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Predicted CD4þ T cell
infiltration levels could
indicate better overall
survival in sarcoma patients
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Abstract

Objective: The role of tumor-infiltrating lymphocytes (TILs) has not yet been characterized in

sarcomas. The aim of this bioinformatics study was to explore the effect of TILs on sarcoma

survival and genome alterations.

Methods: Whole-exome sequencing, transcriptome sequencing, and survival data of sarcoma

were obtained from The Cancer Genome Atlas. Immune infiltration scores were calculated using

the Tumor Immune Estimation Resource. Potential associations between abundance of infiltrating

TILs and survival or genome alterations were examined.

Results: Levels of CD4þ T cell infiltration were associated with overall survival of patients with

pan-sarcomas, and higher CD4þ T cell infiltration levels were associated with better survival.

Somatic copy number alterations, rather than mutations, were found to correlate with CD4þ T

cell infiltration levels.

Conclusions: This data mining study indicated that CD4þ T cell infiltration levels predicted from

RNA sequencing could predict sarcoma prognosis, and higher levels of CD4þ T cells infiltration

indicated a better chance of survival.
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Introduction

Sarcomas are rare malignant tumors of
mesenchymal origin that are characterized
by remarkable heterogeneity. Overall, sar-
comas fall into two categories: soft tissue
sarcomas (such as those from fat, muscle,
nerve, nerve sheath, blood vessels, and
other connective tissue) and bone sarcomas
(including osteosarcoma, Ewing sarcoma,
chondrosarcoma, and chordoma), accord-
ing to the fourth edition of the World
Health Organization (WHO) Classification
of Tumors of Soft Tissue and Bone. Over
100 distinct histological sarcoma subtypes
are recognized.1 Sarcomas are some of the
deadliest cancers when considering refrac-
tory and metastatic disease, with a median
overall survival (OS) of 12 to 18 months.
Furthermore, their rarity and heterogeneity
has made the development of novel thera-
pies challenging,2 and a distant metastasis is
noted after successful treatment for the pri-
mary tumor lesion in approximately 25% of
sarcoma patients.

Tumor-infiltrating lymphocytes (TILs)
have been implicated as an important prog-
nostic factor with contradictory roles in sar-
coma. In some studies examining Ewing
sarcoma, gastrointestinal stromal tumor
(GIST), cutaneous angiosarcoma (AS),
leiomyosarcoma (LMS), synovial sarcoma
(SS), and high-grade undifferentiated pleo-
morphic sarcoma (UPS), the presence of
TIL has been associated with improved
prognosis.3–5 However, in other studies
examining multiple sarcoma histologies,
T cell infiltration was associated with
a worse survival or had no effect on

survival.6–8 Overall, a better understanding

of the particular T cell subgroup and the

activation status is necessary.
In the present study, whole-exome

sequencing, transcriptome sequencing, and

survival data of sarcomas from The Cancer

Genome Atlas (TCGA) were obtained. An

in silico analysis method, Tumor IMmune

Estimation Resource (TIMER), was used

to construct an in-depth characterization

of the immune cell subsets that infiltrate

into sarcomas on the basis of the transcrip-

tome sequencing data. We analyzed the

potential association of immune infiltration

with prognosis and with genome

alterations.

Materials and methods

Ethical approval

This study used bioinformatics data from a

public database and did not involve human

participants; therefore, informed consent

was not required. In addition, no approval

was required from an institutional review

board.

Data acquisition

TCGA sarcoma data, including mutations,

somatic copy number alterations (SCNAs),

gene expression, and clinical information,

were obtained from cBioPortal (https://

www.cbioportal.org/). In total, 255 sam-

ples, with both clinical and gene alteration

data, were obtained and used in the

analysis.
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Survival analysis

The abundance of six immune infiltrates

(B cells, CD4þ T cells, CD8þ T cells, neu-

trophils, macrophages, and dendritic cells)

was estimated using TIMER (https://cis

trome.shinyapps.io/timer/) based on gene

expression.9 Each sarcoma sample was

then classified into a high (>median of all

tumors) or low (�median of all tumors)

immune infiltration group according to

the infiltration score in each immune cell

group. Survival analysis was performed on

the two immune infiltration groups.

Kaplan–Meier curves were plotted to visu-

alize survival differences, and the log-rank

test was conducted to identify statistical

significance.
Another method of estimating tumor

immune infiltration, The Cancer

Immunome Atlas (TCIA, https://tcia.at/),

was used to validate the results from

TIMER. Sub-groups of CD4þ T cells,

including activated CD4þ T cells (Act

CD4þ), effector memory CD4þ T cells

(Tem CD4þ), and regulatory T cells

(Tregs), were estimated in TCIA. Survival

analysis was performed using the median

cutoff of each cell type as mentioned above.

Identification of differentially expressed

genes

To identify genes that may contribute to

immune infiltration levels, we compared

high and low CD4þ T cell infiltration

groups using the Welch two-sample t-test

based on log2-scaled FPKM (fragments per

kilobase of transcript per million mapped

reads) values. The p-values were adjusted

using the false discovery rate (FDR)

method for multiple comparisons.

Differentially expressed genes (DEGs) were

identified as those with an FDR< 0.05 and a

log2 fold change (FC) � 1 or � �1.

Functional enrichment analysis

Functional enrichment analysis for Gene

Ontology (GO) terms and Kyoto

Encyclopedia of Genes and Genomes

(KEGG) pathways was performed using

the R package clusterProfiler.10 A hypergeo-

metric model was used to detect enriched

gene categories with an FDR< 0.05.

Immune infiltration and gene alterations

We examined potential associations

between immune infiltration and gene alter-

ations for both mutations and SCNAs.

Only frequently mutated genes were select-

ed for the analysis. These included three

genes (ATRX, RB1, and TP53) that pre-

dominantly harbored mutation and copy

number losses, and four genes (CDK4,

FRS2, HMGA, and MDM2) that predomi-

nantly harbored a copy number gain. For

the gene mutation analysis, each tumor was

categorized as mutated or wild-type (WT)

on the basis of the occurrence of a given

gene mutation. For the copy number varia-

tions, each tumor was categorized as loss

(�1, �2), no change (0), or gain (1, 2) on

the basis of results generated by

GISTIC2.11 Boxplots were generated to

visualize the distribution of immune infil-

tration score, and a two-sided Welch t-test

was performed to determine statistical

significance.

Results

Overall survival of pan-sarcoma patients

Six major histological sarcoma subtypes,

including LMS, dedifferentiated liposar-

coma (DDLPS), UPS, myxofibrosarcoma

(MFS), SS, and malignant peripheral

nerve sheath tumor (MPNST), from 255

individuals were obtained from TCGA.

Two of these, SS and MPNST, were later

excluded in the histological subtype survival
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analysis because of the limited number of

individuals present.
Immune infiltration scores of six distinct

immune subsets, including B cells, CD8þ T

cells, CD4þ T cells, macrophages, neutro-
phils, and dendritic cells, were calculated

by TIMER, with results based on transcrip-

tome sequencing data from TCGA. Herein,

we focused on lymphocytes, including B
cells and T cells differentiated from a

common lymphoid progenitor, with B cell,

CD8þ T cell, and CD4þ T cell subsets
selected for further analysis. Sarcoma prog-

nosis in relation to the immune infiltration

scores of the three cell subsets was assessed.

The results showed that CD4þ T cell infil-
tration levels were significantly correlated

with OS in pan-sarcomas (p¼ 0.0016),

with higher infiltration levels indicating

better prognosis (Figure 1). However, B

cell and CD8þ T cell infiltration levels
were not correlated with prognosis in pan-

sarcomas (data not shown).
Considering the remarkable histological

heterogeneity of sarcomas, we determined

correlations between OS and immune infil-

tration scores within each sarcoma histolog-

ical subtype. Four histological subtypes
(UPS, DDLPS, MFS, and LMS) were

investigated and the results showed that

CD4þ T cell infiltration levels were signifi-
cantly correlated with OS in UPS (p¼ 0.03),

whereas no significant correlations were

noted for the other subtypes; trends sug-

gested that patients with higher survival
rates also had higher CD4þ T cell infiltra-

tion scores (Figure 2). Compared with

CD4þ T cell infiltration levels in sarcoma

Figure 1. CD4þ T cell infiltration levels were significantly correlated with sarcoma prognosis, with higher
infiltration levels being associated with better survival. High and Low refer to the infiltration score.
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histological subtypes, levels of B cell and

CD8þ T cell infiltration were not correlated

with OS in the four histological subtypes,

and the trends were irregular (data not

shown).
TIMER analyzes six major immune cell

groups, which is useful in identifying clini-

cal associations; however, higher resolution

of the TIL landscape is required. Recently,

several novel computational methods have

attempted to enumerate tumor-infiltrating

immune cells from transcriptomes.

Therefore, we reanalyzed the TCGA

RNA-Seq data of pan-sarcomas using an

independent computational method,

TCIA,12 to further validate our discovery.

TCIA predicts immune-related factors clas-

sified into four categories: MHC molecules,

immunomodulators, effector cells (EC),

and suppressor cells (SC), and three CD4þ

T cell-related parameters from EC and SC

categories, activated (Act) CD4þ, effector
memory (Tem) CD4þ, and regulatory T

cells (Tregs),12 were further analyzed.

Figure 2. CD4þ T cell infiltration levels were significantly correlated with overall survival (OS) in undif-
ferentiated pleomorphic sarcoma (UPS), but not in dedifferentiated liposarcoma (DDLPS), myxofibrosar-
coma (MFS), or leiomyosarcoma (LMS). High and Low refer to the infiltration score in each histological
subtype.
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The results showed that infiltration levels of
Tem CD4þ cells were significantly related
to OS (p¼ 0.024,), with higher infiltration
indicating a better OS, whereas Act CD4þ

T cells and Tregs were not significantly
related to OS (Figure 3). The results
showed that Tem CD4þ T cells infiltration
may be associated with better survival in
sarcomas.

Immune activation processes and

pathways

Next, we determined factors contributing to

CD4þ T cell infiltration. We analyzed

DEGs between high and low tumor infiltra-

tion groups. In total, we identified 2181

DEGs, including 1388 upregulated and

793 downregulated genes in the high

Figure 3. Validation of the association between CD4þ T cell infiltration and sarcoma survival. An inde-
pendent computational method, The Cancer Immunome Atlas (TCIA, https://tcia.at/), was used to validate
the association between CD4þ T cell infiltration and sarcoma survival discovered by Tumor IMmune
Estimation Resource (TIMER). Infiltration of effector memory CD4þ T (Tem CD4þ) cells was significantly
correlated with overall survival (OS), but infiltration of activated CD4þ T cells (Act CD4þ) and regulatory T
cells (Treg) was not. High and Low refer to the infiltration score in each immune cell group.

6 Journal of International Medical Research

https://tcia.at/


CD4þ T cells infiltration group (Figure 4a).
We then performed functional analysis for
biological processes of GO and for KEGG
pathways using both upregulated and
downregulated genes (the top 200 DEGs
were selected and ranked by fold change).
The upregulated genes were mainly
enriched in immune activation–related bio-
logical processes such as T cell activation,
adaptive immune response, and regulation
of lymphocyte activation (Figure 4b) and in
immune-related KEGG pathways such as
cytokine�cytokine receptor interaction,
chemokine signaling pathway, and T cell
receptor signaling pathway (Figure 4c).
The biological processes and KEGG

pathways enriched in downregulated genes

were not related to the immune system.

These results showed that immune activa-

tion may contribute to CD4þ T cell

infiltration.

Genomic aberrations and TIL infiltration

levels

Tumor development and progression are

associated with multiple genomic aberra-

tions, which in turn may influence TILs.

We analyzed potential correlations of TIL

infiltration levels with gene mutations.

Mutations of TP53, ATRX, and RB1 were

not associated with infiltration of CD4þ

Figure 4. Identification of differentially expressed genes (DEGs) between high and low CD4þ T cell
infiltration groups and function enrichment analysis. (a) Volcano plot comparing each gene between the high
and low CD4þ T cell infiltration groups. The red and blue dots represented upregulated and downregulated
genes in high CD4þ T cell group, respectively. The gray dots represented genes without statistical signifi-
cance. (b) The top 5 enriched biological processes from Gene Ontology using top 200 upregulated (right
column) and downregulated (left column) genes. (c) The top 5 enriched Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways using top 200 upregulated (right column) and downregulated (left column)
genes.
FDR, false discovery rate.
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T cells, B cells, or CD8þ T cells (Figure 5).

When we examined the histological sub-

types separately, the mutation rates of

TP53, ATRX, and RB1 did not affect TIL

infiltration levels in 4 subtypes, including

DDLPS, LMS, MFS, and UPS (data not

shown).

SCNAs and TIL infiltration levels

Next, we examined potential correlations

between SCNAs and TIL infiltration

levels. Unlike the gene mutations, SCNAs

were found to be associated with TIL infil-

tration levels. Losses of TP53, RB1, and

ATRX were found to be significantly corre-

lated with decreased CD4þ T cell infiltra-

tion levels, and loss of ATRX was

significantly correlated with a decrease

in B cell infiltration (Figure 6a).

Furthermore, gains of MDM2, FRS2,

CDK4, and HMGA2 were significantly

associated with increased CD4þ T cell infil-

tration levels but not with B cell or CD8þ T

cell infiltration levels (Figure 6b). Overall,

SCNAs rather than mutations were associ-

ated with TILs, especially CD4þ T cells.
We then examined SCNAs in relation to

TIL infiltration levels in the histological

subtypes. Loss of RB1 and ATRX was sig-
nificantly associated with a decrease in
CD4þ T cell infiltration levels in LMS (all

p< 0.05), whereas loss of ATRX was asso-
ciated with decreased B cell infiltration
(p< 0.05). Moreover, gains of FRS2 and
MDM2 were significantly correlated with
an increase in CD4þ T cell infiltration in
DDLPS (all p< 0.05). Although not signif-
icant, most individuals with gains of CDK4
and HMGA2 had higher CD4þ T cell infil-
tration scores in DDLPS. In the other 3
subtypes, individuals with gains of

MDM2, FRS2, CDK4, and HMGA2 had
higher CD4þ T cell infiltration levels,
although not significant. Additionally,
gains of MDM2, FRS2, CDK4, and
HMGA2 were significantly correlated with
decreased CD8þ T cell infiltration in UPS
when separately analyzed (all p< 0.05).

Next, we validated the infiltration levels
of Tem CD4þ calculated by TCIA in rela-
tion to sarcoma SCNAs. Increased Tem
CD4þ infiltration levels were significantly
correlated with gain of MDM2, FRS2,
CDK4, and HMGA2 (all p< 0.05; Figure
6c). Although no significant correlations
were noted, trends suggested that decreased

Tem CD4þ infiltration levels were

Figure 5. CD4þ T cell infiltration levels were not associated with mutations in highly altered genes. Three
highly mutated genes, TP53, ATRX, and RB1, were not associated with CD4þ T cell infiltration levels. The
boxes span from the first to the third quartile, with the line inside the box representing the median value.
The whiskers show the minimum and maximum values or values up to 1.5 times the interquartile range
below or above the first or third quartile. The circles refer to the sarcoma patients.
WT, wild-type.
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associated with individuals having loss of

TP53, RB1, and ATRX (Figure 6D).

These results may confirm the link between

SCNAs and CD4þ T cells.

Discussion

Genomic landscape studies of sarcoma have

provided large quantities of sequencing

data that can aid in the analysis of

immune cell infiltration by utilizing bioin-

formatics. The present study is the first to

investigate the role of TILs in sarcoma and

showed that TIL infiltration levels are cor-

related with prognosis and associated with

SCNAs.
TILs play an important role in tumor

development, with several studies indicating

that they can serve a prognostic role in dif-

ferent cancer types.13–16 Furthermore, these

Figure 6. CD4þ T cell infiltration levels were correlated with somatic copy number alterations (SCNAs)
(A, B) and the correlation was validated by The Cancer Immunome Atlas (TCIA, https://tcia.at/) (C, D). (a)
The loss of TP53, ATRX, and RB1 was associated with a decrease of CD4þ T cell infiltration. (b) The gain of
CDK4, FRS2, HMGA2, and MDM2 was correlated with an increase of CD4þ T cell infiltration. (C, D)
Association between infiltration levels of Tem CD4þ and SCNAs of TP53, ATRX, and RB1 (c), and CDK4,
FRS2, HMGA2 and MDM2 (d). The boxes span the first to the third quartile with the line inside the box
representing the median value. The whiskers show the minimum and maximum values or values up to 1.5
times the interquartile range below or above the first or third quartile. The circles refer to the sarcoma
patients. Tem CD4þ, effector memory CD4þ T cells (one subtype of CD4þ lymphocytes). **p< 0.01;
*p< 0.05.
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TILs have been shown to have functional
plasticity, with both pro- and antitumor
properties. Although CD8þ cytotoxic T
lymphocytes are generally antitumorigenic
and restrain tumor development, CD4þ T
and B lymphocytes have been shown to
have dual roles. For example, in colon
and lung carcinomas, CD4þ T cell infiltra-
tion correlates with a favorable prognosis,
whereas in breast and renal cancers, CD4þ

T cell infiltration correlates with poor sur-
vival.17–20

In this study, we found that CD4þ T cell
infiltration levels were significantly corre-
lated with OS in pan-sarcomas. An inde-
pendent computational method, TCIA,
was used to validate this discovery, and
the degree of infiltration of the Tem
CD4þ subgroup was found to be correlated
with OS of sarcoma. When analyzing histo-
logical subtypes individually, CD4þ T cell
infiltration levels were found to be signifi-
cantly correlated with prognosis in UPS,
with consistent trends noted in other histo-
logical subtypes (DDLPS, MFS, and LMS),
although these were not significant (Figure
2). However, given the heterogeneity of sar-
coma and the limited number of samples
examined for each subtype, it is still possi-
ble that an association is present. The vali-
dation by TCIA helps strengthen the
possibility of such an association. Thus,
future studies could analyze more samples
for each individual subtype. Unfortunately,
an alternative appropriate dataset, in addi-
tion to the TCGA dataset, that could be
used to validate and confirm the discoveries
presented herein is not available, which is a
major limitation of this study.

Another way to determine CD4þ T cell
infiltration levels is by immunohistochemis-
try (IHC). Previous IHC studies have inves-
tigated the prognostic significance of CD4þ

T lymphocyte infiltration in sarcomas.
Sorbye et al.3 analyzed 249 soft tissue sar-
comas, including 68 UPS, 67 LMS, and
34 LPS. The sarcoma subtypes were

partially overlapped with the TCGA
cohort used in our study, and were analyzed
using IHC to evaluate the prognostic signif-
icance of CD3þ, CD4þ, CD8þ, CD20þ, and
CD45þ lymphocytes infiltration. In univar-
iate analyses, increased infiltrated CD4þ

lymphocyte numbers correlated with a sig-
nificantly improved disease-specific
survival in patients with wide resection mar-
gins (p¼ 0.008). However, no such relation-
ship was apparent for CD8þ lymphocytes,3

which is consistent with our findings. The
consistency indicates that CD4þ lympho-
cytes may have a significant role in sarcoma
survival. Nevertheless, when examining the
peritumoral capsule of a sarcoma, CD4þ

and CD8þ lymphocytes numbers had no
relationship with disease-specific survival,
and B cells were negatively associated with
disease-specific survival.21 The above two
studies3,21reveal that TILs have different
roles in intratumor and peritumor tissues.
In another study, predominantly examining
GIST, which is absent from the TCGA
cohort, low infiltration of CD3þ

(p¼ 0.050) and CD4þ (p¼ 0.050) appeared
to correlate with better OS,6 which is in
contrast to our results, perhaps because of
the histological heterogeneity of GIST.
Unfortunately, the cited studies did not
examine TIL infiltration levels and did not
explore potential associations between TIL
infiltration levels and prognosis within indi-
vidual histological subtypes. No suitable
IHC data were available to validate our
findings. Furthermore, in the present
study, IHC could not be performed due to
a lack of sarcoma tissue samples.

The association between SCNAs of
highly altered genes and CD4þ lymphocyte
infiltration in sarcoma requires further
study. We speculate that the infiltration of
CD4þ lymphocytes into the tumor microen-
vironment is related to the signal pathways
involved with these genes. Unfortunately,
no research addressing related findings has
been identified. Future studies should
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investigate the mechanism of CD4þ lym-

phocyte infiltration and its role in survival

in sarcomas.

Conclusions

Our findings indicate that predicted CD4þ

T cell infiltration levels may be correlated

with sarcoma prognosis, and that sarcoma

SCNAs may be associated with CD4þ T cell

infiltration levels. Further studies focusing

on CD4þ T cell infiltration and its role in

prognosis are needed to improve our under-

standing of the mechanism of sarcoma

pathogenesis. Additionally, the potential

role of genomic alterations in relation to

CD4þ T cell infiltration requires further

investigation.
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