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Abstract
Background: Renal cell carcinoma (RCC) is the most common malignancy in urinary system. Despite
substantial improvements in available treatments, survival outcome of advanced RCC is unsatis�ed.
Identifying novel biomarker to assist early diagnosis and screen immunotherapy sensitive patients would
be bene�cial. CD248 is a promising candidate that deserves to be investigated.

Methods: The Cancer Genome Atlas (TCGA) dataset and clinical specimen were adopted to analyze
CD248 expression between normal and tumor tissues. Univariate and multivariate Cox regression
analysis was employed to identify independent prognostic factors and construct a CD248-based
prognostic signature. The correlation among present signature, tumor in�ltrating immune cells, tumor
mutation burden (TMB), and immunomodulatory molecules were evaluated. Weighted gene co-
expression network analysis (WGCNA) and enrichment analysis was performed to explore the underlying
mechanism of CD248 in RCC progression.

Results: CD248 overexpressed in RCC was related with a poor prognosis, and CD248-based prognostic
signature could precisely stratify RCC patients with different survival outcomes regardless of training or
testing cohort. Present signature could re�ect immunosuppressive landscape of RCC (i.e. increased
regulatory T cells in�ltration and upregulated immune checkpoints), which accompanied with
deteriorated clinicopathologic indexes. TMB and immunostimulatory molecules expression also
increased with the risk score generated from present signature. CD248 co-expressed gene sets were
identi�ed through WGCNA algorithm, and several immunosuppressive GO terms and KEGG pathways
were signi�cantly enriched.

Conclusion: CD248 is a valuable biomarker to improve diagnostic and therapeutic e�ciency of RCC.
Immunosuppressive effect of CD248 co-expressed genes may provide insight for present study.

Background
Renal cell carcinoma (RCC) is the seventh most common neoplasm in developed world and the most
lethal malignancy in urinary system [1]. As reported, RCC morbidity has more than doubled in North
America and Western Europe over the past half-century, which is predicted to rapidly increase in Latin
America, Asia and Africa in the coming decades [2]. Actually, RCC is an insidious neoplasm with one-third
cases initially diagnosed as metastatic, which survival rate is abysmally low. Despite treatments for RCC
have been revolutionized by targeted therapy, 5-year survival rate of advanced/metastatic RCC is only
12% [3]. Immunotherapy with immune checkpoint inhibitors to block PD1, CTLA4, and LAG3 is another
promising method to promote survival outcome of RCC patients [4–6]. However, low response rate
restricts its therapeutic e�cacy [7]. Hence, identify novel biomarker to facilitate earlier diagnosis of
asymptomatic patient and assist clinician to screen the one who is sensitive to immunotherapy would be
bene�cial for RCC prognosis.
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Tumor endothelial markers (TEMs) involved with tumor speci�c angiogenesis play a crucial role in tumor
development and progression, among which TEM1 (also known as endosialin or CD248) is speci�cally
overexpressed in tumor-associated �broblasts and pericytes residing in the tumor blood vessels. It has
been found that CD248 is an essential molecular associated with cell adhesion, migration, and stromal
cell proliferation [8]. Once CD248 knockout in mice, there was a striking reduction in tumor growth,
invasiveness, and metastasis after tumor transplantation, indicating that CD248-positive stroma would
promote malignancy [9]. Based on the important regulatory mechanism of CD248 in supporting tumor
stromal cell function and tumor growth, CD248 is regarded as an indicator to evaluate tumor grade and
prognosis [10], as well as a potent target to disrupt tumor vasculature and control tumor growth [11].
However, whether CD248 can predict RCC prognosis and guide immunotherapy is largely unknown.

To explore the predictive value of CD248 in RCC, we performed present study. The Cancer Genome Atlas
(TCGA) dataset and clinical specimen were adopted to analyze CD248 expression difference between
normal and tumor tissues. Then, we constructed a CD248-based prognostic signature by integrating
multiple clinical variables, which acquired promoted predictive accuracy. The correlation among present
signature, tumor in�ltrating immune cells (TIICs), tumor mutation burden (TMB), and immunomodulatory
molecules were also evaluated. Finally, weighted gene co-expression network analysis (WGCNA) and
enrichment analysis were performed to explore the underlying mechanism of CD248 in RCC progression.

Methods
Data source and preprocessing

895 RCC data and 128 non-tumor data were downloaded from TCGA portal
(https://portal.gdc.cancer.gov/). Transcriptomic data (RNA-Seq FPKM) and clinical information were
integrated through ID numbers. Replicate gene probes were replaced with their average via limma
package [12]. All data were processed and analyzed with R software (https://www.r-project.org/).

Differential expression analysis of CD248

Differentially expressed genes (DEGs) between tumor and normal tissue were analyzed through Wilcox
test. P-value was adjusted with false discovery rate (FDR), and �lter criteria was FDR < 0.05 and |log2

fold-change [FC]| > 1. The expression of CD248 between groups was analyzed through t-test, and
visualized with GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA). A body-map of CD248
expression was obtained from Gene Expression Pro�ling Interactive Analysis (GEPIA) website
(http://gepia.cancer-pku.cn/), and the expression median was normalized to transcripts per million
(TPM).

Validation of CD248 expression in clinical specimen

Para�n-embedded tissue microarrays (Outdo Biotech, Shanghai, China) were depara�nized, rehydrated,
and treated with 3% hydrogen peroxide for 10 min to inhibit endogenous peroxidase activity. Heat

https://portal.gdc.cancer.gov/
https://www.r-project.org/
https://portal.gdc.cancer.gov/
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mediated antigen retrieval was performed in citrate buffer for 2 min. After being blocked with 5% bovine
serum albumin (BSA) for 30 min, slides were incubated with rabbit anti-human CD248 primary antibody
(1:2000, ab204914, Abcam, MA, USA) overnight at 4℃. Immunodetection was performed using the
standard rapid EnVision technique (Dako, Glostrup, Denmark). Subsequently, slides were washed in
distilled water, and counterstained with hematoxylin. Digital images were obtained using an optical
microscope (BX51, Olympus, Tokyo, Japan).

Prognostic value analysis of CD248 in RCC

TCGA-RCC patients were divided into high-expression and low-expression group according to the median
expression level of CD248. Then, Kaplan-Meier survival analysis and receiver operating characteristic
(ROC) analysis were performed to evaluate the prognostic value and predictive accuracy of CD248,
respectively. Univariate and multivariate Cox regression analysis were employed to identify the
independent prognostic factors of RCC. P < 0.05 was considered statistically signi�cant.

Construction and validation of CD248-based prognostic signature

TCGA-RCC patients with complete clinical information (n = 246) were used as a training cohort, and
TCGA-clear cell RCC (ccRCC) patients with certain clinical information (i.e. age, histological grade,
pathological stage and M status) were selected as a testing cohort (n = 489). Training cohort was used to
construct a CD248-based prognostic signature, and testing cohort was used to con�rm its performance.
Multivariate Cox regression analysis was adopted to construct present signature by integrating
clinicopathological variables (i.e. age, gender, histological grade, pathological stage, and TNM status)
with CD248 expression level. Risk score of each patient was calculated using the following formula and
the median was employed to separate both cohorts into different risk groups [13]:

Survival and ROC analysis were performed as aforementioned. To visualize present signature, a
nomogram was constructed by rms R package.

Correlation between CD248-based signature and TIICs

Tumor purity and immune score of TCGA-RCC patients were assessed through ESTIMATE R package as
previously reported [14]. Relative fraction of 22 TIICs types in each sample was quanti�ed by CIBERSORT
method and LM22 signature matrix [15, 16]. The algorithm ran at 100 permutations with a threshold of P
< 0.05 to select eligible patients [17]. The correlation between risk score and TIICs was analyzed with
Pearson correlation coe�cient test, and the impact of TIICs on clinicopathological features was analyzed
with Wilcox test and Kruskal-Wallis test. The box plot was prepared with beeswarm R package.
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Correlation between CD248-based signature and TMB

Masked somatic mutation data (VarScan) of RCC were retrieved from TCGA portal. Non-synonymous
somatic mutations of each patient were counted by Perl software (https://www.perl.org/). Then, we used
38 Mb as the estimate of exome size, and calculated TMB (i.e. mutation density) with the following
formula: TMB = Total mutation frequency/38. Wilcox test was adopted to evaluate the relationship
between TMB and risk score or clinicopathological features. P < 0.05 was considered statistically
signi�cant.

Correlation between CD248-based signature and immunomodulatory molecules

Immune checkpoint molecules (i.e. PD1, CTLA4, LAG3, TIM3, BTLA, and VSIR) and immunostimulatory
molecules (i.e. CD28, CD27, TNFRSF4, TNFRSF9, and TNFRSF18) play important roles in
immunoregulation. In present study, the expression level of aforementioned molecules between two risk
groups was analyzed with Wilcox test. Kaplan-Meier survival analysis was performed using R software,
and median expression level was used as cut-off value. P < 0.05 was considered statistically signi�cant.

WGCNA and enrichment analysis

DEGs co-expressed with CD248 were selected through Pearson correlation coe�cient test and visualized
with pheatmap R package. Filter criteria was |correlation coe�cient| > 0.5 and P < 0.001. WGCNA
algorithm was employed to identify CD248 co-expressed modules. Brie�y, gradient method was used to
screen out the appropriate power value with independence degree of 0.9. Cluster analysis was performed
to construct a dendrogram, and module-trait heatmap was painted to identify the phenotype (clinic trait)
highly correlated expression set (module). Finally, the interested modules were visualized with Cytoscape
3.6.0 and analyzed with GO and KEGG enrichment analysis. FDR < 0.05 was used as the threshold.

Results
CD248 overexpressed in RCC tissues

3086 DEGs were obtained based on TCGA-RCC dataset, among which 1127 genes were downregulated,
and 1959 genes were upregulated in RCC tissues compared with the normal (FDR < 0.05, |log2 FC| > 1,
Fig. 1a and b). Then, CD248 overexpressed in RCC tissues was identi�ed (P < 0.0001, Fig. 1c). Body-map
of CD248 showed that the median expression level in RCC was 4.94, which was much higher than 3.28 in
normal kidney (Fig. 1d). Immunohistochemical staining results indicated that CD248 expression was
upregulated in RCC instead of adjacent normal tissue (Fig. 1e). As shown in Fig. 1f, the prognosis was
poorer in high-CD248 expression group than that in low-expression group (P < 0.0001). Precisely, the
overall survival (OS) rate at 5-year for high-expression group was 58.8%, and the corresponding rate for
low-expression group was 75.3%. The area under ROC curve (AUC) was 0.662, suggesting that CD248
could accurately predict the OS of RCC patients (Fig. 1g). Additionally, univariate and multivariate Cox
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regression analysis revealed that CD248 could serve as an independent prognostic factor for RCC (P <
0.05, Fig. 1h and i).

Prognostic value of CD248-based signature

Training cohort was adopted to construct a CD248-based signature. After deleting clinicopathological
variables that would over�t the signature, coe�cients were estimated through multivariate Cox
regression. Subsequently, the risk score for each patient was calculated with the following formula:

Risk score = (0.0291 × Age) + (0.4245 × Histological grade) + (0.3303 × Pathological stage) + (0.6492 ×
M status) + (0.0038 × CD248 expression level)

According to the median risk score 0.8618, individuals in the training cohort were sorted into a high-risk
group (n = 123) and a low-risk group (n = 123). Kaplan-Meier survival analysis showed that the prognosis
was worse in high-risk group than that in low-risk group (P < 0.0001, Fig. 2a). The OS rate at 5-year for
high-risk group and low-risk group was 31.7% and 77.7%, respectively. Then, we ranked patients with risk
score and analyzed their survival status. As shown in Fig. 2b, a large amount of death distributed in high-
risk group. The AUC value for present signature was 0.889 (Fig. 2c). To facilitate clinical utility, a
nomogram to predict RCC prognosis at 3-, 5- and 10-year was prepared accordingly (Fig. 2d).

Testing cohort was used to verify the accuracy of present signature. As shown in Fig. 2e and f, survival
status of ccRCC patients differed signi�cantly between two risk groups (P < 0.05). The survival rates at 3-
and 5-year in high-risk group were 58.1% and 44.4%, respectively, while the corresponding rates in low-risk
group were 92.1% and 78.0%, respectively. Moreover, the AUC value of present signature was 0.801 in
testing cohort (Fig. 2g).

Correlation between present signature and tumor immune microenvironment

ESTIMATE and CIBERSORT algorithm were employed to assess tumor purity and in�ltrating immune cells
(Fig. 3a and d). As shown in Fig. 3b and c, increased immune score was related with deteriorated
histological grade and pathological stage (P < 0.05). The fraction of CD8+ T cells and regulatory T cells
(Tregs) were positively related with the risk score generated by present signature (P < 0.05, Fig. 3e and f).
Furthermore, a high proportion of CD8+ T cells and Tregs could lead to a poor prognosis of RCC patients,
accompanied with increased histological grade, bad pathological stage, and detrimental TNM status (P <
0.05, Fig. 3g-k).

TMB is a vital factor affecting tumor immune response and immunotherapy. In present study, with the
increase of risk score generated by present signature, TMB signi�cantly increased (P < 0.05, Fig. 3l).
Besides, higher TMB was associated with worse histological grade, and the value of TMB was increased
with patients’ age (P < 0.05, Fig. 3m and n).

Correlation between present signature and immunomodulatory molecules
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The expression level of immunomodulatory molecules was regarded as a promising indicator to guide
immunotherapy. We found that the expression of some immune checkpoint molecules (i.e. PD1, CTLA4,
and LAG3) were increased in high-risk group (P < 0.01, Fig. 4a-c), while others (i.e. TIM3, BTLA, and VSIR)
were unchanged between two risk groups (P > 0.05, Fig. 4d-f). Survival analysis indicated that highly-
expressed PD1 companied with a bad prognosis (P < 0.0001, Fig. 4g), while expression level of CTLA4
and LAG3 did not signi�cantly affect the OS of RCC patients (P > 0.05, Fig. 4h and i). In addition to
immune checkpoint, the expression of immunostimulatory molecules has been investigated as well. As
shown in Fig. 5, the expression of commonly detected immunostimulatory molecules, such as CD28,
CD27, TNFRSF4, TNFRSF9, and TNFRSF18, were upregulated in high-risk group (P < 0.05).

WGCNA and enrichment analysis of CD248 co-expressed genes

334 DEGs co-expressed with CD248 were selected through Pearson correlation coe�cient test
(|correlation coe�cient| > 0.5 and P < 0.001). The top 15 DEGs that positively and negatively correlated
with CD248 were adopted to develop a co-expressed heatmap (Fig. 6a). Subsequently, we identi�ed �ve
distinct CD248 co-expressed modules through WGCNA algorithm (Fig. 6b). Module-trait heatmap
indicated that blue and turquoise module were signi�cantly associated with RCC progression (P < 0.05,
Fig. 6c). Then, intramodular and extramodular interactions were visualized, especially the module marked
with blue and turquoise (Fig. 6d, e and h). With the co-expressed network, several hub genes with
maximum intramodular connectivity were identi�ed, which might play a vital role in RCC progression.

To explore the underlying mechanism of blue and turquoise module on RCC progression, GO and KEGG
enrichment analysis were performed. As shown in Fig. 6f and i, “Negative regulation of defense
response”, “Negative regulation of immune system process”, “Negative regulation of leukocyte
activation”, “Negative regulation of cell adhesion” etc. immunosuppressive GO terms were signi�cantly
enriched (FDR < 0.05). Then, KEGG enrichment analysis showed that several immunomodulatory
signaling pathways were signi�cantly enriched, including “PI3K-Akt signaling pathway”, “Cytokine-
cytokine receptor interaction”, “Th1 and Th2 cell differentiation”, “Natural killer cell mediated cytotoxicity”,
and “NOD-like receptor signaling pathway” (FDR < 0.05, Fig. 6g and j).

Discussion
RCC incidence has increased steadily by about 1% per year, and the high mortality rate remains
unchanged worldwide [18]. Despite substantial improvements in available treatment options, 5-year
survival rate for advanced/metastatic RCC is less than 23% [19]. In fact, about 30-50% RCC patients have
missed the best surgical opportunity due to the occult incidence [20]. Immunotherapy is an emerging
method to prolong the OS of RCC. However, low response rate results in an unsatis�ed clinical outcome.
Accordingly, various biomarkers have been suggested to assist early diagnosis and guide treatment
selection. Chen et al. reported that miR-30a-3p could inhibit RCC invasion and serve as a new prognostic
marker [21]. miR-142-3p has also proved to be involved with tumorigenesis and RCC development [22]. In
addition to miRNAs, mRNAs including HHLA2 and syntaxin 6 were associated with decreased survival,
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and corresponding inhibitors held promise as novel therapy against RCC [23, 24]. However, the functional
effect of single gene in RCC progression is relatively weak. Identifying sensitive and speci�c indicator to
improve diagnostic and therapeutic e�ciency is still urgently needed.

Recently, a great amount of evidence indicates that TEMs have broad in�uence in complicated crosstalk
between tumor cells and tumor microenvironment, which would lead to tumor progression [25, 26]. Thus,
TEMs appear to be promising candidates for tumor early detection, monitoring, and treatment. As an
important part of TEMs, the biological function of CD248 in RCC remains unclear. In present study, the
expression level of CD248 in RCC tissues was evaluated through TCGA dataset and con�rmed in external
clinical specimens. We found the expression of CD248 signi�cantly upregulated in RCC, compared with
adjacent normal kidney tissues. Besides, highly-expressed CD248 was associated with bad prognosis.
CD248 could also serve as an independent prognostic factor to predict RCC patients’ OS, and the
predictive accuracy (AUC = 0.662) was regarded as acceptable [27]. These �nding above indicates that
CD248 expression level could be a new early diagnostic and prognostic marker for RCC. Subsequently, to
establish a clinically stratifying system to improve diagnostic e�ciency, we constructed a CD248-based
prognostic signature. This signature could stratify TCGA-RCC patients into two risk groups with
statistically different survival outcomes, and the predictive accuracy (AUC = 0.889) was deemed to be
excellent [27]. The reliability of present signature was further veri�ed in a testing cohort and a nomogram
was prepared to facilitate its clinical application.

Tumor immune microenvironment comprised with in�ltrating immune cells and immune-related proteins
(IRPs) has emerged as an important player in tumor progression [28, 29]. In present study, we explored the
correlation between present signature and dysfunctional immune microenvironment. We found that Tregs
in�ltration in RCC signi�cantly increased with the risk score generated by present signature, and high
immune score as well as high Tregs in�ltration accompanied with bad histological grade, advanced
pathological stage, and more chance of metastasis, which consisted with previous study [30].
Additionally, CD8+ cytotoxic T lymphocytes (CTLs) were positively correlated with the risk score, however,
increased CTLs resulted in RCC metastasis instead of killing effect. Thus, we speculate CTLs-mediated
anti-tumor response is counterbalanced by strong immunosuppression of Tregs, which consequentially
facilitate the survival of cancer cells [31, 32].

The killing e�cacy of CTLs is also directly or indirectly regulated by IRPs and TMB [33-35]. The immune
checkpoints (i.e. PD1, CTLA4, and LAG3) were upregulated in high-risk group, which might induce CTLs
depletion, tumorimmuneescape, and poor survival outcome. As well, commonly detected
immunostimulatory molecules (i.e. CD28, CD27, TNFRSF4, TNFRSF9, and TNFRSF18) were upregulated
in high-risk group. TMB—a surrogate for neoantigen level and malignant degree—was increased with risk
score generated by present signature. Based on the immune landscape of high-risk patients, once
immune suppression of CTLs is removed, the self-anti-tumor immune response would be expanded and
high-risk patients might bene�t from immunotherapy. Therefore, present signature could not only
contribute to RCC patient’s early diagnosis, but also assist clinician to screen immunotherapeutic

link:tumor
link:immune
link:escape
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sensitive patients. Inevitably, large-scale prospective validation of clinical bene�t before widespread
adoption are necessary.

To explore possible functions of CD248 in RCC, WGCNA algorithm and enrichment analysis were
performed. The results suggested that CD248 co-expressed genes could be divided into �ve modules,
among which blue and turquoise module were signi�cantly associated with RCC progression. Then, the
identi�ed prognostic-related modules were analyzed with GO and KEGG algorithm. As a result, several
immunosuppressive GO terms were signi�cantly enriched, including negative regulation of leukocyte
activation, migration, adhesion and differentiation, which might provide insight for CTLs depletion
mentioned above. Besides, several immunomodulatory signaling pathways and intramodular hub genes
were identi�ed. After verifying them in vitro or in vivo studies, novel diagnostic and therapeutic targets
might be proposed.

Conclusions
We identi�ed a valuable biomarker and constructed a reliable prognostic signature that can precisely
predict the prognosis of RCC patients. Additionally, present signature can effectively screen out RCC
patients suitable for immunotherapy. WGCNA and enrichment analysis revealed possible functions of
CD248 and co-expressed genes, which may contribute to explain CD248-mediated RCC progression and
provide potential diagnostic and therapeutic targets.
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Figure 1

Expression and prognostic value of CD248. (a) Heat map of DEGs. Green to red spectrum indicates low to
high gene expression. (b) Volcano plot of DEGs. Red, green and black dots represent upregulated,
downregulated and unchanged genes, respectively. (c) CD248 overexpressed in RCC tissues. (d) Body-
map of CD248 expression. (e) Immunohistochemical staining of CD248. Scale bar = 100 μm. (f)
Prognostic value of CD248. 95% con�dence interval is shown as light-colored background. (g) ROC curve
of CD248. (h) Univariate Cox regression analysis of CD248. (i) Multivariate Cox regression analysis of
CD248. Red and green dots represent variables with hazard ratio > 1 and ≤ 1, respectively. P < 0.05 was
considered statistically signi�cant.
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Figure 2

Prognostic value of CD248-based signature. (a) Kaplan-Meier curve of training cohort. (b) Distribution of
risk score and survival status of each patient in training cohort. (c) ROC curve of present signature in
training cohort. (d) Nomogram of present signature. (e) Kaplan-Meier curve of testing cohort. (f)
Distribution of risk score and survival status of each patient in testing cohort. (g) ROC curve of present
signature in testing cohort. 95% con�dence interval is shown as light-colored background. P < 0.05 was
considered statistically signi�cant.
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Figure 3

Relationship between present signature and tumor immune microenvironment. (a) Tumor purity assessed
with ESTIMATE algorithm. (b) Immune score and deteriorated histological grade. (c) Immune score and
advanced pathological stage. (d) TIICs assessed with CIBERSORT algorithm. (e) Correlation between risk
score and CD8+ T cells. (f) Correlation between risk score and Tregs. (g) CD8+ T cells fraction and RCC
metastasis. (h) Tregs fraction and deteriorated histological grade. (i) Tregs fraction and advanced
pathological stage. (j) Tregs fraction and RCC metastasis. (k) Tregs fraction and tumor size. (l) TMB
increased in high-risk group. (m) TMB and deteriorated histological grade. (n) TMB increased with age. P
< 0.05 was considered statistically signi�cant.

Figure 4

Relationship between present signature and immune checkpoints. Expression analysis of PD1 (a), CTLA4
(b), LAG3 (c), TIM3 (d), BTLA (e), and VSIR (f) between two risk groups. Kaplan-Meier curve of PD1 (g),
CTLA4 (h), and LAG3 (i). Median expression level was used as cut-off value. P < 0.05 was considered
statistically signi�cant.
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Figure 5

Relationship between present signature and immunostimulatory molecules. Expression analysis of CD28
(a), CD27 (b), TNFRSF4 (c), TNFRSF9 (d), and TNFRSF18 (e) between two risk groups. P < 0.05 was
considered statistically signi�cant.

Figure 6
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WGCNA and enrichment analysis of CD248 co-expressed genes. (a) Co-expressed heatmap of CD248. (b)
Identi�cation of co-expressed modules. (c) Module-trait heatmap. (d) Interaction among co-expressed
modules. Co-expressed network (e), GO enrichment analysis (f), and KEGG enrichment analysis (g) of
brown modules. Co-expressed network (h), GO enrichment analysis (i), and KEGG enrichment analysis (j)
of turquoise modules. FDR < 0.05 was considered as statistically signi�cant.


