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Transcription factor PU.1 is involved in the progression of glioma
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Abstract. Glioma is a severe disease of the central nervous
system. Although previous studies have identified the
important role of the immune response in association with
tumor intervention, it is still unknown whether PU.1, a
transcription factor known for its role in myeloid differentia-
tion and immune responses, is involved in the progression of
glioma. In the present study, we found a significant increase
in SPI1, the gene that encodes PU.1, in samples from patients
with glioma. Through genotype-phenotype association
analysis several candidate factors that may mediate the role of
PU.1 in glioma were identified. To further validate the associa-
tion between PU.1 and glioma we found that the expression
of BTK, a potential target of PU.1, was also upregulated in
patients with glioma. We also demonstrated that various
biological pathways could be involved in PU.l-associated
glioma by analyzing these potential targets in the Reactome
database. These results provide evidence that PU.1 could serve
a role in the progress of glioma through its transcriptional
targets in multiple signaling pathways. Therefore, in addition
to its role in hematopoietic linage development and leukemia,
PU.1 appears to be involved in the regulation of glioma and
potentially in other malignant cancers.

Introduction

Cancer is one of the most malignant diseases worldwide.
Numerous signaling pathways have been identified involved in
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the development of severe cancers. Abnormal transcriptional
programs have been reported playing important roles in the
generation and development of malignant carcinoma (1).
Expression profiling using cDNA microarray on primary
samples extracted from patients, as well as established mouse
models, has revealed hundreds of transcriptional factors that
are dysregulated in various types of cancers, including PU.1 (2).

PU.1 is a hematopoietic transcription factor, known for
its role in myeloid development (3). PU.1 depletion is lethal
for animal during embryonic development due to hemato-
poietic failure, with abnormal lymphoid and myeloid cell
lineages (3-5). It has also been implicated in tumor progres-
sion, especially in leukemia (2). Strong PU.1 expression
were shown associated with longer survival in follicular
lymphoma (6). Deletion and downregulation of PU.1 were also
found in human acute myeloid leukemia (AML) and indolent
types of lymphomas (7,8). On the contrary, surprising results
were reported in a recent study by Zhou et al showing that
PU.1 is required and works as an essential regulator for the
development of mixed lineage leukemia (MLL) (9), one of the
aggressive forms of AMLs with poor prognosis (10,11). The
molecular mechanism for PU.1 in tumor progression has not
been fully identified. Some study indicated that PU.1 could
contribute to leukemia through transcriptional activation of
leukemia fusion proteins (9). It is also reported to promote
cytokine production as well as monocytes activation (12),
indicating PU.1 could affect tumor severity through immune
responses. Although PU.1 play contradictory roles in different
types of leukemia, whether PU.1 is involved in other types of
cancers is not known.

Glioma is a devastating brain cancer (13). Patients
diagnosed with glioblastoma multiforme (GBM) have low
survival rate and high morbidity, despite all kinds of medical
treatments (14). Although tumors in the brain suffer many
restrictions for clinical therapy, such as the blood brain barrier,
similar to other solid tumors, the immune cells, i.e., microglia
in the brain, are attracted to the GBM tissues and support
tumor progression (15-19). Thus recently studies have been
done focusing on glioma-associated immune cells for disease
intervention (20,21). Although PU.1 is important for immune
cells in the circulatory system, its role in the central nervous
system, especially in glioma, is unknown.

Here we examined the clinical relevance of the PU.1 in
patients with different kinds of gliomas, and found that the
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expression of genes coding PU.1 is significantly increased
in glioma patient samples. We also aim to explore potential
factors involved in PU.1 signaling and glioma. Using the
online available tool to search for the genotype-phenotype
associations between PU.1 and glioma, we found that several
genes could be the targets of PU.l in mediating tumor
severity. Our results provide initiative evidence that PU.1
could contributes to the progress of glioma, probably via its
targeting gene signatures.

Materials and methods

GEO datasets and statistical analysis. Publicly available
gene-expression datasets of glioma patients were downloaded
from NCBI-GEO with accession numbers GSE4290 and
GSE15824 (http://www.ncbi.nlm.nih.gov/geo/). Statistical
analysis for relative gene-expression data were performed
using DESeq2 version:vl.4.5. The P-values were calcu-
lated using the Benjamini and Hochberg method in the R
DESeq?2 package.

Immunostaining. Biospecimens were obtained from patients
from the Shanghai First People's Hospital, according to their
surgical pathology reports and clinical records. The study
was approved by the Ethics Committee of the Shanghai First
People's Hospigal, Shanghai Jiaotong University. All subjects
agreed to donate their tissue for this study. Tissues were fixed in
formalin. Slicing and immunohistochemistry were performed
according to standard protocol in a previous study (22).
Antibodies used are: PU.1, 9G7 Rb IgG, 1:100, Novex; CD68,
FA1l Rt IgG, 1:200, Serotec.

Genotype-phenotype association analysis. Analysis was
performed using an online system to search for geno-
type-phenotype associations (http:/literome.azurewebsites.
net/). Key words used to search for genotype-phenotype asso-
ciations are ‘SPI1” and ‘glioma’.

Target gene identification. Online available data-
base were applied to identify transcription targets of
PU.1 (https://cb.utdallas.edu/cgi-bin/TRED/tred.cgi?
process=searchTFGeneForm). 90 genes were identified as
potential targets of PU.1.

Biological pathway analysis. Biological pathway analysis
was performed using an online available tool, the Reactome
database (http://www.reactome.org/). Multiple biological
pathways in Homo sapiens were showed linked to the network
containing genes of interest.

Results

To examine the clinical relevance of PU.1 expression in glioma
patients, we performed analysis on SPI/ (gene that encode
PU.1) expression using publicly available RNA-sequencing
array data. Each dataset can be classified as four groups:
Non-tumor sample, astrocytoma patient sample, glioblas-
toma patient sample and oligodendrioglioma patient sample.
Analysis was performed as control vs. disease conditions.
Non-tumor samples were shared for comparisons in each
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Figure 1. [llustrative flowchart showing the research procedure.

dataset. Fig. 1 detailed the analysis strategy included in this
study. The position of gene SPI/ in genome of Homo sapiens
was shown in Fig. 2A. As shown in Fig. 2B, we found signifi-
cant increases of SPI/ mRNA expression in several kinds
of glioma samples, while there is trend of upregulated SPI/
expression in all glioma samples, including astrocytoma, glio-
blastoma and oligodendrioglioma.

We next explored such correlation in another public data-
base, the REMBRANDT database (http://www.betastasis.
com/glioma/rembrandt/). We found that SP// expression levels
were significantly increased in patients with glioblastoma and
astrocytoma (Fig. 2C). These results suggest clear positive
correlation between SPI1 expression and glioma, especially
glioblastoma and astrocytoma.

To further demonstrate the relevance between PU.1
expression and glioma malignancy, we tested PU.1 protein
expression in patient brain tissues. We found that PU.1 was
highly expressed in glioma patients, but not in non-glioma
patients (Fig. 3). CD68 was stained as marker of macrophage.
Some of the PU.1 positive cells are colocalized with the
CD68* cells.

We also searched TCGA database for further evidence.
Three genomic mutations have been identified in two
glioma patients at the SPI1 locus (23). These mutations
include: Chrl1:2.47378343G>A, chrl1:2.47359851A>T,
chrll:g.47375730C>A. Interestingly, we also noticed a negative
correlation between SPII1 expression and patient survival rate
(Kaplan-Meier estimator, P=0.0035) in the REMBRANDT
database, further demonstrating the involvement of PU.1 in
glioma malignance.

Next we are interested in what are the potential mecha-
nisms that PU.1 is involved in glioma. We applied analysis
using an online system to search for genotype-phenotype
associations (http://literome.azurewebsites.net/) (24,25).
The basic principle is to extract genomic and phenotypic
knowledge from PubMed articles thus providing possible
signaling pathways for one gene's function. Using this online
available tool, we found associations between SPI/ and
glioma via 8 different genes, including BTK, ERVK-6, FLII,
FURIN, GRAP2,IL1B, MYLIP and SERPINBI. We further
examined the viability of these associations through litera-
ture studying, and identified that several genes could be the
potential targets of PU.1 in mediating glioma severity. BTK
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Figure 2. Relative expression of SPI1 was increased in glioma patient. (A) Gene locus for SPII transcription at the genome. Transcript in italic was analyzed
in the study. Arrows, direction of transcription. Box, exons in indicated genes. Each line indicated one transcript for the corresponding gene. (B and C) Fold
changes of gene expression levels in three types of glioma samples. Bar graphs showed average fold changes in astrocytoma, glioblastoma and oligodendrio-
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Figure 3. Images of brain tissues from normal and glioma patients. Brown, PU.1 staining; blue, CD68 staining. Scale bars, 100 ygm.

is the Bruton's agammaglobulinemia tyrosine kinase, known
for its role in X-linked agammaglobulinemia. It is reported
that BTX gene contains PU.1 binding sites at its promoter
region. In PU.1"" mice, BTK expression was significantly
reduced (26). Another important potential regulator is FLI1,

a transcription factor in the ETS family. FLII transcrip-
tion was regulated under SPII transfection (27). PU.1 was
also reported binding to the promoter of IL1B to activate
its expression (12). These three candidates were all found
involved in the progress of glioma (28-30).
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Figure 4. Relative expression of BTK was increased in glioma patient. (A) Gene locus for BTK transcription at the genome. Transcript in italic was analyzed
in the study. Arrows, direction of transcription. Box, exons in indicated genes. Each line indicated one transcript for the corresponding gene. (B) Fold changes
of gene expression levels in three types of glioma samples. Database used was as indicated. BTK, Bruton's agammaglobulinemia tyrosine kinase.

We analyzed the expression changes of the three
predicted genes in glioma RNA array data used for analysis
of SPII expression. As shown in Fig. 4, we found significant
increases of BTK mRNA expression in both glioma data-
sets. On the other hand, FLII mRNA level was increased in
GSE4290 dataset, while decreased in the GSE15824 dataset
(Fig. 5B). In terms of the expression level of /LIB, it was
decreased in the GSE4290 dataset, while increased in the
GSE15824 dataset (Fig. 6). We plotted the fold changes of
these genes as bar graphs, as shown in Figs. 4-6, the expres-
sion pattern of BTK is more comparable to that of the gene
SPII. These results suggest that BTK is more probably an
important factor involved in the role of PU.1 in glioma
progression.

Although only three genes were predicted involved in the
regulation of glioma by PU.1, PU.1 could target a number of
genes via transcriptional regulation. Taking advantage of an
online available tool, we identified 90 potential transcription
targets of PU.1 (https://cb.utdallas.edu/cgi-bin/TRED/tred.
cgi?process=searchTFGeneForm). We analyzed the expres-
sion levels of these genes in glioma samples (data not shown).
The results showed that genes, such as LTF, FSF1, CD163
and MMP2, were consistently upregulated in glioma tissues.
Although there is no direct link for these factors and brain
tumor, indirect mechanisms/signaling pathways could be

involved in the role of PU.1 in glioma. In summary, our results
indicate that PU.1 could contribute to the progress of glioma,
probably via its targeting gene signatures.

We next searched for biological pathways linked to
the PU.l-associated genes in glioma using Reactome
database (31,32). Three nodes were identified representing
PU.1-targeting pathways in glioma, including immune
system, signal transduction, and disease. Meanwhile, multiple
biological pathways were found associated with thus process,
including the immune system, signal transduction, disease,
gene expression, and metabolism of proteins.

In conclusion, our study identified significant increase
of PU.1 expression in human glioma patients. Through
genotype-phenotype association test and biological interac-
tion network building, our results indicate that PU.1 could
affect the development of glioma by targeting various genes in
different signaling pathways.

Discussion

Glioma is a kind of severe cancer starts in the brain or spinal
cord with low survival rate and high morbidity (13,14).
Although previous studies have implicated a lot of signaling
pathways involved in the progress of glioma, until now there is
no cure for the severe disease. Thus, it is urgent to identify more
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Figure 5. Relative expression of FLI1 was increased in glioma patient. (A) Gene locus for FLII transcription at the genome. Transcripts in italic were analyzed
in the study. Arrows, direction of transcription. Box, exons in indicated genes. Each line indicated one transcript for the corresponding gene. (B) Fold changes
of gene expression levels in three types of glioma samples. FLI1, friend leukemia integration 1 transcription factor.

changes in glioma condition for medical treatment. However,
it is still unknown whether PU.1, a transcription factor known
for its role in myeloid differentiation and immune responses, is
involved in the progress of glioma.

In this present study, we found significant increase of SPI1,
the gene coding transcription factor PU.1, in glioma patient
samples through analysis of RNA array dataset. We hypoth-
esized that PU.1 could function through its transcription
targets. 90 candidate genes were analyzed in this circum-
stance. We provided several potential candidates that could
mediate the role of PU.1 in glioma through genotype-pheno-
type association analysis, including BTX, FLII and ILIB.
These genes were found upregulated in glioma samples in
different cases. Among the potential targets of PU.1, FLII
has been directly implicated with glioma cell proliferation,
migration and invasion (30). Flil and PU.1 are two members
of the ETS family of transcription factors. Previous study has
reported that FLI1 expression is upregulated under transfec-
tion of SPI1 vector via binding of its promoter region (27).
In glioma cells, expression of the dominant-negative form of
Etsl significantly inhibited cell proliferation and migration,
it is also the case for Flil (30). These results implicated that
other ETS family members maybe also capable of promoting
glioma cell proliferation, such as PU.I.

ILIB is a cytokine that belongs to the inter-
leukin 1 family (33). Its precursor is produced by immune cells
and be cleaved by caspase-1 to form mature IL1B (34). The
cytokine is an important factor mediating immune responses,
and be involved in various cellular activities, including cell
proliferation, differentiation and apoptosis (35). Although the
clear role of IL1B in glioma development has not been iden-
tified, previous studies have shown that immune cells in the
brain can produce functional IL1B. Also, IL1B expression was
altered in cells treated with conditional medium from glioma
cells (36), indicating that IL1B could contribute to the progress
of brain tumors. In the present study, we analyzed its gene
expression level in two transcriptome databases. However,
changes in IL1B expression showed opposite trends in these
two datasets. It worth noting that there is a large error bar
exhibited by glioblastoma group in the right panel of Fig. 6B.
Nine subjects were involved in this group (the glioblastoma
group in database GSE15824). Among these subjects, one
showed extremely high expression of IL1B (7 fold of the
average level), leading to the large error bar in this dataset.
If the outlier was removed, the average expression of IL1B in
glioblastoma group is 22% higher than the control group. In
any case, more evidences are needed to further demonstrate
whether PU.1 affect glioma through regulation of IL1B.
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Figure 6. Relative expression of IL1B was increased in glioma patient. (A) Gene locus for IL1B transcription at the genome. Arrows, direction of transcription.
Box, exons in indicated genes. (B) Fold changes of gene expression levels in three types of glioma samples. IL, interleukin.

BTK, a gene encoding the Bruton Tyrosine Kinase, was
found to be consistently upregulated in both glioma datasets.
It is one of the cytoplasmic protein tyrosine kinases that
expressed by immune cells. BTK can be activated by the
B cell receptor pathways or the FcRy pathways (27). It has been
reported that BTK activation was involved in several kinds of
tumors. Although the exact role of BTK in glioma is unknown,
it could be one of the important factors in such process (26).

It worth noting that the expression of these factors, such
as FLI1 and IL1B, could be higher in some glioma tissues,
while lower in the others. It is possible there is overexpres-
sion of an abbreviated product, through alternative splicing
or post-transcriptional protein modification. Changes in the
expression pattern of splicing regulator proteins were also
noted at different stages of cancer progression (37). In any
case, these factors could mediate the role of PU.1 in glioma.
Further experimental examination is necessary to explore
their function.

To explore the association between gene expression
and patient prognosis, we searched TCGA database the
REMBRANDT database for clinical evidence. Genomic
mutations at the SPI1 locus were found in glioma patients (23).
Moreover, we also noticed that patients with higher SPII or
FLI1 (REMBRANDT database, P=0.0465) expression level
showed lower survival rate. These results suggest that the

expression levels of some key genes could be considered as
prognostic indicators of glioma malignancy.

Reactome is an online database of biological path-
ways (31,32,38). Here we analyzed potential targets
participating PU.1-associated glioma in Reactome to form a
network of biological interactions in this process. Multiple
pathways were identified including immune system, metabo-
lism, gene expression and signaling transduction, indicating
that PU.1 might influence the progress of glioma via different
biological pathways.

In conclusion, our study provides evidence that PU.1 could
play a role in the progress in glioma through its transcriptional
targets. Therefore, PU.1 is involved in the regulation of glioma
and probably in other types of malignant cancers through
different mechanisms. These results suggest a diverse role for
PU.1 in addition to its function in mediating myeloid linage
differentiation and regulation of leukemia probably via its
transcription targets in multiple biological pathways.
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