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ABSTRACT 

 

Mast cells (MCs) that are well known for their important effector function in IgE-associated 

immune responses play a key role in innate immune defences. Natural killer (NK) cells are 

important in innate immunity, first described as guardians for the detection and clearance of 

transformed of virus-infected cells. In this study, we investigate the interaction between MCs 

and NK cells. After analysing Gene Expression Microarray data of Anti-IgE stimulated Mast 

cells and K562 erythroleukemic tumour stimulated human NK cells, a pathway was designed 

through which natural killer cells may be activated by mast cells secreting different kinds of 

inflammatory cytokines such as IL-8, IL-2, TNF-alpha etc. In case of in-vitro condition we can 

activate both natural killer cells and mast cells by using synthetic ligands such as Pam3CSK4 

which is recognized by TLR-2 present in both of the cells. 
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INTRODUCTION:  

 

To develop an effective immune response, the cells of the immune system are required to 

communicate between each other through secretion of soluble mediators and direct cell–cell 

interaction. Among the cells of the immune system, mast cell (MC) is one of the most powerful in 

terms of ability to respond to multiple stimuli and to selectively release different types and amounts 

of mediators. MCs originate from multipotent hematopoietic progenitors in bone marrow, and then 

migrate through blood to tissues where they mature [4]. MCs are positioned throughout the 

vascularized tissues where they constitute one of the first cell types of the immune system able to 

interact with allergens and antigens [4].  

Mast cells heterogeneity depending on the tissue distribution and it is reflected by their ability to 

react to multiple stimuli and by immunoglobulin E (IgE)-dependent and -independent activation 

pathways [6] [30]. FcεRI and Fcγ receptors, Toll like receptors (TLRs), complement receptors, 

cytokine and chemokine receptors can regulate MC activation [2] [3]. Depending on the type of the 

stimuli they receive, MCs secrete a diverse and wide range of biologically active products that can 

trigger or suppress the immune response [6] [30]. Preformed mediators, such as histamine and 

certain cytokines are rapidly and instantaneously released upon MC activation and newly 

synthesized mediators, such as cytokines, chemokines start to be synthesized after MC activation 

[2] [3]. Although these products are all important in both innate and acquired immunity and the 

rapid release of MC mediators is very crucial for the initiation of the immune response at the site of 

infection and they are able to modulate the immune-cell trafficking to provide co-stimulatory 

signals for different cells activation [2] [3]. 

The cellular interactions that play a role in innate immune defense, emerging evidences show MC-

dependent natural killer (NK) cell recruitment and activation [36]. NK cells are granular cytotoxic 

and circulating lymphocytes involved in the clearance of transformed and pathogen-infected cells. 

In innate immune system, NK cells recruitment to the site of infection is mediated by a large 

spectrum of chemokines which bind to the chemokine receptors, CCR2, CCR5 and CXCR3 on NK 

cells [36]. 

In our study we designed a signalling pathway which is TLR-mediated MYD88 pathway, which 

may be present in Mast cells and different inflammatory cytokines (IL-2, IL-4, IL-8 and TNF-

alpha) are released through this pathway from Mast cells which helps in the activation of natural 

killer cells when these cytokines (IL-2, IL-4, IL-8 and TNF-alpha) bind to the receptors on Natural 

killer cells. During literature survey from different research papers we got the information about the 

interaction between Mast cells and Natural killer cells but on this topic very certain amount of 

research papers we have got. Because still the topic (Mast cells and Natural killer cells interaction) 

is unclear to the researchers how mast cells can activate natural killer cells during tumour killing. In 

research papers, they told about only the cytokines or chemokines mediated natural killer cells 

activation but they did not told about the pathway through which Mast cells interact with Natural 

killer cells.   
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For this approach we gone through the microarray data of Mast cells (Human Mast cells 

activation via Fc (Epsilon) RI (GEO accession id: GSE3271) (Set of arrays organised by shared 

biological context, such as tumours types) and Natural killer cells (Gene expression analysis of 

tumour stimulated human Natural killer cells) (GEO accession id is GSE55977) Collected both 

of these microarray data files from NCBI’s GEO (Gene Expression Omnibus Repository) and 

analysed our result with GEO2R (a GEO Tool). Then, we downloaded gene expression data file for 

that particular data set. After importing expression data in excel sheet then arranging and fixing 

data (The Data Pre-processing Step). After the Data Pre-processing step we have to do 

normalization of the genes expression data, because the expression data of genes was collected 

from ‘RAW’ file which contains various noise that can hamper our accurate result that’s why data 

Normalization is the very important step during handling with microarray data. Then we adopt 

quantile function to calculate Threshold value which is based upon Log FC value of the particular 

gene. Two different Threshold values have calculated for Mast cells and Natural killer cells 

microarray data. This Threshold value was applied on the Log FC value which represents one gene 

Fold change value then the genes are sorted out whose expression data pass the Threshold value. 

Both of the mast cells and Natural killer cells up-regulated (The expression value of the particular 

gene passes the Threshold value) genes are compared using the Java program. After successfully 

running the java program we got the matched genes which are common between Mast cells and 

Natural killer cells. After that Studied about the signalling pathway present in both of the MCs and 

NK cells in KEGG pathway. Then validating the Genes and Proteins present in signalling pathway, 

also present in microarray data of MCs and NK cells or not and also check their Log FC value and 

after getting the proteins also check the PPI (Protein-Protein interaction network) in string then 

design the signalling pathway which may be present in Mast cells and also help in the activation of 

Natural killer cells. 
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12 
 

REVIEW OF LITERATURE: 

 

Mast cells: Mast cells are important cells of the immune system and are of the hematopoietic 

lineage [4]. Mast cells are originated from pluripotent progenitor cells of the bone marrow, and 

mature under the influence of the c-kit ligand and stem cell factor in the presence of other distinct 

growth factors provided by the microenvironment of the tissue where they are destined to reside 

[4]. Under normal conditions, mature mast cells do not circulate in the bloodstream [4]. However, 

mast cell progenitors migrate into tissues and differentiate into mast cells under the influence of 

stem cell factor and various cytokines [4]. Mast cells are present throughout the body and they play 

important roles in the maintenance of many physiological functions as well as in the 

pathophysiology of diseases [4]. Accordingly, this review is focused on the role of mast cells in a 

wide range of physiological functions and pathogenesis of a variety of disease states [4]. 

Location of Mast cells: Mast cells are found in mucosal and epithelial tissues throughout the body 

[4] [14]. In rodents, mast cells also reside in peritoneal and thoracic cavities [14]. Mast cells are 

found in all vascularized tissues except for the central nervous system and the retina [14]. Mast 

cells are located at the junction point of the host and external environment at places of entry of 

antigen (gastrointestinal tract, skin, respiratory epithelium) [14]. Mast cells are located in areas 

below the epithelium in connective tissue surrounding blood cells, smooth muscle, mucous, and 

hair follicles [14]. 

The cytoplasm of the mast cell contains 50–200 large granules that store inflammatory mediators, 

including histamine, heparin, and a variety of cytokines, chondroitin sulfate, and neutral proteases 

[4]. In order for mast cells to migrate to their target locations, the co-ordinated effects of integrins, 

adhesion molecules, chemokines, cytokines, and growth factors are necessary [4]. 

There are two phenotypes of human mast cells: mucosal mast cells that produce only tryptase and 

connective tissue mast cells that produce chymase, tryptase, and carboxypeptidases [14]. Mast cell 

activation and mediator release have different effects in various tissues and organs [14]. Most 

common sites in the body exposed to antigens are the mucosa of the respiratory tract (airborne), 

gastrointestinal tract (food borne), blood (wounds, absorption from respiratory tract/gastrointestinal 

tract), and connective tissues [14]. 

When the gastrointestinal tract is exposed to an antigen, its response is to increase fluid secretion, 

increase smooth muscle contraction, and increase peristalsis [14]. Proteins derived from different 

plants and animals can act as antigens and activate the immune system in vulnerable subjects [14]. 

The antigen (peptide) permeates through the epithelial layer of the mucosa of the gut and binds to 

IgE on mucosal mast cells [14]. These peptides are presented to Th2 cells, and if there is an IgE 

antibody against the peptide present, it will cause activation of the mast cell resulting in an immune 

response [14]. This causes mast cells to degranulate and release a variety of inflammatory 

mediators [14]. These mediators increase vascular permeability, causing edema in the gut 

epithelium and smooth muscle contraction, which lead to vomiting and diarrhea [14]. This type of 

reaction can occur in response to peptides found in certain medications [14]. 
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In the respiratory tract, the immune response to mast cell activation results in airway constriction, 

increased mucous production, and cough. The most common introduction of antigens to the 

respiratory tract is via inhalation [14]. Mucosal mast cells in the nasal epithelium are activated by 

antigens that diffuse across the mucosa after being inhaled [14]. In the respiratory tract, mast cell 

degranulation increases vascular permeability and local edema, which can obstruct nasal airways 

and lead to congestion [14]. There is increased production of mucus and its accumulation can block 

off the sinuses and result in a bacterial infection [14]. 

Mechanism of activation of Mast cells: Mast cells are known for their main mechanism of action: 

IgE-mediated allergic reactions through the Fc.RI receptor. IgE antibodies are produced by mature 

B cells in response to CD4+ Th2 cells [2] [3]. Naïve mature B cells produce IgM and IgD 

antibodies [3]. Once they become activated by an antigen, B cells will proliferate [3]. If these B 

cells interact with cytokines, such as IL-4 (which is modulated by CD4+ Th2 cells), the antibody 

class switches from IgM to IgE [3]. IgE is mostly found bound to Fc.RI receptors on the mast cell 

and very little IgE is found as a soluble antibody in circulation [2] [3]. When an antigen comes in 

contact with the mast cell, it crosslinks two or more Fc.RI molecules and activates the release of 

granules from the mast cell. IgE is found in the connective tissue under epithelial layers of the skin, 

in the respiratory tract, and also in the gastrointestinal tract [3]. In addition to Fc.RI, mast cells also 

express Fc receptors for IgA and IgG, receptors for adenosine, C3a, chemokines, cytokines, and 

pathogen-associated molecular patterns (PAMPs), as well as toll-like receptors (TLRs), all of which 

are involved in mast cell activation and immune response [3]. 

The most common physiological pathway for mast cell activa-tion is via antigen/IgE/FcϵRI cross 

linking [2] [3]. FcϵRI consists of an α-chain that binds to IgE, a β-chain, which spans the mem-

brane, and γ chains, which are a disulfide-linked homodimer. FcϵRI interacts with LYN tyrosine 

kinase, which phosphorylates the tyrosine in its immunoreceptor tyrosine bases activation motifs 

(ITAMs) on the B and γ chains of the FcϵRI [2] [3]. Lyn activates Syk tyrosine kinases, which 

phosphorylates signaling proteins, such as LAT1 and LAT2 (linkers for activation of T cells) [3]. 

Phosphorylated PLCγ hydrolyzes phosphatidylino-sitol-4, 5-bisphosphate to make inositol-1, 4, 5-

triphosphate (IP3) and diacylglycerol (DAG) [3]. IP3 and DAG are second messengers and IP3 

causes calcium mobilization from the endoplasmic reticulum [3]. Calcium release activates and 

causes NFκB to translocate to the nucleus of the cell, which results in transcription of cytokines, 

such as IL-6, TNFα, and IL-13. Zeb2 is involved in regulation of degranulation upon stimulation 

via FcϵRI [3]. Activation of FcϵRI activates Fyn (Src kinase) [3]. Fyn regulates mast cell 

degranulation, which is complementary to the Lyn signaling pathway [6]. Fyn activates PI3K, 

which activates Akt and produces PIP3 [6]. This activates mTOR, which is involved in mast cell 

chemotaxis and cytokine production. There are also recep-tors for IgG called FcγR [6]. The y-chain 

homodimer is the same in FcγRI as in FcϵRI so the signal sent from FcγR can crosstalk with FcϵRI 

[6]. 

Physiological roles of Mast cells: Mast cells are involved in the regulation of variety of 

physiological functions, including vasodilation, angiogenesis, bacterial, and parasite elimination 

[30]. In addition, mast cells regulate functions of many cell types, such as dendritic cells, 

macrophages, T cells, B cells, fibroblasts, eosinophils, endothelial cells, and epithelial cells [30]. 

Since, mast cells generate and release multi-potent molecules, such as histamine, proteases, 
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prostanoids, leukotrienes, heparin, and many cytokines, chemokines, and growth factors, they have 

the capacity to be involved in regulating the functions of many organs and tissues [30]. One of the 

mostly studied functions of the mast cell is its role in vascular and bronchial homeostasis [30]. Mast 

cells also play a significant role in the regulation of bone growth, remodeling, and mineral 

homeostasis [30]. 

Activation and Mediators Release: Activation of mast cells occurs when an antigen crosslinks 

IgE molecules that are bound to FcϵRI on the surface of the mast cell [2]. FcϵRI receptor for IgE 

has an affinity 100 times greater for the Fc of IgE than of IgG. Because of this, IgE is found bound 

to the FcϵRI receptors on the mast cell even when there are no antigens present [3]. As a result, this 

makes the response of the mast cell to an antigen very fast. FcϵRI signaling uses the Lyn-dependent 

phosphorylation of ITAMs on the B and y subunits of the FcϵRI [30]. Protein kinase Syk is 

activated and auto-phosphorylated after being recruited to the ITAMs [6]. Syk phosphorylates 

linker activation of T cells (LAT) and non-T cell activation linker (NTAL) [6]. LAT phosphorylates 

PLC, which produces IP3 and DAG, which activates intracellular calcium influx and PKC 

activation. NTAL activates PI3K, which also helps with calcium release [6]. This results in 

degranulation of the mast cells, lipid mediator production, and cytokine production [3].  

Degranulation occurs a few seconds after crosslinking and results in release of the inflammatory 

mediators that are stored in the granules [2] [3]. Many of the mediators that are stored or newly 

synthesized by the mast cells attract leukocytes (eosinophils, basophils, Th2 lymphocytes, 

neutrophils) to the inflammatory site and amplify the inflammatory response [6]. The inflammatory 

mediators increase the permeability of the blood vessels so that the immune cells can move from 

the blood stream to the affected tissue [3]. After degranulation, mast cells resynthesize the 

mediators and repopulate granules [2] [3]. Histamine and heparin are also stored in pre-packaged 

granules and are involved with vascular permeability and smooth muscle contraction [3] [6]. 

Histamine is the most important mediator released from the mast cell involved with an allergic 

response [6]. Histamine is derived from the amino acid histidine and works through three different 

receptors (H1, H2, H3) [6]. Stimulation of H1 receptors by the binding of histamine induces the 

classic allergic reaction [3]. H1 receptors are found on smooth muscle cells and endothelial cells 

[3]. Activation of H1 receptors on endothelial cells results in increased vascular permeability and 

activation of smooth muscle cells resulting in contraction, constriction of airways, and mucous 

secretion [6]. TNFα, also stored in the MCG, activates macrophages, endothelium, and cytokines 

[6]. TNF-α binds to endothelial cells and resulting in increased adhesion molecule expression. 

Leukocytes can bind to these adhesion molecules and then are brought to the site of inflammation 

[3] [6]. 

Natural Killer cells: Years ago, the histologic and functional definition of an NK cell was that 

of a large granular lymphocyte that could kill a target cell “naturally,” that is, in a spontaneous 

fashion that did not require any priming and was not restricted by the target cell's expression of 

major histocompatibility complex (MHC) molecules. Experiments in mouse models of bone 

marrow graft rejection led to the proposal that NK cells would kill any target that lacked self–major 

histocompatibility complex (MHC) class I molecules (the “missing self” hypothesis) [18].This 

extraordinary idea was developed before anyone knew what the NK cell was using to “see” its 

targets [18]. It is now clear that NK cells have a multitude of inhibitory and activating receptors that 



15 
 

engage MHC class I molecules, MHC class I–like molecules, and molecules unrelated to MHC 

[18]. Thus, NK cells are indeed restricted in what target cells they can engage by the expression of 

the target's MHC ligands, but in a very complex fashion that remains incompletely understood [18]. 

Notably, orthologs of more recently discovered NK-cell receptor families cannot be found beyond 

mammals, suggesting that the composite modern day NK cell emerged well after T and B cells 

appeared to define the vertebrate adaptive immune system. Furthermore, the complementary roles 

that NK and cytolytic T cells have in target recognition and host defense, and their similar 

mechanisms of cytolysis, suggest that these 2 cell types may have each evolved from a common 

ancestral cytolytic effector cell [20]. Finally, a subset of human NK cells produce abundant 

cytokines with modest or no ability to lyse target cells [18]. NK cells are crucial components of the 

innate immune system and, as the name suggests, they do not require pre-stimulation to perform 

their effector functions [18].
 
Morphologically, they are characterized as large, granular, bone 

marrow-derived lymphocytes and phenotypically, they are defined as CD56
+
 CD3

−
 in humans [18]. 

They represent 10% of the cells in the total peripheral blood mononuclear cell (MNC) population of 

circulating human lymphocytes and they comprise the third largest population of lymphocytes 

following B and T cells [18]. They are also found in the peritoneal cavity, spleen, liver, lung, lymph 

nodes, thymus, and in uterus during gestation [18]. 

NK-cell Development: It is generally accepted that NK cells develop primarily in the bone 

marrow, similar to B cells and myeloid origin cells [20]. However, recent studies have shown that 

NK cells can also develop in lymph nodes and liver [20]. The generation of NK cells from 

hematopoietic stem cells (HSC) is a continuous process. In the first step, the HSC shows 

commitment towards NK-cell lineage [20]. NK-cell precursors (NKP) have been identified in the 

hematopoietic population, which differentiates into NK cells but not to other lineages [20]. This 

process is followed by phenotypic and functional NK-cell maturation [20]. In the final step, NK 

cells undergo homeostasis [20]. Several transcription factors as well as soluble and membrane 

factors have been identified that regulate NK-cell development and maturation [20]. Transcription 

factors involved in the generation of NKP include Ets-1, Id2, Ikaros and PU.1. Maturation of 

immature NK cells is regulated by Gata-3 and IRF-2 and functional differentiation of matured NK 

cells involves CEBP-γ, MEF and MITF [20]. The cytokine IL-15 has been shown to be essential for 

NK-cell development, homeostasis and survival [20]. Studies by Freud and Ferlazzo have 

implicated the role of T cell derived IL-2 in the cytolytic functional maturation of NK cells [20]. 

Natural Killer cells Function: NK cells can secrete cytokines and chemokines that influence the 

host's immune response, and/or kill certain infected or transformed cells via perforin/granzyme or 

death receptor (eg. Fas, TRAIL)–related pathways. Interferon gamma (IFN-γ) is considered the 

prototypic NK-cell cytokine, and its production by NK cells is known to shape the Th1 immune 

response, activate APCs to further up-regulate MHC class I expression, activate macrophage killing 

of obligate intracellular pathogens and have anti-proliferative effects on viral- and malignant-

transformed cells [25]. For many of these functions, it would make sense for NK cells to be in close 

proximity to APCs and T cells [25]. NK-cell functioning is controlled by a wide range of receptors 

that are expressed on the cell surface [25]. These receptors are either inhibitory or activating in 

nature. The family of inhibitory receptors consists of the killer immunoglobulin-like receptors 

(KIR) or Ig-like receptors (CD158), the C type lectin receptors (CD94-NKG2A) and leukocyte 
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inhibitory receptors (LIR1, LAIR-1) [12]. Activating receptors are the natural cytotoxicity receptors 

(NKp46, NKp44), C type lectin receptors (NKG2D, CD94-NKG2C), and Ig-like receptors (2B4) 

[12]. A particular NK cell typically expresses two to four inhibitory receptors in addition to an 

array of activation receptors [12] [13]. As different NK cells express different combinations of 

inhibitory or activating receptors, there is sizeable heterogeneity within the NK-cell population 

[25]. It is for this reason that NK cells are considered to have the ability to respond to a variety of 

stimuli and to participate in immune responses under different pathological conditions [25]. NK-

cell cytotoxicity is tightly regulated by a balance between activating and inhibitory signals [12] 

[25]. The inhibitory NK-cell receptors recognize self-MHC class I molecule, and this prevents NK-

cell activation [12]. This explains self-tolerance and prevention of host cell killing. It was earlier 

discovered that NK cells are activated when they encounter cells which lack self-MHC class I 

molecule [13]. This is known as the ‘missing-self’ hypothesis.
 
Moreover, NK cells can discriminate 

between normal host cells and infected or abnormal cells by recognition of MHC class I molecules 

[13]. Virally infected cells and tumour cells often down-regulate MHC class I expression to escape 

recognition by cytotoxic T lymphocytes (CTL), but this results in their vulnerability towards NK-

cell attack [25]. In this condition, activation receptors are no longer suppressed and they induce 

potent stimulatory signals, therefore tipping the balance in favour of NK-cell activation. This 

condition is often referred to as induced-self recognition [12] [13] [25]. 

Interaction between Mast cells and NK cells:  The cellular interactions that play a role in 

innate immune defense, emerging evidences show MC-dependent natural killer (NK) cell 

recruitment and activation [36]. NK cells are granular cytotoxic and circulating lymphocytes 

involved in the clearance of transformed and pathogen-infected cells [36]. As a part of the innate 

immune system, their recruitment to the site of infection is mediated by a large spectrum of 

chemokines which bind to the chemokine receptors, CCR2, CCR5 and CXCR3 on NK cells [36]. 

Activated MCs can induce NK cell accumulation in different disease models. For instance, immune 

surveillance by MCs is important for NK cell recruitment and viral clearance during Dengue 

infection [36]. Human cord blood-derived MCs stimulated with virus-associated TLR3 agonist can 

recruit human NK via the CXCL8 and CXCR1 axis, underlining MC role as sentinel cell during 

early viral infections [36]. Lipopolysaccharide (LPS)-activated BMMCs induce cell contact-

dependent IFN-γ secretion by NK cells, without affecting cell-mediated cytotoxicity [36]. Cellular 

interaction is partly mediated by OX40L expression on MCs [36]. In the cited work, authors 

underline that different MC signals of activation confer different results in terms of NK activation 

[36]. In fact, in addition to LPS, stimulation of MCs via TLR3 and TLR9, but not with IgE/antigen, 

amplifies IFN-γ secretion by NK cells [36]. Similarly, in a model of hepato-carcinoma, MC pro-

tumoral role is associated with reduction of NK cell number and activation [36]. This effect was 

due to the fact that, in the tumour micro environment, SCF-activated MCs release adenosine that 

inhibits production of IFN-γ by NK cells [36]. Enhanced CCL3-mediated recruitment of NK cells is 

instead observed in an orthotopic melanoma model in which TLR2-activated MCs exert anticancer 

properties by secreting large amounts of this chemokine [36]. 
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TOOLS AND DATABASE USED:  

 

Here, we have a list of various tools and databases, which were being used during this project work. 

In this project different tools, d=bioinformatics databases and also different programming 

languages were used for the development of signalling pathway. 

1) GEO (Gene Expression Omnibus): The Gene Expression Omnibus (GEO) database is an 

international public repository that archives and freely distributes high-throughput gene expression 

and other functional genomics data sets. Created in 2000 as a worldwide resource for gene 

expression studies, GEO has evolved with rapidly changing technologies and now accepts high-

throughput data for many other data applications, including those that examine genome 

methylation, chromatin structure, and genome–protein interactions. GEO supports community-

derived reporting standards that specify provision of several critical study elements including raw 

data, processed data, and descriptive metadata. The database not only provides access to data for 

tens of thousands of studies, but also offers various Web-based tools and strategies that enable users 

to locate data relevant to their specific interests, as well as to visualize and analyze the data. This 

chapter includes detailed descriptions of methods to query and download GEO data and use the 

analysis and visualization tools. Gene Expression Omnibus (GEO) is a database supported by the 

National Center for Biotechnology Information (NCBI) at the National Library of Medicine (NLM) 

that accepts raw and processed data with written descriptions of experimental design, sample 

attributes, and methodology for studies of high-throughput gene expression and genomics. The 

introduction of DNA microarrays and the Serial Analysis of Gene Expression (SAGE) protocol as 

methods of simultaneously assaying gene expression of multiple genes in 1995 

enabled scientists to study gene expression of hundreds to thousands of genes, thereby vastly 

increasing the experimental scale and providing a far more complete understanding of biological 

processes compared to earlier single-gene studies.  

 In 2000, NCBI launched the GEO database as a repository for high-throughput gene expression 

data. In 2002, major journals started to require deposit of microarray data into public repositorie, 

and consequently, the content of GEO grew quickly. Furthermore, the nature of high-throughput 

genomic experiments expanded rapidly since the first microarrays used to analyze gene expression, 

and thus the GEO database similarly evolved to keep pace with the changing technologies and 

applications. Today, GEO accepts data from a wide variety of technologies, including DNA 

microarrays, protein or tissue arrays, high-throughput nucleic acid sequencing, SAGE, and RT-

PCR. And while the majority, approximately 90%, of the data in GEO are indeed gene expression 

data, the applications have also expanded to include studies on genome methylation, genome 

binding/occupancy, protein profiling, chromosome conformation studies, and genome 

variation/copy number. 

The GEO homepage is at http://www.ncbi.nlm.nih.gov/geo/. 

 

http://www.ncbi.nlm.nih.gov/geo/
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                                         Fig 1: Home Page of NCBI with Search tab 

 

 

Fig2: After selecting Geo Datasets and entering query in search box the result page contains 

Microarray data 

 

2) GEO2R (GEO-Tool) :  GEO2R is an interactive web tool that allows users to compare two 

or more groups of Samples in a GEO Series in order to identify genes that are differentially 

expressed across experimental conditions. Results are presented as a table of genes ordered by 

significance. 

GEO2R performs comparisons on original submitter-supplied processed data tables using the GEO-

query and limma R packages from the Bioconductor project. Bioconductor is an open source 

software project based on the R programming language that provides tools for the analysis of high-

throughput genomic data. The GEO-query R package parses GEO data into R data structures that 

can be used by other R packages. The limma (Linear Models for Microarray Analysis) R package 

has emerged as one of the most widely used statistical tests for identifying differentially expressed 

genes. It handles a wide range of experimental designs and data types and applies multiple-testing 

corrections on P-values to help correct for the occurrence of false positives. Thus, GEO2R provides 

a simple interface that allows users to perform R statistical analysis without command line 

expertise. 

 

https://www.ncbi.nlm.nih.gov/geo/geo2r/
http://www.bioconductor.org/packages/2.8/bioc/html/GEOquery.html
http://www.bioconductor.org/packages/2.8/bioc/html/GEOquery.html
http://www.bioconductor.org/packages/release/bioc/html/limma.html
http://www.bioconductor.org/
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            Fig3: For GEO2R Analysis click on the link ‘Analyze with GEO2R’ 

 

 

Fig4: For GEO2R Analysis Define groups of the available cell lines 2 groups must be defined 

 

                         Fig5: Click on the ‘Save all results’ and copy the results into Spread sheet. 
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                                               Fig6: The View of Result page after analysis.  

 

3) R Programming Language: R is a programming language and software environment for 

statistical analysis, graphics representation and reporting. R was created by Ross Ihaka and Robert 

Gentleman at the University of Auckland, New Zealand, and is currently developed by the R 

Development Core Team. R is freely available under the GNU General Public License, and pre-

compiled binary versions are provided for various operating systems like Linux, Windows and 

Mac. This programming language was named R, based on the first letter of first name of the two R 

authors (Robert Gentleman and Ross Ihaka), and partly a play on the name of the Bell Labs 

Language S. 

For generating Box-plot ‘Limma’ and ‘Readx1’ both of these packages are required. The ‘Limma’ 

Package which is downloaded from Bio-conductor site. Mainly from the Excel file R-Script reads 

only the different Genes and their respective Expression data. In case of analysis the data from 

Gene expression experiments ‘Limma’ package provides an integrated solution.  This Package is 

very helpful for reading, normalizing and exploring differential expression analysis of microarray 

and high- throughput PCR data. 

For generating Q-Q plot ‘Limma’, ‘Stats’ and ‘gplots’ both of these packages are required. The 

‘Limma’ Package which is downloaded from Bio-conductor site. Mainly from the Excel file R-

Script reads only the different Genes and their respective Expression data. In case of analysis the 

data from Gene expression experiments ‘Limma’ package provides an integrated solution.  This 

Package is very helpful for reading, normalizing and exploring differential expression analysis of 

microarray and high- throughput PCR data. The ‘Stats’ package contains functions for statistical 

calculations. The ‘Gplots’ package is used in plotting data, including: calculating and plotting 

locally smoothed summary function as ‘bandplot’. With the help of this above R-Script Histogram 

is also generated. 
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Fig7: Above Figure showing R studio IDE environment for R Language Interface 

 

4) Netbeans(Software for Java Programming): NetBeans is a software 

development platform written in Java. The NetBeans Platform allows applications to be developed 

from a set of modular software components called modules. Applications based on the NetBeans 

Platform, including the NetBeans integrated development environment (IDE), can be extended 

by third party developers.  

The NetBeans IDE is primarily intended for development in Java, but also supports other 

languages, in particular PHP, C/C++and HTML5.  

NetBeans is cross-platform and runs on Microsoft Windows, Mac OS X, Linux, Solaris and other 

platforms supporting a compatible JVM. 

 

 

                Fig8: User Interface of Netbeans for the Development of Java program. 

https://en.wikipedia.org/wiki/Software_development
https://en.wikipedia.org/wiki/Software_development
https://en.wikipedia.org/wiki/Platform_(computing)
https://en.wikipedia.org/wiki/Java_(programming_language)
https://en.wikipedia.org/wiki/Software_component
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Third_party_developer
https://en.wikipedia.org/wiki/PHP
https://en.wikipedia.org/wiki/C_(programming_language)
https://en.wikipedia.org/wiki/C%2B%2B
https://en.wikipedia.org/wiki/HTML5
https://en.wikipedia.org/wiki/Cross-platform
https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/Mac_OS_X
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Solaris_(operating_system)
https://en.wikipedia.org/wiki/Java_Virtual_Machine
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5) Cytoscape: Cytoscape is an open source bioinformatics software platform 

for visualizing molecular interaction networks and integrating with gene expression profiles and 

other state data. Additional features are available as plugins. Plugins are available for network and 

molecular profiling analyses, new layouts, additional file format support and connection with 

databases and searching in large networks. Plugins may be developed using the Cytoscape 

open Java software architecture by anyone and plugin community development is 

encouraged.
[1][2]

 Cytoscape also has a JavaScript-centric sister project named Cytoscape.js that can 

be used to analyse and visualise graphs in JavaScript environments, like a browser. 

Cytoscape was originally created at the Institute of Systems Biology in Seattle in 2002. Now, it is 

developed by an international consortium of open source developers. Cytoscape was initially made 

public in July, 2002 (v0.8); the second release (v0.9) was in November, 2002, and v1.0 was 

released in March 2003. 

 

 

Fig9: User Interface of Cytoscape Software for the development of Models (Signalling pathways) 

 

6) KEGG Pathway: KEGG PATHWAY is a collection of manually drawn pathway 

maps representing our knowledge on the molecular interaction, reaction and relation networks for: 

1.Metabolism  

2. Genetic Information Processing  

3. Environmental Information Processing  

4. Cellular Processes  

5. Organismal Systems  

6. Human Diseases  

7. Drug Development 

 

KEGG PATHWAY is a reference database for Pathway Mapping. 

 

https://en.wikipedia.org/wiki/Bioinformatics
https://en.wikipedia.org/wiki/Visualization_(graphic)
https://en.wikipedia.org/wiki/Metabolic_network_modelling
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Plugins
https://en.wikipedia.org/wiki/Java_(programming_language)
https://en.wikipedia.org/wiki/Cytoscape#cite_note-1
https://en.wikipedia.org/wiki/Cytoscape#cite_note-1
https://en.wikipedia.org/wiki/JavaScript
http://js.cytoscape.org/
http://www.genome.jp/kegg/kegg3a.html
http://www.genome.jp/kegg/kegg3a.html
http://www.genome.jp/kegg/pathway.html#metabolism
http://www.genome.jp/kegg/pathway.html#genetic
http://www.genome.jp/kegg/pathway.html#environmental
http://www.genome.jp/kegg/pathway.html#cellular
http://www.genome.jp/kegg/pathway.html#organismal
http://www.genome.jp/kegg/pathway.html#disease
http://www.genome.jp/kegg/pathway.html#drug
http://www.genome.jp/kegg/pathway.html#mapping
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                                         Fig10: Home Page of KEGG pathway database 

 

 

 

Fig11: The result page contains Pathway lists after selecting the organism and entering the query 

in search box. 
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METHODOLOGY: 

                                                        

 

 

 

 

 

                             

 

 

 

 

 

 

 

 

 

 

 

 

 

         Fig1: Different Stages were used to Design a New Signalling Pathway 
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APPROACH:  

 

Step 1:      Gone through several research papers to get information about the mast cells and natural 

killer cells such as –  

(i) Different TLRs present on mast cells and natural killer cells. 

(ii) Different signalling pathways present in mast cells and natural killer 

cells. 

(iii) Different types of cytokines, chemokines are released in both of the 

mast cells and natural killer cells signalling pathway. 

(iv) Different kinds of synthetic ligands available for different TLRs. 

 

 

 

Step 2:    Microarray data was collected from Gene Expression Omnibus Repository Datasets of 

NCBI. 

(i) Human Mast cells activation via Fc (Epsilon) RI (GEO accession 

id: GSE3271) (Set of arrays organised by shared biological context, 

such as tumours types). 

(ii) Gene expression analysis of tumour stimulated human Natural 

killer cells (GEO accession id is GSE55977). 

                                           

 

Step 3:    Next step was pre-processing of the data by arranging them on the basis of genes with 

their respective ref IDs and expression values according to the given cell lines. 

                                                                          

 

Step 4:   Microarray gene expression data was normalised by using any global Median 

Normalisation or Simple Normalisation to convert raw data of expression files to appropriate 

linearly arranged data. 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271


26 
 

                                                                               

 

Step 5:   From the Normalised genes expression data of each cell median was calculated for control 

sets and also calculated for disease sets. Data was normalised for mast cells and natural killer cells. 

                                                                              

 

Step 6:  Fold change of genes expression was calculated with the help of below formula: 

    FC (Control set/Disease set) ~= Signal Intensity (Control set)/Signal Intensity (Disease set). 

                                                                              

 

Step 7:    R script was used to set the threshold value for mast cells and natural killer cells by using 

Quantile function. This threshold value was mainly applied on gene expression data. 

                                                                              

 

Step 8:  On the basis of threshold value of mast cells and natural killer cells only the above fold 

change values were selected (up-regulated genes) from mast cells and natural killer cells microarray 

data. 

                                                                                

 

 

Step 9:  In excel file only the up-regulated mast cells genes and up-regulated natural killer cells 

genes are imported and using Java programming the common genes were found out. 
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Step 10:  After finding common genes thoroughly studied the pathway of Natural killer cells 

activation (NCR mediated and TLR-mediated) and pathway of Mast cells activation 

(Degranulation) in KEGG pathway to find out how many genes are involved from common genes 

list in those above mentioned pathways (NCR mediated and TLR mediated NK cells activation and 

Mast cells degranulation). 

                                                                                

 

Step 11:    Using String the interaction between the genes or proteins which are present in a 

particular signalling pathway were found out and designed a new signalling pathway of mast cells 

which is not present in KEGG pathway. 

                                                                               

 

 

Step 12:   Found out the ligands of a particular TLR which is commonly present on Both Mast cells 

and Natural killer cells.                                                                                
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RESULTS AND DISCUSSION:  

 

4.1 Stimulation condition of Mast cells Microarray data 

Mast cells microarray data was collected from Gene expression omnibus datasets (GEO) with the help 

of GEO accession id (GSE3271). The substantial levels of histamine release, reflecting a high level of 

FcεRI-dependent mast cell activation, could be achieved by stimulating the mast cells with 10 or 1 

µg/ml of anti-human IgE antibody (Sigma).Umbilical cord blood samples were taken from two different 

Donors.  

 

                                                                                                                                                                                                               

                 

 

 

 

 

 

Mast cells were stimulated with Anti-human IgE antibody treatment in the following manner. 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                     

 

 

Donor 1 

GSM73587 

GSM73588                       Mast cells 

GSM73589 

Donor 2 

GSM73590 

GSM73591                       Mast cells 

GSM73592 

 

Control Sets 

 

GSM73589                                                                                                                                          

                                      Untreated (0 hour) 

GSM73591 

Experimental Sets 

       

1 hour Treatment 

GSM73588 

                     Mast cells 

GSM73592 

Anti-human IgE antibody (Sigma) 

2 hours Treatment 

GSM73587 

                     Mast cells 

GSM73590 

 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271
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Umbilical cord blood samples were taken from two different donors (Donor 1 and Donor 2). 

GSM73587, GSM73588, GSM73589 represent donor 1 Mast cells  where GSM73587 cell was 

treated with anti-human IgE antibody (Sigma)for 2 hours and GSM73588 cell was treated with anti-

human IgE antibody (Sigma) for 1 hours and GSM73589 was taken as a control. GSM73590, 

GSM73591, GSM73592 represent donor 2 Mast cells where GSM73590 cell was treated with anti-

IgE for 2 hours and GSM73592 cell was treated with anti-IgE for 1 hours and GSM73591 was 

taken as a control. 

 

The Gene expression data of non-stimulated Mast cells (for 0 hour) and stimulated Mast cells (with anti-

human IgE antibody (Sigma) for 1 hour and 2 hours). 

 

                                    Fig1: Microarray Gene expression data (GSE3271) of Mast cells. 

 

 

                               Fig2: Un-stimulated gene expression profile graph of mast cells 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271
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Gene expression profile graph was generated using un-stimulated mast cells of donor 1 and donor 

2. Here two un-stimulated cells, such as GSM73589, GSM73591 were used and only 100 genes 

expression data were taken to make this graph because the graph would not be understandable in 

the case of large amounts of genes expression data. This graph represents the un-stimulated mast 

cells gene expression profile. The GSM73589 of donor 1 cell was untreated for 0 hour whereas 

GSM73591 of donor 2 cell was untreated for 0 hour. 

 

 

                                 Fig3: Anti-IgE stimulated gene expression profile graph of mast cells 

Gene expression profile graph was generated using anti-IgE stimulated mast cells of donor 1 and 

donor 2. Here four anti-IgE stimulated cells, such as GSM73587, GSM73588, GSM73590, 

GSM73592 were used and only 100 genes expression data were taken to make this graph. This 

graph represents the anti-IgE stimulated mast cells gene expression profile. The GSM73587 of 

donor 1 and GSM73590 of donor 2 cells were treated with anti-IgE for 2 hours whereas GSM73588 

of donor 1 and GSM73592 of donor 2 cells were treated with anti-IgE for 1 hour. 

 

 

              Fig4: The Gene Expression data of Mast cells in different Experimental Conditions. 
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The above table represents each gene expression data in different Experimental Conditions. In case of 

MYD88 Gene – 

 

 

 

 

 

 

 

 

 

4.2 Microarray data Normalization 

R-Studio is C++ Programming based software which helps in executing R-Script. Using ‘Boxplot R-

Script’ the Box-Plot of Genes expression data was created. From the Box-plot we can easily identify the 

Microarray genes expression data of Mast cells which was downloaded as a series matrix file (GEO 

accession id (GSE3271)) is ‘Normalized’ or ‘Non-Normalized’. 

 

 

                                       Fig5:  R-script was used to create Box-plot 

 

Untreated (0 hour) 

   GSM73589                GSM73591 

    -0.089             -0.019                           

 

     Anti-IgE treated for 1 hour 

   GSM73588               GSM73592 

     0.348              0.144                           

 

Anti-IgE treated for 2 hours 

   GSM73587                GSM73590 

     0.395              0.561                           

 

Mast cells MYD88 Gene Expression Data 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271
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Using the above ‘R-script’ we can easily create box-plot of gene expression data. Only expression 

data of the genes is required as an input. The above program read the ‘Genes Expression’ value and 

according to the value it plotted the graph. To see the graph which was plotted by using the ‘R-

script’ and ‘Genes Expression value’, we can easily understand the genes expression data was 

biased or not. If the data is biased it means the data is non-normalized. So in that case first the 

expression data of genes was normalized by using different techniques (Global Normalization, 

Simple Normalization, Quantile Normalization) then use the gene expression data for further 

analysis. 

 

      

  Fig6: In This Box-plot the ‘X’-axis represents the Number of Cells and ‘Y’-axis represents their 

respective Gene’s Expression data of Mast cells. 

 

The 6 different Cells containing Excel file was imported in R-Script and ‘X’ axis in this Box-plot 

represents the number of cells and in each cell among 6 cell files contained a different number of 

Genes and their respective Expression data. Here in this Box-plot the Expression data of same 

genes in different cells lied in different range according to the ‘Y’ axis range value. Due to the Non-

Normalised data this kind of Box-Plot was generated. 
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R-Studio is a C++ Programming based software which helps in executing R-Script.  After generating 

Box-plot, Q-Q plot was generated to recheck the genes expression data which was downloaded as a series 

matrix file from Gene Expression Omnibus, Normalised or Non-Normalised. 

 

 

                                           Fig7: This R-script was used to create Q-Q Plot 

 

Using the above ‘R-script’ we can easily create Q-Q plot of gene expression data. Here expression 

data of the genes was required as an input. The above program read the ‘Gene expression’ value 

and according to the value it plotted the graph. To see the graph which was plotted by using the ‘R-

script’ and ‘Gene expression value’ we can understand the genes expression data was biased or not. 

If the data is biased it means the data is non-normalised. So in that case first the expression data of 

genes was normalised by using different techniques then used the gene expression data for further 

analysis. 
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The different Genes and their Respective Expression data containing Excel File were imported in R-

Script. On the basis of Genes and their respective Expression data this Q-Q Plot was generated. 

 

 

  Fig8: In Non-Normalised Quantile Plot the ‘Y’-axis represents the number of Genes and ‘X’-axis 

represents their respective Fold Change Value of natural killer cells. 

 

The Genes Expression data containing Excel file was imported in R-Script and ‘X’ axis in this Q-Q 

plot represents the range of gene expression data. Here in this Q-Q plot ‘Y’ axis represents the total 

number of genes Present in the excel file. Due to the Non-Normalised data this kind of Q-Q Plot 

was generated like as ‘S’.  

So from the ‘Q-Q plot’ and ‘Box plot’ it was proved that the Series matrix file which was 

downloaded from Gene Expression Omnibus contained Non-Normalised Expression data. Many 

sources of systematic variation were occurred in microarray experiments. From this Q-Q plot and 

Box plot, it showed that in Genes Expression data there were lots of variations presented which can 

be affected the measured gene expression levels. 

 

 

 

 

 



35 
 

To Normalise the Gene Expression data first the formula was used to calculate the mean of the Gene 

Expression data –  

 

                                          Fig9: General Formula of Mean 

 

Where, ∑ X is the sum of all microarray Gene Expression data values of mast cells 

               n is the number of data items(Cell) in Sample  

 

 

𝐍𝐨𝐫𝐦𝐚𝐥𝐢𝐬𝐚𝐭𝐢𝐨𝐧        

=
(𝐄𝐱𝐩𝐫𝐞𝐬𝐬𝐢𝐨𝐧 𝐯𝐚𝐥𝐮𝐞 𝐨𝐟 𝐆𝐞𝐧𝐞 𝐢𝐧 𝐩𝐚𝐫𝐭𝐢𝐜𝐮𝐥𝐚𝐫 𝐜𝐞𝐥𝐥)

𝑴𝒆𝒂𝒏 𝒐𝒇 𝒆𝒙𝒑𝒓𝒆𝒔𝒔𝒊𝒐𝒏 𝒗𝒂𝒍𝒖𝒆𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒈𝒆𝒏𝒆 𝒇𝒐𝒓 𝒂𝒍𝒍 𝒄𝒆𝒍𝒍𝒔 𝒑𝒓𝒆𝒔𝒆𝒏𝒕 𝒊𝒏 𝒂 𝒔𝒊𝒏𝒈𝒍𝒆 𝒎𝒊𝒄𝒓𝒐𝒂𝒓𝒓𝒂𝒚 𝒅𝒂𝒕𝒂
 

                             Fig10: General Formula of Simple Normalization 

 

 

After importing the microarray gene expression data of mast cells in excel file which was 

downloaded as Mast cell activation via the Fc(epsilon)RI(GSE3271) from GEO datasets of National 

Centre for Biotechnology Information(NCBI) by analysing with GEO2R(A GEO Tool available for 

visualization of Microarray data along with other relevant calculated statistical parameters). 

Downloaded data was pasted into excel sheet with their respective gene expression values taken 

from series matrix file data. Now applying the above formulas the gene expression data was 

normalised on the basis of Simple Normalisation to convert our raw data to appropriate linearly 

arranged data. 

 

 

 

https://www.ncbi.nlm.nih.gov/sites/GDSbrowser?acc=GDS1520
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271
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After Normalisation with the help of above R-Script (Fig5: ‘Box-plot R-script’), the different Genes 

and their Respective Normalized Expression data containing Excel File was imported. On the basis of 

Genes and their respective Normalized Expression data this Box-Plot was generated. 

 

 

  Fig11: In This Box-plot the ‘X’-axis represents the Number of Cells and ‘Y’-axis represents their 

respective Gene’s Expression value.       

 

The Excel file which was imported in R-Script contained 6 different Cells which lie on ‘X’ axis in 

this Box-plot and in each cell among 6 cell files contained a different number of Genes and their 

respective Normalized Expression data. Here in this Box-plot the Expression data of same genes in 

different cells lied in almost proper range according to the ‘Y’ axis range value. Due to the 

Normalization variance of the gene expression data was removed data. So from the Box-plot it was 

proved that the Series matrix file which was downloaded from Gene Expression Omnibus contains 

Non-Normalised Expression data was successfully converted into normalised Gene Expression 

data. 
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After creating Box plot of Normalized genes expression data of Mast cells the different genes and 

their Respective Normalized Expression data containing Excel File was imported in ‘Quantile R-

Script’. On the basis of Genes and their respective Normalized Expression data this Q-Q Plot was 

generated by using the R-Script (Fig7: ‘Quantile-plot R-script’). 

 

 

 Fig12: In Normalised Quantile Plot the ‘Y’-axis represents the Normalise range and ‘X’-axis 

represents their respective expression data. 

 

This Quantile plot was generated with the help of R-Script (Fig7: ‘Quantile-plot R-script’) after 

generation of Box-plot of the normalized Gene Expression data to re-check the Expression data was 

properly normalised or not. 

In this Q-Q plot ‘X’ axis represents Genes Expression and ‘Y’ axis represents the total number of 

genes Present in the excel file. Due to the Normalization of gene expression data, proper Q-Q Plot 

was generated. So from the Q-Q plot it was proved that the Series matrix file which was 

downloaded from Gene Expression Omnibus contained Non-Normalised Expression data was 

converted into normalised Gene Expression data. Many sources of systematic variation were 

occurred in microarray experiments with the help of Simple Normalization (Statistical Methods) 

these kind of variations were removed. 

After all, the Gene Expression data which was downloaded from GEO (Gene Expression Omnibus) 

is normalised and on the basis of Box-plot and Q-Q plot the Mast cells gene Expression data was 

almost normalised. 
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Importance of Normalization: 

 

Normalization of Microarray data is aimed to correct for the systematic measurement errors and bias 

in the observed data. The errors and bias may be introduced by several factors such as difference in 

probe labelling, concentration of target DNA/RNA sequence and instrumental noise due to the 

scanners and printers etc. the process allows data to be compared across a common reference. 

So, Normalization is able to increase significance of the fold change of a gene with respect to 

control. 

 

 

4.3 Analysis of Fold change in Gene expression of Mast cells upon Stimulation 

After Normalisation of Gene Expression data which was downloaded as series matrix file from GEO 

datasets (Gene Expression Omnibus).Median was calculated for control sets as well as disease sets of 

Normalised Gene Expression data. The purpose of calculating Median of Gene Expression data was to 

find out the Fold change value. Mainly to find out the Fold change value for a particular gene the median 

value of control sets and median value of disease sets was required. 

 

Fig13: The Median value of Control sets as well as Experimental sets was calculated after 

Normalization. 
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To calculate the median of Control sets as well as Disease sets the formula was used- 

 

 

In Fig: 13 the ‘Green’ colour column represents the control sets where the Mast cells were un-

treated for 0 hour and ‘Blue’ colour column represents the experimental sets where the Mast cells 

were treated with Anti-IgE  for 1 hour and ‘Red’ colour column represents the another experimental 

sets where the Mast cells were treated with Anti-IgE for 2 hour. 

 

 

After calculating the median of control sets and disease sets of Gene Expression data of Mast cells the 

Fold change value was calculated with the help of this formula- 

 

                                 FC I (A/B) ~ = Control Median (A)/Disease Median (B) 

 

 

Fig14: From Normalised data of Mast cells the Fc value is calculated with the help of above 

Formula. 
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The Fold change value was calculated because to know how much a particular gene is over-

expressed from control condition to disease condition. Let’s say for Gene A the expression value in 

control set was 50 and in disease set the expression value of the same gene was 100. Then the fold 

change of Gene A was 100/50=2. This works well for over expressed genes as the number directly 

corresponded to how many times a gene was over expressed.  

 

 

                            Fig15: Graphical view of Fold change of Mast cells Genes. 

 

4.4 Setting of Threshold Value for Mast Cells Expression Data 

After calculating the Fold change from the median value of control sets and experimental sets of Mast 

cells Gene Expression data, the Threshold value was calculated with the help of Quantile function. Here 

R-Script was used to perform the Quantile function. 

 

 

  Fig16: Threshold value was calculated from the Fc value using Quantile Function. 
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Quantile function arranges the whole Fold change values of in order of lowest to highest value 

(Such as 0%, 25%, 50%, 75%, 100%). Then on the basis of 0%, 25%, 50%, 75%, 100% it plots the 

graph of fold change values. Then from the graph it selects only that value which is present in the 

middle of the graph. This ‘Quantile function’ takes this value as Threshold. Here in case of mast 

cells the threshold value was - 0.0776. To find out the threshold value all of these steps were 

performed using R-Script. On the basis of this threshold value the Fold change value was sorted 

and with the fold change values of Mast cells their respective Genes was also selected. Beyond 

this threshold value the Genes were called Down-regulated genes and above this threshold value 

the genes were called Up-regulated genes. Here only up-regulated Mast cells genes were selected. 

 

 

               Fig17: Threshold value has been applied on Mast cells genes Fold change values. 

 

 

                        

Fig18: Graphical view of Fold change of up-regulated Genes present in mast cells. 
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Stimulation condition of Natural Killer cells Microarray data: 

Natural killer cells microarray data was collected from Gene expression omnibus datasets (GEO) with 

the help of GEO accession id (GSE55977). Genome wide expression profiling of human NK cells 

stimulated with K562 erythroleukemic tumour cells after four hours of NK-tumour co-culture. 

Responding NK cells were compared to non-responding NK cells, represented by display of CD107 on 

the NK cell surface following cytotoxic granule release.  

Human peripheral blood NK cells were taken from Pooled and Donor1 and NK cells were co-cultured 

with tumour target cell line K562 for 4 hours. 

 

 

                                                                                                                                                                                                               

                 

 

 

 

 

 

 

NK cells were stimulated with K562 erythroleukemic tumour cells treatment in the following manner. 
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The same procedures like  

1) Box plot generation of Non- Normalised genes expression data of NK cells. 

2) Q-Q plot generation of Non- Normalized genes expression data of NK cells. 

3) Simple Normalization (Fig10 Formula was applied) done to normalize the NK cells genes 

expression data. 

4) Box plot generation of Normalised genes expression data of NK cells. 

5) Q-Q plot generation of Normalized genes expression data of NK cells. 

6) Analysis of Fold change in genes expression of NK cells upon stimulation. 

7) Setting of Threshold for NK cells expression data. 

 

Have been followed in case of Natural killer cells microarray data Normalization, Fold change value 

calculation and setting of Threshold. 

 

 

    

          Fig19: Threshold value was calculated from the Fc value using Quantile Function. 

 

 

 
           Fig20: Threshold value has been applied on NK cells genes Fold change values. 
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 Fig21: Graphical view of Fold change value of up-regulated Genes present in natural killer cells. 
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4.5 Analysis of Common Genes between Mast cells and NK cells 

 

After sorting the up-regulated genes of mast cells and natural killer cells a java program was 

developed to find out the common up-regulated genes between mast cells and natural killer cells. 

package javaapplication77; 

import java.io.FileInputStream; 

import java.io.FileNotFoundException; 

import java.io.IOException; 

import javax.swing.JFileChooser; 

import org.apache.poi.xwpf.extractor.XWPFWordExtractor; 

import org.apache.poi.xwpf.usermodel.XWPFDocument; 

public class GenesComparison { 

    String Store,String Store1; 

    public void GeneList1() throws IOException{ 

        int i; String str1;String str2;int count5=0;  int count6=0; 

        try{ 

            JFileChooser Chooser = new JFileChooser(); 

            int returnvalue = Chooser.showOpenDialog(null); 

            if(returnvalue==JFileChooser.APPROVE_OPTION){ 

                 XWPFDocument document = new XWPFDocument(new FileInputStream(Chooser.getSelectedFile())); 

                 XWPFWordExtractor extract = new  XWPFWordExtractor(document); 

                 Store = extract.getText(); 

                 for(i =0; i<=170;i++){ 

                    str1=Store.split("\n")[i];  

                    str2= str1;    count5++; 

               count6=count5; 

             }  } 

        }catch(FileNotFoundException jk){ }catch(Exception ml){}} 
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 public void GeneList2() throws IOException{ 

        int j;   int count1=0;  String str3;  String str4; 

        try{ 

           JFileChooser Chooser = new JFileChooser(); 

            int returnvalue = Chooser.showOpenDialog(null); 

            if(returnvalue==JFileChooser.APPROVE_OPTION){ 

                 XWPFDocument document = new XWPFDocument(new FileInputStream(Chooser.getSelectedFile())); 

                 XWPFWordExtractor extract = new  XWPFWordExtractor(document);  

                 Store1=extract.getText(); 

            } 

            }catch(FileNotFoundException jk){ 

             

        }catch(Exception fg){ 

             

    }    } 

        String Str1;   String Str2;String Str3;   String Str4; String Str5; 

        int i; int j;   int Count=0;  int Count1=0;int Count2=0; int y=0;  String CommonGene="A";  int count=0;  int count1=0;  int k; 

    public void CompareGenes(){ 

        try{ 

            new Thread(){ 

                public void run(){ 

                    for(;;){ 

        for(i=0;i<=170;i++){ 

            Str1=Store.split("\n")[i]; 

            Str2=Str1; 

            for(j=0;j<=34107;j++){ 

                Str3=Store1.split("\n")[j]; 

                Str4=Str3; 

                if(Str2.equals(Str4)){ 
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                  Count++; 

          System.out.println(Str2+" MATCHED "+Str4); 

                  for(k=j+1;k<=34107;k++){ 

                    Str5=Store1.split("\n")[k]; 

                    if(Str4.equals(Str5)){ 

                         count++;  

                    }else{ } }  }else{ 

                } Count1++;}  

             Count2++; 

              System.out.println(Count+" = Number Of Total matched Gene"); 

              System.out.println(count+" = Number Of Duplicate matched Gene"); 

  } 

              System.out.println(Count+" = Number Of Total Matched Gene"); 

              System.out.println(count+" = Number Of Duplicate Matched Gene"); 

  }   } 

            }.start(); 

        }catch(Exception hj)}}  } 

    public static void main(String []args) throws IOException{ 

           GenesComparison m = new GenesComparison(); 

           m.GeneList1(); 

           m.GeneList2(); 

           m.CompareGenes(); 

    }} 

Fig22: Identification of Up-regulated and Down-regulated genes common to Mast cells and 

NK cells Signalling pathway. 

 

To find out the common genes between mast cells and natural killer cells in java program first read 

the excel file which contained the up-regulated genes list. To read excel file XWPFDocument 

package was imported and after reading both excel file the Genes list was stored in a string variable 

‘Store’ which contained mast cells up-regulated genes and another string variable ‘Store1’ which 

contained natural killer cells. For extracting the genes list from excel file XWPFWordExtractor 

package was imported. After extracting the gene list, it was stored in ‘Store’ and ‘Store1’ variables. 
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CompareGenes() method was created in java program to compare the genes between up-regulated 

mast cells and up-regulated natural killer cells. If Common genes were found between two variables 

then it printed the name of the gene which was matched. In CompareGenes() method Split() method 

was used to split when it found a new line then it stored string which contained one gene name into 

‘Str1’ variable. This ‘Str1’ variable was present in a ‘for loop’ because a large number of genes 

were present in ‘Store’ variable. This ‘for loop’ ran continuously still the last gene came then it 

entered in second ‘for loop’ which was for ‘Store1’ variable which contained natural killer cells 

genes list and here also split() method was used to store a single gene at a time in ‘Str3’. Then in 

this second ‘for loop’ one condition was applied if Str2 equals to Str4 then program printed the 

matched gene name. Here ‘equals ()’method was used for matching the gene name. After the 

complete run of the program, we got the matched up-regulated genes between mast cells and 

natural killer cells. 

 

 

 

After running java program 447 up-regulated common genes were found between mast cells and 

natural killer cells. 

 

 

  Fig23: 447 Up-regulated Genes were found after Running Java Program, Common between Mast 

Cells and NK cells. 

 

 

In this diagram the common genes and their respective Fold change values in mast cells and natural 

killer cells was retrieved with the help of java program. So from this diagram we could easily detect 

a particular gene’s Fold change value in natural killer cells and also in mast cells. TLR2, TLR6, 

MYD88, IRAK1, IRAK4, TRAF6, IRF5 genes were found in common gene list. It means that these 
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following genes are common between mast cells and natural killer cells and these following genes 

are involved in MYD88 pathway. 

 

 

 

4.6 Study of Common Genes in Interacting patterns of Mast cells and NK cells 

 

From 447 common up-regulated genes between Mast cells and NK cells, only 8 genes were selected 

because (TLR2, TLR6, MYD88, TRAF6, IRAK1, IRAK4, IRF5 and IL-8) these 8 genes are present in 

MYD88 pathway. Multiple proteins list such as TLR2, TLR6, MYD88, TRAF6, IRAK1, IRAK4, 

IRF5 and IL-8 was uploaded in String database to check the interactions between these genes. 

 

 

 

 

    Fig24: These Common Proteins are interacted with each other and present in MyD88-

dependent Pathway. 

 

Both TLR2 and TLR6 interact with MYD88 and then MYD88 also interacts with IRAK1 and 

IRAK4. MYD88 strongly interacts with IRAK4. Then IRAK4 and IRAK1 interact with TRAF6. 

This TRAF6 interacts with IRF5. Then IRF5 transcribes DNA and IL-8 is produced. 
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                    Fig25: Protein-Protein Interaction and Their Interaction Score. 

 

 

In above table the interaction between proteins and their respective ‘ENSP’ id is shown and for a 

particular interaction between two proteins the interaction score is also shown. Most of the Protein-

Protein interaction, the interaction score of is very high. The interactions of these proteins are 

shown because these proteins are present in MYD88-dependent pathway in natural killer cells. 

Through this pathway various kind of inflammatory cytokines are secreted such as IL-8, IL-12, and 

IL-2 etc. These cytokines can activate Natural killer cells and can change multiple cellular 

responses such as cytokine/chemokine production, cytotoxicity (source: Genomic expression 

profiling of NK cells in health and disease Fuyan Wang1,2, Zhigang Tian1 and Haiming Wei1 

2015). 
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4.7 Design a Mast cell TLR mediated pathway 

 

The genes such as TLR2, TLR6, MYD88, TIRAP, IRAK1, IRAK4, TRAF6 and IRF5 are common 

between mast cells and natural killer cells. From the microarray data of mast cells activation via Fc 

(epsilon) RI (GEO accession id is GSE3271) and gene expression analysis of tumour stimulated 

human natural killer cells (GEO accession id is GSE55977) these genes are found out. These genes are 

present in TLR receptor mediated natural killer cell pathways and the interactions between all of these 

genes are found in MYD88-dependent pathway.   

 

 

        Fig26: MyD88-dependent Pathway Mast cells Produce Inflammatory Cytokines  

 

 

If these following genes are common between mast cells and natural killer cells and if these genes 

are involved in TLR receptor mediated killer cells signalling pathway, then these genes are also 

involved in mast cells TLR receptor mediated pathway and in mast cells through this signalling 

pathway different kinds of inflammatory cytokines are released such as IL-8, IL-2 etc. These 

cytokines can also activate the natural killer cells. 
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Fig27: Microarray data of Mast cells where Interleukins are released during Mast cells   

activation 

 

 

 

 
Fig28: Microarray data of Natural killer cells where Interleukins receptors are expressed in 

natural killer cells 

 

 

So from the microarray data of mast cells activation via Fc (epsilon) RI (GEO accession id is 

GSE3271) cells the Fold change value of IL2, IL4 and gene expression analysis of tumour 

stimulated human natural killer cells (GEO accession id is GSE55977) the Fold change value of 

IL12A, IL12B, IL2RB, IL2RA and IL4R is taken. If TLR2-TLR6 MYD88 pathway mediated 

pathway is present in mast cells then IL-2, IL-8, IL-4 interleukins (Fig 17) are released from the 

mast cells when Interferon regulatory factor 5 (IRF5) binds with DNA (MYD88-dependent 

pathway) and with the help of these interleukins the natural killer cells are activated because the 

fold change value of IL12A, IL12B, IL2RB, IL2RA and IL4R interleukin receptors (Fig 18) are 

much higher in natural killer cells. So IL2 receptor beta or alpha which presents on natural killer 

cells receives IL2 and IL4 receptor which presents on natural killer cells receives IL4 which are 

secreted from mast cells. It is the possible way through which natural killer cells are activated by 

mast cells. 
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4.8 Analysis of Mast cells degranulation and NK cells receptor pathway for 

prediction of synergistic role of Mast and NK cells in Tumour Regression 

 

These following pathways were exported from KEGG pathway. 

 

 
                                    Fig29: Mast cells Degranulation pathway 

 

 

 

                             Fig 30: Natural killer cells receptor mediated pathway 
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In case of mast cells degranulation pathway (Histamine releasing) when IgE binds with FcεRI that 

time FcεRI phosphorylates syk which then activates PI3K. After that the PI3K activates RAC and 

after interacting with different genes various cytokines (IL-4, IL-5 and IL-13) are released after 

transcribing the cytokine genes. 

Degranulating mast cells at tumour sites can also activate NK cells via histamine release. Histamine 

can induce NK cell activity by signalling. 

But in case of natural killer cells receptor mediated pathway, the activating receptors such as 

NKp44, NKp30 and NKp46.The spleen associated tyrosine kinase (Syk) is activated when ZAP70 

interacts with it and after that this complex (Syk and ZAP70) activates Phosphoinositide-3-kinase 

(PI3K) and then PI3K activates Ras-related C3 botulinum toxin substrate (RAC) and then different 

cytokines (such as IFN-gamma, IL-4, IL-2, etc.) are released.  

Thus the both of these above pathways are very important in Tumour inhibition. 

In Mast cells Degranulation pathway and Natural killer cells receptor mediated pathway, both of 

these pathway syk is present but it activates in different way. In case of mast cells FcεRI 

phosphorylates syk and in case of natural killer cells syk is activated when ZAP70 interacts with it. 

So, in Mast cells Degranulation pathway and Natural killer cells receptor mediated pathway, both 

of these pathways spleen associated tyrosine kinase (Syk) is present in upstream. 
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4.9 Role of TLR in NK mediated Tumour therapy 

 

These following pathways are exported from KEGG pathway. 

 

 

                 Fig31: Natural killer cells receptor mediated (Nkp
44

, Nkp
30

) pathway. 

 

 

 

                         Fig32: Natural killer cells TLR mediated pathway (TLR2). 
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In natural killer cells receptor mediated pathway where the activating receptors such as NKp44, 

NKp30 and NKp46 are present. In this pathway PI3K activates Rac and then Rac activates PAK1 

and this way different cytokines are released. 

In natural killer cells TLR mediated pathway Rac activates PI3K and then PI3K activates AKT and 

then AKT activates NF-κB and after transcribing DNA different kinds of cytokines are released 

from NK cells. 

In both of these pathways PI3K and Rac are present, so both of these genes are common between 

these two pathways. But in natural killer cells receptor mediated pathway PI3K activates Rac and in 

natural killer cells TLR mediated pathway Rac activates PI3K. 

In case of natural killer cells receptor mediated pathway both Rac and PI3K genes are present in 

downstream but in natural killer cells TLR mediated pathway both of these genes are present in 

upstream. 

 

 

4.10 Predictive TLR mediated Combinatorial Tumour therapy 

 

TLR2 is present in mast cells as well as natural killer cells. Different kinds of ligands are present 

for TLR2 such as – lipoprotein, lipoteichoic acid, lipophophatidylserine from gram (+) bacteria and 

Zymosan from yeast. Synthetic ligands such as Pam3CSK4.Using these ligands we activate mast 

cells expressed TLR2 and natural killer cells expressed TLR2. In both of these cells TLR2 is 

expressed in the surface of the cells. So using above mentioned TLR ligands we easily enhanced 

the activation of both of these cells which can help in the inhibition of tumour progression. Using 

these TLR2 ligands we can stimulate the tumour killing process. 

 

 

4.11 Mast cells secreted cytokines activate natural killer cells 

 

From mast cells microarray data Fold change value of this CXCL8 gene is calculated. 

 

 

                         Fig33: Fold change value of CXCL8 gene in mast cells 

 

Mast cells are activated by TLR2 and secretes CXCL8 chemokine and different inflammatory 

cytokines such as IL-2, IL-4, IL-8 and TNF α etc. 

In microarray data of mast cells Fold change value of chemokine CXCL8 is 0.968 which helps in 

the recruitment of natural killer cells in tumour site. 

Different cytokines such as IL-2, IL-4, IL-8 and TNF α also helps in activation of natural killer 

cells. These different kinds of cytokines are produced in TLR mediated pathway of mast cells. 

 



57 
 

 

 

CONCLUSION  

 

Microarray data proves beneficial in many regards. Microarrays have made a significant contribution to 

science both because they can survey a large number of genes quickly or study a small sample size. 

Microarrays have been used to assay gene expression within a single sample or to compare gene 

expression in two different cell types or tissue samples, such as healthy and diseased tissue. TLR-2 is 

known to be present on NK and Mast cells. Present microarray data of Mast cells stimulation with Anti-

human IgE antibody (GEO accession id: GSE3271) and human NK cells stimulation with K562 

erythroleukemic tumour cells (GEO accession id is GSE55977) lead to TLR-2 signalling up-regulation. 

Hence it is an interesting finding that pro-inflammatory stimulation by Mast cells and receptor-mediated 

stimulation of NK cells lead to TLR2 signalling up-regulation. Our work proposes the use of Mast cells 

and NK cells synergy in TLR2 mediated signalling. Based on the microarray data we can conclude that 

different cytokines such as  

IL-2  

IL-4 

IL-8  

TNF-α  

Show significant increase in expression upon IgE mediated Mast cells degranulation. These cytokines are 

also known for significant inflammatory response. Natural killer cells has been shown to express different 

cytokines receptors such as  

IL12A 

IL12B 

IL2RB 

IL2RA  

IL4R.  

Hence there is a direct Mast cells mediated NK cells stimulation through cytokines.  

 

TLRs present on NK cells- TLR-1, TLR-2, TLR-4, TLR-5, and TLR-6. 

TLRs present on Mast cells- TLR-2, TLR-4, TLR-6, and TLR-8. 

 

Analysis of KEGG pathway suggests that TLR-2 signalling through MYD88, different genes such as 

MYD88, TIRAP, IRAK1, IRAK4, TRAF6 and IRF5 are activated in both NK and Mast cells. These 

different genes (MYD88, TIRAP, IRAK1, IRAK4, TRAF6 and IRF5) are present in MYD88 signalling 

of NK cells and also present in mast cells microarray data with high Fold change values. So that means 

upon stimulation of Anti-IgE on Mast cells different cytokines such as IL-2, IL-4, IL-8 and TNF-alpha 

are released etc. These cytokines (IL-2, IL-4, IL-8 and TNF-alpha) binds to the receptors (such as IL12A, 

IL12B, IL2RB, IL2RA and IL4R) of natural killer cells and activates the natural killer cells. So here the 

TLR-2 is the key molecule through which we can activate both mast cells and natural killer cells in in-

vitro condition using synthetic ligands such as Pam3CSK4 which is recognized by TLR-2. 

In combinatorial therapy, inflammatory response of Mast cells degranulation and TLR-mediated 

stimulation can be predicted to boost Natural killer cells cytolytic activity in a synergistic manner. 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE3271
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From our study we can predict some key stimulants for both Mast cells activation and TLR stimulation 

that can act as adjuvants for Natural killer cells activation. 

 

 

 

 

 

 

Future Perspectives 

  
(i) Immunotherapeutic approaches targeting NK cells and mast cells should prove 

useful in inducing more effective immune responses to improve treatments. 

 

 
(ii) The targeting of TLRs is to induce cytokines, which are well validated in the 

diseases, and indeed successfully being targeted in the clinic. 

          

(iii) Targeting only one TLR (TLR2) we can activate Mast cells as well as NK 

cells. 

 

(iv) Immunotherapy combining the use of TLR agonists together with 

chemotherapy or radiation therapy seems to be a promising approach. 
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