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Abstract
Immune infiltration of nasopharyngeal carcinoma (NPC) is closely associated with the patients’ prognosis. However, previous studies
have not interpreted the difference of infiltrating immune cells in NPC.
We comprehensively analyzed the tumor-infiltrating immune cells present in NPC for the first time, which was based on a scientific

deconvolution algorithm (CIBERSORT) and the gene expression data of GSE64634. The fractions of 22 immune cells were assessed
to reveal the associations between normal samples and NPC samples.
Profiles of immune infiltration vary significantly between normal samples and NPC samples, and the variation could characterize the

individual differences. NPC samples contained a higher proportion for M1 macrophages, whereas memory B cells and CD4 memory
resting T cells were relatively lower.
Our data suggest that the differences in the infiltrating immune cells in NPC and these differences would probably facilitate patient

consultation and individualized treatment.

Abbreviations: AJCC/UICC = American Joint Committee on Cancer and the International Union for Cancer Control, NPC =
nasopharyngeal carcinoma, PCA = principal component analysis, TCGA = The Cancer Genome Atlas, TIIC = tumor-infiltrating
immune cell, TME = tumor microenvironment.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a common malignancy of
head and neck in Southern China and Southeast Asia, which is
highly invasive and has a relatively high metastasis rate.[1,2] With
the development of radiotherapeutic techniques, chemotherapy
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regimens, and surgical techniques, the prognosis of NPC was
improved significantly.[2] The tumor–node–metastasis (TNM)
cancer staging system, made by the American Joint Committee on
Cancer and the International Union for Cancer Control (AJCC/
UICC), provided a useful standard for suggesting the treatment
strategy or estimating patients’ prognosis. But it remained large
variations in the patients’ prognosis whowere also undergoing the
similar treatment with the same stage. Therefore, the TNMsystem
may be not enough to evaluate the entire NPC status or guide
treatments. The malignant phenotypes of cancers are also defined
by the immune cells activated in the tumor microenvironment
(TME).[3] TME consists of immune cells, endothelial cells,
mesenchymal cells, inflammatory mediators and extracellular
matrix molecules.[4] In TME, immune cells are one major type of
nontumor components and have been validated for diagnostic and
prognostic assessment of tumors.[5–8] However, the roles of
immune cells in TME of NPC remain still poorly understood.
Tumor-infiltrating immune cells (TIICs) have been reported to

be effective targets of drugs and were related to the clinical
outcomes.[9–11] Mechanism studies confirmed that TIICs have a
dual role by conducting both host defense and tumor progres-
sion.[9,11] TIICs infiltrated in NPC, including T cells, macro-
phages, dendritic cells, and mast cells, and it had been reported
that TIICs in NPC had significant prognostic values.[12–14]

CIBERSORT, a gene expression-based deconvolution algorithm,
was developed byNewman et al to assess the abundance ofmember
cell types in a mixed-cell population.[15] The landscape of TIICs can
properly be presented by this method. Due to the excellent
performance of CIBERSORT, its application in researching cell
heterogeneity has attached more importance.[11,16] Therefore, we
are the first to apply CIBERSORT to quantify 22 TIICs in NPC.
Importantly, we have validated our results in The Cancer

Genome Atlas (TCGA, https://portal.gdc.cancer.gov) database.
We hoped that our study would facilitate patient consultation
and individualized treatment.

https://portal.gdc.cancer.gov/
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2. Methods

2.1. Data acquisition

This study was performed by using the data from the GEO
database (https://www.ncbi.nlm.nih.gov/geo/). The available data-
set (GSE64634) contained gene expression profiles of NPC
patients’ tumor and normal tissues was detected and downloaded,
which was updated on 25 March 2019. GSE64634, based on
GPL570 platform ([HG-U133_Plus_2] Affymetrix Human Ge-
nomeU133Plus2.0Array),was submittedbyXiong,Zeng, andLi.
The GSE64634 dataset contained 16 samples, including 12 NPC
samples and 4 normal nasopharyngeal samples.
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2.2. Evaluation of TIICs

ID conversion and the grouping of samples were conducted by Perl
(The Perl Programming Language, version 5.28.1, http://www.
perl.org). The extracted gene expression data were normalized by
using the limma package of R (The R Project for Statistical
Computing, version 3.5.3, https://www.r-project.org). Then, the
normalized gene expression datawere included to infer the relative
proportions of 22 types of infiltrating immune cells by utilizing the
CIBERSORT algorithm. CIBERSORT is a deconvolution algo-
rithm based on the gene expression data, which uses a “signature
matrix” of 547 genes’ expression values to characterize immune
cell composition. So, we uploaded the normalized gene expression
data to theCIBERSORTwebsite (http://cibersort.stanford.edu/) by
using the default algorithm of the signature matrix at 1000
permutations. CIBERSORT was applied to calculate the P value
for the deconvolution for each sample by using Monte Carlo
sampling, which provided ameasure of confidence in the result.[15]

The samples with P< .05 were included.
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2.3. Visualization and evaluation of the filtered data

The filtered data were utilized to draw the bar plot, the heat map,
the correlation heat map, and the violin plot by R. Principal
component analysis (PCA) was also performed by using the
ggplot2 package of R. The bar plot and the heat map were drawn
to visualize the proportions of 22 types of infiltrating immune
cells. The correlation heat map was drawn to visualize the
correlations of 22 types of infiltrating immune cells by using the
corrplot package of R. Variables had been decided by average
linkage clustering. The violin plot was drawn to visualize the
expression differences in 22 types of infiltrating immune cells by
using the vioplot package of R. PCA is one of the most extensive
data dimensionality reduction algorithms.[17–19]

2.4. Validation in the TGGA database

TGGA database was applied to validate our results. Clinical data
of survival and outcome were also downloaded from the TCGA
database.

3. Results

3.1. Data normalization, CIBERSORT analysis, and data
filtering

Before performing CIBERSORT analysis, data normalization
was conducted (Supplementary Table 1, http://links.lww.com/
MD/D252). Owing to the current technical limitations, the
landscape of immune infiltration in NPC has not yet been entirely
2
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Figure 1. The bar plot of immune infiltration between normal samples and NPC samples. NK = Natural killer.

Luo et al. Medicine (2019) 98:39 www.md-journal.com
revealed. By using CIBERSORT algorithm, it would be the first
time to observe the difference of immune infiltration between
cancer and normal tissue of 22 subpopulations of immune cells in
NPC relative studies. Based on the criteria of P< .05, 16 samples
were all included (Table 1).
Figure 2. Principal components analysis perfor

3

3.2. The landscape of immune infiltration in NPC
Figure 1 summarizes the results between 4 normal nasopharyn-
geal samples and 12 NPC samples. The proportions of some
immune cells in NPC vary significantly between both intragroup
and intergroup. Therefore, we inferred that variation in TIICs
med on normal samples and NPC samples.

http://www.md-journal.com


Figure 3. Correlation matrix of all 22 immune cell proportions and immune cytolytic activity between normal samples and NPC samples.

Luo et al. Medicine (2019) 98:39 Medicine
proportions may be an intrinsic feature, which could be utilized
to characterize the individual differences. Then, the proportions
of immune cells from 16 samples showed the obvious group-bias
clusterings and individual differences by the PCA plot (Fig. 2),
whereas the proportions of some TIICs subpopulations were
strongly correlated (Fig. 3). Compared with normal samples,
NPC samples contained a higher proportion for M1 macro-
phages, whereas memory B cells and CD4 memory resting T cells
were relatively lower (Fig. 4). Furthermore, the NPC samples and
normal samples were separated into 2 discrete groups by using
the hierarchical clustering based on 22 immune cells subpopula-
tion (Fig. 5). Therefore, these results indicated that aberrant
immune infiltration may have important clinical values in NPC.

3.3. Survival analyses in the TGGA database

Based on the TGGAdatabase, we conducted the survival analyses
(Fig. 6) of the significant tumor-infiltrating immune cells (M1
macrophages, memory B cells, and CD4 memory resting T cells).
4

4. Discussion

Except for malignant neoplastic cells, immune cells, endothelial
cells, fibroblasts, cytokines, growth factors, and chemokines are
also included in tumor tissues.[11,12,14,16] Those components and
their interactions can exert inhibitory effects on the malignant
cells, whereas, during the tumor progression, tumor cells may
circumvent these inhibitory signals and exploit immune cells or
others for tumor growth, metastasis, or invasion [20]. A growing
number of studies reported that TIICs may predict the clinical
outcome and treatment response of various tumors.[11,12,16,21]

Actually, many studies showed that increased mature T cells,
memory T-cells, and dendritic cells infiltration are closely related
to a favorable prognosis, but immune suppressive regulatory T
cells are opposite.[9,10,22–25] However, because of the technical
limitations, current studies have been limited to show a narrow
view of the immune response. To identify TIICs, researchers
always evaluated them with the single surface marker by
immunohistochemistry-based analysis. But this method was less



Figure 4. The violin plot of the 22 immune cell proportions between normal samples and NPC samples.
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effective for discriminating related cell types and may be misled
by other marker proteins, whereas inconsistent results would
often be reported by different researchers.
Nowadays, integrating genomic profiles and the deconvolution

algorithm can possibly resolve relative proportions of TIICs and
overcome the defect of immunohistochemistry-based analysis.[26]

However, as an emerging technology, CIBERSORT analysis in
NPC was not validated. Thus, CIBERSORT analysis was first
applied to infer the proportions of 22 immune cells from NPC
Figure 5. Heat map of the 22 immune cell proportio

5

transcriptome. Gentles et al reported that the CIBERSORT
results were in accordance with the results of flow cytometry and
immunohistochemistry experiment.[21]

By using CIBERSORT, we can directly compare the alteration
of 22 immune cells between normal samples andNPC samples for
the first time and found the significant changes occurred in both
intragroup and intergroup. Furthermore, PCA displayed that
there were the distinct group-bias clusterings in proportions of 22
immune cells from 16 samples, which indicated that the variation
ns between normal samples and NPC samples.

http://www.md-journal.com


Figure 6. Survival analyses the significant tumor-infiltrating immune cells (A, CD4memory resting T cells; B, M1macrophages; C, memory B cells, and) in the TGGA
database.

Luo et al. Medicine (2019) 98:39 Medicine
of TIICs may characterize the individual differences and have
clinical values. The comprehensive assessment of immune
infiltration in NPC was conducted based on the deconvolution
of the normalized gene expression data from GSE64634. This
would be of great interest in immunomodulatory therapies of
NPC. We found that the increase of M1 macrophages and the
decrease of memory B cells and CD4 memory resting T cells may
be associated with tumorigenesis of NPC. These differences might
be important determinants for the patients’ prognosis. Our
unbiased method confirmed that the immune infiltration is
associated with NPC tumorigenesis. The survival analyses based
on the TCGA database showed that CD4 momory resting T cells
would be a predicitive outcome signature in NPC.
Olkhanud et al reported that the primary role of designated

tumor-evoked Bregs in lung metastases was to induce TGF-
b-dependent conversion of FoxP3(+) T-regulatory cells from
resting CD4(+) T cells.[27] Increase of regulatory T cells (Tregs) in
the TME predicted worse survival of patients with various types
of cancer.[28–31] Yu et al performed a study to explore the
predictive role of tumor-associated macrophages (TAMs) in
NPC.[32] The results showed that the patient’s risk group based
on the level of CD163+ TAMs was an independent predictor of
survival, which may facilitate patients’ individualized treatments.
Ooft et al reported M2 spectrum macrophages were probably
more prominent in EBV-negative NPC.[33] Huang et al proved
that tumor infiltration of TAMs was closely correlated with
serum EBV infection titers and NPC progression.[34] Lin et al
reported that CD4 T cell memory and antibody responses were
directed against the pneumococcal histidine triad proteins PhtD
and PhtE following nasopharyngeal colonization and immuniza-
tion.[23] Voigt et al and Vahidi Y both proved that CD4+ T cells
were related to tumor process.[25,35] Therefore, we could conclude
that M1 macrophages, memory B cells, and CD4 memory resting
T cells may play pivotal roles in the development of NPC and the
differentiation may be possible therapeutic targets.
Moreover, our data first revealed the detail of infiltration of 22

TIICs in NPC. Expression of plasma cells was strongly correlated
with expression of regulatory T cells (Tregs), expression of
monocytes was strongly correlated with expression of eosino-
phils, and expression of activated dendritic cells was strongly
correlated with expression of activated mast cells. Jang et al
revealed that regulatory T cells control humoral autoimmunity
6

by inhibiting the development of plasma cells.[36] Koyabu et al
conducted an analysis of regulatory T cells and IgG4-positive
plasma cells in patients of autoimmune liver diseases and IgG4-
related sclerosing cholangitis, which indicated that abundant
infiltration of regulatory T cells (Tregs) might impact the
switching of B cells to IgG4-producing plasmacytes.[22] Podgorny
et al indicated that low counts of monocytes and eosinophils were
related to posten-graftment infections following allogeneic
hematopoietic cell transplantation.[37] Choi et al showed that
perivascular dendritic cells elicited anaphylaxis by relaying
allergens to mast cells.[38] Leon et al proved that the characteristic
location of dendritic cells play a role as antigen-receptor cells,
whereas mast cells may play dual roles in the tumor.[39] Wachter
et al revealed that coronary atherosclerosis in chronic kidney
disease patients shows a significantly higher number of mast cells,
whereas dendritic cells were less frequent.[24]

However, there were several limitations in our study. First, the
most significant limitation is that the CIBERSORT analysis was
based on the limited gene data, which may deviate in cells’
heterotypic interactions, disease-induced dysregulation, or phe-
notypic plasticity. Second, the included samples are unpaired. So
more larger paired gene data are required to validate our
conclusion. Third, CIBERSORT showed a lower estimation bias
than other methods, but it may overestimate or underestimate
some cell types. So, necessary experiments are needed to warrant
our conclusion.
As a consequence, our analysis of 22 immune cells in NPC was

associated with tumorigenesis, which had the potential to help
NPC patients to benefit from immunomodulatory therapies, as
well as highlighting possible targets for new drugs. To uncover
the clinical and biological significance of TIICs in NPC, more
larger paired gene data and necessary experiments are required to
validate our conclusion.
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