell killing effect or inhibits its activity is still inconclusive.
The results of our analysis also corroborated this, as we consistently
observed a correlation between elevated CD96 expression and a
poorer GBM, LGG, and UVM prognosis. Meanwhile, CD96
demonstrated a protective effect in BLCA, HNSC, SKCM, and
THYM. Especially, the impacts that CD96 exerts in LGG and
SKCM were significant (P < 0.001). Together, these results
indicated a malignant biological property and complicated
prognostic value for CD96 in pan-cancer.

Another key finding of this study is that the CD96 expression is
highly associated with immune infiltration. CD96 expression is
positively correlated with the abundance of immune infiltrates,
especially CD8+ T cells, DCs, macrophages, Tregs, and Tth in
various cancers. Existing evidence has suggested that TIGIT can
inhibit the function of NK cells, thereby suppressing the
deteriorating effects against tumor cells (31, 32). Besides, TIGIT"
Treg suppressed Th1/17 immunity, but not Th2 immunity (7, 33),

in which interleukin 4 (IL-4) produced by Th2 cells promotes the
differentiation of TAM toward M2 macrophage, leading to an
immunosuppressive phenotype (34). Therefore, we supposed that
CD96 could mediate similar immune functions in cancers. On the
one hand, it may act as a costimulatory molecule, mediating the
immunosuppression of NK and T cells. On the other hand, CD96
and its related molecules may participate in the process of immune
adhesion and antigen presentation between DCs and T cells by
affecting the binding of cytokines-cytokine receptors. Obviously,
further work will be necessary in order to establish whether CD96
exerts such functions.

CD96 plays significant but contradictory roles in different
cancers: it’s a distinctive risk and protective factor for LGG and
SKCM, respectively. Subsequent analysis revealed increased
expression of CD96 in higher grade glioma in TCGA-LGG
cohort [consistent with our previous study (35)], but in lower
stage melanoma in TCGA-SKCM cohort, showing significantly
different expression distributions in LGG and SKCM. This
suggests that CD96 can affect patient prognosis by influencing
cancer malignant characteristics. And this effect is supposed to
be achieved via influencing immune processes, since in LGG,
CD96 related genes participate in the negative regulation of
leukocyte. But in SKCM, CD96 related genes were mainly
involved in the positive immune processes, such as lymphocyte
activation, NK cell activation, and positive regulation of cytokine
production. In the control cohort, CD96 expression was not
associated with patient survival or any typical immune processes,
either. These results strongly suggest that CD96 participates in
the different immune processes and exerts different, even
completely opposite effects on the tumor-related immunity and
the patient prognosis. Notably, further analysis showed that
CD96 in SKCM, but not in LGG, was positively associated
with Th1 markers, again corroborating that CD96 participates
in Th1 activation, thereby enhancing tumor inhibiting effects and
prolonging patient survival time in SKCM, again suggesting
CD9%6 impacted patient survival in an immunity-depended
manner. Although the unique infiltration of immune cells in
different tumors may affect our analysis results, we have reason
to speculate that CD96 can influence the fate of immune
infiltrates in TME, and may alter their distribution and
subsequent interactions with malignancy cells, leading to
distinct survival outcomes for different cancer patients.

There are some limitations to this study. Firstly, there is no
experimental validation of the predicted results, and further
studies should pay attention to the experimental validation
of the predicted results by different methods, for example by
reverse transcription-polymerase chain reaction (RT-PCR),
immunohistochemistry, and immunocytochemistry. In addition,
since high expression of CD96 is associated with diverse immune
responses and controversial survival outcomes. It is necessary to
further explore the hypothesis by examining CD96 protein levels
using a large sample size to confirm the role of CD96 in different
cancers. Moreover, we mainly employed TCGA database to
perform these analyses, the included studies did not cover all
previous published literatures involved CD96 and certain cancers,
for instance, CD96 did not significantly related to LGG patient
survival in GEO datasets by Prognoscan site. Therefore,
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TABLE 2 | Correlation analysis between CD96 and relate genes and markers of immune cells in TIMER2.0.

Description Gene markers LGG (n = 516) SKCM (n = 4T71) ACC (n=79)
None Purity None Purity None Purity
rho P rho P rho P rho P rho P rho P
CD8+ T cell CD8A 0.649 0.623 e 0.873 i 0.804 0.541 0.404
CD8B 0.491 0.447 0.871 0.798 0.466 0.310 0.008
T cell CD3D 0.794 0.779 0.883 e 0.813 0.482 0.321 0.006
(general) CD3E 0.837 0.824 0.881 i 0.810 0.547 0.421
cDh2 0.839 0.827 0.903 0.845 0.525 0.371 0.001
B cell CD19 0.386 0.339 e 0.695 e 0.5682 0.065 0.567 0.014 0.908
CD79A 0.284 0.281 0.715 0.589 0.287 0.010 0.128 0.282
Monocyte CD86 0.448 0.408 e 0.827 e 0.732 0.446 0.237 0.044
CD115 (CSF1R) 0.268 0.198 0.737 e 0.614 0.551 0.338 0.003
TAM CCL2 0.460 0.426 0.580 e 0.409 0.410 0.216 0.066
CD68 0.468 0.440 e 0.444 e 0.255 0.475 0.299 0.010
IL10 0.444 0.422 0.638 0.503 0.342 0.002 0.085 0.472
M1 Macrophage INOS (NOS2) -0.046 0.305 -0.059 0.218 0.014 0.765 0.007 0.879 0.138 0.225 0.064 0.588
IRF5 0.399 0.354 0.630 e 0.453 0.567 0.459
COX2 (PTGS?2) 0.308 0.271 e 0.102 0.028 0.032 0.501 0.239 0.034 0.099 0.403
M2 Macrophage = CD163 0.435 0.424 0.646 . 0.523 0.549 0.400 0.001
VSIG4 0.285 0.240 0.601 0.475 0.522 0.321 0.006
MS4A4A 0.424 0.420 e 0.704 e 0.583 0.502 0.269 0.021
Neutrophils CD66b 0.032 0.493 0.032 0.510 —-0.023 0.614 0.008 0.861 -0.113 0.320 -0.133 0.261
CD11b (ITGAM) 0.388 0.334 e 0.648 e 0.534 0.551 0.349 0.002
CCR7 0.599 0.585 0.793 . 0.670 0.628 0.544
NK cell KIR2DLA 0.158 0.173 o 0.408 e 0.273 0.318 0.004 0.193 0.102
KIR2DL3 0.301 0.307 e 0.577 e 0.419 0.237 0.036 0.134 0.260
KIR2DL4 0.369 0.369 0.700 0.570 0.159 0.162 0.054 0.647
KIR3DLA1 0.198 0.192 e 0.553 e 0.408 0.298 0.008 0.219 0.063
KIR3DL2 0.178 0.190 0.661 . 0.519 0.159 0.162 0.045 0.703
KIR3DL3 0.019 0.676 0.033 0.498 0.212 e 0.165 0.300 0.007 0.155 0.191
KIR2DS4 0.294 0.287 e 0.448 e 0.325 0.263 0.019 0.174 0.141
Dendritic cell HLA-DPB1 0.630 0.604 0.794 e 0.672 0.490 0.320 0.006
HLA-DQB1 0.537 0.512 e 0.730 e 0.581 0.424 0.344 0.003
HLA-DRA 0.646 0.621 0.819 0.711 0.461 0.276 0.018
HLA-DPA1 0.651 0.631 e 0.786 e 0.674 0.475 0.315 0.007
BCDA-1 (CD1C) 0.436 0.413 0.624 e 0.459 0.337 0.002 0.138 0.243
BDCA-4 (NRP1) 0.436 0.465 o 0.413 e 0.340 0.076 0.503 0.112 0.346
CD11c (ITGAX) 0.351 0.303 e 0.613 e 0.436 0.506 0.386
Th1 TBX21 0.578 0.593 0.877 e 0.806 0.427 0.278 0.017
STAT4 0.188 0.159 e 0.789 e 0.689 0.369 0.001 0.198 0.093
STATAH 0.531 0.529 0.682 0.611 0.066 0.563 0.119 0.315
IFN-y (IFNG) 0.350 0.332 e 0.792 e 0.692 0.395 0.285 0.015
TNF-a (TNF) 0.171 0.135 0.004 0.656 e 0.489 0.397 0.232 0.048
Th2 GATA3 0.492 0.464 0.750 e 0.589 -0.225 0.046 -0.157 0.184
STAT6 0.463 0.421 e 0.019 0.682 0.056 0.232 0.239 0.034 0.343 0.003
STATBA 0.426 0.368 0.243 0.296 0.399 0.346 0.003
IL13 -0.083  0.068 —-0.069 0.147 0.208 e 0.133 0.004 -0.158 0.164 0.021 0.862
Tfh BCL6 -0.126 0.005 -0.104 0.028 0.372 0.319 0.073 0.521 0.200 0.089
IL21 0.077 0.088 0.070 0.139 0.606 e 0.510 NA NA NA NA
Th17 STAT3 0.422 0.425 e 0.342 e 0.353 0.217 0.055 0.285 0.015
IL17A 0.034 0.453 0.025 0.596 -0.060  0.196 -0.136  0.004 0.213 0.059 0.119 0.317
Treg FOXP3 0.035 0.449 0.050 0.293 0.763 e 0.631 0.190 0.094 0.183 0.120
CCR8 0.245 0.250 0.792 0.705 0.392 0.302 0.009
STATSB -0.086  0.057 —0.005 0.913 0.331 e 0.432 0.347 0.002 0.383
TGFB (TGFB1) 0.313 0.259 0.444 e 0.300 0.254 0.024 0.187 0.114
Tex PD-1 (PDCD1) 0.594 0.577 0.833 o 0.737 0.420 0.203 0.086
CTLA4 0.464 0.428 e 0.646 e 0.524 0.373 0.195 0.098
LAG3 0.262 0.286 0.800 0.694 0.317 0.004 0.247 0.035
TIM-3 (HAVCR2) 0.445 0.406 o 0.814 e 0.709 0.561 0.394
GZMB 0.533 0.549 0.783 e 0.650 0.288 0.010 0.182 0.124
Numbers in red represent strong correlation: rho > 0.6; ***P < 0.001.
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TABLE 3 | Correlation analysis between CD96 and markers of CD8+ T cell, general T cell, DC, Th1, and Treg in GEPIA2.

Description Markers LGG
Tumor Normal
R P R P
CD8+ T cell CD8A 0.83 e -0.01 0.900
CcDh8B 0.85 e 0.18 0.063
T cell CD3D 0.92 o 0.26 0.007
(general) CD3E 0.96 e 0.55 o
CcD2 0.98 o 0.54 o
Neutrophils CD66b -0.02 0.700 0.27 0.005
(CEACAMS)
CD11b (ITGAM) 0.51 o 0.19 0.047
CCR7 0.88 e 0.54 o
DC HLA-DPB1 0.72 o 0.40 o
HLA-DQB1 0.42 e 0.07 0.500
HLA-DRA 0.72 o 0.35 o
HLA-DPA1 0.69 o 0.42 e
Th1 TBX21 0.28 e 0.31 0.001
STAT4 0.04 0.350 -0.10 0.330
STATH 0.31 e -0.03 0.790
IFN-y (IFNG) 0.67 o 0.04 0.660
TNF-o (TNF) 0.09 0.034 -0.01 0.950
Treg FOXP3 0.67 e 0.01 0.950
CCR8 0.80 o 0.10 0.290
STAT5B -0.01 0.850 0.33 0.001
Tex PD-1 (PDCD1) 0.69 o 0.40 e
CTLA4 0.73 e 0.39 e
LAG3 0.28 e 0.28 0.004
TIM-3 (HAVCR2) 0.51 e 0.10 0.290
GZNMB 0.51 e 0.04 0.660
Numbers in red represent strong correlation: R > 0.6; **P < 0.001.

experimental and clinical validation of the predicted results is still
needed to confirm it clearly.

In summary, we applied integrated bioinformatics approaches
to suggest that CD96 expression may mediate immune infiltration
and impact patient prognosis in pan-cancer, sharing the potential
as a prognostic biomarker and providing a novel direction to
explore the pathogenesis malignance of these prevailing cancers.
We concluded that CD96 was highly involved in the various
immune responses and infiltration, shedding light to a new avenue
where immunotherapies combining CD96 blockade and existing
checkpoint inhibitors might be a feasible approach to suppressing
these unpleasing tumors, especially gliomas in which CD96 is a
distinctive risk factor.

METHODS

Data Source and Processing

The Cancer Genome Atlas (TCGA; http://cancergenome.nih.gov)
is a landmark cancer genomics program, which has molecularly
characterized over 20,000 primary cancer and matched normal
samples spanning 33 cancer types until Oct, 2020. Using UCSC
Xena (https://xenabrowser.net/), we collected CD96 data from
various cancer samples in the TCGA database (36). Fragments
per kilobase million (FPKM) values were transformed into
transcripts per kilobase million (TPM) values, which are more
comparable between samples. Genotype-tissue expression (GTEx;

SKCM ACC
Tumor Normal Tumor Normal

R P R P R P R P
0.87 0.66 e 0.49 e 0.61
0.87 0.53 0.44 0.53
0.86 0.61 0.36 0.001 0.42
0.86 0.68 0.43 0.58
0.89 0.66 0.43 0.51
-0.04 0.360 0.04 0.500 0.05 0.700 0.11 0.230
0.46 0.28 e 0.41 i 0.11 0.230
0.42 0.14 0.015 0.59 -0.05 0.590
0.50 0.29 0.29 0.012 0.12 0.170
0.32 0.08 0.140 0.13 0.260 0.21 0.017
0.54 0.27 0.34 0.002 0.08 0.400
0.41 0.26 e 0.24 0.033 0.14 0.110
0.57 0.56 0.57 0.65
0.63 0.46 e 0.57 e 0.28 0.002
0.39 0.16 0.003 0.27 0.016 -0.11 0.200
0.54 0.49 0.39 0.001 0.24 0.006
0.36 0.03 0.540 0.26 0.025 0.01 0.880
0.50 0.04 0.520 0.01 0.980 -0.07 0.440
0.48 0.32 e 0.01 0.910 0.01 0.880
0.22 0.20 0.27 0.019 -0.11 0.230
0.55 0.39 e 0.32 0.004 0.50
0.18 0.41 e 0.41 i 0.42
0.48 0.21 0.37 0.001 0.34
0.61 0.19 e 0.52 e -0.04 0.650
0.44 0.57 0.51 -0.11 0.220

http://commonfund.nih.gov/GTEx/) provides publicly available
gene expression data from 54 normal tissue sites across nearly
1,000 people by RNA sequencing. Normal samples from both
TCGA and GTEx (http://commonfund.nih.gov/GTEx/) databases
were used for comparisons between cancer and normal tissue.

CD96 Expression Profiles

HPA (https://www.proteinatlas.org/) is a program for mapping
human proteins in cells, tissues and organs using integration
of various omics technologies (37, 38). Therefore, we used
HPA database to illustrate CD96 mRNA distribution among
normal and cancer tissues. In addition, we obtained the
immunohistochemistry images of CD96 proteins in the tissue
atlas and pathology atlas panels.

Oncomine (www.oncomine.org) provides solutions for
researchers with robust, peer-reviewed analysis methods and a
powerful set of analysis functions that compute gene expression
signatures, automatically extracting biological insights from the
data based on published papers. We set threshold fold change as
1.5, and define P-value cutoff of 0.05 as significant to evaluate CD96
expression differences between cancers and adjacent normal tissues.

Survival Analysis

The PrognoScan database (http://dna00.bio.kyutech.ac.jp/
PrognoScan/index.html) is designed to facilitate meta-analyses of
gene prognostic value by comparing the relationship between gene
expression and relevant outcomes in a wide range of published
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cancer microarray data sets (39). We therefore utilized this
database to assess the relationship between CD96 expression
and patient outcomes in different cohorts. And its prognostic
value was further analyzed in the TCGA dataset, as we performed
survival analysis, computed the log-rank P value and hazard ratio
(HR) with 95% confidence intervals (95% CI) using “survival”
package in R. The results were displayed as forestplots (using
“forestplot” package in R) and survival curves.

Mutation Profiles

The cBioPortal for cancer genomics (http://www.cbioportal.org)
is an open-access repository of cancer genomics datasets (40, 41).
We investigated the copy number alteration (CNA) and
mutation landscape of CD96 in pan-cancer. Catalog of Somatic
Mutations in Cancer (COSMIC; https://cancer.sanger.ac.uk/
cosmic/) is the largest and most comprehensive resource for
exploring the impact of somatic mutations in human cancers
(42). In this study, COSMIC was employed to investigate the
specific mutation types of CD96 in various human cancers, and
the results are depicted in pie charts.

Correlation Analysis

The Cancer Regulome Explorer (http://explorer.cancerregulome.
org/) enables users to search, filter, and visualize analytical results
generated from TCGA data and explore associations among
heterogeneous features. We used it to display the expression of
CD96 and its correlation with other variables in cancers on the
chromosomic level. Only associations with |pairwise correlation|
> 0.4 and -log10 (P value) > 10 were shown in the circos plots.
Pearson analysis was performed to assess the correlations
between CD96 and immune checkpoints (including but not
limited to PD-L1, TIM-3, and CTLA4), as well as mismatch
repair (MMR) proteins. The results were displayed as heatmaps
using “pheatmap” package in R.

Immune Infiltration

Tumor purity was assessed in 33 human cancers using “estimate”
package. Specifically, immune and stromal score represented the
abundance of immune and stromal components, respectively.
ESTIMATE score was the sum of previous scores, representing
tumor purity indirectly. The correlations of CD96 expression with
these scores in different cancers were depicted as scatter plots.
Tumor IMmune Estimation Resource 2.0 (TIMER2.0; http://timer.
cistrome.org/) web server is a comprehensive resource for
systematical analysis of immune infiltrates across diverse cancer
types (43, 44). At first, we used it to study the differential expression
of CD96 between tumor and adjacent normal tissues across all
TCGA cohorts. We then explored the association between CD96
expression and immune infiltration based on several immune
deconvolution algorithms (Supplementary Table 5). We also
employed TISIDB (http://cis.hku.hk/TISIDB/) to assess whether
CD96 had a significant expression difference between responders
and non-responders to immunotherapy (e.g., anti-PD-L1 and anti-
PD-1) (45). At last, we assessed how CD96 correlated with the
markers for immune cell subsets including CD8+ T cells, total T
cells, B cells, monocytes, tumor-associated macrophages (TAMs),
M1 and M2 macrophages, neutrophils, NK cells, DCs, Th1 cells,

type 2 helper T cell (Th2), Tth cells, type 17 helper T cell (Th17),
Tregs, and exhausted T cells. Correlations with significance were
re-analyzed using Gene Expression Profiling Interactive Analysis 2
(GEPIA2; gepia2.cancer-pku.cn) (46, 47).

Enrichment Analysis

Metascape (http://metascape.org) integrates more than 40 gene
function annotation databases and supplies various visualization
methods, allowing readily gene function analysis (48). Herein, we
employed this database to perform enrichment analysis on CD96
related genes obtained from Linkedomics (http://www.
linkedomics.org/; |Pearson’s rho| > 0.4, P < 0.001) (49). The
analysis included gene ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analysis. We set min
overlap as 3, min enrichment as 1.5, and P 0.05 as significant.

Statistical Analysis

The distribution of CD96 in cancer was using HPA site, the
expression of CD96 in cancer was using the Oncomine,
TIMER2.0 and matched GTEx databases. The survival curves
were generated by PrognoScan and “survival” package in R with
data from the TCGA database. The survival results were
displayed with HR, 95% CI, and log-rank P values. The
mutation and CNV profiles were analyzed by cBioportal and
COSMIC. The immune infiltration was analyzed using
TIMER2.0 site and “estimate” package. Student’s t test and
analysis of variance (ANOVA) test were used for comparisons
between 2 groups, and for comparisons among >2 groups,
respectively. Pearson’s correlation analyses were used to gauge
the degree of correlation between certain variables, with the
following R/rho values being used to judge the strength of
correlation: 0-0.19, “very weak”; 0.20-0.39, “weak”; 0.40-0.59,
“moderate”; 0.60-0.79, “strong”; 0.80-1.00, “very strong.” P <
0.05 was the significance threshold in most analysis.
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