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Profiles of tumor-infiltrating immune cells in renal
cell carcinoma and their clinical implications
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Abstract. Tumor-infiltrating immune cells (TIICs) are crucial
for the clinical outcome of renal cell carcinoma (RCC), as they
regulate cancer progression. TIICs have therefore the potential
to become novel targets of immunotherapies. The present
study used CIBERSORT analytical tool, which is a deconvolu-
tion algorithm, to comprehensively analyze the composition
of immune cells in RCC and normal tissues from The Cancer
Genome Atlas (TCGA) cohort, and to determine the prog-
nostic value of TIICs in RCC. A landscape of infiltrating
immune cells was determined as containing 13 subpopulations
of immune cells, with significant differences between normal
and tumor tissues. Subsequently, Kaplan-Meier analysis and
log-rank test were used to estimate the prognostic value of
TIICs in RCC. The results demonstrated that a higher propor-
tion of regulatory T cells (Tregs) [hazard ratio (HR)=1.596;
95% confidence interval (CI), 1.147-2.222; P=0.006] and
follicular helper T cells (HR=1.516; 95% CI, 1.089-2.111;
P=0.014) were associated with poor outcome in patients
with RCC. Conversely, resting mast cells (HR=0.678; 95%
CI, 0.487-0.943; P=0.021) and monocytes (HR=0.701; 95%
CI, 0.503-0.977; P=0.036) were associated with a favorable
prognosis in patients with RCC. Furthermore, the results from
multivariate Cox regression analysis indicated that Tregs and
monocytes represented independent risk factors for prognosis
in patients with RCC. These findings demonstrated that gene
profiling deconvolution by CIBERSORT served to determine
the composition of immune cells infiltrated in RCC and may
provide some crucial information for the development of
immunotherapies.
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Introduction

Renal cell carcinoma (RCC) is the most common type of kidney
carcinoma and the sixth and tenth most frequent type of cancer
diagnosed in men and women, respectively (1). The mortality
rate of RCC reaches 140,000 cases per year worldwide, and
RCC ranks as the 13th leading cause of cancer-associated
mortality (2). At present, surgical resection remains the
preferred curative therapy for RCC; however, since ~1/3 of
patients with RCC are diagnosed with advanced or metastatic
RCC, their prognosis remains unsatisfactory following cura-
tive operation (3,4). In the past few decades, emerging evidence
demonstrated that the malignant phenotypes of tumors are
determined by the intrinsic activities of cancer cells and by the
complex interactions of various cell types in the tumor micro-
environment, in particular tumor-infiltrating immune cells
(TIICs) (5,6). Previous clinical and genomic studies reported
that RCC is an immunogenic tumor (7,8). Furthermore, the
cases of spontaneous and significant remission of RCC are
also considered to be mediated by the immune response (9,10).
In addition, immunotherapies have been used in clinical trials
of RCC alone or in combination with targeted therapies, and
have been demonstrated to prolong patients' survival (11-13). It
is therefore crucial to determine the underlying mechanisms
of tumor microenvironment infiltration with immune cells in
order to improve the immunotherapeutic approaches to treat
RCC. However, whether immune cells represent a critical
component of tumor microenvironment remains poorly
understood.

TIICs have been reported to function as tumor promoters
or suppressors in various types of cancer and to have great
prognostic value. For instance, tumor-associated macrophage
infiltration has a negative impact on prognosis in patients with
breast and bladder carcinomas, whereas CD8* cytotoxic T cells
and CD45RO+ memory T cells, the shortest CD45 isoform
which lacks all three of A, B, and C regions, are associated
with longer overall survival (OS) and disease-free survival
(DFS) (14,15). Recent studies demonstrated that RCC is also
infiltrated by heterogeneous TIICs, including macrophages,
T cells and B cells, and that their location, density and type
in RCC are associated with prognosis (16,17). However, TIICs
have largely been characterized using tissue-based approaches,
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including immunohistochemistry (IHC) and flow cytometry,
which may be limited by various factors, including the amount
of tissue required, and that the number of immune cell types
may not be evaluated simultaneously. These aforementioned
approaches may therefore not lead to comprehensive and
convincing conclusions.

A novel gene-based approach named CIBERSORT has
been described; this computation method applies deconvolu-
tion of a reference gene expression matrix and support vector
regression to estimate the fractions of various cell types,
including TIICs, in complex tissues (18,19). The diversity
and landscape of TIICs can therefore be determined by this
approach. The present study used CIBERSORT analytical
tool to deconvolute gene expression data and determine
22 immune cell types in RCC tissues, and further investigated
their clinical significance.

Materials and methods

Data acquisition from the cancer genome atlas (TCGA) cohort.
Gene expression profiles of RCC (n=895) and normal samples
(n=128), and clinical characteristics from the corresponding
patients were downloaded from the TCGA data portal in
March 2019 (20). RNA sequencing data were normalized with
the mean-variance modeling at the observational level (voom)
method (21), which converted count data to values more
similar to those resulting from microarrays. For clinical data,
only patients with RCC and complete information (n=421)
were included. Patients with RCC who had missing data for
age, gender, Fuhrman grade, Tumor-Node-Metastasis (TNM)
classification, survival time or status were excluded.

Evaluation of TIICs. CIBERSORT analytical tool is a decon-
volution algorithm that applies a set of barcode gene expression
values that corresponds to a ‘signature matrix’ of 547 genes to
precisely determine the immune cell composition in data from
bulk tumor samples of mixed cell types (18). To quantify the
proportion of 22 immune cell types in RCC tissues, normal-
ized gene expression datasets were prepared, and data were
uploaded to the CIBERSORT web portal (http://cibersort.
stanford.edu/), with the algorithm run and the number of
permutations being set to 1,000. A total of 22 types of TIICs
together with CIBERSORT metrics, including CIBERSORT
P-value, Pearson's correlation coefficient and root mean square
error, were quantified for each sample. The statistical signifi-
cance of the deconvolution consequences of all cell subsets
was reflected by the CIBERSORT P-value, which was used to
filter out deconvolution with a less significant fitting accuracy.
To meet the requirement of a CIBERSORT P<0.05, normal
samples (n=17) and RCC samples (n=617) were selected.

IHC. Specimens from 20 patients diagnosed with RCC at the
First Affiliated Hospital of Chongqing Medical University
(Chongging, China) between February 2017 and October 2018
and who received tumor resection surgery were used for
I[HC. All specimens were fixed with 4% formalin at room
temperature for 24 h, embedded with paraffin and sliced
into 4-um sections and stored at -20°C. For IHC, sections
were deparaffinized with 100% xylene for 30 min at room
temperature and rehydrated with a decreasing gradient of
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ethanol for 30 min at room temperature (100% for 7 min,
95% for 5 min, 85% for 5 min and 70% for 5 min). Sections
were immersed in a boiling sodium citrate-hydrochloric
acid buffer solution and heated in a microwave at 96-98°C
for the antigen retrieval for 25 min. After cooling at room
temperature, 3% hydrogen peroxide was used to block
endogenous peroxidase at room temperature for 10 min.
Subsequently, sections were washed three times with TBS
and blocked with normal goat serum at room temperature for
15 min. Sections were incubated with a monoclonal antibody
against forkhead box P3 (FOXP3; 1:50; cat. no. 98377; Cell
Signaling Technology, Inc.) overnight at 4°C. Sections were
then washed three times with TBS and incubated with a goat
anti-rabbit immunoglobulin G secondary antibody at 37°C
for 30 min. Sections were washed three times with TBS and
incubated with streptavidin-biotin-conjugated horseradish
peroxidase substrate at 37°C for another 30 min. The 3%
hydrogen peroxide, normal goat serum, secondary antibody,
and streptavidin-biotin-conjugated horseradish peroxidase
substrate were included in an THC kit (cat. no. SP9001;
ZSGB-BIO). Signal was visualized with diaminobenzi-
dine (ZSGB-BIO), and sections were counterstained with
hematoxylin at room temperature for approximately 10 sec.
Sections were analyzed as previously described (19). Briefly,
Treg density was determined according to the percentage of
positive cells normalized to the total number of cells under a
light microscope, at x400 magnification.

Statistical analysis. Statistical analyses were performed with
SPSS 22.0 software (IBM Corp.), GraphPad Prism 5.0 soft-
ware (GraphPad Software, Inc.) and R software (version 3.5.2;
R Foundation). Kaplan-Meier analysis was used to determine
survival curves that reflect the association between immune
cells and corresponding clinical follow-ups, which were evalu-
ated by the log-rank test. The median value of the proportion of
each cell type was used for Kaplan-Meier analysis and modeled
as continuous variable to obtain interpretable hazard ratios
(HRs). Kruskal-Wallis test was used to analyze the association
between TIICs and clinical information (Fuhrman grade and
TNM classification). Univariate and multivariate Cox regres-
sion analyses were used to estimate the prognostic significance
of the inferred TIICs. Two tailed Student's t-test was used to
examine the statistical relevance between two groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Profile of immune infiltration in RCC and normal samples.
According to the CIBERSORT algorithm, the 22 immune
cell types infiltrated in RCC samples were investigated and
their proportions were visualized. The results revealed the
profile of immune infiltration in RCC samples. The bar plot
demonstrated the results from 17 normal samples and 617
RCC samples. The proportions of immune cells were variable
in each sample (Fig. 1A). In addition, unsupervised hierar-
chical clustering was used to identify the subpopulations of
immune cells. The normal and tumor samples were divided
into two discrete groups, and the proportions of TIICs varied
between these groups (Fig. 1B). These results suggested
that the variation of TIICs proportions may be an essential
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Figure 1. Profile of immune infiltration in RCC and normal samples. (A) Stacked bar chart representing deviations in immune infiltration in each sample.
(B) Hierarchical clustering of normal and RCC samples based on 22 immune cell proportions. The horizontal axis represents samples that were divided into
two clusters. Red, black and green respectively indicates the high, moderate and low proportion of immune cells, respectively. (C) Difference in proportion
of each immune cell in normal and RCC tissues. Blue represents normal samples and red represents RCC samples. P<0.05 represents statistical significance.
(D) Correlation matrix of immune cell proportions. The red color represents positive correlation and the blue color represents negative correlation. RCC, renal

cell carcinoma.

characteristic that could describe the individual differences.
As presented in Fig. 1C, the differences in each immune cell
between normal and RCC samples were further analyzed. The
results demonstrated that 13 immune cells were significantly
different between the two sample types. In particular, CDS8
T cells, follicular helper T cells, Tregs, ¥ T cells, and MO
and M2 macrophages were more present in RCC samples than
in normal samples, whereas B cells naive, plasma cells, CD4
memory resting T cells, monocytes, resting dendritic cells,
resting mast cells and the eosinophil fraction were lower in

RCC samples compared with those in normal samples. These
TIICs may therefore be involved in the development of RCC
and may be associated with the prognosis of patients with
RCC. Furthermore, the results from the correlation matrix
demonstrated that follicular helper T cells had the strongest
positive correlation with CD8 T cells, whereas CD4 memory
resting T cells had the strongest negative correlation with
CDS8 T cells, and that the proportions of other TIICs subpopu-
lations presented a weak to moderate correlation (Fig. 1D).
Taken together, these findings suggested that the deviations
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Figure 2. Kaplan-Meier survival curves for tumor-infiltrating immune cells in renal cell carcinoma samples (n=421).

of the RCC immuno-landscape from normal tissue may have
significant clinical implications.

Prognostic value of TIICs in RCC samples. The correlation
between prognosis of patients with RCC and TIIC subpopu-
lations was further investigated. Following Kaplan-Meier
analysis and log-rank test, the results demonstrated that
increased proportion of resting mast cells [HR=0.678; 95%
confidence interval (CI), 0.487-0.943; P=0.021] and monocytes
(HR=0.701;95% CI,0.503-0.977, P=0.036) was associated with
a favorable outcome, whereas a greater proportion of follicular
helper T cells (HR=1.516; 95% CI, 1.089-2.111; P=0.014)
and Tregs (HR=1.596; 95% CI, 1.147-2.222; P=0.006) was
associated with poor prognosis (Figs. 2 and 3A). In addition, the

association between these four immune cell types and patients'
clinical information was determined. As presented in Fig. 3B
and C, Tregs and follicular helper T cells were positively asso-
ciated with Fuhrman grade and TNM classification, whereas
resting mast cells were negatively associated with Fuhrman
grade and TNM classification. Furthermore, monocytes were
also negatively associated with Fuhrman grade, but was not
associated with TNM classification.

Cox regression model for OS. To determine whether inferred
TIICs were independent risk factors for the prognosis
of patients with RCC, Cox regression analysis was used.
Univariate analysis demonstrated that age, grade, TNM clas-
sification, T stage, M stage, follicular helper T cells, Tregs,
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Figure 3. Prognostic value of TIICs in RCC. (A) Log-rank test for the prognostic associations of TIICs in RCC. (B) Association between four selected immune
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cell types and Fuhrman grade. “P<0.01 and
tion.

monocytes and resting mast cells were significant risk factors
for RCC outcome (Fig. 4A). These factors were then incorpo-
rated into a multivariate analysis, and the results demonstrated
that age =61 years (HR=2.148; 95% CI, 1.507-3.060; P<0.001),
M1 stage (HR=2.666; 95% CI, 1.674-4.248; P<0.001), a
high proportion of Tregs (HR=1.437; 95% CI, 1.008-2.049;
P=0.045) and a low proportion of monocytes (HR=0.622; 95%
CI, 0.435-0.890; P=0.009) were separately associated with an
increased risk of mortality (Fig. 4B).

Tregs infiltration in RCC samples. To further confirm the
aforementioned results acquired for Tregs, the expression of
the transcription factor FOXP3, which is the characteristic
marker of Tregs, was assessed by IHC in 20 human RCC
tissues and 20 paired adjacent tissues. As presented in Fig. 5,
Treg density was significantly higher in RCC tissues compared
with that in adjacent tissues, which was similar to the results
from CIBERSORT analysis.

Discussion

Tumors are no longer considered as bulks of malignant cancer
cells, but as a complex tumor microenvironments where other
cell subpopulations corrupted by malignant neoplastic cells
are recruited in order to constitute a self-sufficient biological
structure (22). The tumor-related microenvironment comprises

P<0.001. (C) Association between four selected immune cell types and the Tumor-Node-Metastasis classifica-
P<0.001. CI, confidence interval; HR, hazard ratio; TIICs, tumor-infiltrating immune cells; RCC, renal cell carcinoma.

various cell populations, including immune cells, cancer-asso-
ciated fibroblasts and endothelial cells (23). In addition,
numerous chemokines, cytokines, proangiogenic mediators,
growth factors and proteins of the extracellular matrix are
involved in the interaction between these subpopulations of
cells, such as immune cells, cancer-associated fibroblasts and
endothelial cells, and cancer cells (24). The predominant cells
recruited to and activated in the tumor microenvironment are
immune cells (24). The immune system has been reported to
possess cancer-inhibiting and cancer-promoting roles in the
tumor microenvironment, and is associated with the process
of cancer development (25-27). In RCC, a high variety of
infiltrating immune cells has been reported. These immune
cells can activate the immune response and are associated
with clinical outcome. For example, a high level of CD8*
T lymphocytes is associated with prolonged OS in patients
with RCC (28).

In the present study, the results from the deconvolution
of bulk gene expression data from TCGA cohort allowed the
comprehensive analysis of the different immune cell infiltra-
tions in RCC samples. Great differences in the immune cell
composition between RCC and normal tissues were observed.
Since CD4 naive T cells were not infiltrated in the majority of
samples, correlation analysis and subsequent survival analysis
could not be performed. Furthermore, the association between
these immune-infiltrated cells and the clinical outcome of
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Figure 4. Cox regression model for overall survival in patients with RCC. (A) Association between four selected immune cell types and clinical information
of patients with RCC analyzed via univariate Cox regression analysis. (B) Multivariate Cox regression analysis used to evaluate the independent risk factor of
prognosis in patients with RCC. CI, confidence interval; HR, hazard ratio; RCC, renal cell carcinoma.
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Figure 5. Representative images of FOXP3 immunohistochemical staining in RCC (n=20) and paired adjacent tissues (n=20). Histogram represents the density
of regulatory T cells in RCC and adjacent tissues. Data are presented as the mean + standard deviation. “"P<0.001 vs. adjacent normal tissue. FOXP3, forkhead
box P3; RCC, renal cell carcinoma.
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patients with RCC was investigated. The results demonstrated
that a greater proportion of resting mast cells and monocytes
was associated with a favorable prognosis, whereas a high
level of follicular helper T cells and Tregs was associated
with poor prognosis. In addition, following multivariate Cox
regression analysis, Tregs and monocytes were determined as
independent risk factors for the outcome of patients with RCC.

Tregs are adaptive immune cells that can suppress an
excessive immune response and maintain self-tolerance and
homeostasis (29). In cancer, Tregs can suppress the antitumor
response, leading to tumor immune escape (30). A previous
meta-analysis demonstrated that a high level of infiltration
of FOXP3* Tregs in the majority of solid tumors is signifi-
cantly associated with poor prognosis of patients with cancer,
including renal cancer (31). In patients with RCC, it has been
reported that an increased number of Tregs in peripheral blood
and tumors is negatively correlated with OS (32,33). A high
proportion of infiltrated Tregs in RCC may therefore indicate a
worse outcome, which is similar to the CIBERSORT findings
from the present study. Furthermore, the present study demon-
strated that the proportion of Tregs was associated with tumor
grade and TNM classification, which was also the case for
other cancer types (34,35). In addition, the results from THC
demonstrated that FOXP3 expression in Tregs was increased
in RCC samples compared with that in adjacent tumors. Taken
together, these findings suggested that Tregs may represent
a high-risk factor for worse outcome in patients with RCC,
and that decreasing Treg infiltration may be considered as a
potential therapy in RCC.

Monocytes circulate in peripheral blood, migrate into
tumor tissue and differentiate into different macrophage types
in the tumor microenvironment (36). In humans, monocytes
are heterogeneous and divided into three subsets, including
classical, intermediate and non-classical, according to their
expression of CD14 and CD16 (37). It is commonly considered
that classical monocytes essentially differentiate into M1
macrophages, which contribute to the promotion of inflamma-
tion and tumor suppression (38). Conversely, intermediate and
non-classical monocytes usually differentiate into M2 macro-
phages, which serve immunosuppressive and tumor-promoting
roles (39). Furthermore, it has been demonstrated that the
composition of the monocyte subset is altered in numerous
diseases, including cancer (40,41). Notably, the mutual conver-
sion of M1 and M2 macrophage are valuable for prognosis (42).
In the present study, monocytes were associated with positive
prognosis in patients with RCC. However, several intersections
in the survival curve of monocytes were highlighted, and the
survival rate of the patients with RCC exhibiting a high mono-
cyte count and those exhibiting a low monocyte count was
reversed after ~8 years. These results may be due to changes
in the composition of monocyte subsets, which may affect the
prognosis of patients; however, this hypothesis requires further
investigation.

In conclusion, the present study demonstrated that decon-
volution of whole-tissue gene expression data by CIBERSORT
provided refined information on the immune cell landscape
of RCC samples. Furthermore, the different immunoprofiles
between RCC and normal tissues may represent crucial tools
that could be considered as potential targets for immunothera-
pies. In addition, the present study highlighted that TIICs may
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have an independent prognostic value in RCC. Coupling reli-
able deconvolution algorithms with large-scale genomic data,
including TCGA cohort, may have the potential to reveal the
biological and clinical implications of any cell that infiltrates
the tumor microenvironment in RCC.
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