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Abstract. Dysregulation of C‑Type Lectin Domain Family 
3 Member B (CLEC3B) in serum or tumor tissues has been 
reported in patients with various cancer types. However, 
the expression and function of CLEC3B in clear cell renal 
cell carcinoma (ccRCC) remain unknown. To examine the 
function of CLEC3B in ccRCC, The Cancer Genome Atlas 
(TCGA) and Gene Expression Omnibus (GEO) databases 
were examined to determine the expression of CLEC3B at the 
transcriptional level and it was demonstrated that CLEC3B 
mRNA was significantly downregulated in ccRCC compared 
with normal tissues (P<0.0001 and P=0.0392 in TCGA and 
GEO databases, respectively). The downregulation of CLEC3B 
was further validated at the protein level in 78.9% of ccRCCs 
by immunohistochemistry. To investigate the potential genetic 
mechanism for CLEC3B downregulation in ccRCC, copy 
number analysis was performed by profiling the copy number 

variation data from the TCGA project and it was revealed that 
the copy number loss of CLEC3B was prevalent in up to 88.1% 
of patients with ccRCC. CLEC3B genetic deletion was coupled 
with the well‑known genetic loss of the von Hippel‑Lindau 
tumor suppressor, which is a characteristic oncogenic event 
during ccRCC carcinogenesis. The downregulation of CLEC3B 
was associated with tumor progression and predicted unfavor-
able prognostic outcomes in the TCGA cohort. Real‑time cell 
analyzer system technology revealed that CLEC3B inhibited 
the proliferation of ccRCC cell lines in vitro and that the 
mitogen‑activated protein kinase pathway may contribute to 
this process. CLEC3B demonstrated substantial positive asso-
ciations with proliferation inhibitors, but inverse associations 
with proliferation inducers and markers in two large ccRCC 
cohorts, suggesting that CLEC3B was able to identify ccRCCs 
with a lower proliferation capacity. In conclusion, the results of 
the present study propose that CLEC3B is a promising target 
for therapeutic intervention in ccRCC.

Introduction

Renal cell carcinoma (RCC) represents >90% of all kidney 
and renal pelvis cancer cases and ranks among the 10 most 
common cancer types globally (1). There are 3 major histo-
logic subtypes of RCC: Clear cell RCC (ccRCC), papillary 
RCC (pRCC) and chromophobe RCC. ccRCC accounts for 
75‑80% of all RCC cases and the majority of mortality cases 
from kidney cancer (2). Despite the availability of numerous 
types of treatments, ~30% of patients with ccRCC eventually 
develop metastasis, resulting in high mortality rates (3).

Previous advances in high‑throughput platforms to profile 
genome‑wide changes have contributed substantially to 
improvements in the genomic and molecular characteriza-
tion and treatment of ccRCC  (2,4,5). Genetic alterations 
in a number of genes, including von Hippel‑Lindau tumor 
suppressor (VHL), polybromo 1, SET domain containing 
2, BRCA1 associated protein 1, lysine demethylase 5C and 
mechanistic target of rapamycin kinase, are prevalent in 
ccRCC (6). Genetic loss of the tumor suppressor gene VHL, 
which was originally identified in von Hippel‑Lindau disease, 
is the best recognized gene associated with the development of 
ccRCC. Loss of VHL, which is located at chromosome 3p25 
and encodes phosphorylated (p‑)VHL, is the characteristic 

CLEC3B is downregulated and inhibits proliferation 
in clear cell renal cell carcinoma

JIAN LIU1*,  ZHE LIU2*,  QUN LIU3*,  LINA LI1,  XIAONA FAN1,  TAO WEN1  and  GUANGYU AN2

1Medical Research Center and 2Department of Oncology, Beijing Chao‑Yang Hospital, 
Capital Medical University, Beijing 100020; 3Department of Obstetrics and Gynecology, 

Beijing Anzhen Hospital, Capital Medical University, Beijing 100029, P.R. China

Received February 23, 2018;  Accepted July 19, 2018

DOI: 10.3892/or.2018.6590

Correspondence to: Professor Guangyu An, Department of 
Oncology, Beijing Chao‑Yang Hospital, Capital Medical University, 
8 Gong Ti Nan Lu, Beijing 100020, P.R. China
E‑mail: anguangyu@hotmail.com

Professor Tao Wen, Medical Research Center, Beijing Chao‑Yang 
Hospital, Capital Medical University, 8 Gong Ti Nan Lu, 
Beijing 100020, P.R. China
E‑mail: wentao5281@163.com

*Contributed equally

Abbreviations: CLEC3B, C‑Type Lectin Domain Family 3 
Member B; CNV, copy number variation; TCGA, the Cancer 
Genome Atlas; KIRC, kidney renal clear cell carcinoma; GEO, Gene 
Expression Omnibus; ccRCC, clear cell renal cell carcinoma; VHL, 
von Hippel‑Lindau Tumor Suppressor, pRCC, papillary renal cell 
carcinoma; OS, overall survival; DFS, disease‑free survival; HR, 
hazard ratio; CI, confidence interval; RTCA, real-time cell analyzer 
system

Key words: C‑Type Lectin Domain Family 3 Member B, 
downregulation, copy number loss, clear cell renal cell carcinoma, 
proliferation



LIU et al:  CLEC3B IS DOWNREGULATED AND INHIBITS ccRCC PROLIFERATION2024

genetic alteration of ccRCC and is believed to occur at a 
very early step in renal carcinogenesis (5). VHL inactivation 
increases the risk of developing ccRCC, whereas the restora-
tion of VHL function in VHL‑/‑ ccRCC cells is sufficient to 
inhibit tumorigenesis in vivo (7).

C‑Type Lectin Domain Family 3 Member B (CLEC3B), 
a member of the C‑type lectin superfamily, encodes tetra-
nectin in cells (8). Tetranectin was originally isolated from 
human plasma in 1986 (9). Tetranectin binds to kringle 4 
of plasminogen in a lysine‑dependent manner and regulates 
proteolytic processes via the activation of plasminogen (9). 
Tetranectin has been reported to regulate mineralization in 
osteogenesis (10), myogenesis and muscle development (11) 
in addition to cardiovascular disease  (12,13). A previous 
study has also proposed a neuroprotective role of this gene in 
Parkinson's disease (14).

In malignancies, the expression and function of CLEC3B 
remain poorly studied and controversial. A decreased level 
of tetranectin was identified in blood samples from patients 
with various cancer types, including ovarian cancer, myeloma, 
breast cancer, colon carcinoma, B‑chronic lymphocytic 
leukemia, oral and pancreatic cancer (15‑19), but not in blood 
samples from patients with endometrial adenocarcinoma (20). 
Low levels of serum tetranectin correlate with cancer progres-
sion and unfavorable survival rates (21) and predict patients 
with a poor chemotherapy response (22). In addition to the 
serum, the expression of CLEC3B has also been detected 
within the stroma and cancer cells of tumor tissues with varied 
expression statuses and distribution patterns, but the expres-
sion of CLEC3B correlates with inverse prognosis outcomes, 
suggesting that CLEC3B may exert distinct functions in a 
cancer‑specific manner. Chen et al (23) revealed that CLEC3B 
expression was significantly downregulated in gastric tumor 
tissues and that a high intratumoral tetranectin level was corre-
lated with advanced tumor progression and shorter survival 
time. In breast cancer, CLEC3B exhibits high cellular protein 
expression in 69% of tumor tissues, predicting a poorer survival 
time (24). However, positive tetranectin expression in ovarian 
cancer tissues predicts a more favorable prognosis (25). So far, 
there are no reports on the genetic alterations, tissue expression 
and the functional role of CLEC3B in ccRCC. Therefore, the 
present study aimed to investigate the expression and potential 
role of CLEC3B in ccRCC.

Materials and methods

Computational analysis of the CLEC3B transcriptional 
levels in ccRCC. RNA‑seq data for the paired samples of 
72 patients with ccRCC (including 20 female and 52 male 
patients, age range from 38 to 90, mean age, 62.5) from a 
The Cancer Genome Atlas (TCGA) dataset (https://cancerge-
nome.nih.gov/) were obtained on July  20, 2017 and 
Fragments Per Kilobase of transcript per Million normalized 
expression values were used to compare CLEC3B mRNA 
expression between cancer tissues and matched normal 
tissues. For validation, Robust Multi‑chip Average normal-
ized mRNA expression data of Beroukhim's ccRCC cohort 
(GSE14994) from a Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nlm.nih.gov/geo/) were obtained on 
December 12, 2017 and analyzed using the GEO2R online 

tool (https://www.ncbi.nlm.nih.gov/geo/geo2r/), containing 
55 cancerous and 11 non‑paired normal kidney tissues.

Immunohistochemistry (IHC) analysis of the CLEC3B 
protein levels in ccRCC. Tissue microarray IHC analysis was 
performed with a standard protocol to evaluate the expression 
levels of CLEC3B protein in ccRCC. A total of 19 patients 
(12 male and 7 female, age range from 39 to 76, mean age 56.5 
who underwent surgical resection between February 2008 and 
June 2008 at Beijing Chaoyang Hospital) containing tumorous 
and adjacent normal tissues in a ccRCC tissue microarray 
were included as valid cases for statistical analysis. Written 
informed patient consent was obtained from all patients prior 
to the study. Briefly, the formalin‑fixed (24‑48 h at room 
temperature), paraffin‑embedded (58‑60˚C for ~10 min) tissue 
sections at a thickness of 4 µm were initially treated with 
deparaffinization and hydration, and then subjected to the 
heat‑induced epitope retrieval using 0.01 mol/citrate buffer 
at pH 6.0 for 30 min in a pressure cooker. Sections were 
blocked with 5% goat serum for 30 min at room temperature 
and were subsequently incubated overnight at 4˚C with the 
primary anti‑rabbit Tetranectin monoclonal antibody (1:300; 
cat. no. ab108999, Abcam, Cambridge, UK), and then incu-
bated with horseradish peroxidase‑conjugated goat anti‑rabbit 
IgG secondary antibodies (1:1,000; cat. no. ZB‑2301; OriGene 
Technologies, Inc., Rockville, MD, USA) for 30  min at 
4˚C. Immunolabeling was detected using a diaminoben-
zidine (DAB) Detection kit (cat.  no.  ZLI‑9017; OriGene 
Technologies, Inc.). Subsequent to rinsing in water for 10 min, 
the sections were counterstained with 0.5% hematoxylin 
(cat. no. ZLI‑9609; OriGene Technologies, Inc.) for 1.5 min 
at room temperature. Immunohistochemical signals were 
captured under a light microscope (Olympus Corporation, 
Tokyo, Japan) at a magnification of x200.

Copy number variation analysis. Putative copy‑number calls 
determined using GISTIC 2.0 for the TCGA datasets were 
analyzed for copy‑number variation (CNV) analysis  (26). 
The cBioPortal for Cancer Genomics (http://www.cbio-
portal.org/)  (27) was used to illustrate the CNV status of 
CLEC3B in ccRCC and other cancer types. Comparison of 
the copy numbers in 489 ccRCC tissues, 43 papillary renal 
cell carcinoma tissues, 441 paired normal kidney tissues and 
98 paired normal blood specimens from the TCGA dataset 
was conducted using Oncomine analysis (28). The genomic 
distribution of CLEC3B and VHL was queried in Ensemble 
(https://asia.ensembl.org/index.html).

Cell line culture. The human ccRCC cell lines 786‑O,769‑P, 
ACHN and Caki‑1 were all purchased from the National 
Infrastructure of Cell Line Resources (Beijing, China). 
Cells were cultured in Dulbecco's modified Eagle's medium 
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) 
containing 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) at 37˚C in a humidified 
incubator with 5% CO2. 

Plasmid transfection. The complete CLEC3B coding 
sequence was cloned into the pCMV6‑Entry vector (OriGene 
Technologies, Inc., Rockville, MD, USA), and transfected into 
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786‑O and 769‑P cells using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. pCMV6‑Entry vector alone transfection was used as 
a negative control.

Western blot analysis. For western blot analysis, the trans-
fected and control 786‑O and 769‑P cells were harvested 48 h 
after transfection and lysed in RIPA buffer (Beyotime Institute 
of Biotechnology, Haimen, China) for 30 min at 4˚C, and 
the protein concentrations were quantified using a BCA kit 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). Samples 
were boiled in loading buffer for 10 min at 95˚C. Proteins 
(40 µg per lane) were loaded and separated by 10% SDS PAGE 
and then transferred onto a polyvinylidene fluoride membrane 
(EMD Millipore, Billerica, MA, USA). The membrane was 
blocked in 5% skim milk diluted with tris‑buffered saline with 
0.1% Tween‑20 (TBST) for 1 h at 4˚C. Then, the membrane 
was incubated with the following first antibodies overnight 
at 4˚C: Anti‑Tetranectin (cat.  no.  ab108999; 1:1,000 dilu-
tion, Abcam), anti‑β‑actin (cat. no. #8457; 1:3,000 dilution), 
GAPDH (cat. no. #5174; 1:2,000 dilution), P38 (cat. no. #9212; 
1:1,000 dilution), phosphorylated (p)‑P38 (cat.  no.  #4511; 
1:1,000 dilution), extracellular signal‑regulated kinase (ERK; 
cat.  no.  #9102; 1:1,000 dilution), p‑ERK (cat.  no.  #4376; 
1:1,000 dilution) (all Cell Signaling Technology, Inc., Danvers, 
MA, USA) and anti‑Ki‑67 (cat. no. ZM‑0166; 1:1,000 dilution; 
OriGene Technologies, Inc.). Following washing with TBST 
3  times, the membrane was subsequently incubated with 
horseradish peroxidase (HRP)‑conjugated goat anti‑mouse or 
goat anti‑rabbit IgG secondary antibodies (cat. nos. ZB‑2305 
and ZB‑2301; 1:8,000 dilution; OriGene Technologies, Inc.) 
for 1  h at 4˚C. Subsequent to the final wash with TBST 
3 times, the signal was detected using chemiluminescent HRP 
substrate (EMD Millipore) on a Bio‑Rad imaging system 
(Bio‑Rad ChemiDoc MP, 1708195; Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA). The experiments were replicated at least 
three times, and the results were analyzed using Image J 1.46r 
software (National Institutes of Health, Bethesda, MD, USA).

In vitro cell proliferation analysis. A real‑time cell analyzer 
system (RTCA; xCELLigence; ACEA Biosciences, San Diego, 
CA, USA) was used to monitor the cell proliferation in real-time 
as previously described (29). This system is able to measure 
electrical impedance variations and present the results as the 
cell index which directly reflects cellular proliferation. A total 
of 48 h after cell transfection, 3,000 cells/well of 786‑O and 
769‑P cells were seeded in an E‑plate. The E‑plate was then 
placed into in a RTCA device at 37˚C with 5% CO2, and the 
cell index was recorded automatically at 15‑min intervals. The 
recorded curve is presented as the cell index ± standard error 
of the mean.

Co‑expression analysis. The TCGA kidney renal clear cell 
carcinoma (KIRC) cohort (n=533) and another large ccRCC 
cohort (GSE2109, n=193) from the GEO database were 
used to perform co‑expression data mining analysis using 
the R2: Genomics Analysis and Visualization Platform 
(http://r2.amc.nl). For the selection of co‑expressing genes in 
the TCGA cohort, a screening criterion of P<0.00000001 was 
used, while for co‑expressing genes in the GSE2109 cohort, the 

screening criteria used was P<0.001. For Gene Ontology (GO) 
analysis of the enriched biological processes (30), the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID) Bioinformatics Resources 6.8 was used (31).

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism 7.0 (GraphPad Software, Inc., La 
Jolla, CA, USA) or SPSS Statistics version 22 (IBM Corp., 
Armonk, NY, USA). A paired Student's t‑test was used to 
compare CLEC3B mRNA expression in 72 TCGA paired 
samples, and a Mann‑Whitney U test was used for unpaired 
samples in GSE14994. To compare CLEC3B protein levels 
in the 19 paired ccRCC tissues, a Binomial test was used. To 
determine the association between CLEC3B and clinicopatho-
logical features, a Mann‑Whitney U test was used and the 
CLEC3B expression in TCGA KIRC samples were stratified 
based on the American Joint Committee on Cancer Tumor 
Node Metastasis (TNM) staging system (32) or Institute of 
Statistics of the University of Paris/World Health Organization 
grading system (32,33). For TNM, T: Size or direct extent of 
the primary tumor; N: Degree of spread to reginal lymph 
nodes; M: Presence of distant metastasis. For staging, stage I: 
T1 N0 M0; stage II: T2 N0 M0; stage III: T3 or N1 with M0; 
stage IV: T4 or M1. For grading, grade 1: tumors have nucleoli 
that are inconspicuous and basophilic at a x400 magnifica-
tion; grade 2: tumors have nucleoli that are clearly visible at 
a x400 magnification and are eosinophilic; grade 3: Tumors 
have clearly visible nucleoli at a x100 magnification; grade 4: 
Tumors have extreme pleomorphism or rhabdoid and/or sarco-
matoid morphology. For Kaplan‑Meier analyses, the cut‑off 
values (727 and 797.7, respectively) for overall survival (OS) 
and disease‑free survival (DFS) rates were determined by the 
receiver operating characteristic curve method and a log‑rank 
test was used to compare different survival curves. The Cox 
regression model was used for univariate and multivariate 
survival analyses. For all correlation analyses in the present 
study, a Pearson's test was used. The data were presented as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

CLEC3B is downregulated in ccRCC. To examine the 
expression status of CLEC3B in ccRCC, RNA‑seq data 
from 72 patients with cancer and matched adjacent normal 
tissues in the TCGA KIRC dataset was analyzed. The results 
revealed that in comparison with the matched normal tissue, 
CLEC3B mRNA was significantly downregulated in the 
cancerous tissue from 76.4% (55 of 72) of the patients with 
ccRCC (P<0.0001; paired Student's t‑test; Fig. 1A and B). The 
downregulation of CLEC3B at the transcriptional level was 
further verified in a GEO ccRCC dataset (GSE14994) from 
Beroukhim (34) (P=0.0392; Mann‑Whitney U test; Fig. 1C). 
To further validate this result, IHC staining was performed 
to assess CLEC3B expression at the protein level in a cohort 
of 19 patients with ccRCC with cancer and matched adjacent 
noncancerous tissues. In line with the aforementioned mRNA 
results, a significant downregulation of CLEC3B protein 
levels in matched ccRCC tissues (Fig. 1D), was observed in 
78.9% (15 of 19) of patients compared with the normal tissues 
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(P=0.019; Binomial test, two‑tailed). These data suggest 
that CLEC3B is downregulated in ccRCC at the mRNA and 
protein levels.

Copy number loss of CLEC3B is prevalent and specific in 
ccRCC. DNA CNVs are common in cancer and are respon-
sible for the dysregulation of gene expression (35). To decipher 
the underlying mechanism resulting in CLEC3B downregula-
tion in ccRCC, copy number alteration analysis was performed 

using the TCGA KIRC dataset. The results demonstrated that 
the copy number loss of CLEC3B was detected in up to 88.1% 
of patients with ccRCC, including 10.6% homozygous dele-
tions (deep deletion) and 77.5% hemizygous deletions. Only 
a small proportion of patients (11.9%) were detected to have 
no change (10.8%) or a gain of copy number (1.1%) (Fig. 2A).

Previous studies revealed that ~90% of ccRCC were asso-
ciated with the bi‑allelic somatic mutation in the VHL tumor 
suppressor gene (34,36). Therefore, considering the genetic 

Figure 1. CLEC3B is downregulated in ccRCC. (A) CLEC3B mRNA is significantly downregulated in ccRCC compared with matched adjacent normal from 
the TCGA kidney renal clear cell carcinoma dataset (P<0.0001). (B) Differences in CLEC3B expression between cancer and normal tissues in the aforemen-
tioned 72 patients. The dots represent the difference value of cancer CLEC3B subtracted by normal CLEC3B for every patient. The red dots represent a positive 
difference value, indicating that CLEC3B is upregulated in cancer; while the green dots represent a negative difference value, indicating that CLEC3B is 
downregulated in cancer. The bar represents the median with the interquartile range. (C) Validation of CLEC3B mRNA downregulation in a Gene Expression 
Omnibus dataset (GSE14994). (D) Representative images for the paired samples from two patients with ccRCC, demonstrating that CLEC3B was also down-
regulated in ccRCC tissue compared with normal tissue at the protein level. TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell carcinoma; FPKM, 
Fragments Per Kilobase of transcript per Million; CLEC3B, C‑Type Lectin Domain Family 3 Member B.
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alterations between CLEC3B and VHL, it was revealed that 
the CNVs of these two genes shared a similar deletion pattern 
in ccRCC (Fig. 2A), and that the residual copy numbers of the 
two genes were significantly correlated (Pearson's; r=0.925, 
P<0.0001; Fig. 2B). Further inspection revealed that these 
two genes are closely distributed in the genome, CLEC3B in 
3p21.31 and VHL in 3p25.3, by Ensembl. Together, these data 

indicate that the copy number loss events of CLEC3B and 
VHL are potentially coupled during ccRCC tumorigenesis.

It was additionally observed that the copy number loss of 
the CLEC3B gene appeared to be specific to ccRCC, as the 
deep deletion frequency was substantially higher in ccRCC 
compared with all other cancer types in the TCGA project 
(Fig.  2C). To delineate the potential role of copy number 

Figure 2. CLEC3B copy number variation analysis using TCGA datasets. (A) Deep deletion of the copy number for CLEC3B and VHL in patients with ccRCC 
from the a TCGA kidney renal clear cell carcinoma dataset. (B) A significant correlation between the residual copy numbers of CLEC3B and VHL was 
identified using Pearson's correlation analysis. (C) The frequency of deep deletion in the CLEC3B copy number was substantially higher in ccRCC compared 
with other cancer types. (D) CLEC3B copy number in ccRCC but not pRCC was signifcantly lower compared with normal tissues. CLEC3B, C‑Type Lectin 
Domain Family 3 Member B; VHL, von Hippel‑Lindau Tumor Suppressor; TCGA, The Cancer Genome Atlas; ccRCC, clear cell renal cell carcinoma; pRCC, 
papillary renal cell carcinoma.
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loss in ccRCC development, the CNVs of the CLEC3B gene 
in 489  ccRCC samples, 441 paired normal kidney tissue 
samples and 98 paired normal blood specimen samples from 
TCGA dataset were assessed. The results revealed that the 
CLEC3B gene copy number in ccRCC was significantly lower 
compared with that in normal tissues (P=1.07x10‑163; Student's 
t‑test; Fig. 2D); however, no significant change was detected 
in another RCC subtype, pRCC (P=0.384; Student's t‑test; 
Fig. 2D). These results indicate that the copy number loss is a 
ccRCC‑specific oncogenic driving event during tumorigenesis.

CLEC3B downregulation is associated with ccRCC 
progression and prognosis. The association of CLEC3B 
downregulation with the clinicopathologic features of 
the TCGA KIRC cohort were then evaluated. The results 
revealed that the downregulated expression of CLEC3B was 
significantly associated with a higher size or direct extent 
of the primary tumor status of the tumor (P<0.0001), higher 
lymph node metastasis (P=0.0107), higher distant metastasis 
(P=0.0001), more advanced clinical stage (P<0.0001) and 
lower differentiation (P<0.0001) but not with sex (P=0.0624) 
or age (P=0.9971) (Table I, Fig. 3A).

Kaplan‑Meier survival analysis revealed that patients with 
ccRCC with lower CLEC3B demonstrated a significantly 

poorer OS and DFS rates compared with those with a high 
expression of CLEC3B (P<0.05; Fig. 3B). Further multivariate 
Cox regression analysis demonstrated that CLEC3B downreg-
ulation was an independent prognostic factor for poor OS rate 
[hazard ratio (HR) 0.722; 95% confidence interval (CI), 0.528 
to 0.987; P=0.041; Table II) and DFS rate (HR, 0.408; 95% CI, 
0.587 to 0.845; P=0.004, Table III). In conclusion, these results 
suggested that the downregulation of CLEC3B was frequently 
detected in ccRCC and that its downregulation was associated 
with a higher aggressiveness and poorer prognosis in patients 
with ccRCC.

Induced CLEC3B expression decreases the proliferation 
of ccRCC cell lines in vitro. To investigate the impact of 
CLEC3B on ccRCC in vitro, the baseline levels of endoge-
nous CLEC3B in a panel of 4 ccRCC cell lines (786‑O,769‑P, 
ACHN and Caki‑1) were measured using western blot analysis 
(Fig. 4A). It was revealed that the 786‑O,769‑P and Caki‑1 
cell lines produced substantially lower levels of endogenous 
CLEC3B expression compared with the ACHN cell line, and 
786‑O and 769‑P were selected for a transient overexpres-
sion study. A total of 48 h after transfection, the cells were 
collected and the successful overexpression of CLEC3B in 
these two cell lines was confirmed by western blot analysis 

Table I. Association between CLEC3B and the clinicopathological features of clear cell renal cell carcinoma.

	 CLEC3B expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological features	 All cases	 Mean	 95% confidence interval	 P‑value

Sex			    	 0.0624
  Female	 188	 1,120	 994.5‑1,246	
  Male	 345	 1,080	 943.2‑1,218	
Age				    0.9971
  ≤60	 265	 1,056	 942.3‑1,169	
  >60	 268	 1,133	 970.3‑1,296	
T 				    <0.0001
  T1‑T2	 342	 1,243	 1,102‑1,383	
  T3‑T4	 191	 829.5	 723.5‑935.4	
N				    0.0107
  N0	 239	 1,014	 843.3‑1,184	
  N1	 16	 492.6	 235.5‑749.8	
M				    0.0001
  M0	 442	 1,154	 1,039‑1,268	
  M1	 81	 722	 571.8‑872.2	
Stage				    <0.0001
  Stage I‑II	 324	 1,266	 1,121‑1,412	
  Stage III‑IV	 206	 831.9	 726.1‑937.7	
Grade				    <0.0001
  G1‑G2	 242	 1,302	 1,138‑1,466	
  G3‑G4	 283	 886.5	 775.4‑997.6

A Mann Whitney test was used for statistical analysis. T, size or direct extent of the primary tumor; N, degree of spread to reginal lymph nodes; 
M, presence of distant metastasis; CLEC3B, C‑Type Lectin Domain Family 3 Member B.
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Figure 3. CLEC3B downregulation is associated with ccRCC progression and prognosis. (A) CLEC3B is significantly downregulated in ccRCC specimens 
with higher TNM stage or grade compared with normal tissues, but is not significantly associated with age. (B) Kaplan‑Meier survival analysis revealed the 
association between CLEC3B and OS or DFS rates. *P<0.05, ***P<0.001 and ****P<0.0001 with comparisons show by lines. CLEC3B, C‑Type Lectin Domain 
Family 3 Member B; T, size or direct extent of the primary tumor; N, degree of spread to reginal lymph nodes; M, presence of distant metastasis; OS, overall 
survival; DFS, disease‑free survival; ccRCC, clear cell renal cell carcinoma.

Table II. Univariate and multivariate Cox regression analyses of overall survival rate in patients with clear cell renal cell 
carcinoma from The Cancer Genome Atlas dataset.

		  Univariate Cox regression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Classification	 Overall survival [hazard ratio (95% CI)]		  P‑value

Sex	 Female vs. male		  1.036 (0.754,1.425)	 0.826
Age	 ≤60 vs. >60		  1.406 (1.039,1.902)	 0.027
T 	 T1‑T2 vs. T3‑T4		  3.079 (2.269,4.179)	 <0.001
M	 M0 vs. M1		  0.719 (0.451,1.146)	 0.166
Stage	 Stage I‑II vs. Stage III‑IV		  0.822 (0.603,1.122)	 0.218
Grade	 G1‑G2 vs. G3‑G4		  0.718 (0.532,0.969)	 0.030
CLEC3B 	 Low vs. High		  0.604 (0.446,0.818)	 0.001

		  Multivariate Cox regression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Classification	 Overall survival [hazard ratio (95% CI)]		 P‑value

Sex	 Female vs. male			 
Age	 ≤60 vs. >60		  1.428 (1.046,1.949)	 0.025
T 	 T1‑T2 vs. T3‑T4		  2.930 (2.124,4.044)	 <0.001
M	 M0 vs. M1		  0.826 (0.482,1.416)	 0.487
Stage	 Stage I‑II vs. Stage III‑IV		  0.994 (0.685,1.443)	 0.976
Grade	 G1‑G2 vs. G3‑G4		  0.977 (0.702,1.359)	 0.889
CLEC3B 	 Low vs. High		  0.722 (0.528,0.987)	 0.041

A Log‑rank test was used for statistical analysis. CI, confidence interval; T, size or direct extent of the primary tumor; M, presence of distant 
metastasis; CLEC3B, C‑Type Lectin Domain Family 3 Member B.
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(Fig. 4B). The transfected cells were then subjected to a cell 
growth assay using a RTCA. The results demonstrated that 
the forced expression of CLEC3B notably reduced prolifera-
tion in the two cell lines compared with the negative control 
(Fig. 4C). Repression of proliferation was also indicated by 
the significantly decreased level of the proliferative cellular 
marker Ki‑67 in 786‑O cells transfected with CLEC3B 
compared with the negative control (P<0.01; Fig. 4D and E). 
The mitogen‑activated protein kinase (MAPK) signaling 
pathway serves a key role in the regulation of cancer cell 
proliferation  (37). To decipher the potential underlying 
mechanism, the effect of CLEC3B on the MAPK pathway 
in 786‑O cells was investigated and it was revealed that 
CLEC3B overexpression resulted in a significant decrease 
of p38, p‑p38, ERK and p‑ERK compared with the negative 
control (P<0.05; Fig. 4D and E), suggesting that the MAPK 
pathway may contribute to the CLEC3B‑mediated ccRCC 
proliferation inhibition.

CLEC3B identifies ccRCCs with lower proliferation. The 
gene co‑expression network is crucial to elucidate gene 
function, identify groups of genes that respond in a coor-
dinated manner to environmental or disease conditions, 
and highlight regulatory associations (38). To address the 
function of CLEC3B in patients with ccRCC, co‑expression 
analysis using the TCGA KIRC dataset was performed. 
As presented in Fig.  5A, CLEC3B exhibited an inverse 

association with known proliferation inducers [MET 
proto‑oncogene, receptor tyrosine kinase  (39), epithelial 
cell transforming 2 (40) and enhancer of zeste 2 polycomb 
repressive complex 2 subunit  (41)], proliferative markers 
(marker of proliferation Ki‑67 and proliferating cell nuclear 
antigen) and Minichromosome Maintenance genes (42), and 
revealed a positive association with a spectrum of prolif-
eration inhibitors, including frizzled related protein (43), 
cadherin 13 (44), sprouty RTK signaling antagonist 1 (45), 
SRY‑box 7 (46), cyclin dependent kinase inhibitor 2B (47), 
adenosine deaminase, RNA specific B1 (48), DLC1 RhO 
GTPase activating protein  (49), SH3 domain binding 
protein 4  (50) and DAB2 interacting protein  (51), indi-
cating a negative function of CLEC3B in controlling 
proliferation in the TCGA cohort. To validate this result, 
verification analysis was performed using another ccRCC 
cohort (GSE2109, n=193) from the GEO database, and 
revealed similar association trends for CLECB with all the 
above proliferative factors (Fig. 5B). This consistency indi-
cates towards the anti‑proliferation function of CLEC3B in 
ccRCC tissues, in accordance with the in vitro functional 
results. Furthermore, a significant negative correlation 
between CLEC3B and p38 in the TCGA dataset was identi-
fied (Pearson's, r=‑0.284, P=2.4x10‑11; data not shown). To 
provide a deeper understanding of the potential mechanism 
that CLEC3B employs to modulate proliferation, GO 
analysis with CLEC3B co‑expressing genes in the TCGA 

Table III. Univariate and multivariate Cox regression analyses of DFS rate in patients with clear cell renal cell carcinoma from 
The Cancer Genome Atlas dataset.

		  Univariate Cox regression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Classification	 DFS [hazard ratio (95% CI)]		  P‑value

Sex	 Female vs. male		  1.186 (0.809,1.739)	 0.382
M	 M0 vs. M1		  0.920 (0.527,1.606)	 0.770
Age	 ≤60 vs. >60		  0.761 (0.528,1.096)	 0.142
T 	 T1‑T2 vs. T3‑T4		  1.807 (1.265,2.581)	 0.001
Stage	 Stage I‑II vs. Stage III‑IV		  0.591 (0.395,0.884)	 0.010
Grade	 G1‑G2 vs. G3‑G4		  0.773 (0.543,1.101)	 0.154
CLEC3B 	 Low vs. High		  0.562 (0.392,0.805)	 0.002

		  Multivariate Cox regression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  DFS [hazard ratio (95% CI)]		  P‑value

Sex	 Female vs. male			 
M	 M0 vs. M1			 
Age	 ≤60 vs. >60		  1.411 (0.815,2.433)	 0.218
T 	 T1‑T2 vs. T3‑T4		  1.820 (1.265,2.618)	 0.001
Stage	 Stage I‑II vs. Stage III‑IV		  0.405 (0.219,0.794)	 0.004
Grade	 G1‑G2 vs. G3‑G4		  0.881 (0.608,1.275)	 0.500
CLEC3B 	 Low vs. High		  0.408 (0.587,0.845)	 0.004

A Log‑rank test was used for statistical analysis. CI, confidence interval; DFS, disease‑free survival; T, size or direct extent of the primary 
tumor; M, presence of distant metastasis; CLEC3B, C‑Type Lectin Domain Family 3 Member B.
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and GSE2109 ccRCC cohorts was performed. A total of 
3,260 associated genes (1,912 positives and 1,348 nega-
tives) were selected from the TCGA dataset according to a 
screening criterion of P<0.00000001, and 1,947 associated 
genes (1,282 positives and 665 negatives) were selected 
from GSE2109 using a screening criterion of P<0.001. The 
results revealed that in the two large ccRCC cohorts, the 
co‑expressing genes were most highly enriched in the cell 
cycle (data not shown), a regulatory event that is directly 
associated with the control of cell proliferation. The other 
two most common highly enriched functional items were 
development and kinase.

The 500 most positive and 500 most negative co‑expressers 
for CLEC3B were extracted from the two cohorts according to 
the R‑value. Significant overlaps were identified for positive 
co‑expressers (247; 49.4%; Fig. 5C) and negative co‑expressers 
(158; 31.6%; Fig. 5D) in these two groups, indicating the high 
reliability and sensitivity of the co‑expression analysis. To gain 
a more reliable interpretation, GO analyses were conducted on 
the overlapped positive and negative co‑expressers in DAVID. 
The results revealed that the overlapped positive co‑expressers 
were enriched in development processes (Fig.  5E), while 
the negative co‑expressers notably focused on the cell cycle 
process (Fig. 5F).

Discussion

Although the dysregulation of CLEC3B in various cancer 
types has been observed for decades, its expression and func-
tion remain obscure. Decreased levels of plasma CLEC3B are 
consistent in the majority cancer types, but the expression and 
prognostic significance of CLEC3B in cancer tissues remain 
controversial (15,16,24,52,53). To evaluate the expression of 
CLEC3B in ccRCC, which had not yet been reported, the 
present study conducted a computational profiling of the 
TCGA KIRC dataset and revealed a significant downregula-
tion of the CLEC3B transcript in tumor tissues. Decreased 
CLEC3B protein expression in ccRCC was further validated 
by IHC staining with a specific antibody against tetranectin, 
suggesting that CLEC3B is downregulated in ccRCC at the 
mRNA and protein levels.

Genetic alterations, including CNVs, serve an essential 
role in the dysregulation of cancer genes (54). In the present 
study, by analyzing CNV data from the TCGA database, it 
was revealed that CLEC3B loss was notably prevalent in up to 
88.1% of ccRCCs, including a homozygous deletion in 10.6% 
of cases. The present study revealed that the copy number loss 
of CLEC3B is high in ccRCC, but is not notable in other cancer 
types, suggesting that CLEC3B loss is a ccRCC‑specific event. 

Figure 4. CLEC3B expression inhibits ccRCC cell proliferation in vitro. (A) Endogenous CLEC3B expression status in five ccRCC cell lines. (B) Western 
blot analysis revealed the ectopic expression of exogenous CLEC3B in CLEC3B‑transfected 786‑O and 769‑P cells. (C) Effect of CLEC3B overexpression 
on the growth of 786‑O and 769‑P cells as measured by a real-time cell analyzer system. (D) Expression of Ki‑67, p38, p‑p38, ERK and p‑ERK, was detected 
by western blot analysis in CLEC3B‑transfected 786‑O cells. (E) Semi‑quantitative analysis of western blot analysis. *P<0.05 and **P<0.01 with comparisons 
shown by lines. CLEC3B, C‑Type Lectin Domain Family 3 Member B; NC, negative control; p‑, phosphorylated; ERK, extracellular signal‑regulated kinases; 
ccRCC, clear cell renal cell carcinoma.
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Figure 5. CLEC3B identifies clear cell renal cell carcinoma with low proliferation properties. CLEC3B is inversely associated with proliferation inducers and 
markers and is positively associated with proliferation repressors in two cohorts from (A) TCGA and (B) GSE2109. The Venn diagram reveals the overlap of 
the (C) positive co‑expressing genes and (D) negative co‑expressing genes in the two cohorts. TCGA, The Cancer Genome Atlas; BP, biological processes; 
CLEC3B, C‑Type Lectin Domain Family 3 Member B.
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The chromosomal loss in the VHL gene locus is the charac-
teristic genetic alteration of ccRCC and is believed to increase 
the risk of developing ccRCC (5,7). In the present study it was 
revealed that the CLEC3B gene is lost in a similar way to 
VHL, suggesting that they are two tightly coupled events in 
ccRCC. Given that VHL loss is an early oncogenic driving 
event in ccRCC tumorigenesis (5), it was hypothesized that 
CLEC3B genetic loss is also a characteristic signature in the 
ccRCC carcinogenic process, which has not yet been revealed.

The present study also demonstrated that CLEC3B down-
regulation in ccRCC correlates with more aggressive features 
and predicts unfavorable prognostic outcomes for OS and DFS 
rates in the TCGA cohort. The in vitro cell line experiments 

indicate that CLEC3B functions to inhibit the proliferation 
of ccRCC cell lines, and that the mechanism may involve the 
MAPK pathway.

The co‑expression network is a useful method to identify 
genes that are coordinated under a similar functional frame-
work or disease conditions (38,55). The present study verified 
that CLEC3B was positively associated with proliferation 
inhibitors and inversely associated with proliferation inducers 
or markers from two large independent ccRCC cohorts, 
strongly indicating the anti‑proliferation function of CLEC3B 
in ccRCC, which was concurrent with the in vitro cell line 
results. The co‑expressing genes from the two cohorts were 
the most functionally enriched in the cell cycle according to 

Figure 5. Continued. CLEC3B identifies clear cell renal cell carcinoma with low proliferation properties. Gene Ontology analyses using the Database for 
Annotation, Visualization and Integrated Discovery were performed on the overlapped (E) positive co‑expressing genes and (F) negative co‑expressing genes, 
and only the top 15 BP were presented. 
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GO analysis, an underlying mechanism that directly affects 
cell proliferation, and additionally in development. Functional 
clustering analysis using DAVID with the most highly associ-
ated and common co‑expressers from the two cohorts revealed 
that the regulation of development (particularly in the cardio-
vascular and renal system) may occur via CLEC3B and its 
positive co‑expressers, while cooperation between CLEC3B 
and its negative co‑expressers may be responsible for cell 
cycle regulation. The role of CLEC3B in muscle develop-
ment in addition to cardiovascular disease has already been 
described (11‑13), but its role in cell cycle regulation remains 
unexplored and requires future study.
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