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ABSTRACT

Merkel Cell Carcinoma is a highly aggressive form of non-melanoma skin cancer.
Due to the rarity of the disease, MCC remains a cancer type that is yet to be fully
researched. This is of immediate significance now as the incidences of MCC have
been on a rise and the disease is often associated with fatality. Therefore, the purpose
of this study was to explore the presence of crucial genes and miRNAs involved in
Merkel Cell Carcinoma based on microarray analysis. The expression profile data of
GSE39612 and GSE45146 were obtained from Gene Expression Omnibus. The
differentially expressed genes (DEGs) were screened, followed by functional
enrichment analysis, protein-protein interaction (PPI) network construction and
analysis of significant network modules. Hub genes were identified using MCODE
and cytoHubba plug-in. After the DE miRNASs were screened, their putative target
genes were identified by TargetScan, miRDB and miRTarBase. The overlapped
genes found between the putative targets and the DEGs were used to construct a
DEG-DEmIR network in Cytoscape. Lastly, hub miRNAs present in the DEGs-
DEmIR network were identified and annotated. A total of 449 DEGs were identified
including 164 upregulated genes and 285 downregulated genes. DEGs were mostly
enriched in epidermis development, keratinocyte differentiation, structural molecule
activity, CAMP signalling pathway, calcium signalling pathway and oocyte meiosis.
Using the results of MCODE and cytoHubba, 3 significant clusters were extracted
from the PPl network and 16 genes (AURKA, FLG, KIF4A, DSG1, PKP1, LOR,
BUB1, CDC6, CENPE, CXCR4, FOXM1, CXCL12, CDSN, DSG3, IVL and DSP)
were selected as core protein-coding DEGs based upon their topological parameters.
Besides, a total of 17 DEmiRs were identified, including 16 downregulated and 1
upregulated miRNA. 56 pairs of validated DEGs-DEmIiRs and 221 pairs of predicted
DEGs-DEmiRs were curated from miRTarBase and TargetScan & miRDB
respectively. Finally, Network Analyser was used to identify the following as hub
miRNA: hsa-miR-1, hsa-miR-19a, hsa-miR-9-5p, hsa-miR-9-3p, hsa-miR-454 and
hsa-miR-195-3p.

Keywords Merkel Cell Carcinoma . Differentially expressed genes . Protein-protein

interaction network . DE microRNAs
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1 INTRODUCTION

Merkel Cell Carcinoma (MCC) is an aggressive form of neuroendocrine carcinoma.
It represents the 2™ highest cause of skin cancer related deaths despite being a
relatively rare form of cancer (Schadendorf et al, 2017). It was described in 1972 as
a trabecular carcinoma of the skin whose incidence has been gradually increasing
over the years (Tokar C, 1972). A series of ultrastructural studies revealed the
similarity of these cancer cells to that of Merkel Cells (a type of mechanoreceptor
cells present in the skin), which led to the renaming of these cells from trabecular
carcinoma to Merkel Cell Carcinoma (Tang CK and Tokar C, 1972). Different risk
factors have been associated with MCC such as advancement in age,
immunosuppression, and exposure to UV. A link between MCC and PyV infection
has also been established. An existing, concurrent or even a previous diagnosis of
Chronic Lymphocytic Leukaemia (CLL) is more frequent in people with MCC (Kaae
et al, 2010). However, the exact biology of MCC and its carcinogenesis is yet to be

fully explored.

The current treatments for MCC are surgery along with radiation or chemo-radiation.
The first FDA approved drug for MCC was avelumab based on a clinical trial of
eighty-eight patients diagnosed with metastatic MCC who had formerly undergone
chemo-radiation for the same (Kaufman et al, 2016). A second drug was approved in
the beginning of 2019, called pembrolizumad. Both these drugs are immune
checkpoint inhibitors (Nghiem et al, 2016). As a result, there has been a complete sea
change in the management of MCC patients in the last two years. Prior to using
immunotherapy as a first line of treatment, MCC patients were treated just like any
other individual with a neuroendocrine tumor. However, the current approval from
FDA has been an accelerated one, based on promising results from a relatively small
number of patients, which means that the more research and trials are undergoing
currently considering the fact that a very small cohort was used for clinical trials.
Although, 56% of the drug recipients have shown a positive response, many stopped

using the drug due to severe side effects. A further issue is that many patients with
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MCC may not be ideal candidates for immunotherapy because their immune systems
have been suppressed—due to organ/graft transplantation, lymphoma or HIV
(Nghiem et al, 2016).

At the moment, there are no biomarkers that could help to select patients more
effectively for new therapies, and further research is crucial. The present study is
therefore an attempt to identify critical genes and microRNAs in MCC by various in

silico methodologies. The objectives of this study include:

e To select, process and analyse microarray datasets from GEO and identify
differentially expressed genes and differentially expressed miRNAs in
Merkel Cell Carcinoma.

e To determine biological terms and pathways related to DEGs (Differentially
Expressed Genes).

e To construct and analyse a Protein-protein Interaction (PPI) network of DEGs
to determine hub-genes.

e To construct a network describing the interaction between pairs of DEGs and
DEmiRNA.

e To identify hub miRNAs and determine related biological terms for the hub

nodes.
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2 REVIEW OF LITERATURE

This section introduces the epidemiology, prognosis, pathogenesis, current therapy

and unmet medical needs associated with Merkel Cell Carcinoma.

2.1 Epidemiology
2.1.1 Incidence of MCC

The incidence of MCC has exhibited a greater than three-fold increase in the past
thirty years, accompanied by increase in mortality (Fitzgerald et al, 2015). A few
population-wide epidemiology studies have been conducted in the US, New Zealand,
Australia and a few European countries that revealed the reported local occurrence to
vary between 0.1 and 0.88 per 100.000 person-years. Higher incidence rates were
stated in New Zealand (Robertson, 2015) and Australia (Youlden, 2014 & Girschik,
2011) and the lowest rates in Eastern France (Riou-Gotta et al, 2009) and Scotland
(Mills et al, 2006). Despite advancements in understanding of MCC biology, the 5-
year survival rates still remain low (0-18%) for advanced-stage MCC (Lemos et al,
2010 & Lebbe at el, 2015).

2.1.2 Risk Factors associated with MCC

MCC risk is influenced by a multitude of patient factors that include ethnicity, age,
sex, and medical history. Other factors such as UV exposure, advancement in age
and immunosuppression of patients has also been associated with MCC
development. According to a study performed by Albores-Saavedra, 94.9% of white
patients were associated with MCC compared to a mere 4.1 % of non-white
population (Albores-Saavedra et al, 2010). MCC has been diagnosed at earlier ages
(Koksal et al, 2009 & Marzban et al, 2011) where it is often linked to
immunosuppression in cases of organ transplantation (Kempf et al, 2013). Patients
with an HIV infection and those with a maintained immunosuppression with the help
of azathioprine and mTOR inhibitors were linked with an even greater chance of
MCC (Lanoy et al, 2010).The chance of MCC is amplified by 1.36 times in patients
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diagnosed with other tumours such as melanoma, non-Hodgkin lymphoma, multiple
myeloma and chronic lymphocytic leukaemia (Howard et al, 2006).

2.2 Clinico-pathological Features

The clinical presentation of MCC tumor is of a firm, painless, reddish-violet, rapidly
growing nodule that is often dome- shaped (Heath et al, 2008 & Smith et al, 2012).
MCC nodules are mostly found in areas exposed by the sun such as the head and
neck (Medina-Franco et al, 2001).

The AEIOU acronym has been developed to characterise the medical features linked
with MCC which is expanded as asymptomatic, expanding rapidly, immune
suppression, older than 50 and UV-exposed site on a person with fair skin. In a study
by Heath et al, out of 195 patients 89% patients were associated with 3 or greater
AEIOU indications (Heath et al, 2008).

Box 1
Approach to histopathologic evaluation of MCC

Primary tumor

Hematoxylin and eosin

o Confirm round cell neurcendocrine morphology.

e Measure tumor parameters as per College of American Pathologists or institutional
template (including tumor thickness, mitotic rate, angiolymphatic invasion, distance to
margins, tumor-infiltrating lymphocytes, presence of second malignancy, invasion of deep
structures).

Immunohistochemistry

e Basic immunohistochemical panel: broad-spectrum cytokeratin, cytokeratin 20 (CK20),
neuroendocrine markers, thyroid transcription factor 1 (strongly recommended),
possibly MCPyV.

e Paranuclear dotlike cytokeratin staining is helpful but not required.

« Expanded panel for cases lacking CK20 expression: cytokeratin 7, neurofilament, thyroid
transcription factor 1; MCPyV may be of limited value.

Comment section of report

« May note presence of divergent differentiation.

e There is no absolute distinguishing feature between primary and metastatic disease,
therefore correlation with skin examination findings and any prior history of small cell
carcinoma is necessary.

o If tumor is CK20*, metastasis from an extracutaneous site is unlikely.

Sentinel lymph node biopsy

« Measure size of largest metastatic focus; note extracapsular extension.

* Immunohistochemical staining (broad-spectrum cytokeratin, CK20) to detect small metastatic
deposits or scattered single cells.

Figure 2.1 A Histopathological approach to MCC evaluation

2.3  Merkel Cell Carcinoma pathogenesis

Classification of MCC is based on the infection of MCPyV, and is therefore
classified as either MCPyV positive or MCPyV negative tumours. According to

studies, patients with negative MCPyV tumours have worse prospects compared to
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patients with MCPyV positive tumours.
2015).

(Moshiri et al, 2017 & Leroux-Kozal,

2.3.1 The Merkel cell polyomavirus

In nearly 80% of the cases, MCC progression is associated with a MCPyV infection
although the mechanism remains unexplained (Gonzalez-Vela et al, 2017; Liu et al,
2016; Goh et al, 2016). Since the exact cells infected by MCPyV were unknown and
the virus replicated at a slow pace, the mechanism for MCC development is still not
well explained (Feng et al, 2011 & Neumann et al, 2011). Two separate mechanisms
were suggested to explain MCPyV infection of fibroblasts and the consequence of
the infection leading to MCC tumors (Liu et al, 2016). One possibility is the
transformation of the fibroblasts, after MCPyV infection, which leads to activation of
genes that cause MCC tumours. The second possibility was an unintentional
infection of merkel cells present close to infected fibroblasts (Fig. 2.2). This
suggestion was validated by stating that the dead-end replication setting of Merkel
cells favours the MCPyV integration and transformation (Liu et al, 2016).

PHASE | PHASE N
MCPyV INFECTION MERKEL CELL
CARCINOMA
MODELY
v [ - .
C"C'IEC:: b‘ -
€ e ‘
L -t .:'j ° te) (2
o A /&
) B W
= = jes
MODEL2 “'b' f . LA
k3
‘.
'’ . -
K
l.o *
L ]
& 7 i
il )

Fig. 1 Proposed models for the development of MCC based on infection
by MCPyV (black figures). Phase I represents the infection with MCPyV
and phase [l MCC development. In model 1, the authors propose that
infection of the Merkel cells occurs when there is contact with infected
fibroblasts in the vicinity. since Merkel cells are post-mitotic cells that can
promote viral integration and transformation. In model 2, the authors

propose that MCC arises from fibroblasts that are infected by MCPyV,
which in tums induces malignant transformation. Adapted from Liu W,
MacDonald M, You J. Merkel cell polyomavirus infection and Merkel
cell carcinoma. Current opinion in virology 2016:20:20-27 [38]. Light
blue cells — Merkel cells; Black figures — MCPyV virus; Green cells
fibroblasts: Purple cells - MCC cells

Figure 2.2 Suggested models MCPyV negative MCC tumor development
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2.3.2 UV radiation

UV radiation exposure is a known associate of MCC pathogenesis. MCC is prevalent
in patients with light skin in comparison to patients with dark skin (Heath et al,
2008). A 95 MCC patient Australian study revealed that only 23% of the patients
tested positive for MCPyV (Dabner et al, 2014). In MCPyV positive tumors the
numbers of mutations are less in comparison to MCPyV negative tumors (Harms et
al, 2015).

2.3.3 Immunosuppression

People with B-cell cancers, organ transplantations or HIV are at a higher risk of
acquiring MCC due to immunosuppression (Engles et al, 2002 and Tadmor et al,
2011). The interface between UV radiation, MCPyV infection and
immunosuppression is not yet elucidated. One theory suggests that viral replication
and proliferation of atypical cells must be facilitated by immunosuppression. In
addition, use of azathioprine (immunosuppressive drug) has a synergistic effect in

promoting mutagenesis and carcinogenesis (Perrett et al, 2008 and Han et al, 2012).

2.4  Potential Prognostic Biomarkers

Quite a few potential prognostic biomarkers have been studied for MCC. These
include tumor expression of PD-L1, proangiogenic factor expression and p63
expression (Lipson et al, 2013; Fernandes-Figuerez et al, 2007; Asioli et al, 2007).
The largest prospective study of 282 MCC tumors was reported by Moshiri and
colleagues, who remarked on the significantly improved outcome of MCPyV
positive tumors compared to MCPyV-negative tumors (Moshiri et al, 2017). MCC
tumors are often associated with a poor prognosis when an overexpression of PDGF,
CD117, and PI3K is noted (Swick, 2013; Andea, 2010; Nardi, 2013). Several other
biomarkers have been reported to help in prediction of disease outcomes in MCC
patients such as p63, CD34 and sonic hedgehog pathway proteins (Lipson, 2013;
Stetsenko et al, 2013; Brunner et al, 2010). However, substantial and inclusive data
are currently deficient when it comes to assigning any biomarker to a clear

prognostic association.
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2.5 Clinical Trials and approved treatments
2.5.1 Immunotherapy

MCC tumors are excellent candidates for immunotherapy due to a high load of
expression of neoantigens (Goh et al, 2016). In 2017, the Food and Drug
Administration (FDA) approved the immunotherapy drug avelumab (Bavencio®) for
the treatment MCC. It is the first FDA-approved treatment for this disease. The drug
has, however, not been approved by the regulatory authorities, in Europe (Kaufmann
et al, 2016).

Early this year, FDA approved another immune-checkpoint inhibitor drug called
pembrolizumad for treatment of locally advanced or metastatic MCC. Objective
responses were recorded for fourteen patients including four complete and ten
responses that were partial. A median follow-up of thirty-three weeks revealed the
relapse of only 2% of the responders (Nghiem et al, 2016).

PD-L1/PD-1 binding inhibits T cell Blocking PD-L1 or PD-1 allows
killing of tumor cell T cell killing of tumor cell
Tumor cell Tumor cell

death

PD-L1

»%//Anligen
Y Anti PD-L1

-T cell receptor

Anti \

PD-1 -
—-7\?

of checkpoint proteins that restrain the immune response. (https:/Avww.cancer.gov/news-

events/cancer-currents-blog/2016/pembrolizumab- merke{l—cell)

Lastly, a clinical trial for another anti-PD-1 inhibitor, nivolumab, is ongoing. So far,
favourable response has been noted in two patients and further investigation about its
safety, efficacy and role as a combination therapy with viral-associated tumors is
currently going on. (Mantripragada et al, 2015 & Walocko et al, 2016).
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NCT02196961 Adjusant Theragry of Completely Resocted Merkel Cell Ipdimurmb 2
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NCT02514824 MLNOI2S in Rocurrent Metastatic Merkel Cell Carcinoma MLNOI128 1-2

NCT024465957 QUILT-2.009: Soxdy of aNK Infizsions in Combmation aNK (NK.92) 2
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{1V) Merkel Cell Carcinoma (MCC)
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NCTO2584829 Localzed Ra&ation Therapy or Recambinant Imerteron Avdumab, MCPyV TAg-specific 1-2
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Figure 2.3 Current clinical trials estimating the effect of immune checkpoint inhibitors and
further treatments in patients with MCC (Amaral et al, 2017).
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3 MATERIALS AND TOOLS

3.1 Subio Platform Inc.

Subio Platform is integrated professional data analysis software that provides various
tools for analysis of microarray, RNA-seq and other ‘omics’ data. The software was
useful in normalizing microarray data accessed from GEO database and also for
identifying differentially expressed genes from the acquired datasets. The Subio
platform  (Free Trial) can be accessed and downloaded from

https://www.subioplatform.com/.

3.2 Gene Expression Omnibus (GEO) Database

The Gene Expression Omnibus (GEO) database is a world-wide public depository
that records and freely provides high-throughput gene expression and other
functional datasets. Microarray data of Merkel Cell Carcinoma was accessed and
downloaded from GSE39612 and GSE45146. The homepage of the GEO website is

at http://www.ncbi.nlm.nih.qov/geo/

3.3 Cytoscape 3.6.0

Cytoscape, widely used open-source software, was used for visual investigation and
construction of PPI networks in this study. It offers a versatile array of tools to
construct biological networks, study their interactions and compute a comprehensive
set of various topological parameters using its Network Analyser plug in. The
Network Analyser plug-in was used to analyse the resulting PPl network in this

study.

3.4 DAVIDG6.8

Database for annotation, visualization and integrated discovery or DAVID was used
to measure the significance of concerned genes associated with a specific pathway,
BP, MF and/or CC based on a modified Fisher’s exact test. DAVID’s functional
annotation tool was utilised in this study and can be further accessed on

https://david.ncifcrf.gov/.
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3.5 STRING

STRING is a widely used database of protein-protein interactions that are both
known and predicted. The data is curated from various sources including but not
limited to high-throughput lab experiments, automated text-mining, genomic context
predictions. A PPI network was constructed for this study using the stringApp plug-
in in Cytoscape, which accesses the data from STRING database and outputs the
results in form of a network. The STRING database can be viewed on https://string-
db.org/ and stringApp can be downloaded from
https://apps.cytoscape.org/apps/stringapp.

3.6 MCODE

Molecular Complex Detection or MCODE is a Cytoscape plug-in that is used to
identify highly interconnected regions, i.e. clusters, in a network. Clusters were
identified and screened in PPl networks generated in this study using the default
settings of MCODE in which degree cut-off is 2, haircut setting is ‘on’, node score
cut-off of 0.2 and a k-score value 2. The latest version of MCODE (version 1.5.1)

can be downloaded from http://apps.cytoscape.org/apps/mcode.

3.7 CytoHubba

CytoHubba is a user friendly Cytoscape plug-in that allows an effective ranking of
network nodes based on various network parameters. This plug-in provides various
topological analysis methods which include EPC, Degree, Maximum Neighbourhood
Component, Maximal Clique Centrality (MCC) EcCentricity, Betweenness, and
Stress centrality that can be used to identify key genes or hub nodes in any network.

The plug-in can be downloaded from http://apps.cytoscape.org/apps/cytohubba/.

3.8 Tools for identification of microRNA targets
MicroRNA targets were identified using three online resources namely, TargetScan,
miRDB and miRTarBase. The former two resources are predictive while the latter

identifies validated miRNA targets.

14|Page



https://string-db.org/
https://string-db.org/
https://apps.cytoscape.org/apps/stringapp

PART IV
METHODOLOGY

15|Page




4 METHODOLOGY

4.1 Ildentification of differentially expressed hub genes involved in
MCC

N n
/ Data Selection and \ [ Enrichment Analysis \

Network Construction and

Processing Analysis
%O GSE39612
Gene Expression Omndas
GSE22396 * Biological Process

*  Molecular Function

Identification and Selection of GEO +  Cellular Component

Datasets
Functional Enrichment Analysis

0 ke Ho

.|n|||,nH|

\ Pathway Analysis J

*  Quality Check
¢ Pre-processing
*  Normalisation

\ldcnliﬁulion of DEGs /

Hub Genes & Pathway
Identification

Figure 4.1 Workflow of the methodology employed to identify hub genes in Merkel Cell

Carcinoma

4.1.1 Ildentification and selection of GEO datasets

In the present study, the expression profiles GSE39612 from the GEO database was
used to carry out analysis. The series GSE39612 provides transcription data of 30
tumors from 27 different patients. This includes 19 samples of primary MCC, 11
samples of metastatic MCC, 3 samples of MCC cell lines, 4 samples of SCC, 2

samples of BCC and 64 samples of normal skin.
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GEO
Disease Accessio ngple Sample Platform Reference
Size Type
Number
19 Primary |[HG-
Merkel MCC  |U133 Plus_2]|(Harms PW
Cell GSE396 1 Metastati | Affymetrix etal, 2013)
Carcinom|12 ¢ MCC |Human PMID: 232
a Normal |Genome U133|23137
o4 Skin Plus 2.0 Array

Table 4.1Microarray Dataset used in this study and its experimental design

4.1.2 ldentification of differentially expressed genes (DEGS)

The quality check of the microarray was performed by plotting raw count signals
from the microarray data using Subio platform. The required normalisation was then
done by performing a global quantile normalization of the 90th percentile, a log
transformation of base 2, lower cut-off value as 1.0 and centring of the data around

the mean

Identification of DE genes was done by identifying altered expression of probes
using t-tests, and BH method for multiple test corrections. Probes with expression
values of p < 0.05 and corresponding False Discovery Rate (FDR) < 0.01 were
considered to be statistically significant. A fold change (FC) value of |[FC| > 1.5 was
considered statistically significant for GSE39612.

4.1.3 Functional Enrichment Analysis

To understand the functional changes of the DEGs, their biological processes (BP),
molecular function (MF) and cellular components (CC) were analysed by DAVID. A
total of 449 genes which included 164 upregulated genes and 285 downregulated
genes were used as the input gene set for functional enrichment. Only GO terms with

p-value < 0.05 were considered statistically significant.
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4.1.4 Pathway enrichment analysis

Enrichment of pathways was executed by using DAVID 6.8. The DEGs were used to
perform a Fisher’s exact test followed by multiple test correction using BH’s False
Discovery Rate correction. A corrected p-value of < 0.05 was considered statistically

significant to determine the overrepresentation of certain biological pathways.

4.1.5 PPI network construction and module analysis

A PPI network was constructed using STRING database on Cytoscape. Only query
proteins were displayed and a minimum required interaction score of 0.4 (medium
confidence) was kept as the primary parameter. Network properties such as degree
and shortest path were analysed using Network Analyser tool. Subsequently,
significant module selection was done by using another Cytoscape plugin, MCODE,
using their pre-set cut- off criteria.

4.1.6 DEG PPI Network Analysis to identify hub genes

Five algorithms, namely, MCC, MNC, EPC, Degree and EcCentricity were
determined using cytoHubba plug-in to categorize hub genes from the PPI network.
The overlapped genes of the five algorithms mentioned above were further enriched
in terms of GO molecular functions, GO biological processes, GO cellular

components and KEGG pathways using DAVID 6.8
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4.2 ldentification of differentially expressed hub microRNAs in

Merkel Cell Carcinoma
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~ w ~

Identification of differentially Gene pairs using the above
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Figure 4.2 Workflow of the methodology employed to identify hub DEmiRNASs in Merkel Cell

Carcinoma

4.2.1 ldentification and Selection of GEO datasets

A total of 5 data series from GEO were evaluated for Merkel Cell Carcinoma
microRNA using keywords, ‘Merkel Cell Carcinoma’, ‘Homo sapiens’ and ‘Non-
coding RNA profiling by array’. 4 data series were excluded on the basis of
treatment based studies, design of the study and other dataset details. Finally, 1 data
series was found suitable for the purpose of this study and was downloaded from
GEO, GSE45146. Two samples from this series of normal skin and 6 samples of
MCC (including both primary and metastatic tumor samples) were chosen for this

study.
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. GEO Accession .
Disease Number Sample Size  |Sample Type |Platform Reference
. Agilent-019118 |(Renwick et al,
Merkel ~ Cell 2 NormalSkin -\ an  mirnA[2013)
. GSE45146 .
Carcinoma 6 MCC Microarray  2.0|PMID:
G4470B (mRNA|23728175

Table 4.2Microarray dataset used in this study and its experimental design

4.2.2 ldentification of differentially expressed microRNAs

The series GSE45146 was used to identify DEmiRNAs between normal skin samples
and MCC. GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/), an online tool that

performs comparisons on GEO datasets based on the GEOquery and Limma R
packages, was used to identify DEmiRNAs. The miRNAs that met the cut-off criteria
of the adjusted P-value (adj. P) <0.01 and |log fold change| >1.5 were considered to

be DEmiRNAs. BH method was used for multiple test corrections.

4.2.3 DE microRNA-Target Gene prediction

To identify putative target genes of the DEmIRSs, three online resources were used.
TargetScan Human version 7.2 (http://www.targetscan.org/vert 72/) and miRDB

(http://mirdb.org/) were used to identify predictive miRNA-gene pairs while

miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/index.php) was used to identify

experimentally validated miRNA-gene pairs. Individually, these were the steps

performed on the sites:

TargetScan7.2

e The miRNA ID was entered and submitted.
e The “Conserved Table” was downloaded.

miRDB

e The option “Search by miRNA” was used and respective miRNA 1Ds were
entered.
e The target details were noted down in a separate excel sheet.
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miRTarBase

e The option “Search by miRNA was used and respective miRNA IDs were
entered.
e The target details were noted down in a separate excel sheet.

4.2.4 Construction and analysis of DEG-DEmIR network

The DEGs and DEmiRs were used to construct a dysregulation network using
Cytoscape. Using Network Analyser tool of Cytoscape, the above network was
analysed for the purpose of finding hub miRNAs. A degree cut-off of > 20 was set as
the criteria. Hub node annotation in terms of GO molecular function, GO biological
process, GO cellular components and KEGG pathway were performed by DAVID
6.8.
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3) RESULTS

5.1 Identification of differentially expressing genes (DEGS)

between normal skin samples and merkel cell carcinoma (MCC)
5.1.1 Identification and selection of GEO datasets

A total of 22 data series from GEO were evaluated for Merkel Cell Carcinoma using
keywords, ‘Merkel Cell Carcinoma’, ‘Homo sapiens’ and ‘Expression profiling by
array’. 20 data series were excluded on the basis of treatment based studies, design of
the study and other dataset details. Finally, 1 data series was found suitable for the
purpose of this study were downloaded from GEO, GSE39612. 64 samples of normal
skin and 30 samples of MCC (including both primary and metastatic tumor samples)

were chosen for this study

5.1.2 Identification of differentially expressed genes

The series GSE39612 was used to identify DEGs between normal skin samples and
MCC. A global normalisation, quantile normalisation, log-transformation and
centring on the mean was performed for all samples. DEGs were curated after
performing student’s t-test and BH correction on the data. Fold change of 1.5 and p-
value < 0.05 were used to identify the DEGs. A total of 449 genes were identified

which included 164 upregulated genes and 285 downregulated genes.

0.0om

0.001_

0.01

P-Yalue

0.1

1.0

w14 w12 w1 w2 wd

Fold Change
5999/ 54674

Figure 5.1Volcano Plot of GSE39612. Microarray data normalized with the 'Subio Platform®. In

the X-axis, genes from middle (x1) to the left side are down-regulated while genes from middle
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(x1) to the right side are up-regulated. The upside of the red line is for P value below 0.05. The

up-regulated and down regulated genes with significance (P-value<0.05) were selected.

DEGs Gene Names | Fold Change
Upregulated NEFM 2.543639
INSM1 2.4247596
ISL1 2.2273529
SNAP25 2.214575
POU4F1 2.1981621
TMSB15A 2.1898093
CDH2 2.1241248
BEX1 2.0843203
KRT20 2.075004
SOX11 2.070680233
Downregulated PLA2G2A | 0.66567767
WDR1 0.6654161
SPRR1A 0.66538364
ZFYVE21 0.66475147
ABHD5 0.66370875
CAPN3 0.6636417
PAMR1 0.66317564
SNAP23 0.6626955
ABCAG6 0.6625355
IL6ST 0.66252875

Figure 5.2 Differentially expressed genes (DEGs) in GSE39612. A list of few upregulated and

downregulated genes in MCC. The genes are listed from largest to smallest Fold Change values.

5.1.3 Functional Enrichment Analysis

To understand the function of the DEGs, their biological processes (BP), molecular
function (MF) and cellular components (CC) were analysed by DAVID. The DEGs
were mainly enriched in positive regulation of transcription from RNA polymerase 11
promoter (GO: 0045944), oxidation-reduction process (GO: 0055114), epidermis
development (GO: 0008544), keratinocyte differentiation (GO: 0030216), and
positive regulation of cell proliferation (GO: 0008284) in the BP group. In CC group,
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the DEGs were mostly enriched in cytoplasm (GO: 0005737), plasma membrane
(GO: 0005886), extracellular exosome (GO: 0070062), integral component of plasma
membrane (GO: 0005887) and extracellular space (GO: 0005615). Finally, in the MF
group, the genes enriched in protein binding (GO: 0005515), calcium ion binding
(GO: 0005509), protein homo-dimerization activity (GO:  0042803),  structural
molecule activity (GO: 0005198), transcriptional activator activity, RNA polymerase
Il core promoter proximal region sequence-specific binding (GO: 0001077),
structural constituent of cytoskeleton (GO: 0005200), heparin binding (GO:
0008201), and iron ion binding (GO: 0005506). Only statistically significant terms,
with p-values < 0.05, were considered for analysis.

GO Biological Processes
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Figure 5.3 A bar graph representation of GO analysis and significantly enriched GO terms for
DEGs in this dataset. GO analysis classified the DEGs into three groups (molecular function,

biological process, and cellular component).
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Term Description Count p Value Genes

Biological Process

positive regulation of transcription FGFR2, HLF, IL18, FOXM1,

G0:0045944 46 4.94E-05

from RNA polymerase |l promoter F2RL1, SOX2, BEX1, PAX6,
G0O:0008284 pos““’srgﬁ?f‘;'rzttig; of cell 29 1.53E-05 FGFES'XP;AT GQECSE';;?ST'
GO:0006366 "a”sc”p“o”lf‘;zmg polymerase| 0.000471 |_F|’LAFX§ (?rﬁg/ls%’ESH?:),(lf/’lsgffy
GO:0055114 oxidation-reduction process 25 0.012791 C:(/IFI,E EBIYEZPEN?SEBBS; 1
G0O:0008544 epidermis development 24 5.00E-18 KLKZ}’ JEIE:KCE) b;EI’EZSEéET_I‘QTgl‘
G0:0007155 cell adhesion 24 0.001142 SLEIEQIS?ZA-IE-)X\(/IE;IBCg‘iliI?\IlD 2
GO 0045893 positive regulation of transcription, 24 0.004885 KLF5, SOX11, FOXM1,

DNA-templated PSRC1, SOX2, PAX6, IGF1,

Cellular Components

PALMD, DCN, KRTS5,

G0:0005737 Cytoplasm 158 0.000572 NCAPG, HJURP, POU2F3,
G0O:0005886 plasma membrane 135 5.74E-05 TS/S\&/?&;:;S;A;LT;ES
G0:0070062 extracellular exosome 126 1.19E-12 c L_gf(iBDZBCZNgSiF;RElPB
G0:0005829 Cytosol 99 0.014265 s C%ENN ITAEO)C(?PIL\I:B?; ?—IlP3 éD
G0:0005576 extracellular region 90 5.16E-14 SC%’\é’Lcl)Zl ﬁpli/Blé;:l;p(i ?55’
G0:0005615 extracellular space 85 3.42E-16 Fitgéloé\f_gcigLégLNNzY
cosss_| PIITOm || o | FTANTRG KC
GO:0005794 Golgi apparatus 28 0.098523 EZ\I;lBEUPSEPRZF? " 2‘ I-I'—:F;%':Z
Molecular Function
G0:0005515 protein binding 249 0.001438 KIC'::éSN/IiECE’iFC)L 1D FI’;_S 1L’4’
G0:0005509 calcium ion binding 48 1.12E-09 DSSC_I_Z ’PLFE{ CF))ngCS:,i(l:N’\,IACl':N
G0:0042803 protein homo-dimerization activity 32 0.002538 PFDB (IB_IIZ\IRSAKC(::S 'L\l 12” CNR-:(R; ;2
G0:0005198 structtu-ral mole<':ule activi-ty- 27 5.44E-10 KRTLS, g:‘: A14ACDLDIZN1 DSP,
cosmor_| oot e || saseon | RorE o S
G0O:0005200 structural constituent of cytoskeleton 19 2.10E-10 KRTrl(Alf?’T[.);T\iSZCI:_TII:IGE?:’I\’/\II .I.EFH’
G0:0008201 heparin binding 14 0.000178 FGFR2, TNXB, ECM2,

GREM2, APLP1, PRELP,

Table 5.1 A tabular representation of analysis of significant enrichment GO terms of DEGs

present in MCC
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5.1.4 Pathway enrichment analysis

The gene set of 449 DEGs was used to identify statistically significant pathways with
p-value < 0.05. Significantly enriched pathways highlighted were cAMP signaling
pathway (hsa04024), Calcium signaling pathway (hsa04020), Amoebiasis
(hsa05146), Oocyte meiosis (hsa04114), Arachidonic acid metabolism (hsa00590),
Glioma (hsa05214), Inflammatory mediator regulation of TRP channels (hsa04750),
Vascular smooth muscle contraction (hsa04270), p53 signaling pathway (hsa04115),
Aldosterone synthesis and secretion (hsa04925), GnRH signaling pathway
(hsa04912) and HIF-1 signaling pathway (hsa04066).

KEGG Pathways

Count - 6 -logpvalue

| o . Count

- log p value

Figure 5.4 A bar graph representation of significantly enriched pathways for DEGs in this

dataset
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Term Description P-Value Genes

hsa04024 cAMP signaling pathway 0.006951985 ﬁlzziifﬁf; 1P IE)I\II_D YA
hsa04020 Calcium signaling pathway ~ [0.008673811 Eg;%f'é':t MAILP,ZP'T_ZN lAGTRll
05 Amocbiask 0007513759 |V serpings,
hsa04114 Oocyte meiosis 0009824526 ESSEZE BAgggllélczi%lﬁkA,
hsa00590 Avachidonic acid metabolism  |0.001161382 ﬁfg)l(ﬁ;ﬁgé?:g& )
o [ SO
N i e
s [y ST
hsa04115 p53 signaling pattway 0.008943032 gggl\izi ((B:I?lKPNEZRAP ,RGRT'\gEl
hsa04912 GnRH signaling pathway 0.035359873 E(LBIST CAAD\I?I\:ESPIC_:,'Z\JZ\AG:?B
hsa04066 HIF-1 signaling pathway 0.044130154 FSFT’CT:MESE’\,I ?F’)'IE’;%Z’
hsa04913 Ovarian steroidogenesis 0.009751094 ﬁg;gf (':A\\?Pcl\éll F|)I(;|§1264A
hsa04924 Renin secretion 0.028291683 éimlﬁgf '(-:CAﬁA (L:5L,Sf§ﬁ>1
hsa03320 PPAR signaling pathway 0.033623759 ig—:—;gQSi\[()ZSSLFéABAPC?SBGl
S i T
hsa05218 Melanoma 0.041647285 IIEGGFF1|?7CCD[|)—E_I,\I F?Q;RDlGFRA'
hsa00350 Tyrosine metabolism 0.013828406 ifg;_géspl' AOX1, ADHIB,
hsa00565 Ether lipid metabolism 0.032014452 E:ﬁiﬁ‘gitﬁ;mxﬁk
hsa01212 Fatty acid metabolism 0.039315876 igt‘: i'-cos\é'ézl SCDS,
hsa04614 Renin-angiotensin system 0.022816032 |AGTRL, CPA3, CMAL, CTSG

Table 5.2 A tabular representation of significant KEGG pathways identified for the DEGs in

this dataset Terms with p-value < 0.05 were considered as significant.

5.1.5 PPI network construction and module analysis

A protein-protein interaction network was constructed using STRING database on
Cytoscape. Only query proteins were displayed and a minimum required interaction

score of 0.4 (medium confidence) was kept as the primary parameter. A network of
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448 nodes and 2190 edges were included in the DEGs network. The network

consisted of 38 isolated nodes. The following network properties of degree

distribution, average neighbourhood connectivity, average aggregation coefficient

and distribution of shortest path were also analysed as seen in Figure 7 (a-d).
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Figure 5.5PPI network analysis of DEGs for characteristics of small-world network a)
Distribution of degrees b) Distribution of shortest path c) average aggregation coefficient d)

average neighbourhood connectivity.

Subsequently, significant module selection was done by using another Cytoscape
plugin, MCODE, using their pre-set cut- off criteria. These criteria included a degree
cut-off of 2, cluster finding algorithm of ‘haircut’, node score cut-off of 0.2, k-core
value of 2 and maximum depth value of 100. As per these criteria, a total of 17
clusters were identified with an average MCODE score of 6.651. Consequently, three

significant modules were selected, Cluster A with score = 28.07, nodes = 29, edges =
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393; Cluster B with score = 15, nodes = 15, edges = 105; Cluster C with score = 12,
nodes = 12, edges = 66.

i.  Cluster A analysis

Cluster A was selected as the most significant module with an MCODE score of
28.07, nodes = 29 and edges = 393. The 29 genes included in this module are as
follows: NEK2, TTK, DTL, DLGAP5, HIURP, RRM2, ASPM, BUB1, KIF20A,
CENPM, FOXM1, CDC6, CCNE2, AURKA, DEPDC1, CENPF, CENPE, FBXO5,
NDC80, NCAPG, HMMR, CENPA, KIF14, BUB1B, TOP2A, SPC25, KIF4A,
GTSEL, and KIF18A. All of these genes were upregulated.

CENPM =

Figure 5.6 Cluster A: A significant module selected from the PPI network. The green circular

nodes represent upregulated genes
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Pathways

Figure 5.7 A bar graph representation of GO analysis depicting significantly enriched GO terms
and pathways for DEGs in Cluster A. GO analysis classified the DEGs into three groups
This cluster was indicative of pathways enriched in cell cycle (hsa041100), p53
signalling pathway (hsa04115), cell cycle checkpoints (HAS-69620), Amplification
of signal from unattached kinetochores via a MAD?2 inhibitory signal (HSA-141444),
Mitotic Metaphase and Anaphase (HSA-2555396) and RHO GTPase Effectors

(molecular function, biological process, and cellular component).




(HSA-195258). For the biological processes group, the genes were primarily
enriched in mitotic cell cycle process (GO.1903047), cell cycle (GO.0007049),
regulation of cell cycle (GO.0051726), chromosome organization (GO.0051276),
microtubule cytoskeleton organization (G0O.0000226) and organelle localization
(GO.0051640). In the MF group, ATP binding (G0.0005524), carbohydrate
derivative binding (GO.0097367), anion binding (GO.0043168) and protein binding
(GO.0005515) were primarily highlighted. In the CC group, the genes mainly
enriched were intracellular non-membrane-bounded organelle (G0.0043232),
nucleus (GO.0005634), cytosol (G0O.0005829), kinetochore microtubule
(G0O.0005828) and also cytoplasmic part (GO.0044444).

ii.  Cluster B Analysis

Cluster B was selected as the second most significant module with an MCODE score
of 15, nodes = 15 and edges = 105. The 15 genes included in this module are as
follows: PPL, FLG, DSG3, DSG1, TCHH, SPRR1B, DSP, DSC2, SPRR1A, DSC1,
IVL, CSTA, PKP1, LOR and CDSN. All of these genes were downregulated.

2 Wew
'[ '/ ‘1~‘ “f

TCHH = CSTA

Figure 5.8 Cluster B: A significant module selected from the PPI network. The circular orange

nodes represent downregulated genes

The enriched terms primarily highlighted in this module were cornification, cell-cell
adhesion, structural molecule activity, protein binding, bridging and structural

constituent of epidermis. The cellular components included cornified envelope,
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desmosome, ficolin-1-rich granule membrane and cytosol. The key pathways

emphasised were formation of the cornified envelope and immune system.

Terms Description Count | FDR Value Genes
Biological Processes
. DSG3 DSG1 DSC1
GO0.0070268 Cornification 15 1.73E-31 PKP1 CSTA DSC2..
. i CSTA SPRR1B LOR
G0.0018149 peptide cross-linking 7 5.03E-13 SPRRIA IVL FLG DSP
. DSG3 DSG1 DSC1
G0.0098609 cell-cell adhesion 8 4.,04E-09 PKP1 CSTA DSC2
GO.0007156 horpoph_lllc cell 4 0.0000643 DSG3 DSG1 DSC1
adhesion via plasma DSC2
G0.0086073 bundie of His cell- 2 0.00016 DSC2 DSP
Purkinje myocyte
GO.00ggo11 | regulation of ventricular) 0.00069 DSC2 DSP
cardiac muscle cell
GO.0045109 | Mermediate filament 2 0.0013 PKP1 DSP
organization
G0.0043312 neutrophil degranulation 4 0.0032 | DSG1 DSC1 PKP1 DSP
GO.0086091 | reQuiation of heart rate 2 0.0032 DSC2 DSP
by cardiac conduction
G0.0007010 cytoskeleton 4 0.0211 | PKP1PPL LOR DSP
organization
G0.0045216 cell-celljunction 2 0.0285 DSG1 DSP
organization
Cellular Components
. DSG3 DSG1 DSC1
G0.0001533 cornified envelope 15 2.53E-35 PKP1 CSTA DSC2..
DSG3 DSG1 DSC1
G0.0030057 Desmosome 8 7.04E-18 PKP1 DSC2 PPL CDSN
GO.0101003 | Meolin-1-rich granule 4 1.78E-06 | DSG1 DSC1 PKP1 DSP
membrane
G0.0101002 ficolin-1-rich granule 4 0.0000833 | DSG1 DSC1 PKP1 DSP
. DSG3 DSG1 DSC1
G0.0044444 cytoplasmic part 14 0.0018 PKP1 CSTA DSC2
G0.0005882 intermediate filament 3 0.0025 PKP1 FLG DSP
HSA-168256 Immune System 5 0.0141 DSG1 DSC1 PKP1 PPL

DSP
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Terms Description Count | FDR Value Genes
G0.0014704 intercalated disc 2 0.004 DSC2 DSP
DSG3 DSG1 CSTA
G0.0005829 Cytosol 10 0.0045 SPRR1B PPL LOR
G0.0005913 cell-cell adherens 2 0.0064 DSC2 DSP
junction
G0.0005856 Cytoskeleton 6 0.0115 PKPLPPLIVL FLG DSP
TCHH
Molecular Function
structural molecule PKP1 CSTA SPRR1B
G0.0005198 .. 9 1.25E-08
activity PPL LOR SPRRIA IVL..
GO.0030280 structural_const_rtuent of 4 1.32E-08 PKP1 LOR SPRR1A
epidermis FLG
o . CSTA SPRR1B LOR
G0.0030674 protein binding, bridging 6 4.38E-08 SPRRIA IVL DSP
L DSG3 DSG1 DSC1
G0.0005509 calcium ion binding 6 0.0000635 DSC2 FLG TCHH
Go.0oseogg | Coll adhesive protein 2 0.0000746 DSC2 DSP
binding involved in
GO.0005200 | Structural constitentof | 0.00035 PPL LOR DSP
cytoskeleton
. DSG3 DSG1 DSC1
G0.0005488 Binding 14 0.0213 PKP1 CSTA DSC2
. DSG1 PKP1 CSTA
G0.0005515 protein binding 10 0.0306 DSC2 SPRRIB LOR
Pathways
hsa05412 Arrhythmogenic right 2 0.0029 DSC2 DSP
ventricular
Formation of the DSG3 DSG1 DSC1
HSA-6809371 ifiod | 15 5.48E-32 PKP1 CSTA DSC2
cornified envelope SPRRIB..
HSA-351006 | APoplotic cleavageof ) 9.84E-10 | DSG3 DSG1 PKP1 DSP
cell adhesion proteins
HSA-6798695 Neutrophil 4 0.00055 |DSG1DSC1PKP1 DSP
degranulation

Table 5.3 A tabular representation of significantly enriched GO terms and pathways highlighted

in Cluster B
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iii.  Cluster C analysis

Cluster C was selected as the third most significant module with an MCODE score of
12, nodes = 12 and edges = 66. The 12 genes included in this module are as follows:
CCL27, GNG4, CNR1, HCAR2, NPY, LPAR1, GAL, NPY1R, ADCY1, CXCL12,
CXCR4 and P2RY 14.

Figure 5.9 Cluster C: A significant module selected from the PPI network. The circular green
nodes represent upregulated genes while the circular green nodes represent downregulated
genes.

The primary pathways highlighted in this cluster were Chemokine signalling,
pathway, cCAMP signaling pathway, Regulation of lipolysis in adipocytes, Pathways
in cancer, Neuroactive ligand-receptor interaction, Retrograde endocannabinoid
signalling, Rapl signaling pathway, Cytokine-cytokine receptor interaction, G alpha
(i) signalling events, GPCR ligand binding, Class A/1 (Rhodopsin-like receptors),

Peptide ligand-binding receptors and Chemokine receptors bind chemokines
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Terms Description Count FDR Value Genes
Biological

Processes :

G0.0007186 fesggttz':';snﬁfg 12 4.178-12 A[C):g\l{_iTDSRA\I(_M
el e I Rl e
G0.0007610 Behaviour 6 5.41E-05 |\C1;};A\I(_12[():(|:\l\;{11
G0.0007188 adm/;ajzgzglzse- 4 0.00041 Agﬁélgxlf
G0.0060326 cell ch'emotaxis 4 0.00041 c():((cz:ll__2172IE:P>?CRF§4
coomosss | ' e | © | %12 | orerneans
coomsost | "Gw | o | oo O o
G0.0031175 ”e‘ézazfrjrﬂon 5 0.0012 AciaichNF?\i
oo | b | 0 | oo | vt
G0.0120036 p'asgfngsdmfgﬁme 6 0.0012 LApialcigIEllz
Cellular

Components

G0.0005886 |plasma membrane 9 0.035 AI\? E\:(llRPé 5;14
GO.0044459 plasm-a prztialtmbrane 7 0.035 A|\[|)|:(>:\:(11Rpé E\Fﬁdf
comoss | a5 | omes | P00
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Molecular

Functions _
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(0.0008528 isgg;e;”r;;‘ﬁff 3 ootz | CALNPYIR
G0.0048018 rece;;;\r/ill\?and 4 0.0017 ciCcLLZl?z?\JAPLY
G0.0005184 h:fn‘i;?]zeg’ctl‘iew 2 0.0019 GAL NPY
GO.0008009  |chemokine activity 2 0.0039 CCL27 CXCL12
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Table 5.4 Significantly enriched GO terms and pathways highlighted in Cluster C
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5.1.6
Analysis

Identification of Hub Genes and Pathways through DEG PPl Network

The cytoHubba application was employed to identify the top 10 genes evaluated

using the following algorithms: Degree, MCC, MNC, EPC and EcCentricity as given

in Table 7.

Degree |Gene |MCC |Gene |MNC |Gene |EPC |Gene |EcCentricity Gene
63 EGFR 9.22E+13 AURKA 59 EGFR 91.987 CHD1 0.18125 CDH1
59 CDH1 9.22E+13 FOXM1 56 CDH1 91.132 EGFR 0.18125 EGFR
46 SOX2 9.22E+13 ASPM 42 SOX2 90.78 AURKA 0.18125 AURKA
43 IGF1 9.22E+13 CENPF 41 KRT5 90.639 FOXM1 0.18125 FOXM1
42 SNAP25  9.22E+13 CENPE 40 IGF1 87.4 CDC6 0.18125 SOX2
41 AURKA 9.22E+13 BUB1 39 AURKA 87.208 BUB1 0.18125 KRT5
41 KRT5 9.22E+13 BUB1B 38 FOXM1 87.186 CENPE 0.18125 CDKN2A
41 FOXM1  9.22E+13 DLGAP5 38 SNAP25 86.817 KIF4A 0.18125 KRT14
37 CXCR4 9.22E+13 CDC6 35 CXCR4 86.711 CENPF 0.18125 LOR
36 SOX9 9.22E+13 KIF4A 34 LOR 86.388 CENPA 0.18125 NCAM1

Table 5.5 Top 10 genes evaluated in the PPl network using five calculation methods (MCC,

MNC, Degree, EPC, and EcCentricity) and employing CytoHubba in Cytoscape.

Furthermore, an online tool (http://bioinformatics.psb.ugent.be/webtools/\VVenn/) was

employed to observe the intersection of five algorithms (degree, MCC, MNC, EPC

and EcCentricity) to identify the hub genes present in the network. As seen from

figure 5.10, 16 genes were found in the intersection of the five algorithms. These
genes include: AURKA, FLG, KIF4A, DSG1, PKP1, LOR, BUB1, CDC6, CENPE,
CXCR4, FOXM1, CXCL12, CDSN, DSG3, IVL and DSP.
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http://bioinformatics.psb.ugent.be/webtools/Venn/

Figure 5.10 Employing an online resource, five intersecting algorithms to generate a Venn plot
to identify significant hub genes. Areas with different colours correspond to different
algorithms. The cross areas indicate the commonly accumulated DEGs. The elements in
concurrent areas are the 16 hub genes (AURKA, FLG, KIF4A, DSG1, PKP1, LOR, BUBI,
CDC6, CENPE, CXCR4, FOXM1, CXCL12, CDSN, DSG3, IVL and DSP).

The 16 hubs genes included 7 upregulated and 9 downregulated genes and were used
to construct a network with 16 nodes and 34 edges. A network of these 16 hub genes
revealed that the upregulated and downregulated genes were part of two individual
clusters, as shown in Figure 5. A STRING enrichment analysis (GO components,
GO processes, GO functions, KEGG pathways and Reactome pathways) was
performed for the hub genes, keeping the FDR < 0.05. In the GO components group,
the genes were mostly enriched in cornified envelope (GO.0001533), desmosome
(GO.0030057), cytoskeletal part (GO.0044430), plasma membrane (GO.0005886)
and cytosol (GO.0005829). In the GO process group, most genes were enriched in
programmed cell death (G0.0012501), cell differentiation (G0O.0030154),
cornification (GO.0070268), anatomical structure development (GO.0048856),
animal organ development (G0O.0048513) and system development (GO.0048731).
Further, genes were mainly enriched in protein binding (G0O.0005515) and binding
(G0.0005488) in the GO functions group. For pathway enrichment, results from both
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KEGG and Reactome were considered. A cut-off value of 2 and FDR < 0.05 was
considered statistically significant. Eight KEGG pathways were highlighted which
included Intestinal immune network for IgA production (hsa04672), Cell cycle
(hsa04110), Oocyte meiosis (hsa04114), Leukocyte trans-endothelial migration
(hsa04670), Progesterone-mediated oocyte maturation (hsa04914), Chemokine
signaling pathway (hsa04062), Axon guidance (hsa04360) and Cytokine-cytokine
receptor interaction (hsa04060). On the other hand, reactome highlighted eighteen
pathways, with the same statistical conditions intact. The major pathways highlighted
were formation of the cornified envelope (HSA-6809371), developmental biology
(HSA-1266738), immune system (HSA-168256) and cell cycle, mitotic (HSA-
69278).

KIF4A

FOXM1

[

CENPE

\ ’ /‘cocs

AURKA

BUB1

Figure 5.11 PPI Network of the hub genes with 16 nodes and 34 edges. The 16 hub genes were
used to construct a network using STRING database in Cytoscape. The ‘green’ nodes indicate

the upregulated genes while the ‘red’ nodes indicate the downregulated genes.
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Figure 5.12 GO analysis and significantly enriched GO terms for Hub Genes in MCC. GO
analysis classified the Hub Genes into three groups (molecular function, biological process, and
cellular component). Significantly enriched KEGG pathways and Reactome pathways for Hub

Genes in MCC.

Six hub genes, AURKA, BUB1, CDC6, CENPE, FOXML1 and KIF4A were found in
Cluster A.
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5.2 ldentification of differentially expressed microRNAs in

Merkel Cell Carcinoma
5.2.1 Identification and Selection of GEO datasets

A total of 5 data series from GEO were evaluated for Merkel Cell Carcinoma
microRNA using keywords, ‘Merkel Cell Carcinoma’, ‘Homo sapiens’ and ‘Non-
coding RNA profiling by array’. 4 data series were excluded on the basis of
treatment based studies, design of the study and other dataset details. Finally, 1 data
series was found suitable for the purpose of this study and was downloaded from
GEO, GSE45146. 2 samples of normal skin and 6 samples of MCC (including both

primary and metastatic tumor samples) were chosen for this study.

5.2.2 ldentification of differentially expressed microRNAs

The series GSE45146 was used to identify DEmiRNAs between normal skin samples
and MCC. GEO2R (http://www.ncbi.nIm.nih.gov/geo/geo2r/), an online tool that

performs comparisons on GEO datasets based on the GEOquery and Limma R
packages, was used to identify DEmiRNAs. The miRNAs that met the cut-off criteria
of the adjusted P-value (adj. P) <0.01 and |log fold change| >1.5 were considered to
be DEmiRNAs. BH method was used for multiple test corrections. A total of 17
DEmMiRNAs were identified which included 1 upregulated miRNA and 16
downregulated miRNAs.
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http://www.ncbi.nlm.nih.gov/geo/geo2r/

ID adj.P.Val |logrC

Downregulated

hsa-miR-375  |1.22E-05 |-9.24833

hsa-miR-9* 1.22E-05 |-8.70536

hsa-miR-9 1.71E-05 |-8.24161

hsa-miR-18a 2.51E-05 |-8.22654

hsa-miR-873  |0.000039 |-7.80773

hsa-miR-501-3p|0.000039 |-7.69214

hsa-miR-454  |4.95E-05 |-7.43868

hsa-miR-195* |9.64E-05 |-6.87839

hsa-miR-181c* [0.000225 |-7.48504

hsa-miR-1 0.001778 |-7.37286

hsa-miR-502-3p|0.007095 |-2.71183

hsa-miR-518b [0.019113 |-5.71209

hsa-miR-18b  |0.020437 |-6.64246

hsa-miR-590-5p|0.037281 |-1.6829

hsa-miR-181c |0.037281 |-5.40376

hsa-miR-19a 0.037281 |-1.61635

Upregulated

hsa-miR-221* 10.019009 |7.402

Table 5.6 Differentially expressed microRNA (DEmiRNAs). Upregulated and downregulated
microRNAs in MCC.
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5.2.3 DEmicroRNA-Target Gene prediction

To identify putative target genes of the DEmIRs, three online resources were used.

TargetScan Human version 7.2 (http://www.targetscan.org/vert 72/) and miRDB

(http://mirdb.org/) were used to identify predictive miRNA-gene pairs while

miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/php/index.php) was used to identify

experimentally validated miRNA-gene pairs. A total of 55,684 target interactions
(experimental and predictive) were identified as putative targets for the 17 DEmIRS
gathered in this study.

The data acquired was then used to identify validated and predictive pairs of DEGs-
DEmiRs from this study. Out of a possible of 956 individual genes, 28 genes were
found to be overlapping with the DEGs as well. These include ABHD5, CA12,
CD164, CDHL1, CLIP1, COLEC12, CXCR4, DEPDC1, EGLN3, ELAVL2, EREG,
HIPK3, IGF1, IGF2BP3, KLF4, KLF5, MBNL1, MBNL2, NAB1, PICALM, RECK,
RORA, SOX9, TM4SF1, TWF1, VAMP3, VSNL1 and WDR1.

56 pairs of validated DEGs-DEmIRs and 221 pairs of predicted DEGs-DEmIiRs were

curated from miRTarBase and TargetScan & miRDB respectively.
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S.No miRNA Gene S.No miRNA Gene S.No miRNA Gene S.No miRNA Gene
1 has-miR-454 ABHDS 56 has-miR-375 ELAVL2 111 has-miR-1 KLF4 166 sa-miR-195-3 RORA
2 has-mir-19a ABHDS 57 sa-miR-195-3 ELAVL2 112 hsa-miR-18a KLFS 167 hsa-mir-18b RORA
3 has-mir-19a ABHD5 58 has-mir-181c ELAVL2 113 has-miR-375 KLF5 168 has-mir-181c RORA
4 hsa-miR-181c-3| ABHDS 59 hsa-miR-375 ELAVL2 114 hsa-miR-9-5p KLF5 169 has-miR-1 RORA
5 has-mir-181c ABHDS 60 sa-miR-501-3| ELAVL2 115 as-mir-590-5¢ KLF5 170 hsa-miR-18a RORA
6 has-miR-873 ABHDS 61 sa-miR-502-3 ELAVL2 116 hsa-miR-9-5p KLF5 171 has-miR-873 RORA
7 has-miR-454 ABHDS 62 sa-miR-221-3 ELAVL2 117 hsa-miR-375 KLFS 172 hsa-miR-9-5p RORA
8 hsa-miR-9-3p ABHDS 63 hsa-miR-9-5p ELAVL2 118 hsa-miR-18a KLFS 173 sa-miR-195-3 RORA
9 has-miR-873 CA12 64 sa-miR-195-3| ELAVL2 119 sa-miR-195-3| KLF5 174 has-mir-19a RORA
10 hsa-mir-18b CA12 65 has-miR-1 ELAVL2 120 hsa-miR-9-3p KLF5 175 has-miR-873 RORA
11 hsa-miR-18a CA12 66 has-miR-454 EREG 121 sa-miR-221-5 MBNL1 176 has-miR-1 RORA
12 has-miR-1 CA12 67 has-mir-19a EREG 122 has-miR-454 MBNL1 177 hsa-miR-9-5p RORA
13 psa-miR-181c-3( CA12 68 has-miR-1 EREG 123 has-miR-375 MBNL1 178 has-miR-1 SOX9
14 has-mir-181c CA12 69 has-miR-454 EREG 124 has-mir-590-50  MBNL1 179 has-miR-1 SOX9
15 has-miR-873 CA12 70 has-mir-19a EREG 125 hsa-miR-9-5p MBNL1 180 hsa-miR-9-3p SOX9
16 has-mir-181c CA12 71 sa-miR-195-3| EREG 126 hsa-mir-18b MBNL1 181 has-miR-1 TMA4SF1
17 hsa-miR-18a CA12 72 has-miR-1 EREG 127 hsa-miR-9-3p MBNL1 182 hsa-miR-18a TMA4SF1
18 has-mir-19a CD164 73 hsa-miR-9-3p HIPK3 128 has-mir-181c MBNL1 183 has-miR-1 TMA4SF1
19 has-miR-1 CD164 74 has-mir-590-5( HIPK3 129 hsa-miR-18a MBNL1 184 has-mir-19a TMA4SF1
20 has-miR-1 CD164 75 has-mir-181c HIPK3 130 has-mir-19a MBNL1 185 has-miR-873 TM4SF1
21 has-mir-19a CD164 76 has-miR-1 HIPK3 131 has-miR-454 MBNL1 186 has-miR-1 TWF1
22 hsa-miR-9-3p CD164 77 hsa-miR-9-5p HIPK3 132 has-mir-590-50  MBNL1 187 hsa-mir-18b TWF1
23 hsa-miR-9-3p CDH1 78 has-mir-19a HIPK3 133 hsa-miR-375 MBNL1 188 hsa-miR-18a TWF1
24 hsa-miR-9-3p CDH1 79 has-mir-590-5( HIPK3 134 sa-miR-195-3 MBNL1 189 has-miR-1 TWF1
25 hsa-miR-9-5p CDH1 80 has-mir-19a HIPK3 135 hsa-miR-9-5p MBNL1 190 hsa-miR-9-3p TWF1
26 has-miR-873 CDH1 81 sa-miR-221-3, HIPK3 136 has-mir-19a MBNL1 191 has-mir-19a TWF1
27 hsa-miR-195-3p CDH1 82 has-miR-1 HIPK3 137 hsa-miR-9-3p MBNL1 192 hsa-miR-9-5p VAMP3
28 has-miR-454 CLIP1 83 sa-miR-195-3 HIPK3 138 has-mir-19a MBNL2 193 has-mir-19a VAMP3
29 has-mir-181c CLIP1 84 sa-miR-181c-3| HIPK3 139 hsa-miR-18a MBNL2 194 has-mir-19a VAMP3
30 has-mir-19a CLIP1 85 has-mir-181c HIPK3 140 has-mir-181c MBNL2 195 hsa-miR-9-5p VAMP3
31 has-miR-454 CLIP1 86 hsa-miR-9-5p HIPK3 141 sa-miR-195-3| MBNL2 196 sa-miR-195-3| VAMP3
32 has-mir-19a CLIP1 87 has-miR-454 HIPK3 142 has-mir-19a MBNL2 197 as-mir-590-5¢ VSNL1
33 hsa-miR-9-5p COLEC12 88 hsa-miR-9-3p HIPK3 143 hsa-miR-18a MBNL2 198 sa-miR-195-3 VSNL1
34 hsa-miR-9-5p COLEC12 89 hsa-mir-18b HIPK3 144 sa-miR-195-3 MBNL2 199 sa-miR-195-3 VSNL1
35 has-miR-1 COLEC12 90 hsa-miR-18a HIPK3 145 sa-miR-195-3 NAB1 200 hsa-miR-18a VSNL1
36 hsa-miR-9-3p COLEC12 91 has-miR-454 IGF1 146 has-miR-1 NAB1 201 has-miR-873 VSNL1
37 has-miR-1 CXCR4 92 hsa-miR-9-3p IGF1 147 has-mir-181c NAB1 202 has-mir-19a VSNL1
38 hsa-miR-9-5p CXCR4 93 has-miR-1 IGF1 148 sa-miR-195-3| NAB1 203 has-miR-1 VSNL1
39 has-miR-1 CXCR4 9% has-mir-19a IGF1 149 has-miR-1 NAB1 204 hsa-mir-518b WDR1
40 hsa-miR-9-5p CXCR4 95 hsa-mir-18b IGF1 150 has-miR-873 NAB1 205 hsa-miR-9-3p WDR1
41 hsa-miR-195-3p CXCR4 96 hsa-miR-18a IGF1 151 hsa-miR-9-3p NAB1 206 has-miR-1 WDR1
42 has-miR-454 DEPDC1 97 has-miR-454 IGF1 152 has-miR-1 PICALM 207 has-mir-19a WDR1
43 has-miR-454 DEPDC1 98 has-miR-1 IGF1 153 sa-miR-195-3| PICALM 208 has-miR-1 WDR1
44 hsa-miR-9-3p DEPDC1 99 sa-miR-221-3 IGF1 154 has-miR-1 PICALM 209 has-mir-19a WDR1
45 has-mir-19a DEPDC1 100 has-mir-19a IGF1 155 hsa-mir-18b PICALM 210 hsa-mir-518b WDR1
46 has-miR-454 EGLN3 101 hsa-miR-9-3p IGF1 156 sa-miR-195-3 PICALM 211 hsa-miR-9-3p WDR1
47 hsa-miR-9-5p EGLN3 102 hsa-miR-9-5p IGF1 157 has-mir-590-5¢ RECK
48 has-miR-873 EGLN3 103 hsa-miR-9-3p IGF2BP3 158 has-mir-181c RECK
49 has-miR-873 EGLN3 104 hsa-miR-9-5p IGF2BP3 159 as-mir-590-5¢ RECK
50 has-miR-454 EGLN3 105 hsa-miR-9-5p IGF2BP3 160 sa-miR-221-3 RECK
51 hsa-miR-9-5p EGLN3 106 hsa-miR-9-3p IGF2BP3 161 has-miR-454 RECK
52 hsa-miR-18a EGLN3 107 has-miR-873 IGF2BP3 162 sa-miR-195-3 RECK
53 has-miR-1 EGLN3 108 has-miR-375 KLF4 163 has-mir-19a RORA
54 hsa-miR-501-3p ELAVL2 109 has-miR-1 KLF4 164 sa-miR-501-3| RORA
55 hsa-miR-502-3p ELAVL2 110 hsa-miR-375 KLF4 165 sa-miR-502-3 RORA

Table 5.7 221 pairs of predicted DEGs-DEmIiRs curated from TargetScan & miRDB
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S.No miRNA Gene S.No miRNA Gene
1 has-mir-19a ABHD5 30 hsa-mir-18b IGF1
2 hsa-miR-501-3p CA12 31 hsa-miR-9-5p| IGF2BP3
3 hsa-miR-502-3p CA12 32 hsa-miR-375 KLF4
4 hsa-miR-18a CA12 33 hsa-miR-9-5p KLF5
5 hsa-mir-18b CA12 34 nas-mir-590-5¢ MBNL1
6 has-mir-19a CD164 35 has-miR-454 MBNL1
7 hsa-miR-9-3p CDH1 36 has-mir-19a MBNL1
8 has-mir-19a CDH1 37 has-mir-19a MBNL2
9 has-miR-1 CDH1 38 has-miR-1 NAB1
10 has-miR-454 CLIP1 39 has-miR-1 PICALM
11 has-mir-19a CLIP1 40 nas-mir-590-5¢ RECK
12 hsa-miR-9-5p COLEC12 41 hsa-mir-18b RORA
13 hsa-miR-9-3p CXCR4 42 has-miR-873 RORA
14 hsa-miR-9-5p CXCR4 43 has-mir-19a RORA
15 has-miR-454 DEPDC1 a4 hsa-miR-18a RORA
16 has-mir-19a DEPDC1 45 has-miR-1 SOX9
17 has-miR-873 EGLN3 46 hsa-miR-9-5p| TMA4SF1
18 hsa-miR-18a EGLN3 47 has-miR-1 TMA4SF1

19 has-miR-454 EGLN3 48 hsa-mir-18b TWF1
20 hsa-miR-501-3p ELAVL2 49 has-miR-1 TWF1
21 hsa-miR-502-3p ELAVL2 50 hsa-miR-18a TWF1
22 hsa-miR-375 ELAVL2 51 has-mir-19a VAMP3
23 has-miR-454 EREG 52 has-miR-873| VAMP3
24 has-mir-19a EREG 53 nsa-miR-195-3f  VSNL1
25 hsa-miR-181c-3p HIPK3 54 has-miR-873 VSNL1
26 has-mir-181c HIPK3 55 hsa-miR-375 WDR1
27 has-mir-19a HIPK3 56 has-mir-19a WDR1
28 has-miR-1 HIPK3

29 has-miR-1 IGF1

Table 5.8 56 Validated pairs of DEGs-DEmiRs found using miRTarBase.

5.2.4 Construction and analysis of DEG-DEmIR network

The DEGs and DEmiRs were used to construct a dysregulation network using
Cytoscape. The network consisted of 47 nodes and 267 edges.
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Figure 5.13 DEG-DEmIR network in Merkel Cell Carcinoma. In the circular layout, green and
diamond shaped nodes represent DEmiRs and purple and circle nodes represent DEGs. The
validated interactions are represented by black edge colour while the predictive interactions are

represented by dark green edge colour.

Using Network Analyser tool of Cytoscape, the above network was analysed for the
purpose of finding hub miRNAs. A degree cut-off of > 20 was set as the criteria, and
the following miRNAs were shortlisted: hsa-miR-1, hsa-miR-19a, hsa-miR-9-5p,
hsa-miR-9-3p, hsa-miR-454 and hsa-miR-195-3p. The three major hubs identified

were hsa-miR-1, hsa-miR-19a and hsa-miR-9-5p.
Annotation of hub ‘hsa-miR-1’

The hub “has-miR-1" was the major hub in the DEG-DEmIR network with a total of
39 degrees. These include CA12, CD164, CDH1, COLEC12, CXCR4, EGLNS3,
ELAVL2, EREG, HIPK3, IGF1, KLF4, NAB1, PICALM, RORA, SOX9, TM4SF1,
TWF1, VSNL1 and WDRL1. The annotation of this hub was carried out by DAVID,
specifically for GO biological processes, GO molecular function and KEGG
pathways. GO molecular function enriched were cadherin binding involved in cell-

51|Page




cell adhesion, core promoter sequence-specific DNA binding and beta-catenin
binding. In the GO biological processes group, positive regulation of transcription,
DNA-templated, mRNA transcription, negative regulation of transcription, DNA-
templated, positive regulation of transcription regulatory region DNA binding, ERK1
and ERK2 cascade, positive regulation of mitotic nuclear division, protein kinase B
signalling and positive regulation of DNA replication were enriched. The primary

pathway highlighted was ‘pathways in cancer’.

Figure 5.14 Subnetwork of DEG-DEmIR network with hub DEmIR, hsa-miR-1. The genes are
represented by purple circular nodes. The dark green edges represent predictive pairing while

black edges represent validated pairing. The network consists of 20 nodes and 39 edges.
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Molecular Function Genes

cadherin binding involved in cell-cell adhesion CDH1, PICALM, TWF1

core promoter sequence-specific DNA binding RORA, SOX9

beta-catenin binding RORA, CHD1, SOX9,KLF4
Biological Process

positive regulation of transcription, DNA-templated PICALM, IGF1, CDH1, RORA, SOX9, KLF4
mRNA transcription EREG, HIPK3

negative regulation of transcription, DNA-templated EREG, NAB1, SOX9, KLF4
positive regulation of transcription regulatory region DNA binding IGF1, KLF4

ERK1 and ERK2 cascade IGF1, SOX9

positive regulation of mitotic nuclear division EREG, IGF1

protein kinase B signaling IGF1, SOX9

positive regulation of DNA replication EREG, IGF1

Pathways

Pathways in Cancer CXCR4, CDH1, EGLN3, IGF1

Figure 5.15 (a) Bar graph of GO terms enriched in hub ‘hsa-miR-1’. Orange bar represents
pathways, blue graphs represent biological processes and green bars represent molecular
functions. All terms with p-value < 0.05 were considered statistically significant (b) Tabular

representation of genes involved in the GO enriched terms

Annotation of hub ‘hsa-miR-19a’

The second major hub in the network, with 38 degrees, was hsa-miR-19a. the 16
genes present in this module were as follows: ABHD5, CD164, CDH1, CLIP1,
DEPDC1, EREG, HIPK3, IGF1, MBNL1, MBNL2, RORA, TM4SF1, TWF1,
VAMP3, VSNL1 and WDR1.This hub was annotated in a couple of biological
pathways, namely, mRNA transcription, myoblast differentiation, positive regulation
of mitotic nuclear division, regulation of RNA splicing, positive regulation of DNA
replication, positive regulation of fibroblast proliferation and positive regulation of
smooth muscle cell proliferation. Only one pathway was highlighted, RHO GTPases
activate IQGAPs with a fold enrichment score of 66.7 and a p-value of 0.026.
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Figure 5.16 Subnetwork of DEG-DEmIR network with hub DEmiR, hsa-miR-19a. The genes are

represented by purple circular nodes. The dark green edges represent predictive pairing while

black edges represent validated pairing. The network consists of 17 nodes and 38 edges.
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Biological Processes Genes

mMRNA transcription EREG, HIPK3
myoblast differentiation IGF1, MBNL1
positive regulation of mitotic nuclear division EREG, IGF1
regulation of RNA splicing MBNL2, MBNL1
positive regulation of DNA replication EREG, IGF1
positive regulation of fibroblast proliferation EREG, IGF1
positive regulation of smooth muscle cell proliferation EREG, IGF1
Pathways

RHO GTPases activate IQGAPs CLIP1,CHD1

Figure 5.17 a) Bar graph of GO terms enriched in hub ‘hsa-miR-19a’. Orange bar represents
pathways and blue graphs represent biological processes. All terms with p-value < 0.05 were
considered statistically significant (b) Tabular representation of genes involved in the GO

nriched terms
Annotation of hub ‘hsa-miR-9-5p’

This hub, with 26 degrees, was enriched with positive regulation of transcription,
DNA-templated, myoblast differentiation and apoptotic process as biological
processes. MRNA 3-UTR binding, protein binding and RNA binding were the
molecular functions highlighted. Only one pathway was identified, ‘pathways in
cancer’ with a fold enrichment of 10.0 and a p-value of 0.0033. The genes involved
in this module were CDH1, COLEC12, CXCR4, EGLN3, ELAVL2, HIPK3, IGF1,
IGF2BP3, KLF5, MBNL1, RORA, TM4SF1 and VAMP3
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Figure 5.18 Subnetwork of DEG-DEmIR network with hub DEmIR, hsa-miR-9-5p. The genes
are represented by purple circular nodes. The dark green edges represent predictive pairing

while black edges represent validated pairing. The network consists of 14 nodes and 26 edges.
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positive regulation of transcription, DNA-templated RORA, CHD1, KLF5, IGF1
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Molecular functions
mMRNA 3'-UTR binding ELAVL2, IGF2BP3
protein binding MBNL1,ELAVL2, IGF2BP3, CX
RNA binding MBNL1,ELAVL2, IGF2BP3
Pathways
pathways in cancer CXCR4, CDH1, EGLN3, IGF1

Figure 5.19 (a) Bar graph of GO terms enriched in hub ‘hsa-miR-9-5p’. Orange bar represents
pathways, blue graphs represent biological processes and green bars represent molecular
functions. All terms with p-value < 0.05 were considered statistically significant (b) Tabular

representation of genes involved in the GO enriched terms.
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6 DISCUSSION

Merkel Cell Carcinoma (MCC) is an aggressive form of neuroendocrine carcinoma.
It represents the 2™ highest cause of skin cancer related deaths despite being a
relatively rare form of cancer (Schadendorf et al, 2017). Different risk factors have
been associated with MCC such as advancement age, immunosuppression, and
ultraviolet light exposure, polyomavirus infection and a current, concurrent or
previous diagnosis of Chronic Lymphocytic Leukaemia (CLL) (Kaae et al, 2010).
However, the exact mechanism that leads to MCC and its inherent biology is yet to
be fully researched and explored. The current treatments for MCC are a combination
of surgery and radiation or chemo-radiation. So far, only two drugs have been
approved by FDA for the treatment of MCC, with both drugs being immune
checkpoint inhibitors. However, the drug approval from FDA was accelerated based
on promising results from a relatively small number of patients, which means that the
more research and trials are undergoing currently considering the fact that a very
small cohort was used for clinical trials. Although, 56% of the drug recipients have
shown a positive response, many stopped using the drug due to severe side effects. A
further issue is that many patients with MCC may not be ideal candidates for
immunotherapy because their immune systems have been suppressed—due to
organ/graft transplantation, lymphoma or HIVV (Nghiem et al, 2016).

Presently there are no biomarkers indicative of MCC and additional research is
essential. With the advent of bioinformatics and microarray technology, in silico
approaches pertaining to ‘omics’ data analysis may shed light on hub genes and

miRNAs for clinical utility.

In this study, one dataset was identified for comparing the differences in mRNA
expression in normal skin samples and MCC samples. Eventually, a total of 449
DEGs were screened including 164 upregulated and 285 downregulated genes.
Functional analysis revealed significant enrichment in positive regulation of
transcription from RNA polymerase Il promoter, positive regulation of cell
proliferation, oxidation-reduction process, epidermis development in the BP group.

IN CC, cytoplasm, plasma membrane, extracellular exosome, extracellular region
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and integral component of plasma membrane were highlighted. Protein binding,
calcium ion binding, protein homo-dimerization activity, structural molecule activity
and structural constituent of cytoskeleton were the enriched MF terms. Additionally,
pathways that were enriched included cAMP signaling pathway, calcium signaling
pathway, arachidonic acid metabolism, inflammatory mediator regulation of TRP
channels, p53 signaling pathway, aldosterone synthesis and secretion and GnRH

signaling pathway.

Given the important role of Ca2+ signalling in various cellular processes (Clapham,
2007) it is not surprising that the Ca2+ signal is implicated in regulation of MCC-
associated processes and pathways. In the context of cancer, important oncogenic
machinery is often sensitive to regulation by definite Ca2+ signals (Monteith et al,
2012). Variations in the expression of specific Ca2+ channels and pumps have been
commonly reported in quite a few types of cancer, for instance, increased ORAI1
channel expression have been found promoting Ca2+ proliferative pathways in
oesophageal squamous cell carcinoma cells (Zhu, H. et al, 2014). Moreover, voltage-
gated Ca2+ channels have also been linked to neuroendocrine-induced differentiation
and proliferation (Mariot et al, 2002) an important indication given that MCC tumors

are neuroendocrine in nature.

The arachidonic acid (AA) metabolism pathway has been implicated in diverse
human cancers (Wang et al, 2010). Tumorigenesis is promoted by genotoxic
agents such as peroxides and reactive oxygen species that are produced by this
pathway (Gorrini et al, 2013). AAM pathway reportedly promotes tumor
progression by activating major pathways, including PI3K and MAPK (Hughes-
Fulford et al, 2006; Paine et al, 2000). Previous studies by Hafner et al have
confirmed that the activation of PI3K/AKT pathway in MCC and identifies
PIBK/AKT as a potential new therapeutic target for MCC patients. Moreover, 7
DEGs were implicated in AAM pathway including AKR1C3, PLA2G4A, PTGIS,
ALOX15B, PLA2G2A, EPHX2 and ALOX12B. Gene AKR1C3 has been shown to
be overexpressed in skin SCC, another type of skin cancer (Mantel et al, 2014). In
malignant melanoma cell lines, suggest an overexpression of PLA2 (Scuderi et al,
2008).
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Overexpression and activation of other pathways is a known detail about genes of the
AAM pathway (Marks et al, 2007). Taking into account the intensive studies of
targets on this pathway in other diseases such as cardiovascular disease, an
opportunity for drug repurposing of drugs already in clinical development arises
(Hyde et al, 2009). Also, in accordance with previous studies, is the implication of
p53 family member, p56, to be involved in poor prognosis in MCC (Asioli et al,
2007). Hence, targets on these pathways might be potentially novel therapy

candidates.

The PPI network of DEGs was constructed with 448 nodes (including 38 isolated
nodes) and 2190 edges. Subsequent significant module selection using MCODE
highlighted three major clusters. In cluster A all 29 genes were upregulated, in
cluster B all the 15 genes were downregulated while in cluster C 6 genes were
upregulated and 6 genes were downregulated. A BP, MF, CC and pathway analysis
of Cluster A showed that it was primarily enriched in cell cycle, cell cycle
checkpoints, mitotic metaphase and anaphase, regulation of cell cycle and
chromosome organisation. All of the abovementioned processes and pathways are
often disordered or aberrant in human cancers. A previous study by Demetriou et al
showed that an MCC cell line infected with MCV is suggestively impaired in its
ability to respond to UVR-induced DNA damage comparative to a distinct uninfected
MCC cell line. T antigen expression by MCV indeed inhibits key responses to UVR-
induced DNA damage and suggests that progressive MCV-mediated retraction of
genomic stability may be involved in Merkel cell carcinogenesis (Demetriou et al,
2012). Since 80% of MCC tumors are MCV positive, this is a significant result
pertinent to MCC occurrence and progression. Cluster B analysis revealed
enrichment in structural constituent of epidermis, cornified envelope, cell-cell
adhesion and immune system. All of the above indications are in accordance with
previous studies. The expression of Notch-1 and alteration of the E-cadherin/p-
catenin cell adhesion complex were observed in merkel cell carcinoma. The
downregulation of E-cadherin and diffuse membranous p-catenin expression
suggested a dysregulation of the E-cadherin/B-catenin complex which may be
involved in local invasion and distant metastasis (Panelos et al, 2019). The link of
MCC with immune system has been greatly explored and hence the enrichment of
this GO term was unsurprising. Patients with AIDS and solid organ transplant
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recipients have an incidence rate of developing MCC greater than the general
population (JC Becker, 2012). Moreover, numerous reports have described
regression after an improvement in immune function, emphasizing the prominence of
the immune system to the development of MCC (Wooff et al, 2010; Burack et al,
2003).

cytoHubba plugin was used to identify hub genes in the PPI network by observing an
intersection of five algorithms (degree, MCC, MNC, EPC and EcCentricity). These
include 16 genes: AURKA, FLG, KIF4A, DSG1, PKP1, LOR, BUB1, CDCE6,
CENPE, CXCR4, FOXM1, CXCL12, CDSN, DSG3, IVL and DSP. The 16 hubs
genes included 7 upregulated and 9 downregulated genes and a network of these 16
hub genes revealed that the upregulated and downregulated genes were part of two
individual clusters. An enrichment analysis showed that these genes were mostly
enriched in cornified envelope, cytosol, programmed cell death, cornification, cell
cycle, immune system and chemokine signalling pathway. The involvement and
implication of all these GO terms have already been discussed, barring cornification
and chemokine signalling pathway. While a relationship between cornification and
MCC hasn’t been reported in literature, it is an important aspect of terminal
differentiation and programmed cell death in epidermal keratinocytes. Identifying the
mechanisms governing cornification may help in directing non-differentiating
cancerous keratinocytes towards cornification and their eventual cell death.
Similarly, a relation between chemokine signalling and MCC has yet not been
reported however, chemokine receptor, CXCR3 and its ligands reportedly play a role

in skin cancers (Kuo et al, 2018)

AURKA codes for a protein that appears to be a cell cycle-regulated kinase that is
present in microtubule formation and/or stabilization at the spindle pole during
chromosome segregation. AURKA is reportedly involved in tumor progression and
has been studied in the context of skin cancers previously. Torchia et al, strongly
suggested the Aurora-A overexpression in the malignant progression of skin tumors.
AURKA overexpression is associated with poor prognosis in three independent
cohorts of melanoma patients were shown by Puig-Butille et al. Another study
showed the miR-137 aided tumor suppression in malignant melanoma cells by
targeting of AURKA oncogene (Chang et al, 2016).
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According to Human Protein Atlas (HPA), genes FLG, DSG1, LOR, CDSN and IVL
show aberrant expression in skin cancers in comparison to normal skin samples. As
per previous studies on MCC, genes DSG1, CXCR4 and CXCL12 have been
reportedly linked to MCC. Brennen et al confirmed DSG2 as a potential marker for a
variety of skin-derived carcinomas (BCC and SCC). Four distinct desmoglein genes
(DSG1, DSG2, DSG3, and DSG4) have been implicated in cell-cell adhesion but
their individual roles in carcinogenesis are poorly understood. Since genes DSG1 and
DSG3 were identified as hub genes along with cell-cell adhesion and desmosomes as
enriched GO terms, these genes might have important implications in tumorigenesis
of MCC. In a study carried out by Knapp et al, although the role of CXCR4 in the
progression of MCC was not fully clarified, their differential expression in more
advanced stages of MCC might suggest an independence from more classic
antiapoptotic and cell localization pathways. The homeostatic chemokine CXCL12
was expressed outside malignant nodules while its receptor CXCR4 was identified
within MCC tumor (Wheat et al, 2014). The rest of the genes identified in this study

haven’t been reported previously in relation to MCC studies.

Further, dataset GSE45146 was selected and analysed for the purpose of identifying
DEmIiRs in MCC. A total of 17 DEmiRNAs were identified which included 1
upregulated miRNA and 16 downregulated miRNAs. A total of 55,684 target
interactions (experimental and predictive) were identified as putative targets for the
17 DEmIRs gathered in this study. Out of a possible of 956 individual genes, 28
genes were found to be overlapping with the DEGs as well. 56 pairs of validated
DEGs-DEmiRs and 221 pairs of predicted DEGs-DEmiRs were curated from
miRTarBase and TargetScan & miRDB respectively. The DEGs and DEmiRs were
used to construct a dysregulation network using Cytoscape. Using Network Analyser
tool of Cytoscape the following miRNAs were shortlisted: hsa-miR-1, hsa-miR-19a,
hsa-miR-9-5p, hsa-miR-9-3p, hsa-miR-454 and hsa-miR-195-3p. The three major
hubs identified were hsa-miR-1, hsa-miR-19a and hsa-miR-9-5p.

miRNAs are crucial components of cells in both normal and diseased conditions. The
MiRNA expression pattern of normal cells compared to pathogenic cells differs and
as a result exosomal miRNAs are used as biomarkers for different malignancies, such
as melanoma, breast, prostate and gastric cancer (Huang et al, 2015 ; Pfeffer et al,
2015 ; Imamura et al, 2017; Zhao et al, 2016). Due to the rarity of merkel cells, a
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pattern of normal merkel cell mMiRNA expression has not yet been determined. This
leads to a drawback in using MCC-derived miRNA as biomarkers. Hence, whether
the expression of MCC-derived miRNAs is specific for normal cells or also shown
by non-malignant cells, is still unknown. An additional problem is the lack of
common mMiRNAs among the MCC expressed miRNAs identified so far. So far,
miR-30a, miR-34 and miR-375 have been reported by Renwick et al and Xie et al.
Another principle for a valuable biomarker is that it can predict the consequence of
the disease. Further studies by Xie et al. revealed a link between higher levels of
miR-150 with a poorer prognosis of MCC. Finally, miRNAs may also help in
resolving the mystery surrounding the origin of Merkel cells. miRNA signatures may
provide a different route than conventional immunhistochemical staining. That
would requires the identification of cells that have been suggested to be the origin of
Merkel cells such neural crest cells, keratinocytes, epidermal fibroblasts, early B
cells and hair follicle stem cells. hsa-miR-1 downregulation has been identified in
lung (Melkamu et al, 2010), head and neck (Sarver et al, 2009), colon (Childs et
al,2009) and hepatocellular cancer (Datta et al, 2008).
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7 CONCLUSION

MCC is an aggressive form of neuroendocrine carcinoma that represents the second
most common cause of skin cancer related deaths. MCC is often associated with a
poor prognosis, as more than one-third of patients die from the disease compared to
~15% for malignant melanoma. Due to the rarity of the disease and of the occurrence
of merkel cells, MCC remains a cancer type that is yet to be fully researched and
understood. This is of immediate consequence now as the incidences of MCC have
been on a rise and the disease is often associated with fatality. In fact, only two FDA
approved drugs exist in the market for treatment of MCC. Further, there are no
biomarkers predictive of response that could help to better select patients to these
new therapies, and additional research is essential. The current study identified hub
genes and hub miRNAs associated with MCC using integrated bioinformatics along
with their functional analysis, PPl network construction, module selection and
module enrichment analyses. In conclusion, the findings of the current study may
provide prerequisite for future studies to identify useful markers and understand
underlying mechanisms related to MCC carcinogenesis. However, further research is
required to validate the potential of the identified hub genes and hub miRNAs.
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