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Abstract

Background: Uveal melanoma is the most prevalent melanoma in adults. This malignancy arises
from melanocytes. Patients with uveal melanoma were investigated according to their metastases
and non-metastases status to propose candidate drugs.

Material and Methods: The studied data set included 63 patients (24 females and 39 males), among
whom 35 patients were with metastases and 28 patients were without metastases. By comparing the
metastases and non-metastases cases, 2000 genes were chosen as practical genes. A co-expression
network was constructed, and protein complexes were extracted to find effective gene modules.
Then drug-gene networks were constructed to find essential drugs.

Results: The STRING database was utilized to construct a co-expression network. Then, protein
complexes were extracted using the MCODE clustering algorithm. Four meaningful modules were
chosen for the next step. Afterward, drug-gene subnetworks were constructed and illustrated, and
high degree drugs were chosen as effective drugs for this disease.

Conclusion: As a result, 12 important drugs were introduced as the proposed candidate drugs. By
detailed investigation of the obtained results, drugs that were not previously reported were introduced
as new drugs, which would be studied experimentally in future works. These were Bortezomib,
Oprozomib, Clofarabine, ME-344 and NV-128.
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Metastasis.
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Introduction

Although uveal melanoma is a rare tumor, it
is the most prevalent non-dermal melanoma
and primary malignancy of the eye in adults.
This tumor develops from melanocytes which
are located at various anatomic locations '.
According to global studies, there are
approximately 7095 new cases each year 2. By
considering the range of 6-100, the mean age
of this disease is 60 years, but the incidence
rate for both males and females is almost the
same, with slight predominance among males
3. Analyzing 4070 patients with primary uveal
melanoma over 36 years between 1973 and
2008 using the Surveillance, Epidemiology,
and End Results (SEER) program database
of the United States

Institute revealed 5.1 cases per million

National Cancer
per year *. According to UM’s clinical and
histopathological characteristics, 103 samples
with the clinical diagnosis were studied and
analyzed due to their pathological features.
Results demonstrate that UM is more common
in western countries than in Asian Indians.
Younger persons are more exposed to this
disease and usually res of mixed cell types °.
According to another clinical study, UM
patients were examined retrospectively, and
the results showed that there isn’t yet sufficient
progress in the diagnosis of this disease. All the
available information is a systematic collection
of data and tumor tissue and molecular biology
of UM ©. The type of tumors was classified as
T1, T2, T3, and T4 according to the size of
the tumor. This measurement was calculated
by width and height, usually called thickness.
The detailed information of this classification
is demonstrated by a table in canser.net ’.
Reviewing the previous studies demonstrated
valuable progress in early diagnosis and then
early treatment. According to the advances in
this field, treating smaller tumors increases

the survival hope rate. Considering these

achievements, early treatment of small
melanomas results in local disease control and
prevention of metastases, ultimately causing

the patient’s survival &,

One of the most important research projects
to analyze the gene expression levels and
clinical features related to the patients is called
weighted gene co-expression network analysis
(WGCNA) *12, This protocol has been used
for many studies. In one of these studies, they
found four significant modules, hub genes and
vital genes, targeted in the progress of uveal
melanoma. Modules were chosen according to
clinical traits '*. Another study employed gene
expression data from The Cancer Genome
Atlas (TCGA) database. Eight co-expression
modules were extracted using WGCNA, and
prognostic markers of uveal melanoma were
identifiedtobettermanagethisdisease. Pathway
enrichment analysis demonstrated that genes
in the obtained modules were significantly
enriched in the progression process and
Another
suggested a framework constructed by gene

tumorigenesis '. investigation
modules in uveal melanoma and contributed
to a greater understanding of these modules
by functional analysis. Furthermore, some
studies helped develop more effective
strategies for diagnosing uveal melanoma by
extracting vital molecular mechanisms and
cellular pathways. According to their results,
hub genes were introduced as prognostic
markers, which have an essential role in the
recurrence of UM !> 16, There are studies that
utilized Protein-Protein Interaction Network
in their studies. As an example, one of them
studied age-related macular degeneration
(AMD) and their related drugs '". Another
used PPI in studying Keratoconus (KC) by
investigating RNA-Seq data. Finally, effective

genes effective in treatment were identified
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using hub genes obtained from PPI network
and transcription factor (TF) genes 8. Due to
the relation between vision loss and diabetes,
there are several articles that studied diabetes.
One of them, utilized microarray data to
select the effective genes using Ant Colony
Optimization has achieved a high precision
rate '°. Another one used mRNA expression
profiles to show the effect of gender factorin the
onset and progression of diabetic retinopathy
2 In relation to eye-related diseases, we can
refer to Glaucoma which is recognized as
cause of blindness. This was studied using
PPI network and module extraction to obtain
effective genes. Then candidate pathways
were introduced using GO enrichment which
can be considered in therapeutic measures !4,
Most uveal melanoma patients encounter
metastatic tumors, mainly in the liver. In the
present study, we used co-expression network
reconstruction to repurpose drugs related
to UV. For this purpose, uveal melanoma
samples containing metastases and those
without metastases were examined. By
extracting modules of the obtained network,
the effective genes were extracted. The
results detected important biomarkers which
can lead to the early diagnosis of this cancer.
Detected biomarkers were utilized to construct
a bipartite Drug-Gene network, leading to
the proposal of potential drugs according to
the goal of this study. The utilized dataset is
different from that of the previous studies and
was obtained from the Genome Expression
Omnibus » using the GSE22138 accession
number. This dataset is Expression Data from
uveal melanoma primary tumors. Below we
present a complete description of the dataset

utilized and the methods used for this study.

Material and Methods

The proposed methodology in this study was

divided into several steps and used different
platforms.

Preprocessing

The dataset used in this study was obtained
from Genome Expression Omnibus with the
GSE22138 accession number. First of all,
GEO2R #, a web-based data analysis tool,
was utilized. Using this tool, genes whose
expression was significantly different between
patients with metastases and those without
metastases were chosen to be used in the
remainder of the study. After sorting the genes
by their P values, the genes whose P value were
smaller than 0.001 were chosen. Finally, they
were filtered, and 2000 genes were chosen
for the rest of the study. The Supplementary
file contains a list of differentially expressed
genes utilized in this study.

PPI network construction STRING

A co-expression network related to the
selected genes was constructed in the next
step. To reconstruct this network, we used
STRING ?2¢ site. A co-expression network
with the experimental connections was
constructed. Then, these connections were
represented as a co-expression network using

Cytoscape.3.7.0. %'

Module detection

Then, subnetworks or modules were extracted
using the MCODE clustering algorithm, one
of the clustering algorithms in ClusterViz .
There are four parameters
with the MCODE
“DegreeThreshold,” “NodeScoreThreshold,”
“K-CoreThreshold,” and “MaxDepth”. The
values of 2, 0.2, 2, and 100 were selected for

associated
algorithm, namely,

these parameters, respectively.
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Figure 1: Dispersion of samples according to their age and gender

DGIdb

Finally, a drug-gene network was constructed
by DGIdb that
interactions extracted from different resources.
DGIdb 3.0 # provides a valuable database by
updating resources and adding new resources.

represents  drug-gene

Accordingly, this database was utilized for
constructing a drug-gene bipartite network.

Results

Data description

Figure 1 illustrates the range and dispersion
of samples in terms of their age and gender,
and table 1 depicts the number of patients
regarding their metastases status.

According to the box charts provided in figure
1, the age of the patients was in the range of
28-84. The blue boxes and the orange ones are
related to the patients without metastases and
the patients with metastasis, respectively.

PPI network construction

By preparing 2000 genes that were more

effective in metastases of uveal melanoma, a
co-expression network was constructed using
the STRING database. Cytoscape illustrated
this network. Figure 2 presents the extracted
network.

The green rectangles and the edges represent
the genes and the connection between
the genes, respectively. The obtained co-
expression network will utilize to extract vital

modules in the following.

Extracting modules

Subsequently, the essential modules as protein
complexes were extracted using the MCODE
clustering algorithm. The important modules
are the ones that include nodes with a higher
degree or, in other words, include hub genes.
Among the obtained clusters, the meaningful
ones were chosen as protein complexes. Hence,
four meaningful modules were demonstrated
in figure 3. table 2 lists the genes associated
with these modules.

As depicted in figure 3, the first and second
clusters contain 35 and 12 nodes, respectively.

Table 1: The number of data samples according to their gender and metastases status

Gender With Metastases Without Metastases Total
Female 13 11 24
Male 22 17 39
Total 35 28 63
26 Journal of Ophthalmic and Optometric Sciences. Volume 4, Number 4, Autumn 2020
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Figure 3: The extracted protein complexes using the MCODE clustering algorithm
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Table 2: List of genes related to each module

List of Clusters List of related Genes
RPS29, RPL32, RPS8, NSUN3, CCT7, WDR4, PWP2, UTP15, MRPS14, PPAN-
Cluster] P2RY 11, HEATR1, RRP12, RPF1, PDCDI11, NHP2, RRS1, PSMD11, CARS, MRPS7,
uster
MRPL4, PSMC5, NAT10, RPL13, RPL15, PSMA7, PLEC, RPL7, MRPL15, EIF3B,
MRPL24, WDR31, NOP2, DDX56, MRPS12, RPL35A.
Cluster?2 MCM4, FEN1, LIG1, TYMS, RRM2, POLE, AURKA, CDCA7, POLA2, TIMELESS,
T
uste CHAFI1A, POLAI.
Cluster3 NDUFA9, NDUFS2, NDUFS6, NDUFB9, UQCRB, COX6C, CYC1, PMPCB,
uster
NDUFA13, NDUFS3, NDUFV2
Clusierd PSMC3, PSMB3, PSMD3, PFDN2, PSMB4, EEF1A1, PSMC4, PSMDS, PSMB9,
uster

PSMDA4.

The third and fourth clusters also comprise
11 and 10 nodes, respectively. The names of
these genes related to each separate module
are listed in table 2.

Drug-gene bipartite network

In the next step, to achieve the goal of this
study, bipartite networks were constructed by
obtaining the drugs that targeted the selected
genes. Thus, four bipartite drug-gene networks
were chosen, and drugs with a high degree
targeted more genes in each gene complex.
Then, the subnetworks of those bipartite
networks were constructed and illustrated in
figure 4.

According to figure 4, the green rectangle
nodes and the yellow oval nodes represent
the genes and the drugs, respectively. The
high degree drugs were chosen due to their
relationship with more genes; therefore,
they are the most meaningful drugs related
to this disease. The high degree drugs
include Bortezomib, Carfilzomib, Ixazomib
Citrate, Oprozomib, Clofarabine, Cytarabine,
Fludarabine, Gemcitabine Hydrochloride,
ME-344, Metformin Hydrochloride, NV-128,
Marizomib.

28

Discussion

In this section, to represent an effective
result, the obtained drugs were studied in the
literature in detail to prove the correctness
of the accomplished method and propose
candidate drugs. Afterward, to represent a
more detailed investigation, focus on the most
important gene and related drugs.

The first drug, Bortezomib, is a proteasome
inhibitor that plays a therapeutic role in many
cancers, especially in uveal melanoma *°.
Another study also reported that Bortezomib
decreased cell proliferation in uveal
melanoma 3'. Investigating the relationship
between  Bortezomib and  metastatic
malignant melanoma revealed that although
this drug has displayed an anticancer role
concerning melanoma tumors, it was not so
effective when used alone ***. The next one
Carfilzomib, was analyzed concerning its
role in replaced/refectory multiple myeloma
(RRMM), indicating an influential role in
improving survival outcomes ** **. Therefore,
this candidate drug was not directly related
to UM in the previous experimental studies.
The next drug, Cytarabine, was recognized

as one of the chemotherapeutic agents in
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(a)

(c)

eye cancers *°. Another study demonstrated
the effect of Cytarabine and Gemcitabine in
uveal melanoma cells *7. The next candidate
drug, FLUDARABINE, was associated with
metastases uveal melanoma according to a
review study *®. Based on the treatment of
metastatic uveal melanoma, another study
used Fludarabine in patients’ treatment to
complete their experiments *. Gemcitabine
Hydrochloride as the next drug was proposed
in combination with other drugs for UM 4% 41,
Another drug called Metformin Hydrochloride
was considered necessary in treating cancers,

especially melanoma *

. Investigating the
relationship between metformin hydrochloride
and UM, a study reported the potential
role of Metformin in eye tissue therapies *.
According to a paper published about drug
development, Marizomib was identified as

related drug associated with melanoma ** %,

=7
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Figure 4: Bipartite drug-gene sub-networks for four protein complexes

According to a comprehensive review of
experimental studies, some of the obtained
drugs were related to UM. In contrast, some
were related to eye cancer cells but not
directly related to UM. This study, as potential
candidates, introduced the drugs that were not
reported as UM-related in the investigated
studies. Of course, they were related to many
other cancers but not exclusively to UM. Thus,
the present study determined Bortezomib,
Oprozomib, Clofarabine, ME-344, and NV-
128 as new drug candidates.

To evaluate the results from the biological
point of view, we consider the most critical
gene among the obtained genes. The genes
whose adjusted P value was smaller than 0.05
were biologically important. Among the genes
related to the obtained clusters (Figure 3),
only the adjusted P value of NDUFB9 was
smaller than 0.05. So NDUFB9 with adjusted
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P value=0.019 is introduced as a vital gene

between metastasis and non-metastasis
samples in UM.

According to previous studies, NDUFB9 was
already introduced as a prognostic gene in UM
by performing research in the literature. This
study revealed its results using protein-protein
analysis %7, Another study states NDUFB9
has an important role in causing complex [
deficiency “. The encoded protein obtained
from this gene is a subunit of mitochondrial
oxidative  phosphorylation = complex I
GeneCards, Mitochondrial

Complex I Deficiency, Nuclear Type 24,

according to

and Mitochondrial Complex I Deficiency,
Nuclear Type 1 is the disease associated with
NDUFB9 ¥,

In the following, according to the Drug-Gene
bipartite networks illustrated in figure 4 and
the proposed drugs, two drugs called ME-
344 and NV-128 are related to NDUFB9. By
choosing this gene as a vital gene obtained
by the proposed method, ME-344 and NV-
128 were also attracting more attention to be
investigated in experimental studies.
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