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Introduction

It has been widely recognized that in addition to tumor 
cells, tumor tissue contains other important components 
such as vascular cells, stromal cells and immune cells, which 
all play a vital role in tumor development and progression. 
The tumor micro-environment is of great influence on 
tumor’s biological behavior. Therefore, the tumor tissue 
is more appropriate to be treated as an organ but not a 
mass of transformed epithelial cells (1-3). More and more 
researchers have been investigating into tumor micro-
environment and gained more and more achievement 
revealing the effect of tumor micro-environment on various 

kinds of cancers (4,5).
Yoshihara et al. developed a new algorithm that can infer 

tumor cellularity using transcriptional profiles of cancer 
samples and it can estimate the relative amount of the 
stromal and immune cells that form the main non-tumor 
components by outputting ESTIMATE score as well as 
Stromal score and Immune score (6).

According to Yoshihara et al., clear cell renal cell 
carcinoma (ccRCC) has relatively high Stromal score and 
Immune score among common cancers (6). Kidney cancer 
contains several kinds of malignant diseases, and RCC is 
the most common form and accounts for 85% of Kidney 
cancers (7). Besides, ccRCC is the most common type of 
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RCC. The result of Yoshihara et al.’s study indicates that 
the stromal and immune components may have important 
influence on ccRCC. To further confirm it and preliminary 
explore possible mechanisms we conducted this research 
on basis of The Cancer Genome Atlas (TCGA) and GEO 
data sets and revealed that Immune score is significantly 
associated with the stage, metastases, prognosis of RCC. 
What’s more, regulatory T cells (T-regs) may play a vital 
role in RCC progression and CXCL-1 and SAA1 may 
potentially take part in that process.

Methods 

Search strategy 

Gene expression profile as well as clinical data such as 
gender, age, stage, whether metastasis, survival and outcome 
for ccRCC patients was obtained from the TCGA data 
portal of KIRC (https://tcga-data.nci.nih.gov/tcga/) before 
March 30, 2019. Besides, all relevant datasets were identified 
by comprehensively searching NCBI Gene Expression 
Omnibus (GEO) datasets before March 30, 2019. The 
searching strategy was consisted of the following keywords: 
“Homo sapiens” and “Series” and “Expression profiling 
by array” and “renal cell carcinoma” and (“predict” or 
“prognosis” or “survival”). Inclusion and exclusion criteria: 
The inclusion criteria were as follows: (I) bio specimens 
were collected from patients with renal cell carcinoma; 
(II) containing at least 50 samples in each dataset; (III) 
including both clinical parameters [age, clinical stage (T) or 
grade] and overall survival (OS). The exclusion criteria were 
as follows: (I) duplicates of the previous eligible datasets; (II) 
datasets without sufficient and qualified data.

Estimate of immune infiltration in ccRCC

Immune scores and stromal scores were calculated by 
applying the ESTIMATE algorithm to the downloaded 
database (6). The CIBERSORT method, a computational 
approach to inferring leukocyte representation in bulk 
tumor transcriptomes (8).

Analysis of differentially expressed genes (DEGs) 

Data analysis was performed using package limma (9). Fold 
change >1.5 and adj. P<0.05 was set as the cutoffs to screen 
for DEGs. Heatmaps and clustering were generated using 
an open source web tool ClustVis (10).

The protein-protein interaction (PPI) network was 
retrieved from STRING database (11) and reconstructed 
via Cytoscape software (12). Only individual networks of 10 
or more nodes were included for further analysis. Networks 
of fewer than 10 nodes were excluded. The connectivity 
degree of each node of the network was calculated. 
Molecular COmplex DEtection (MCODE) was then 
used to find clusters based on topology to locate densely 
connected regions.

Statistics 

Kaplan-Meier plots were generated to illustrate the 
relationship between patients’ overall survival and gene 
expression levels of DEGs. The relationship was tested by 
log-rank test. Enrichment analysis of DEGs Functional 
enrichment analysis of DEGs was performed by DAVID 
(The Database for Annotation, Visualization and 
Integrated Discovery) (13) to identify GO categories by 
their biological processes (BP), molecular functions (MF), 
or cellular components (CC). The DAVID database was 
also used to perform pathway enrichment analysis with 
reference from KEGG (Kyoto Encyclopedia of Genes and 
Genomes) pathways. False discovery rate (FDR) <0.05 was 
used as the cut-off. Correlation between Immune/Stromal 
scores, property of each kind of inferring leukocyte as well 
as each DEGs and stage, metastases and Fuhrman grade 
was conducted by Wilcox Test. Correlation was verified 
by Pearson correlation analysis. The scatter plot was made 
using GraphPad Prism7 software.

Results

Enrolled cases in TCGA and GEO

Gene expression profiles and clinical information (survival, 
stage and metastases) of all 537 (346 males and 191 females, 
360 alive and 177 dead) ccRCC patients with initial pathologic 
diagnosis from the TCGA database was downloaded while 
gene expression profiles and clinical information (Fuhrman 
grade) of all 101 (59 males and 42 females) from GEO 
(GSE40435) was downloaded. The whole process of analysis 
was shown in the flow diagram (Figure 1).

Immune scores but not stromal scores are significantly 
associated with OS, stage, metastases of ccRCC

The Immune and Stromal scores of each patient from 

https://tcga-data.nci.nih.gov/tcga/
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TCGA database were obtained by applying ESTIMATE 
algorithm and all of the patients were divided into two 
groups based on the median of Immune/Stromal score. 
The results of Kaplan-Meier survival analysis showed 
that high Immune scores but not stromal scores are 
significantly associated with OS, stage, metastases of RCC 
(Figure 2A,B,C). The 537 RCC cases in TCGA database 
were divided into high/low groups based on the median 
of Immune score. A total of 512 genes were upregulated 
and 147 genes were downregulated in the high score than 
the low score group (fold change >1.5, P<0.05), as DEGs. 
Distinct gene expression profiles of cases belong to high 
and low Immune score group were showed in heatmap 
(Figure 2D).

Correlation of expression of individual DEGs in overall 
survival

To further explore the potential influence of individual 
DEGs on overall survival, we performed Kaplan-Meier 
survival analysis with data from TCGA database. Among 
the 659 DEGs upregulated/downregulated in the high-
immune scores group, a total of 239 DEGs were shown to 
significantly predict disadvantage/advantage overall survival 
in log-rank test (P<0.05, selected genes are shown in  
Figure 3), into which we would further investigate.

Correlation of expression of individual survival 
significantly related genes in stage and metastases 

We further investigated whether each of the 239 survival-
significantly-related genes was significantly associated with 
the stage and metastases of ccRCC by applying Wilcox Test 
and found that 92 genes were significantly associated with 
stage of ccRCC and 198 with metastases (P<0.05, selected 
genes are shown in Figure 4).

Functional enrichment analysis of the 239 survival-
significantly-related DEGs

We further performed Functional enrichment analysis of the 
239 survival-significantly-related genes. Top gene ontology 
(GO) terms identified included T cell activation, T-regs 
activation, external side of plasma membrane and receptor 
ligand activity (Figure 5A). Besides, all pathways yielded from 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis were related to immune response and the top one 
was cytokine-cytokine receptor interaction (Figure 5B).

PPIs among genes of prognostic value

PPI network among 239 survival-significantly-related 
DEGs were obtained using the STRING tool respectively 
(Figure 5C). We recorded the genes with most connected 

Gene expression profiles and clinical
information of KIRC in TCGA

Correlation between
Immune/stromal

scores (by ESTIMATE)
and clinical condition

Correlation between
kind of leukocyte (by 

CIBERSORT) and clinical 
condition

Records identified
through GEO

database searching
(N=43)

Record included
(N=1)

Records screened
(N=5)

Excluded by  
title, summary

(N=38)
DEGs in high/low

immune scores groups 
with prognosis  
predictive value

Central genes that are 
significantly associated 
with all clinical features 

and occupy central 
position in PPI network

T-regs

Verify in GEO

Excluded by 
exclusion criteria 

(N=4)

Figure 1 The whole process of analysis. PPI, protein-protein interaction; GEO, Gene Expression Omnibus.
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nodes in the network (Figure 5D). As is shown, PMCH, 
SAA1 and several genes in CXCL-family turned up in top 
position, which means they played central role in both 
networks.

The central genes associated with survival, stage and 
metastases of ccRCC

In order to identify the potential centralist genes in the 
development of ccRCC, we filtered the genes that had 
at least 10 connected nodes in PPI networks among 239 
survival-significantly-related genes and were significantly 
associated with all three of survival, stage, metastases of 
ccRCC. Four genes remained meeting all the criterion: 
PMCH, SAA1, CXCL1, CCL5. Then, we verified our 
result in GEO database by assessing whether the four 
genes were associated with Fuhrman grade of ccRCC and 
revealed that CXCL1 and SAA1 were different in cases with 
low (I and II) grade and high (III and IV) grade. CCL5 and 
PMCH, however, was not (Figure 6). 

Proportion of T-regs is significantly negatively correlated 
to OS, stage and metastases of ccRCC

To explored the potential kind of immune cell that played 
the role in promoting ccRCC’s progression, we applied 
CIBERSORT method and revealed that the proportion of 
T-regs is significantly negatively correlated to OS (with the 
lowest P value), stage and metastases of ccRCC, which was 
in accordance with the result of FOXP3, a specific marker 
of T-reg (Figure 7). What’s more, proportion of T-regs was 
also different in cases with low (I and II) grade and high (III 
and IV) grade after being verified in GEO. 

Foxp3 is significantly positively correlated with CCL5 but 
not CXCL1

CXCL-1 and CCL5 are both chemokine, which may 
play a vital role in recruiting T-regs. To further explore 
the possible relationship between the two chemokines 
and T-regs, related analysis were conducted between the 
expression of FOXP3 and CXCL1/CCL5 based on the 

Figure 2 Correlation between Immune score and clinical condition of ccRCC. (A) Higher Immune score predicts poorer OS; (B) higher 
Immune score is associated with higher stage; (C) higher Immune score is associated with higher chances of metastases. (D) Heatmap of distinct 
gene expression profiles of cases belong to high and low Immune score group. ccRCC, clear cell renal cell carcinoma; OS, overall survival.
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Figure 3 Selected DEGs that associated with OS of ccRCC. DEGs, differentially expressed genes; ccRCC, clear cell renal cell carcinoma; 
OS, overall survival.
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Figure 7 Proportion of T-regs is significantly negatively correlated to OS, stage and metastases of ccRCC. (A) More T-regs predicts poorer 
OS; (B) more T-regs is associated with higher stage; (C) more T-regs is associated with higher chances of metastases; (D) more T-regs is 
associated with higher Fuhrman grade. ccRCC, clear cell renal cell carcinoma; OS, overall survival.
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RCC cases on TCGA database. It was revealed that FOXP3 
is significantly positively correlated with CCL5 (Figure 8) 
but not CXCL1.

Discussion

Solid tumor is not only a mass of malignant tumor cells, 
but composed of stromal and immune cells as well. 
Next-generation sequencing has provided us with an 
unprecedented ability to study tumor (14). TCGA database 
has also been providing a lot of precious information for 
researchers and many valuable results have been generated 
based on it (15,16).

In this study, we assessed the association between immune 
infiltration and the clinical features as well as prognosis 
of ccRCC and the extent and characteristics of immune 
infiltration in ccRCC were also examined. The analysis 
was performed by applying ESTIMATE algorithm and 
CIBERSORT method based on the gene expression profile 
on TCGA database and validated using the data on GEO.

We revealed that the immune infiltration was significantly 
associated with higher stage, more chances of metastases 
and the poor prognosis of ccRCC. And we obtained some 
important immune-related DEGs that could predict the 
survival of ccRCC patients. The GO and KEGG analysis 
further revealed that the DEGs were involved in the 
processes of T cell activation, T-regs activation, external 
side of plasma membrane, receptor ligand activity and 
cytokine-cytokine receptor interaction.

Then we investigated which kind of immune cell play a 
vital role in the process of ccRCC progression and T-regs 
turned up in the analysis using CIBERSORT method. We 
confirmed that T-regs’ infiltration was also significantly 

associated with higher stage, more chances of metastases 
and the poor prognosis of ccRCC as well as higher 
Fuhrman grade. 

We also found 4 central genes that had most connected 
nodes in PPI network and furthermore significantly 
associated with higher stage, more chances of metastases 
and the poor prognosis of ccRCC: PMCH, SAA1, CXCL1, 
CCL5, of which, CXCL-1 and SAA1 were significantly 
associated with Fuhrman grade of ccRCC according to data 
in GEO. To explored the potential relationship between 
the four central genes and T-regs, we searched relative 
literature and found it reported that CXCL1 and CCL5 
could recruit T-regs in non-small cell lung cancer and 
pancreatic ductal adenocarcinoma respectively (17,18). 
Serum amyloid A (SAA) was identified as a mitogen for 
T-regs by a monocyte-dependent process mediated by IL-
1β and IL-6 (19). What’s more, SAA1 was previews reported 
to have predictive value in prognosis of RCC (20).

Cause both methods are indirect measures of immune 
infiltration rather than direct detection, in order to 
minimize the bias of the algorithm, we use two methods 
at the same time so that we can find out the cross point 
between them and verify it again in the TCGA database and 
the GEO database to avoid the impact of the limitations 
and particularity of a single algorithm and a single database 
on the results.

T-regs play a vital role in tumor immunosuppression 
(21,22). Many studies have revealed its role in various cancers 
(23-26). Miska et al. (27) revealed that HIF-1α is a metabolic 
switch between glycolytic-driven migration and oxidative 
phosphorylation-driven immunosuppression of T-regs in 
glioblastoma. It is worth attention that HIF-1α also takes part 
in the development of ccRCC (28), which may be a potential 
mechanism by which T-regs influence ccRCC. 

Chemokines are a family of small inflammatory cytokines 
that are able to induce chemotaxis in responsive cells (29). 
In tumor, chemokines as well as their receptors are of 
great importance in regulating cell trafficking in and out 
of the tumor microenvironment (TME) (30). CXCL-1 
and CCL5 are both members of Chemokines families and 
have been reported to promote tumor progression in kinds 
of cancers (31,32). But there still few studies focusing on 
the relationship between them and ccRCC. According to 
our results, Lv et al.’s and Wang et al.’s studies, they may 
take part in the interaction between T-regs and ccRCC, 
especially CCL5 cause it is significantly positively correlated 
with foxp3, the marker of T-reg. what’s important the 
conjecture need to be confirmed by further basic research 

Figure 8 Expression of FOXP3 is significantly positively correlated 
with CCL5.
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especially mechanism research. 
What is an important strategy to lift the immunosuppression 

and achieve immune normalization is remodeling tumor 
immune microenvironment (TIME) and there has already 
arisen some reports (33). Since PD-1/PD-L1 blockade 
therapy Nivolumab has been approved (34), immunity 
therapy shows great potential in treatment of ccRCC. Our 
results provided some potential targets of immunity therapy, 
which are worth further research and may promote ccRCC 
treatment in the future.

Conclusions

Immune infiltration in RCC, especially the property of 
T-regs has a negative influence on ccRCC. We identified 
several immune relative proteins that may take part in the 
process—CXCL-1, SAA1, CCL5 and PMCH, among 
which, CCL5 may be the central proteins that mediate the 
T-regs’ participation in ccRCC progression.
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