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Abstract: Reviews The Dectin-1 cluster comprises seven members: CLEC-12A, CLEC-12B, CLEC-1A, CLEC-7A, CLEC-
2, CLEC-9A and OLRI1. These members have been demonstrated to be involved in the tumorigenesis, progression, and
metastasis of several cancers. However, little is known about their roles in human lung adenocarcinoma (LUAD). The
expression patterns of the Dectin-1 cluster were analyzed via the ONCOMINE and GEPIA databases. We evaluated
the prognostic value of the Dectin-1 cluster in patients with LUAD using the Kaplan-Meier plotter and GEPIA.
Differential expression was validated with the EMBL-EBI database, and protein expression was analyzed with the
HPA database. In addition, protein-protein interaction network, GO, and KEGG analyses were conducted. Finally, the
correlations between CLEC-12A and immune molecules (immune inhibitors and MHC molecules) were investigated
via TISIDB and GEPIA. The expression levels of Dectin-1 cluster genes were downregulated in LUAD tissues
compared to those in normal lung tissues. The expression levels of CLEC-12A, CLEC-12B, CLEC-2, and CLEC-9A
correlated with tumor stage, and CLEC-12A and CLEC-12B were significantly associated with survival in patients
with LUAD. The seven genes mostly participated in immune regulation processes and were involved in autoimmune
disorders and hematological malignancies. Finally, correlation analyses revealed CLEC-12A expression was associated
with most immune inhibitors and MHCs. CLEC-12A was positively related to PD-1, PD-L1, PD-L2, CTLA4, TIM3,
and LAG3. In conclusion, our findings suggest that CLEC-12A and CLEC-12B can be used as prognostic biomarkers
in LUAD. CLEC-12A expression was associated with immune checkpoint molecules, and CLEC-12A may be a

potential assistant target to improve the efficacy of immune checkpoint inhibitors immunotherapy.

Introduction

C-type lectin receptors (CLRs), which are mostly expressed by
monocytes, dendritic cells, macrophages, and neutrophils, are
a large family of pattern recognition receptors (PRRs) that
possess diverse essential functions, including immune
function regulation (Brown et al, 2018; Geijtenbeek and
Gringhuis, 2016; Takeuchi and Akira, 2010). CLRs are
involved in immune processes not only by recognizing
antigens and presenting them to T cells but also by
activating inflammatory signaling pathways, including the
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NF-kB pathway and Type I interferon pathway (Chiffoleau,
2018). The Dectin-1 cluster, one subgroup of CLRs,
comprises seven receptors: CLEC-12A (MICL), CLEC-12B,
CLEC-2 (CLEC-1B), CLEC-9A, CLEC-1A (MelLec), CLEC-
7A (Dectin-1) and OLR1 (CLEC-8A) (Tone et al., 2019).
The Dectin-1 cluster has a broad range of ligands and is
involved in numerous pathophysiological processes,
including infections, allergies, autoimmunity, inflammation,
and cancer (Del Fresno et al, 2018; Hadebe et al., 2018;
Plato et al, 2013; Seifert et al, 2015). In some types of
human malignancies, Dectin-1 cluster members have been
demonstrated to play an important role in previous studies
(Chiba et al., 2014; Dambuza and Brown, 2015). CLEC-7A
is involved in the recognition of N-glycan present on the
surface of cancer cells, triggering anti-tumor immunity
(Chiba et al., 2014). CLEC-12A has recently been identified
as a potential prognostic biomarker in human acute myeloid
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leukemia (Morsink et al, 2019) and implicated in the
regulation of T cell immunity (Krawczyk et al, 2019). A
study by Derpoorter et al. showed CLEC-12B was a
candidate cancer predisposition gene (Derpoorter et al,
2019). CLEC-2 has been shown to promote tumor
metastasis, according to previous studies (Rayes et al., 2019;
Suzuki-Inoue, 2018). CLEC-1A and CLEC-9A have been
implicated in the tumor immune response and may
represent a novel therapeutic direction to modulate the
immune response in cancer settings (Picco et al, 2014;
Thebault et al., 2009; Zeng et al., 2018). In addition, CLEC-
7A and OLRI also participate in tumorigenesis, progression,
metastasis, and the peri-tumoral immune response in
human pancreatic cancer, breast cancer, renal cancer, and
other cancers (Daley et al, 2017; Wang et al, 2017; Xia
et al., 2016; Yang et al., 2020).

Based on previous studies, it is well-founded to speculate
that the seven members of the Dectin-1 cluster may similarly
play an important role in human LUAD. To date, little is
known about the expression pattern, functional role, and
prognostic value of these members in human LUAD.
Recently, biomedical studies have been revolutionized with
the rapid development of sequencing technology. To the
best of our knowledge, bioinformatics analyses have not yet
been applied to explore the role of these members in human
malignancies. Hence, we aimed to focus on the Dectin-1
cluster in this study, analyzing in detail the expression
pattern and prognostic value of the seven members in
human LUAD based on the great amount of gene
expression data published online with clinical characteristics
via bioinformatics analysis methods. In addition, we
conducted functional bioinformatics analyses to gain deeper
insight into the biological function, interaction, and
association with diseases of the seven genes. Finally, we
performed individual analyses of CLEC-12A and CLEC-12B
to provide information for future research.

Materials and Methods

Ethics statement
All of the datasets in this study are from published literature, and
it was confirmed that all written informed consent was obtained.

ONCOMINE analysis

The transcription levels of the Dectin-1 cluster in different
cancers were analyzed with the ONCOMINE database (https://
www.oncomine.org/), an online cancer microarray database
and integrated data-mining platform (Rhodes et al., 2007). The
cutoff p-value and fold change were 0.01 and 2, respectively.

Analysis of differential expression by using GEPIA and GEO
datasets

All of the datasets in this study are from published literature,
and it was confirmed that all written informed consent was
obtained. The online Gene Expression Profiling Interactive
Analysis (GEPIA) (http://gepia.cancer-pku.cn/) (Tang et al,
2017) database was used to validate the mRNA expression
of Dectin-1 cluster genes by analyzing the data of 9,736
tumors and 8,587 normal samples from The Cancer
Genome Atlas (TCGA) and the Genotype-Tissue Expression
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(GTEx) projects, respectively. Using the GEPIA database, we
compared the expression levels of the seven genes in LUAD
tissues with those in normal lung tissues. The statistical
method for differential analysis was one-way ANOVA,
using disease state (Tumor or Normal) as a variable to
calculate differential expression. Transcripts per kilobase
million (TPM) was used as the observed value to compare
gene expression levels. The log2-fold change and p-value
cutoff were 1 and 0.01, respectively. We used log2 (TPM +
1) for the log scale, and the Jitter size was 0.4. In addition,
we performed survival analyses on patients with LUAD
according to the transcriptional expression levels of the
Dectin-1 cluster. The median expression value was selected
as the group cutoff. The association between Dectin-1
cluster gene expression and tumor stage was preliminarily
explored in our study. The statistical method was one-way
ANOVA, using the pathological stage as a variable to
calculate differential expression. Besides, we conducted
expression difference analysis through three datasets
(GSE118370, GSE85841, and GSE140797) from the GEO
database by using GEO2R online tools.Results were not
shown because the reliability of the results is questionable
due to the small sample size of the data.

Kaplan-Meier plotter database analysis

The Kaplan-Meier plotter was able to assess the effects of 54k
genes on survival in 21 cancer types. The lung (sample
number = 3,452) datasets were some of the largest datasets
in this database (Nagy et al., 2018). The correlation between
Dectin-1 cluster gene expression and survival of patients
with LUAD was analyzed by the Kaplan-Meier plotter
(http://kmplot.com/analysis/) (Gyorfty et al., 2013).

Both overall survival (OS) and progression-free survival
(PFS) were the focus of our analysis. The hazard ratio (HR)
with a 95% confidence interval (CI) and log-rank P-value
were also computed. We selected the best expression cutoff
to distinguish survival.

Correlation analysis between genes expression and clinical
characteristics by LinkedOmics

LinkedOmics is a publicly available portal that includes multi-
omics data from all 32 TCGA Cancer types and allows users to
access, analyze, and compare cancer multi-omics data (http://
www .linkedomics.org/login.php) (Vasaikar et al., 2018). By
using the online tool, we performed correlation analysis
between CLEC-12A as well as CLEC-12B expression and
various clinical characteristics, including tumor purity,
pathologic stage, tumor TNM stage, radiation therapy,
patients’ years to birth, and race and ethnicity. The
statistical method was non-parametric tests.

Protein-Protein Interaction Network (PPIN) and module
analysis

The PPI network was predicted using the Search Tool for the
Retrieval of Interacting Genes (STRING; http://string-db.org)
online database (Szklarczyk et al., 2019). The seven Dectin-1
cluster genes had been submitted to the STRING database.
All PPI pairs with a combined score of >0.4 were extracted,
and the maximum number of interactors to show was no
more than ten. Subsequently, DisGeNET diseases-genes, the
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Kyoto Encyclopedia of Genes and Genomes (KEGG), and
gene ontology (GO) analyses for the ten genes in this
module were performed using Enrichr (http://amp.pharm.
mssm.edu/Enrichr/) (Kuleshov et al., 2016).

EMBL-EBI transcriptional expression validation and STRING
protein expression

The European Molecular Biology Laboratory (EMBL)-European
Bioinformatics Institute (EBI) expression atlas database (https://
www.ebiac.uk/gxa) (Papatheodorou et al., 2018) was used to
validate transcriptional expression. We validated the
expression of CLEC-12A and CLEC-12B because our results
showed these two genes may be more closely related to the
survival of patients with LUAD. In addition, we explored
CLEC-12A protein expression and conducted survival analyses
according to the transcriptional expression level of CLEC-12A
in patients with LUAD via the Human Protein Atlas (HPA)
database (https://www.proteinatlas.org/).

TISIDB and GEPIA correlation analysis

TISIDB  (http://cis.hku.hk/TISIDB/index.php) (Ru et al,
2019) is a web portal for tumor and immune system
interaction that integrates multiple heterogeneous data types
and includes genomics, transcriptomics, and the clinical
data of 30 cancer types from TCGA. We used TISIDB to
analyze the correlation between the expression of CLEC-
12A and immune inhibitorssy MHC molecules across human
cancers. GEPIA correlation analysis provides pair-wise gene
expression correlation analysis for given sets in specific
types of cancers. Using this tool, we explored the correlation
between the expression of CLEC-12A and PD-1 (PDCD1),
PD-L1 (CD274), PD-L2 (PDCDI1L2), CTLA4, TIM3
(HAVCR2), and LAG3 in human LUAD. We also
performed the above analysis on the CLECI2B gene, but
there was insufficient data to determine a correlation (data
are not shown).

CBioPortal mutation analysis and gene co-expression analysis
We selected four datasets to further analyze Dectin-1 cluster
gene mutations in patients with LUAD using cBioPortal
(http://www.cbioportal.org). According to the cBioPortal’s
online instructions, we obtained the mutation oncoprint and
mutation site profile. Using the ONCOMINE online filter of
co-expression analysis, we found the top 20 co-expression
genes of CLEC-12B.

Results

Transcriptional expression levels of Dectin-1 cluster in patients
with lung cancer

To determine the transcriptional differences of Dectin-1
cluster genes in tumor and normal tissues, the mRNA levels
of the seven genes in the tissues of multiple cancer types
and normal tissues were analyzed with the ONCOMINE
database. The mRNA expression levels of CLEC-12B,
CLEC-12A, CLEC-1A, CLEC-7A, and OLR1  were
downregulated in patients with lung cancer in multiple
datasets (Fig. 1). CLEC-2 and CLEC-9A mRNA expression
differences were inconclusive in patients with lung cancer
but were downregulated in other types of cancer (Fig. 1).
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To further explore the transcriptional differences of these
genes in LUAD and normal lung tissues, the GEPIA database
was used. This analysis revealed that the expression levels of
the seven genes were significantly downregulated in LUAD
tissues compared to those in normal lung tissues, although
the expression difference of CLEC-9A was not statistically
significant (Fig. 2). Then, we analyzed the expression of the
seven genes in different stages of LUAD. The results showed
that the CLEC-12B, CLEC-12A, CLEC-2, and CLEC-9A
groups significantly varied, whereas the CLEC-1A, CLEC-
7A, and OLR1 groups did not significantly differ (Fig. 3).

Prognostic potential of Dectin-1 cluster genes in human LUAD
We further explored the association of the expression of the
seven genes with the prognosis of patients with LUAD.
According to the results from the GEPIA survival tools, the
CLEC-12B, CLEC-12A, CLEC-1B, CLEC-7A, and CLEC-9A
mRNA levels were significantly associated with OS in
patients with LUAD (Fig. 4A and Supplementary Fig. 1).
The CLEC-12B expression level was also associated with
disease-free survival. According to the results of the Kaplan-
Meier Plotter tools, higher mRNA expression levels of
CLEC-12B, CLEC-12A, CLEC-1A, and CLEC-7A were
significantly associated with better OS and PFS (Fig. 4A and
Supplementary Fig. 1). To summarize, LUAD patients with
higher mRNA levels of CLEC-12B, CLEC-12A, and CLEC-
7A were predicted to have longer OS and PFS. Then we
integrated the three genes as a signature and performed
survival analysis according to the signature (Fig. 4B). The
results showed that the predictive value of the combined
signature for OS and disease-free survival (DFS) was more
significant than that of single genes of the three. Because the
evidence above demonstrated CLEC-7A was not associated
with tumor stage, we only considered CLEC-12A and
CLEC-12B as candidate biomarkers and further validated
their expression in patients with LUAD via another
database. Using 1 as the log2-fold change and 0.01 as the P-
value, the transcriptional expression levels of CLEC-12A
and CLEC-12B in lung cancer were significantly lower than
those in normal lung tissues (Tab. 1). The CLEC-12A
protein expression level was from undetected to low in
LUAD tissues (Fig. 5A). Higher transcriptional expression of
CLEC-12A predicted longer OS in patients with LUAD
(Fig. 5B). The HPA database had insufficient CLEC-12B
protein expression data. Furtherly, the results of the
correlation analysis between CLEC-12A as well as CLEC-
12B expression and clinical characteristics showed that
CLEC-12A and CLEC-12B expression were associated with
tumor purity and stage. And there was no significant
correlation between the two genes expression and other
clinical characteristics.

Protein-Protein Interaction Network (PPIN) construction and
molecular analysis

The STRING database was adopted to determine the PPI pairs
among the seven proteins and ten interactors predicted by the
STRING database. As revealed in Fig. 6A, 17 nodes (genes)
and 53 edges (interactions) were established in the
constructed PPIN (PPI enrichment p-value = 1.11e-16). The
17 nodes include the seven Dectin-1 cluster genes and their
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ten most related molecules: PLCG-2, PDPN, LCP-2, SYK,
APOB, ITGAM, CD33, CLEC-5A, CD47, and CLEC-4D.
The proteins were clustered to three clusters by k-means
clustering. Diseases-genes association data from the
DisGeNET database showed that the top 5 diseases related
to the seventeen genes were rheumatoid arthritis, chronic
lymphocytic leukemia, splenic marginal zone B-cell
lymphoma, lymphoma, and extranodal NK/T-cell
lymphoma in descending order (Fig. 6B).

GO annotation and KEGG pathway enrichment analyses

To obtain deeper insight into the biological roles of the seven
genes and ten associated genes, we used the Enrichr database
to conduct GO annotation and KEGG pathway enrichment
analyses. The top 10 enriched GO terms and KEGG
pathways are listed in Fig. 7. The GO biological process
analysis revealed that the 17 genes were mainly enriched in
immune function regulation pathways, including neutrophil
activation involved in the immune response, neutrophil
degranulation, neutrophil-mediated immunity, the innate
immune response activating the cell surface receptor
signaling pathway, and positive regulation of myeloid
leukocyte mediated immunity (Fig. 7A). For GO cellular
component analysis, the top four significantly enriched
terms were tertiary granule membrane, specific granule
membrane, specific granule, and tertiary granule (Fig. 7B).
The top four significantly enriched molecular function terms

included phosphotyrosine residue binding, protein
phosphorylated amino acid binding, cholesterol
transporter activity, and chemokine binding (Fig. 7C). In
addition, the top five markedly enriched pathways for
these 17 genes were the C-type lectin receptor signaling
pathway, the Fc epsilon RI signaling pathway, platelet
activation, osteoclast differentiation, and natural killer
cell-mediated cytotoxicity (Fig. 7D).

Correlation analysis between expression of CLEC-12A and
immune inhibitors/MHC molecules across human cancers

To investigate the internal mechanism behind the positive
prognostic value of CLEC-12A and provide significant
direction for its clinical application, we explored the
correlation between CLEC-12A and immune inhibitors/
major histocompatibility complex (MHC) molecules across
human cancers with the TISIDB online tool. The results
indicated that the expression of CLEC-12A positively
correlated with multiple immune inhibitors and MHC
molecules across human cancers (Figs. 8A-8B). Furthermore,
we analyzed the correlation between CLEC-12A and six
immune checkpoint molecules that have been developed for
the clinical practice: PD-1 (PDCD1), PD-L1 (CD274), PD-L2
(PDCDI1L2), CTLA-4, TIM-3 (HAVCR2), and LAG-3. We
chose TCGA LUAD tumor data for analysis, and the
expression of CLEC-12A was positively correlated with all six
immune checkpoint molecules (Fig. 8C). There was
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FIGURE 2. The expression of Dectin-1 cluster genes in lung adenocarcinoma (LUAD) (GEPIA). The expression of CLEC-12B, CLEC-12A, CLEC-1A,
CLEC-2, CLEC-7A, OLR1], and CLEC-9A in LUAD (A, B, C, D, E, F, G). Red columns represent the tumors; gray columns represent normal tissues; and
the Y-axis of A to G was -log2 (TPM + 1) representing genes expression levels. The expression heatmap of Dectin-1 cluster genes in LUAD (H).

insufficient data to determine a correlation between CLEC-12B
and the above molecules (data are not shown).

Mutation analysis and gene co-expression analysis of CLEC-12B
To search for some new clues to investigate the internal
mechanism behind the positive prognostic value of CLEC-
12B, we conducted mutation analyses and gene co-
expression analyses. CLEC-12B was altered in 20 samples of
the 735 patients with lung adenocarcinoma (2.7%).
Amplification and deep deletion of the seven genes usually
co-occurred in patients with LUAD (Fig. 9A). The known
mutation sites on cBioPortal were N100K, KI188N, and
W217L (Fig. 9B). The results of co-expression analysis
showed that CLEC-12B significantly correlated with other
Dectin-1 cluster genes and other molecules, including
GABARAPLI, KLRDI1, KLRK1, KLRC4, KLRC1, KLRC3,
C120rf59, TAS2R7, TAS2R8, TAS2R9, CSDA, PRH2, and
TAS2R14 (Fig. 9C).

Discussion

Dysregulation of the seven Dectin-1 cluster genes has been
reported in previous studies in many cancers (Bakker et al.,, 2004;

Chen et al., 2017; Daley et al., 2017; Derpoorter et al., 2019;
Mattiola et al., 2019; Seifert et al, 2015; L. Wang et al,
2016; Xia et al., 2016). To our knowledge, this study is the
first to explore the mRNA expression and prognostic values
of all seven genes in LUAD. The seven Dectin-1 cluster
members may have important roles in immune function
regulation and tumor progression. Of the seven genes,
OLRI has an important effect on progression and migration
for multiple cancers, including breast cancer, pancreatic
cancer, and prostatic cancer (Gonzalez-Chavarria et al,
2018; Wang et al., 2017; Xiong et al, 2019; Zhang et al,
2018), but downregulated OLRI expression was not related
to the prognosis of patients with LUAD according to our
results. The role of OLRI in human LUAD requires more
experimental validation.

CLEC-12A, also known as C-type lectin-like molecule-1
(CLL-1), MICL, and CD371, is the most studied gene in
human cancers. CLEC-12A has diverse functions, such as
cell adhesion, cell-cell signaling and roles in inflammation
and the immune response. CLEC-12A was identified as an
activating receptor that can amplify Type I interferon
responses (Li et al, 2019). CLEC-12A-mediated tumor
antigen delivery, uptake and presentation through dendritic
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FIGURE 3. Correlation between Dectin-1 cluster genes expression and tumor stage in LUAD patients (GEPIA). Y-axis was -log2 (TPM + 1)

representing gene expression levels; and X-axis was tumor stage.

cells can efficiently induce CD4+ and CD8+ T cell activation
and boost anti-tumor T cell responses (Hutten et al., 2016).
Hence, low expression of CLEC-12A in LUAD patients may
lead to malfunction of tumor antigen processing and
blocking of T cell activation process. Through the
mechanism, tumor immune escape and progression may
be achieved. Consequently, LUAD patients with lower
expression of CLEC-12A showed worse survival and
prognosis outcomes. It was also reported that low levels of
CLEC-12A  expression on leukemic blasts were
independently associated with worse survival outcomes and
a lower likelihood of complete remission after
chemotherapy (Wang et al, 2017). Finally, our
investigation showed that expression of CLEC-12A was
related to various immune inhibitors and MHCs.
Interestingly, six immune checkpoint molecules (PD-I,
PD-L1, PD-L2, CTLA4, TIM3 and LAG3), which are the
most studied and most widely used in cancer clinical
practice, were also related to the expression of CLEC-12A.
CLEC-12A receptor plays an important role in tumor
antigen delivery, uptake and presentation as well as T cell

activation. Higher expression of CLEC-12A may boost
activation and generation of an anti-tumor immune
response. Tumor immune escape and anti-tumor immune
response are processes of competition. Enhancement of
anti-tumor response may lead to tumor regression. But in
turn, increased T cells activity may also induce the
expression of immune-inhibitor molecules on the surface
of tumor cells. For example, tumor PD-L1 expression can
inhibit T cell activation through the immune checkpoint
pathway. Hence, the level of CLEC-12A expression may be
correlated with that of immune checkpoint molecules. It is
well studied that higher expression of tumor PD-L1 was
associated with better efficacy of immune checkpoint
inhibitors (ICIs) for lung cancer patients (Havel et al,
2019). Increasing CLEC-12A expression may show an
assistant effect on the efficacy of ICIs immunotherapy for
LUAD patients. And a study showed that CLEC-12A and
TIM3 may have a synergistic effect on the elimination of
acute myeloid leukemia (Darwish et al., 2016). More work
is required to further investigate the possible association
between CLEC-12A and immune checkpoint molecules.
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FIGURE 4. The prognostic value of mRNA level of CLEC-12A, CLEC-12B, and CLEC-7A in LUAD patients (GEPIA and Kaplan-Meier

Plotter).

CLECI12B is a C-type lectin-like receptor expressed on
myeloid cells. A recent report showed porcine CLEC-12B is
expressed on alveolar macrophages and blood dendritic
cells (Nieto-Pelegrin ef al., 2020). Besides, it was proposed
that CLEC12B was an inhibitory receptor on NK cells to
counteract NKG2D (a kind of NK cell receptor) -mediated
immune activation (Hoffmann et al., 2007). Our results of
GO and KEGG analysis also showed CLEC-12B play roles
in immune function. But in a word, little was known
about the functional role of CLEC-12B. Only one study

identified that the

CLEC-12B variant,

c.790G > A;

p-E264K, was a candidate cancer predisposition variant
(Derpoorter et al., 2019). Maybe, the protective action of
CLEC-12 in LUAD patients in our results was achieved
through its roles in immune function. More work is
required to define the ligands and function of CLEC-12B.
We showed the mutation frequency and sites of CLEC-
12B, as well as the top 20 co-expression genes, which
provide clues for further research.

CLEC-1A is able to recognize antigens and plays crucial
roles in immunity and homeostasis. The study by Thebault
et al. reported that CLEC-1A is enhanced by IL10 and
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TABLE 1

LITING YOU et al.

Transcriptional differential expression of CLEC12A and CLECI12B in lung cancer tissue versus normal lung via analyzing by EMBL-
EBI database.

Gene Experiment Experiment name Comparison log, fold Adjusted
name accession change  p-value
CLEC12A E-GEOD-81089 RNA-seq of 199 non-small cell lung carcinoma Tumor tissue vs on-malignant -2.1 9.45E-18
patients and 19 paired normal lung tissues tissue
CLECI12A E-GEOD-18842 Transcription profiling by array of human non- ~ Non-small cell lung cancer vs —1.9 1.57E-25
small cell lung cancer tissue normal
CLEC12A E-GEOD-19804 Transcription profiling by array of human non- Primary tumor vs adjacent -14 2.85E-11
small cell lung cancer tissue from female non- normal tissue
smokers
CLEC12A E-MTAB-5231 Gene expression analysis of lung cancer samples ~ Lung adenocarcinoma vs -1.3 3.94E-02
and healthy controls normal tissue adjacent to
adenocarcinoma
CLEC12A E-GEOD-43767 Comparison of gene expression profiling of human Lung adenocarcinoma vs -1.2 3.76E-10
lung at four developmental stages and lung normal in adult
adenocarcinoma
CLEC12B E-GEOD-81089 RNA-seq of 199 non-small cell lung carcinoma tumor tissue vs non-malignant -1.5 4.42E-8
patients and 19 paired normal lung tissues tissue
A HPA048515 Female Age 54 HPA048515 Male Age 66
Lung(T28000) Adenocarcinoma Lung(T28000) Adenocarcinoma
Patient ID: 2393 Patient ID: 4692
.)l-} ; A 5 t' e
'.b' : (‘1 :
B
1.0
0.9 I CLEC-12A Low expression (n=301)
' CLEC-12A High expression (n=199)
054 Current cut off: 1.33
Best expression cut off: 1.33
0.7 Median expression: 0.79
Median follow up time: 1.79
P score: 0.00016
0.6 | 5-year survival (high): 53%
5-year survival (low): 33%
0.5
b,
0.4 |
1 _ FIGURE 5. The
0.3 % e 'LL_._H_.T immunohistochemical protein
] expression of CLEC-12A in LUAD
vz ,5_9 tissue (HPA database) (A). Kaplan-
L E Meier survival curve of LUAD
g ' patients  according to the
0042 - . s r . . , r r T T I T T T ; ; Tlnlne(ye?(sx transcriptional expression of CLEC-
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

TGF-beta and moderated Th17 cell differentiation (Thebault
et al, 2009). In our results, the expression of CLEC-1A in
LUAD tissues was significantly lower than that in normal lung
tissues. Moreover, survival analysis using the Kaplan-Meier

12A (B).

Plotter showed that low levels of CLEC-1A expression were
associated with worse survival outcomes (OS and PES), although
the results from the GEPIA survival analysis tools showed that
low levels of CLEC-1A expression were not related to OS.
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ISPLASTIC SYNDROME

CLEC-7A, also known as Dectin-1, can bind endogenous
ligands expressed on T cells to foster activation of dendritic
cells and T cells to enhance cytokine secretion (Leibundgut-
Landmann et al, 2008). Moreover, Dectin-1 has been
identified as an inducible factor of IL-33 expression in
dendritic cells and an activator of anti-tumor immunity,
which may provide new targets to improve dendritic cell
immunotherapy for cancer patients (Chen et al, 2018;
Wang et al., 2018; Zhao et al, 2016). In this study, the
expression of CLEC-7A in LUAD tissues was significantly
lower than that in normal lung tissues, and a lower level of
expression was correlated with poorer OS and PFS, which
seemed consistent with the role of CLEC-7A as an activator
of anti-tumor immune responses.

CLEC-2 is able to be upregulated by cordycepin, a 3’-
deoxyadenosine drug, to inhibit the proliferation, migration,
and invasive activities of gastric cancer cells via the Akt
signaling pathway (L. Wang et al, 2016; Y. Wang et al,
2019). In addition, histidine-rich glycoprotein was able to
decrease PD-1 expression in natural killer (NK) cells to
augment the anti-tumor cytotoxicity of NK cells, which
depended on the activity of CLEC-2 (Nishimura et al,
2019). Consequently, increasing the expression of CLEC-2
and enhancing its activity may be a novel method to
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improve NK cell immunotherapy. This finding is exactly
consistent with our conclusion that the expression of
CLEC-2 in LUAD tissues was significantly lower than that
in normal lung tissues, and a lower level of expression was
correlated with higher tumor stage and shorter OS, although
CLEC-2 expression could not predict survival according to
the Kaplan-Meier Plotter analysis.

CLEC-9A, also known as DNGR-1, may promote
immune tolerance to autologous antigens (Zelenay et al.,
2012). CD4+ T cells can transfer to FOXP3+ Treg cells by
targeting CLEC-9A with an antibody to induce immune
tolerance (Joffre et al., 2010). However, other studies
reported contrasting findings that targeting CLEC-9A can
induce an immune response (Caminschi et al., 2008; Picco
et al, 2014). In our study, the expression difference of the
CLEC-9A gene in LUAD tissues compared to that in
normal lung tissues was not significant. Nevertheless, the
expression of CLEC-9A was significantly different in
different tumor stages, and patients with LUAD and a lower
level of CLEC-9A expression had longer OS, according to
the GEPIA. However, the association of CLEC-9A
expression with survival was not validated in the Kaplan-
Meier Plotter. As a result, the function of CLEC-9A and its
roles in human LUAD require more experimental validation.
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In this study, we systemically showed the expression
pattern and prognostic role of the seven Dectin-1 cluster
genes in patients with LUAD; provided a thorough
understanding of complex biological function. Our results
indicated that the lower level of expression of CLEC-12A,
CLEC-12B, and CLEC-7A in human LUAD tissues can
predict worse survival outcomes (PFS and OS). CLEC-12A

FIGURE 7. GO annotation and KEGG
pathway enrichment analysis of Dectin-1
cluster genes and ten associated genes.
The top 10 enriched GO biological
process (A), cellular component (B) and
molecular function (C) terms, as well as
KEGG pathways (D).

and CLEC-12B can be used as prognostic biomarkers in
patients with LUAD. In addition, our findings suggested that
CLEC-12A is a potential therapeutic target for LUAD and
might be able to influence the efficacy of immune checkpoint
inhibitors in lung cancer patients. Moreover, CLEC-7A and
CLEC-2 may provide novel strategies to improve dendritic
cell and NK cell immunotherapy for cancer patients.



EXPRESSION, PROGNOSIS OF DECTIN-1 CLUSTER IN LUAD

A

ADORA2A

YR L0 P, ORQ
SFEEFE Y

O
C p-value = 0.0039 p-valué = 0.001 p-value =0
- R=0.13 R=0.15 . R=0.37"
< - : : s
g ° s &
- = N
- < 9
8 5N . = :
a « [m) Q .
< .- ) 8
(Y] . N o
=) =) =2
kel . 2 . By
kel
T T T T T T T T T T T T
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
log2(CLEC12A TPM) log2(CLEC12A TPM) log2(CLEC12A TPM)
p-value = 3.7e-05 p-value =0 p=value = 0.015
R=0.19 R=0.37 . . .. R=0,11
= - s : =
= et T .
& = ' E
< E : .
3 . oS 10}
2 . z 3
o S g i
S . Y S
o
o g’ =

1 2 3 4
10g2(CLEC12A TPM)

1 2 3 4
10g2(CLEC12A TPM)

1 2 3 4
l0g2(CLEC12A TPM)

659

FIGURE 8. Correlation analysis between expression of CLEC-12A and Immunoinhibitors/MHC molecules across human cancers (TISIDB
and GEPIA). Spearman correlation between expression of CLEC-12A and Immunoinhibitors across multiple human cancers (A). Spearman
correlation between expression of CLEC-12A and MHC molecules across multiple human cancers (B). Pearson correlation between
expression of CLEC-12A and PD-1(PDCD1), PD-L1(CD274), PD-L2(PDCD1L2), CTLA-4, TIM-3(HAVCR2), LAG-3 in human LUAD (C).
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FIGURE 9. Mutation analysis and co-expression analysis of CLEC-12B (cBioPortal and ONCOMINE). Mutation Oncoprint in LUAD patients
(cBioPortal) (A). Mutation sites of CLEC-12B (cBioPortal) (B). Top 20 co-expression genes of CLEC-12B (ONCOMINE) (C).
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SUPPLEMENTARY FIGURE 1. The results of survival analyses based on the mRNA level of CLEC-1A, CLEC-1B, OLRI and CLEC-9A in

LUAD patients (GEPIA and Kaplan-Meier Plotter).
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