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Abstract

Myeloproliferative neoplasm is a common disease in the hematology department
clinically with high mortality. In this study, we focused on the key regulators of
myeloproliferative neoplasms to identify the molecular mechanisms of disease based on
relevant network analysis. We performed differentially expressed gene analysis on disease
samples of myeloproliferative neoplasms and clustered them into co-expression modules
by WGCNA. A network analysis of functions and pathways was performed on the set of
modules to identify the mechanism of action of key factors. Finally, based on the
predictive analysis of multidimensional regulators, it was identified that a series of ncRNAs
and transcription factors have potential regulatory effects on myeloproliferative tumor-
associated factors. In result, we obtained 1069 differential genes, which were clustered
into 9 modules and found 9 hub genes. Statistical analysis found that these modular genes
participated in the negative and positive regulation of cytokine production and immune
system process signaling pathways. In addition, network connectivity analysis screened 17
intracellular genes (including IL8, EP300 and CD74) regulating module genes. Finally, key
regulators of significant regulatory block genes were determined, including 43
transcription factors (including E2F1, GATA1 and NFKB1) and 553 ncRNAs (including miR-
139-5p, MiR-106b-5p and miR-381-) 3p, etc.) These results can provide a new way for
biologists and medical scientists to study myeloproliferative neoplasms as well as a
valuable reference for subsequent treatment options.
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Introduction

Myeloproliferative neoplasms (MPNs) are a rare
malignant tumor of the blood system characterized
by bone marrow insufficiency, myelofibrosis,
osteosclerosis, neovascularization, and spleen and
extrahepatic extracorporeal hematopoiesis
(Huberty et al.,2018; Selicean et al., 2018). The term
myeloproliferative disease, born in 1951 and is
renamed by the World Health Organization (WHO)
as a myeloproliferative neoplasm (Thapa and
Rogers, 2018; Barbui et al.,2016). Its four typical
tumors, comprising chronic myeloid leukemia,
polycythemia vera, essential thrombocythemia,
and primary myelofibrosis, are all chronic
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hematological cancers with varying progression
(Grinfeld et al.,2018). Among them, primary
myelofibrosis (PMF) is the most invasive
Philadelphia-negative myeloproliferative tumor
with  highest morbidity. Myeloproliferative
neoplasms, a clonal disease derived from
hematopoietic stem cells was characterized by
proliferation of some or all of the myeloid lineages,
and high probability of conversion turning into
acute  myeloid leukemia  (O'Sullivan  and
Mead,2018; Li et al.,2018). According to the
subtype of clonal disease, it is further classified into
Philadelphia chromosome-positive chronic myeloid
leukemia and chromosome-negative chronic
myeloid leukemia (Swaminathan et al.,2018).
However, the risk of leukemia transformation has
been increasing with time and the incidence is
extremely high (He et al., 2018). Thrombosis and
autoimmune or inflammatory phenomena are
common clinical symptoms of these clonal stem cell
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diseases in addition, thrombosis is the most
common complication in Philadelphia
chromosome-negative myeloproliferative tumors.
Recent studies have shown that changes in the
expression pattern of CD markers imply abnormal
frequency and function of blood cells, which leads
to the complication of thrombosis (Shahrabi et
al.,2018). Myeloproliferative neoplasms, also
myeloid tumors, lack effective erythropoiesis and
bone marrow coexistence of at least one
hematopoietic lineage, with  morphological
features including hematopoietic dysplasia and
other features characterized by marked
proliferation (Kayano,2018). Several studies have
shown that different  manifestations of
myeloproliferative neoplasms are associated with
thrombotic propensity and risk of leukemia
transformation, and activation of cytokine-
independent signalling through the JAK/STAT
cascade belongs to a prominent feature of the
disease (Greenfield et al.,2018). Myeloproliferative
neoplasms have an important association with
eosinophilia, as evidenced by Afonso et al. (Strong
et al.,, 2018). In addition, it has been found that
myeloproliferative neoplasms probably develop
into lymphoproliferative disorders. Patients carry
the JAK2V617F mutation which is one of the most
common genetic alterations in chronic lymphocytic
leukemia (Mousinho et al., 2018). Allogeneic
hematopoietic cell transplantation (HCT) is the only
potential treatment for older patients with
myeloproliferative neoplasms (Sengsayadeth et
al.,2018).

Numerous biologists and medical scientists are
looking for effective treatments for
myeloproliferative neoplasms. According to studies
by Medeiros LJ and other scholars, patients with
myeloproliferative tumours respond well to
tyrosine kinase inhibitor treatment, indicating that
tyrosine kinase has a certain inhibitory effect on the
development of myeloproliferative tumours (Xie et
al.,2018). At the same time, yoga as a non-
pharmaceutical strategy has been shown to
improve the symptoms of other cancers and may be
effective in improving the symptoms of patients
with myeloproliferative tumours. Several scholars'
studies showed that mutations in the ER chaperone
calreticulin (CALR) are common in patients with this
condition, which are capable of activating
thrombopoietin receptors It is possibly a new
potential treatment for  myeloproliferative
neoplasms (Pronier et al.,2018). Spanoudakis found
that JAK2V617F is a gain in function point mutations
in patients with myeloproliferative tumours, and
that its hematopoietic function is disrupted at the
cellular level, so osteoclast homeostasis caused by
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JAK2 can relieve the adjustment of hematopoietic
stem cell niche in MPN patients (Spanoudakis et
al.,2018). It is also shown that the f-3
sympathomimetic agonist can normalize blood cell
counts in the blood of patients with
myeloproliferative tumors to improve
myelofibrosis, thereby inhibiting the disease
(Drexler et al.,2018).

In light of relevant network analysis, we proposed a
comprehensive method to explore the key
regulatory factors of myeloproliferative tumors,
which not only provides a new insight for the future
treatment of it, but also brings abundant resources
and guidance for further experiments to biologist.

Result
Gene differential expression analysis of
myeloproliferative tumours

To explore the key virulence factors of
myeloproliferative neoplasms, we selected 50
disease samples of the condition and 15 normal
samples to construct gene expression profile with
in-depth study, and gained 1069 differentially
expressed genes whose characteristics were
observed while these 1069 differential genes may
be potential related genes of the disease. However,
the analysis of gene differential expression requires
further study.

Co-expression behavior of related genes of
myeloproliferative neoplasms

Through the differential gene expression of the
disease, we have obtained the relevant pathogenic
genes of myeloproliferative tumours, but the
regulatory mechanisms and synergistic relationship
between genes remain unclear. Therefore, we
investigated the differential genes of
myeloproliferative tumours, constructing the
expression profiles of differential genes for co-
expression analysis and then mined 10 modules
whose genes all have a cooperative expression
behavior (Figure. 1). At the same time, the 10
modules were screened, and the gray module was
removed and finally 9 modules and 9 corresponding
hub genes were obtained. In addition, the
expression levels of key genes were verified by
gPCR. We found that the expression trends of key
genes are consistent with the results of the above
analysis. These functional modular genes may be
involved in different functions and pathways,
probably representing diverse regulatory
mechanisms mediating the development and
progression of myeloproliferative neoplasms.
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The functions and pathways in which the modules
are involved represent the pathogenesis of
myeloproliferative neoplasms

It is an important medium for identifying their
pathogenesis to study the functions and pathways
involved with genes. The results of enrichment
analysis of module functions and pathways indicate
that most of the functional modules are enriched
for functions and pathways related to
myeloproliferative neoplasms. We performed GO
function and KEGG pathway enrichment analysis on
the 10 functional modules obtained from the

analysis, and obtained 24009 functions and 1119
KEGG pathway enrichment. These included 3,256
molecular functions (MF), 2,211 cell components
(CC), and 18,542 biological processes (BP) involved
in the gene (Figure. 2). Notably, all 10 modules are
involved in the negative and positive regulation of
cytokine production, which suggests that these two
pathways may be the core signaling pathways for
the development and progression of
myeloproliferative neoplastic diseases. From the
above data, we can find that these signaling
pathways may be closely related to the occurrence
and development of myeloproliferative tumors.
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Figure 1. Synergistic expression relationship clustering module of myeloproliferative tumors A. Clustering
into 10 modules according to the differential gene co-expression relationship while one color represents a
module. B. Heat map of the expression of the module gene in the sample. Genes related to
myeloproliferative neoplasms visually exhibit a group expression in disease samples.
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Figure 2. Functional and pathways involved in modular gene identification of dysfunction modules for
myeloproliferative neoplasms. A. Analysis excerpt of GO function enrichment in module genes the deeper
the colors, the stronger the enrichment. The larger the circle, the greater the proportion of the module
genes account for the entry gene of GO function. A. Analysis excerpt of KEGG pathway enrichment in
module genes the deeper the colors, the stronger the enrichment. The larger the circle, the greater the
proportion of the module genes account for the entry gene of KEGG pathway.

ncRNAs and TFs mediate myeloproliferative tumor
dysfunction modules

ncRNA has always been considered as an
important regulator of the regulation of the
occurrence and development of the disease. The
scientific prediction of the ncRNA regulating the
dysfunction module gene is helpful for us to further
explore  the  pathogenic mechanism  of
myeloproliferative  tumors.  Therefore, we
performed a pivot analysis based on the targeted
relationship between ncRNA and genes. The
predictions show that 553 pivot ncRNAs have
significant regulatory effects on the module, with
706 Pivot-Module interactions in total (Figure 3).
MiR-139-5p plays an important regulatory role in
three dysfunction modules while miR-106b-5p
affect two modules. Similarly, transcription factors

2020, Vol. XXIX, N°3, 1091-1100

are also important factors in the study of disease,
and their dysregulation may lead to various
diseases, including myeloproliferative tumors.
Therefore, we performed a pivot analysis of the
module on the basis of the regulatory relationship
of the transcription factor to the gene. The results
showed 43 pivotal transcription factors with
significant transcriptional regulation of dysfunction
modules of myeloproliferative neoplasms and 49
Pivot-Module interaction pairs (Figure 4). Statistical
analysis of these transcription factor regulatory
pairs revealed that E2F1 and GATA1l both
significantly regulate the two dysfunction modules
and are likely to be involved in the underlying
pathogenesis of myeloproliferative tumors. The
above data indicates that transcription factors may
impact on the pathogenesis of the condition. These
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data suggest that transcription factors probably
play a big role in the mechanism of prostate cancer

analyzed and 17 key endogenous genes were

authenticated, including IL9, EP300 and CD74.

with significant regulatory effects on multiple These internal drive genes have high connectivity in

dysfunction modules, identified as the core the network module, and have significant

regulatory effects on the immune mechanism of
paroxysmal atrial fibrillation.

transcription factors. In addition, the network
connectivity of the 11-dysfunction module was
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Figure 3. ncRNA regulatory network map of myeloproliferative neoplasms with red circles representing
modaules and yellow circles representing corresponding ncRNAs.

Figure 4. Regulatory network diagram of transcription factor for dysfunction of myeloproliferative
neoplasms, with orange rectangles symbolizing modules and blue rectangles standing for corresponding
transcription factors.
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Discussion

Regarding myeloproliferative, a rare
hematological malignant tumor, early risk factors
are thromboembolic diseases, and most late risk
factors are severe anemia and heart failure
(Huberty et al.,2018). Although biomedical
scientists have conducted in-depth researches on
the pathogenesis and treatment mechanism of
myeloproliferative neoplasms in recent years, there
is still a lack of systematic and in-depth exploration
of the key virulence factors of myeloproliferative
neoplasms. In order to further understand the
relevant pathogenesis of myeloproliferative
neoplasms, we have integrated rich resources and
conducted various analytical methods, such as gene
differential analysis, and  multi-dimensional
integration of gene co-expression, transcriptional
and post-transcriptional regulatory data.

For comprehensively exploring the mechanism
of the potential pathogenic genes of
myeloproliferative tumors, we analyzed the
differential expression of disease gene expression
profiles and obtained disease-related differentially
expressed genes. The analysis found that the
differentially expressed gene of JAK2 exists
between the functional modules of
myeloproliferative neoplasms, and gradually down-
regulate grearly , which means that JAK2 gene has
obvious impact on adjusting the pathogenesis of
myeloproliferative tumors.. This conclusion was
confirmed in studies by Swaminathan and
Verstovsek et al. who emphasized that JAK2
mutations are the most common driving mutations
in Ph-negative myeloproliferative ~ tumors
(Swaminathan et al.,2018). Besides, co-expression
analysis of differentially related genes in
myeloproliferative neoplasms was carried out. As a
result, we obtained 10 co-expression modules
whose genes had a synergistic expression. Besides,
these 10 modules were screened, and the gray
module was removed while eventually the 10
modules corresponding to 9 hub genes. Statistics
found that the fourth module of the hub gene EBF1
is considered to have a certain promoting effect on
the occurrence and development of
myeloproliferative tumors. As confirmed in studies
by scholars such as Duployez, the patients with the
tumors was indentified secondary recessive genetic
events in lymphoblastic transformation, including
the transformation of EBF1(Duployez et al.,2016).
In view of the enrichment analysis results, the
genes in the 10 modules obtained from
myeloproliferative tumors mainly participate in
functional pathways such as negative and positive
regulation of cytokine production and negative
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regulation of immune system process. In addition,
we identified transcription factors that significantly
regulate these 10 dysfunction modules, resulting in
43 transcription factors with 49 Pivot-Module
interaction pairs, including E2F1 and GATA1 both
regulating the two functional modules. The
transcription factor E2F1 has a certain inhibitory
effect in chronic myeloid leukemia (CML), which can
act on CML treatment by tyrosine kinase inhibitors
(Lee et al., 2016). GATA1 was found to decrease in
expression in primary myelofibrosis, suggesting
that it is also inextricably linked to
myeloproliferative neoplasms (Yang et al.,2018).
Therefore, these transcription factors are the core
transcription factors that regulate the pathogenesis
of the disease.

In addition, ncRNA has been recognized as an
important regulator of the regulation of disease
occurrence and development, and we carried out
pivot analysis based on the targeting relationship
between ncRNA and genes. The predicted results
showed that 553 ncRNAs have significant
regulatory effects on the module, involving 706
ncRNA-Module interaction pairs. Statistical analysis
of the results revealed that miR-139-5p has a
significant regulatory relationship with the three
dysfunction modules so it is considered to be a key
regulator of the core of myeloproliferative
neoplasms. In a study of Kim VN et al, it was found
that miR-139-5p negatively regulates the
proliferation of hematopoietic stem and progenitor
cells, and its down-regulation is associated with
hematopoietic malignancies, so miR-139-5p can be
identified as a key regulator of cell proliferationas
in early hematopoietic process. (Choi et al.,2016). In
addition, the miR-106b-5p also has a regulating
effect on the two functional modules. It is
evidenced that epigenetics is central to the
progression of many cancers and miR-106b-5p
positively promotes myeloproliferative neoplasms
(Shen et al., 2017). Meanwhile, we also screened a
series of genes with the greatest connectivity,
which are core molecules of the regulation module,
identified as endogenous genes. There were a total
of 17 internal drive genes, which may be indicative
of potential key regulatory moleculesm of the
condition. Statistics on these internal drive genes
have revealed that some of the internal drive genes
can be identified with certain regulatory effect on
the pathogenesis of myeloproliferative neoplasms.
Among them, interleukin-8, a pro-inflammatory
chemokine, activates multiple signaling pathways
downstream of both receptors, and it is also the
only cytokine associated with circulating cells
(Corrado et al.,2014). According to the results of
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Andersen CL et al., EP300 is identified as a common
form of B cell non-Hodgkin's lymphoma common
pathogenesis, and EP300 is also very likely to be
involved in the pathogenesis of myeloproliferative
tumors(Andersen et al., 2012).

The predicted series of regulatory factors in this
study regulate the underlying pathogenesis of
myeloproliferative tumors in a way. However,
except for the above-mentioned key factors, other
unmentioned ncRNAs and transcription factors may
contribute to pathogenesis of myeloproliferative
neoplasms, which requires further exploration.
Conclusion: In general, our research based on the
results of relevant network analysis to explore the
potential key regulatory factors in its pathogenesis,
which not only leaves a new idea for biologists and
medical scientists to study the relevant
pathogenesis of myeloproliferative tumors but also
brings valuable reference for its subsequent
treatment options.

Materials and Methods
Data resource

We collected expression microarray datasets
from the NCBI Gene Expression Omnibus (GEO)
database (Barrett et al.,2013) for samples of
myeloproliferative neoplastic disease (including 50
disease samples and 15 normal samples),
numbered GSE103176 (Zini et al.,2017). It contains
the GPL data about mRNA and the GSE series matrix
file (GPL13667) and then potential gene expression
profile data for myeloproliferative tumors.

Differential expression analysis

We performed a differential analysis to the
normal and disease samples of the fiber layers in
the mRNA, using the R language limma package
(Ritchie et al., 2015). and then wused the
backgroundCorrect function to perform
background correction and normalization of the
data. The control probe and the low-expressed
probe are filtered based on the normalize
normalization method of the
normalizeBetweenArrays function to obtain high
quality standardized data. Finally, the differential
expression mRNA of the data set was identified by
the ImFit and eBayes functions of the R language
limma package, respectively, and the differentially
expressed genes with the parameter p value > 0.05
were obtained. In addition, we used the same
method described above to perform differential
analysis on miRNA data to obtain disease-related
differentially expressed miRNAs.
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Co-expression analysis identifying relevant
functional modules

First, the differential gene of myeloproliferative
neoplasms was integrated, and the gene expression
profiling matrix of 1069 differential genes was
analyzed with WGCNA (Langfelder et al.,2008) to
find a gene module for synergistic expression. The
correlation coefficient weighting value is used, that
is, the gene correlation coefficient is taken to the
Nth power, and the correlation coefficient (Person
Coefficient) between any two genes is calculated.
The connections between genes in the network
were subject to scale-free networks, making the
algorithm more biologically meaningful. Then, a
hierarchical clustering tree was constructed by
correlation coefficients between genes. Different
branches of the clustering tree represent different
gene modules, and different colors represent
different modules. 10 co-expression modules
extracted were identified as significant
dysfunctional modules of myeloproliferative
tumor-associated genes.

Functional and pathway enrichment analysis
identifing dysfunction modules

Exploring the function and signal pathway of
genes is often an effective means to study the
molecular mechanism of diseases while those of
module gene can characterize the dysfunction
mechanism of module in the process of disease
occurrence. Therefore, we performed enrichment
analysis with respect to the Go function
(pvalueCutoff = 0.01, gvalueCutoff = 0.01) and the
KEGG pathway (pvalueCutoff = 0.05, gvalueCutoff =
0.2) for the 10 modular genes of myeloproliferative
tumor with the R language Clusterprofiler package.
According to the function and pathway involved in
the module gene, it is identified as a related
dysfunction module for myeloproliferative tumors.

Identification of effect of the transcription factors
and ncRNA on modules

All human transcription factor target data was
downloaded and used in the general database
TRRUST v2 database (Han et al.,2018) of
transcription studies, and 43 transcription factors
and 49 interaction pairs came out. Human ncRNA-
mRNA data (score > 0.5) was then downloaded
from the RAID 2.0 database (Yi et al.,2017),
resulting in 706 interacting pairs involving 553
ncRNAs. Pivot analysis based on these interaction
data was performed to identify the regulatory
effects of these transcription factors and ncRNA on
the modules. Pivot analysis refers to searching for
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at least two interacting drivers with the module in
the target pair and calculating the significance of
the interaction between the driver and the module
according to the hypergeometric test and screening
TF and ncRNA with P value < 0.01 as the pivots of
the significant regulatory module. Finally, via
statistical analysis on pivots, ones that have a
regulatory effect on more dysfunctional modules
are identified as core pivots. In addition, Cytoscape
(Carlin et al.,2017) is used for display and network
analysis  (including connectivity calculation),
screening the genes with the greatest connectivity
which is considered as the core molecule to
regulate the progress of the module and identified
as the intrinsic gene. screening the genes with the
greatest connectivity which is considered as the
core molecule to regulate the progress of the
module and identified as the intrinsic gene. The
identified 17 internal genes may represent
potential key regulators of myeloproliferative
tumors.

gPCR assay detecting gene expression levels

All blood samples were taken from Qinghai
Infectious Disease Hospital, confirmed by
experienced pathologists. All patients received
informed consent. Human tissue samples were
taken in accordance with international ethical
guidelines for biomedical research involving
humans and subjects. The study was approved by
the Ethics Committee of Qinghai Infectious Disease
Hospital, in accordance with the provisions of the
Ethics Committee.

Specifically, total RNA in the blood is extracted,
transcribed into cDNA with a reverse transcription
kit and then subjected to a qPCR reaction using a
SYBR-qPCR detection kit. The qPCR program begins
denaturation step at 95 °C to activate the hot-start
iTagTM DNA polymerase in the initial 3 minutes,
perform 45 denaturation cycles at 95 °C for 10
seconds, anneal and extend at 60 °C for 45 seconds.
The internal reference gene is B-actin.
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