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Abstract 
Common variable immunodeficiency (CVID) is a primary immune deficiency present in about 1 
in 25,000 people, characterized by recurrent infections, low serum immunoglobulin (Ig) levels 
(IgG, IgA, and sometimes IgM), and reduced vaccine responses. It is genetically a heterogeneous 
illness that often affects adults or teenagers and requires lifetime clinical care. CVID patients 
experience recurrent or chronic sinopulmonary tract infections, gastrointestinal disorders, and 
malignancies. Ig reconstitution administered intravenously or subcutaneously is the main 
treatment. Although the fundamental causes of CVID are still undefined, studies suggest that a 
variety of variables, including impaired somatic hypermutation (SHM), B cell maturation, 
primary B cell dysfunctions, abnormalities in T cells, and antigen-presenting cells are implicated. 
Understanding the molecular mechanisms driving this disease's genome regulation requires a 
deep understanding of the gene expression. It is today possible to study both coding and non-
coding sections of RNA using next-generation RNA-seq, which allows detecting differentially 
expressed genes in massive amounts of data, particularly in multifaceted illnesses like CVID. The 
aim of this study was to identify the differentially expressed genes between unstimulated (ex 
vivo) and stimulated (in vitro) naïve B cells of CVID patients and healthy donors (HD), and also to 
identify the underlying biological processes by gene enrichment analysis. The results of this 
study showed that both in CVID and HD, the stimulated and unstimulated cells were well 
separated. In the gene set analysis, it was discovered that significantly enriched CVID pathways 
were mostly involved in immune system-related processes such as adaptive immune response, 
cytoplasmic translation, granulocyte activation, lymphocyte activation, and lymphocyte 
differentiation. Therefore, the transcriptomic analysis of this study concluded that the majority 
of the genes that regulate the immune cell activation process function may have a greater impact 
on CVID patients than on HD which helps to understand the immunological defects in CVID 
patients. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

Popular scientific summary 
The immune system is a huge network to protect the living organism (host) from infection or 
any diseases. Two types of immune systems are present in the host body; innate and adaptive 
immunity. Adaptive immunity consists of T cells and B cells where the B cell generates 
antibodies against the infection (antigen) that circulates the host body. In some individuals, the 
B cell does not work properly due to e.g. genetic disorders. The improper functions of the 
immune cells (mainly B cells) could result in the absence or decrease of antibody production. 
Common variable immunodeficiency (CVID) is a heterogeneous disorder present in about 1 in 
25,000 people where antibody levels are reduced. Mainly it is known as a B cell disorder, due to 
impaired B cell proliferation and development. B cells originate from the bone marrow and 
mature in the spleen. When an antigen binds to a B cell it becomes activated and produces 
antibodies to protect the host from this pathogen, but in CVID patients, compared to healthy 
individuals, antibody production is low due to some genetic disorders or impaired immune cell 
functions, but in many cases, there are no known genetic defects. This genetic disease is mainly 
discovered in adults. The treatment options for this disease include Ig replacement therapy 
(IgRT) which is considered to be a universally life-saving therapy.  

This study aimed to examine stimulated and unstimulated naïve B cells (B cells which have not 
been exposed to antigen) of CVID patients and healthy donors to identify differentially 
expressed genes. To analyze this, two RNA sequencing data sets were used. The data sets 
contained the transcriptomic data from stimulated and unstimulated naïve B cells of CVID and 
healthy donors. The differentially expressed genes were identified by comparing the stimulated 
and unstimulated cells of both groups. The analyses showed that the stimulated and 
unstimulated cells were well separated both in CVID and healthy donors. To understand more 
about the biological process of CVID an enrichment analysis was done, which is a technique to 
find groups of genes or proteins that are over-represented in a large set of genes or proteins that 
may be related to disease characteristics. In this study for the enrichment analysis, GO term and 
KEGG pathway analysis were used to identify the differentially expressed genes involvement in 
the different pathways in both CVID and healthy donors. It resulted that in stimulated CVID, 
more differentially expressed genes were found in immune system-regulated biological 
functions, mainly in B cells activation processes compared to healthy donors. The activation of B 
cell triggers the development of Ig (antibodies) which fight against infections or other disorders. 
But in CVID, the differentially expressed genes deregulated the immunological functions by 
lowering the immune regulating systems such as cytokines, and lymphocytes causing a decrease 
in antibody production, which could potentially explain the antibody deficiency in CVID patients. 

 

 

 

 

 

 

 
 



 

 
 

Table of Contents 
Abbreviations .......................................................................................................................................... 1 

Introduction ............................................................................................................................................. 3 

Aim .......................................................................................................................................................... 9 

Materials and Methods ......................................................................................................................... 10 

Results ................................................................................................................................................... 10 

Discussion .................................................................................................. Error! Bookmark not defined. 

Ethical aspects, gender perspectives, and impact on the society ......................................................... 25 

Acknowledgments ................................................................................................................................. 26 

References ............................................................................................................................................. 27 

Appendix................................................................................................................................................ 32 

 

 

 



 

1 
 

Abbreviations 
APC  Antigen presenting cells 

BCR  B cell receptor 

BAFF  B cell activating factor 

CDR  Complementarity determining regions 

CSR  Class switch recombination 

CVID  Common variable immunodeficiency 

DAMP  Damage associated molecular pattern 

DC  Dendritic cell 

DEGs  Differentially expressed genes  

DZ  Dark zone 

FDC  Follicular dendritic cell 

GC  Germinal center 

GO  Gene ontology 

HD  Healthy donors 

Ig  Immunoglobulin 

IgG  Immunoglobulin G 

IgA  Immunoglobulin A 

IgD  Immunoglobulin D 

KEGG  Kyoto encyclopedia of genes and genomes  

LZ  Light zone 

MBC  Memory B cells 

MHC  Major histocompatibility complex 

NK  Natural killer cells 

PCA  Principal Component analysis 

Pre-B  Precursor B cell 

Pro-B  Progenitor B cell 

PRR  Pattern recognition receptors 

SHM  Somatic hypermutation 

TCR  T-cell receptor 
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TD  T cell dependent 

TFH  T follicular helper cell 

Tfr  T follicular regulatory cell 

TLR  Toll like receptor 
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Introduction 
The Immune System 

The immune system is a dynamic network made up of lymphoid tissue, immune cells, humoral 
components, and cytokines (Parkin & Cohen, 2001), which work together against foreign 
material (antigen). It is divided into two lines of defense - innate immunity and acquired (or 
adaptive) immunity (Chaplin D, 2010). The primary defense against pathogens is known as 
innate immunity, and it functions as a vital systemic response to stop the infection and preserve 
homeostasis. During primary infection, innate defense mechanisms have the power to generate a 
response and trigger inflammatory conditions and also play a significant role in both the 
activation and regulation of adaptive immunity (Riera Romo et al., 2016). The activation of 
innate immune cells is triggered by the interaction between damage-associated molecular 
patterns (DAMPs) and pattern recognition receptors (PRRs) (Vénéreau et al., 2015). The human 
body consists of several immune barriers which can be physical (skin, hair, mucus membrane) 
cellular (neutrophils, natural killer (NK) cells, and macrophages), and physiological barriers 
(coughing, sneezing, and diarrhea) to protect against pathogenic microorganisms (Gombart et 
al., 2020). The immune system's defense mechanisms identify the structural characteristics of 
the infection or toxin to enable the host to get rid of the threat without causing harm to its 
tissues.  

Adaptive immunity acts as a second-line defense mechanism of the immune system and is 
activated by the innate immune system as a result of the interaction between innate and 
adaptive immune cells. The adaptive immune system consists of T lymphocytes (T cells) and B 
lymphocytes (B cells) that express antigen-specific receptors called T cell receptors (TCR) and B 
cell receptors (BCR), which are unique to these cells. The TCR and BCR emerge via somatic gene 
recombination which results in specific receptors that can bind to a specific structure called 
antigenic epitopes (Netea et al., 2019). The adaptive immune system needs a longer time to 
respond (around 7 – 10 days) to primary exposure to an antigen but has the capacity to develop 
immunological memory for long-term protection against subsequent infections and elicit 
sufficient responses against specific antigens. Upon primary exposure, adaptive immunity will 
induce immunological memory of the antigen in the form of memory B and T cells and long-lived 
plasma cells secreting antibodies (Metur et al., 2021). A schematic representation of the innate   
and adaptive immune systems is shown in Figure 1.  
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Figure 1. The schematic representation of the innate and adaptive immune system with various types of 
immune cells (Created with BioRender.com). 

B cells 

B cells, which are responsible for the humoral arm of adaptive immunity (LeBien & Tedder, 
2008), have membrane-bound antibodies on their cell surfaces called BCR, that has two signal 
transducing molecules named Ig alpha and Ig beta which are developed through V(D)J 
recombination. V (variable), D (diversity), and J (joining) genes encode the V region of the IgH 
chain, whereas the V region of the IgL chain is encoded by V and J segments with the absence of 
D segments in the light chain (Chi et al., 2020).  The BCR has a particular antigen specificity, to 
recognize a specific antigenic epitope (Matsuuchi & Gold, 2001). B cells emerge from common 
lymphoid progenitors in the bone marrow after going through several developmental phases. 
Pro-B (progenitor B cells) starts the process of Ig heavy chain rearrangement and develops into 
pre-B cell (precursor B cell) stage, marked by the expression of a pre-BCR on its surface. 
Subsequently, pre-B cells go through the Ig light chain rearrangement and develop into 
immature B cells that express a functioning BCR. The immature B cell will leave the bone 
marrow and become fully mature in the spleen to form a mature naive B cell ready for antigen 
recognition (Loder et al., 1999). 

When an antigen binds to the mature B cell with IgD and IgM as surface markers, along with 
innate and co-stimulatory signals, the B cell becomes activated. The activated B cell along with 
the follicular helper T (Tfh) cell forms a germinal center (GC). Antigen-activated GC B cells 
quickly multiply and undergoes SHM in their Ig variable genes to produce high-affinity BCRs 
(Inoue et al., 2022). The development and maintenance of GC are triggered by Tfh cells through 
the production of CD40 ligand (CD40L) and the secretion of IL-21 and IL-4 (Huse et al., 2019). 
The mature GC is classically defined as two compartments; dark zone (DZ) and light zone (LZ) 
where SHM and subsequent cellular selection occur. The DZ is mainly composed of highly 
proliferating B cells called centroblasts (strongly expressing the chemokine receptor CXCR4), 
and these B cells exhibit high levels of activation-induced cytidine deaminase (AID) and error-
prone DNA polymerase eta expression. Ig SHM is likely to occur in the DZ as a result of this 
expression pattern. In contrast, the LZ is composed of centrocytes, follicular dendritic cells 
(FDCs), and Tfh cells (Mesin et al., 2016). During an immunization, infection, or secondary 
response, an activated mature B cell undergoes clonal expansion and BCR diversification and 
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migrates from the DZ to the LZ (Fig. 2). In the light zone, the cells are selected based on the 
encountered antigen through the interaction with FDCs and follicular T- helper cells (Tfh) 
present in the LZ. Centrocytes return to the DZ after receiving survival signals from Tfh cells to 
undergo additional cycles of proliferation and SHM before leaving the GC as memory B cells 
(MBC) or high-affinity antibody-secreting long-lived plasma cells (LLPCs). The main factors that 
cause GC B cells to develop into MBC are the suppression of mTORC1 and the supply of survival 
signals caused by Bcl6 down-regulation (Fahlquist&Degn, 2020).  

                              

Figure 2. A general description of GC selection and the determinants of memory B cell fate.  

Long-lived plasma cells can produce antibodies for an extensive period of time, decades and 
longer. These antibodies are Y-shaped secretary Ig that is released into circulation to neutralize 
and eliminate pathogens by recruiting and activating other immune cells to destroy the 
pathogen-invading cells. The cytokine IL-21 promotes the development of follicular helper cells 
and functional GC, as well as the production of Ig capable of killing infected cells. According to 
numerous studies, the APC function of B cells is triggered in infectious conditions through T cell-
independent or T cell-dependent mechanisms. During T cell-independent B cell activation, 
antigens with recurring epitopes, such as polysaccharides, bind to the BCR, together with co-
stimulation from toll-like receptors (TLRs), which leads to the development of short-lived 
plasma cells. In contrast, T cell-dependent B cell stimulation results in long-lived plasma cell 
differentiation and memory B cell.  

Antibodies (Ig) 

Antibodies (Ig) are heterodimeric proteins composed of two heavy chains (VH and CH) and two 
light chains (VL and CL) linked by disulfide bonds which act as critical mediators of host defense 
and homeostasis (Fig. 3). The variable region (N- terminus) of the heavy and light chain 
collectively makes up the specific antigen binding region or fragment antigen binding region 
(Fab). The complementarity determining regions (CDRs) are mainly found within the variable 
gene segments, and these are crucial for antigen binding. The constant (C-terminus) regions of 
the heavy chains (CH2 and CH3) are important for the effector functions of antibodies that 
eliminate pathogens (Hoffman et al., 2016). The antibodies are classified into five isotypes: IgG, 
IgM, IgA, IgE, and IgD based on constant region structure, characteristics, and oligomerization. 
IgG is the most prevalent antibody in serum, making up about 75% of all antibodies in 
circulation. IgA is the second most prevalent antibody at 15 %, IgM at 10%, and IgD and IgE are 
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the least prevalent. These antibodies differ structurally and cause various effector actions 
(Vattepu et al., 2022). 

                                           

Figure 3.  An illustration of antibody structure composed of two heavy chains and two light chains with a 
Fab and Fc portion. 

Understanding the molecular control and cellular dynamics of GC and the mechanics of high-
affinity B cell selection is heavily studied in the fields of adaptive immunity, immunodeficiency, 
and B cell diseases (De Silva& Klein, 2015). Defects in B cells may result in immunodeficiency 
disorders, autoimmunity and lymphomas.  

Common Variable Immunodeficiency (CVID) 

 CVID is a heterogeneous primary immunodeficiency characterized by low levels of serum IgG, 
IgA, and sometimes IgM coupled with an inability to produce protective antibodies to 
vaccination. The elimination of other causes of hypogammaglobulinemia is also a part of the 
diagnostic criteria. The syndrome includes impaired B cell maturation, impaired SHM, reduced 
numbers of circulating memory and isotype-switched MBC, and diminished maturation of 
plasma cells caused by mutations in several genes and inducible co-stimulator (CD19, CD81, 
CD20, CD21(Martinez et al., 2013). It is a genetically diverse disorder that usually manifests in 
adolescents or adults and needs lifelong clinical monitoring and the main treatment is Ig 
reconstitution either intravenously or subcutaneously. The classification(s) of CVID have been 
established based on a variety of clinical symptoms and immunological phenotypes (Yazdani et 
al., 2020). The predominant symptoms for the majority of CVID patients are sinopulmonary tract 
infections, gastrointestinal disease, and malignancies (Cunningham & Rundles, 2012). 

Clinical manifestation of CVID 

More than 90% of people with CVID experience increased vulnerability to microorganisms that 
damage the mucosal membranes in the upper and lower respiratory tract. Pulmonary 
involvement is mainly due to recurrent infections or lymph proliferative disease or a 
combination of both. These infections are frequently caused by bacteria (Hemophilus influenza, 
pneumococci, and staphylococci) that are common in the population and frequently cause 
pneumonia, bronchiectasis, chronic lung diseases, and even death (Sperlich et al., 2018). 
Enlarged lymph nodes in the chest, neck, and abdomen are common in this case and may be 
caused by infection or an abnormal immune response, or both. Other common symptoms for 
CVID patients are otitis, sinusitis, sepsis, and gastric tract infections along with long periods of 
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diarrhea. Recurrent diarrhea is brought on by parasites like Giardia intestinalis, while chronic 
diarrhea is linked to lymph proliferation, villous atrophy, or inflammatory lesions. CVID may 
also be complicated by non-infectious conditions like autoimmune disorders, lymphoid 
hyperplasia, and systemic granulomatous illness (Oksenhendler et al., 2008). 

Autoimmunity in CVID 

CVID has a high rate of autoimmunity, and several causal factors have been proposed such as the 
failure to delete self-reactive B cell clones that generally develop in the bone marrow, immature 
B cell development, and high levels of factors in serum that increase B cell proliferation, such as 
B cell activating factor (BAFF) and a proliferation-inducing ligand (Agarwal & Cunningham-
Rundle, 2019). More recently, Grimsholm and collaborators have shown that peripheral 
selection of B cells in the GC is defective in CVID patients with autoimmune diseases (Friman et 
al, 2023). It is also well recognized that occasionally CVID, especially in individuals with 
autoimmunity, leads to a reduction in regulatory T cells (Treg). These patients may also develop 
systemic and organ-specific autoimmune disorders, but the most frequent hematological 
consequences are immune thrombocytopenic purpura (ITP) and autoimmune hemolytic anemia 
and they also may develop lymphomas, granulomatous disease, and lymphoid intestinal 
pneumonitis (Mormile et al., 2021). 

Lymphoma and other malignancies 

The prevalence of malignancies in CVID patients appears to have increased overall and usually 
occurs during the 4th–6th decade of life. The most common kind of cancer in CVID patients is 
non-Hodgkin lymphoma, which is followed by epithelial tumors of the stomach, breast, bladder, 
and cervix. The specific pathological mechanisms for cancer development in CVID are not fully 
understood, but a variety of factors have been proposed to contribute to the high susceptibility 
of these patients to malignancies, including impaired genetic stability, genetic factors, immune 
dysregulation, impaired clearance of oncogenic viruses and bacterial infections, and iatrogenic 
causes (Manesh et al., 2017).  

Genetics in CVID 

There are numerous genetic defects and mutations related to B cell activation, differentiation, 
and proliferation that might cause CVID. The awareness of this complicated disease has 
improved with the identification of the causes of polygenic or sometimes epigenetic CVID 
(Kienzler et al., 2017). Different members of the tumor necrosis factor (TNF) receptor 
superfamily have been reported to be involved in the pathogenesis of CVID. Mutation of genes 
involved in the inducible T cell co-stimulator (ICOS) and transmembrane activator and calcium-
modulator and cytophilin ligand interactor (TACI) have been found in CVID cases (Ameratunga 
et al., 2013). CVID may also cause class switch recombination (CSR) defects. The defects in 
molecules could result in impairment of B cell activation/maturation, which may then lead to 
autoimmune manifestations. The absence of any of the previously mentioned signals could 
potentially cause the defect of terminal differentiation of a mature B lymphocyte into plasma and 
memory cells, which are manifested by antibody deficiency. In addition, defects in the CD19 
complex (CD19, CD21, and CD81) or co stimulatory molecules, such as the CD20, result in 
impaired BCR, defective SHM and CSR, increased number of transitional cells, increased IgE 
levels and reduced IgG levels (Kopecký & Lukesová, 2007). 



 

8 
 

Current treatment methods 

Over the past few decades, major advancements have been achieved in the understanding of 
CVID, early diagnosis, and treatment options, including Ig replacement therapy (IgRT), which 
have resulted in a substantial shift in how affected patients are treated. Additionally, 
supplemental immunizations with inactive antigens are advised for these patients, along with 
preventative and therapeutic antibiotics. The development of subcutaneous and intravenously 
administered polyvalent Ig preparations (SCIG and IVIG) significantly lowers the rate of 
morbidity and mortality and reduces bacterial infection (Pulvirenti et al., 2019).  The 
replacement therapy is universally considered to be life-saving. In most cases, dosages of 400–
600 mg/kg body weight per month were given. Ig treatment aims to prevent infections; 
however, the target amount of serum IgG to be attained varies based on the initial IgG level. A 
suggested trough level would be at least 600 mg/dL for a patient with a baseline serum IgG level 
of less than 100 mg/dL, but for a patient with an initial IgG level of 300 mg/dL and no functional 
antibody, the necessary level might be 900 mg/dL to supply the minimal "normal" level of 
functional Ig. Patients who already have inflammatory bowel illness or chronic lung disease 
(bronchiectasis) frequently need, however, greater doses of IgG. Steroids are advised in 
situations of autoimmune cytopenias and lymphoproliferation. Rituximab, splenectomy, and 
immunosuppressive medications have all been described as fallbacks in the event of failure 
(Cunningham & Rundles, 2010). 
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Aim 
Here, we aim to investigate the transcriptome of unstimulated versus stimulated naïve B cells 
from CVID patients and HD and thereby identify immunological defects in CVID, which could 
underpin more severe symptoms such as inflammatory diseases. 

In this study, RNA sequencing has been performed on sorted stimulated and unstimulated naive 
B cells that have been sorted from both HD and CVID patients. The B cells were stimulated by 
using an anti-Ig antibody, recombinant CD40L protein, and recombinant IL-21 cytokine. The 
study's objective was to compare the differences in gene expression between stimulated (in 
vitro) and unstimulated naïve B cells (exvivo) of HD and CVID patients to identify differentially 
expressed genes. Gene set enrichment analysis was performed to identify biological processes 
that differ in the activation of B cells between HD and CVID patients. 
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Materials and Methods 
Data sets of the study 

The count data files for this study were obtained from the previous study done by the supervisor 
Ola Grimsholm.  The data contain the number of reads that have been mapped to the genes of the 
human genome (GRCh38.p13). The data sets contain both stimulated (30 samples with 58780 
genes) and unstimulated (33 samples with 60617 genes) naïve and MBC collected from both 
CVID patients and healthy donors (HD). In this study, only the naive B cells were extracted from 
the data and the duplicate genes were removed from the stimulated data. The common genes 
were then extracted from both files and merged and normalized (33 samples with 58444 genes) 
to identify the differentially expressed genes (DEGs) between the CVID patients and the healthy 
donors. Table 1 indicates the data sets with samples after extracting the naïve B cells from the 
data, in which the stimulated cells contain a total of 15 samples and unstimulated with 18 
samples in total. Out of the nine samples in the unstimulated HD samples, five samples 
(designated as "HD") came from persons who were in good health, and the remaining four 
samples (abbreviated as "AHD") were from people who had autoimmune diseases. 

Table 1: The data set with stimulated and unstimulated cell types. 

Data set HD samples CVID samples 
 
Stimulated data 
 
Unstimulated data 

 
4 
 
9 (5 HD+4 AHD) 

 
11 
 
9 

   
 

Identification of DEGs 

The differential expressed genes were generated by comparing the stimulated and unstimulated 
cells using the R Bioconductor package DESeq2 (version 1.38.3). This package provides 
techniques to estimate the DEGs by the use of a negative binomial generalized linear model 
(Love et al. 2014). A false discovery rate of 0.05 and a log2fold change (log2FC) value of 2 were 
used as statistical cutoffs. The p-values were adjusted by the Benjamini-Hochberg (BH) method 
to assess the significant DEGs in CVID and HD and to control the false discovery rate below 5 %. 

Principal Component Analysis (PCA) 

To check the quality of the data in the study, a PCA plot was generated. It was used to confirm 
how similar the samples in the gene expression profile were. PCA was run on the transformed 
count data and plotted by showing the first two principal components by the DESeq2 function 
plotPCA. This kind of data visualization is frequently used to identify gene expression patterns 
that are similar across two or more groups. 
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Venn diagram  

In this study, DEGs were analyzed by using the DESeq2 package in R, and the Venn diagram 
package (version 1.7, 3) was then used to compare the outcomes of these evaluations to identify 
overlapping DEGs. The visual representation of the unions, intersections, and differences 
between different datasets using the Venn diagram is widely utilized and numerous programs 
have been created to produce the Venn diagram for applications in various study fields (Jia et al. 
2021). The Venn diagram package in R is a collection of functions that can produce high-
resolution Euler and Venn plots. It gives the users the option to modify almost every aspect of 
the created diagrams, including font size, label size, and placements, as well as the diagram's 
overall rotation (Chen & Boutros, 2011). Each list is represented by a transparent shape in a 
Venn diagram. The shared elements across lists or, more frequently, the related counts are 
contained in shape overlaps. In proportional Venn diagrams, a shape's size is proportional to the 
number of elements in the associated list or at the intersection of the associated lists. Venn 
diagrams with four or fewer lists are simple to read and comprehend, but those with more lists 
require significantly more interpretation (Bardou et al. 2014). In this study, Venn diagrams were 
used to identify and compare the unique and common significant DEGs in CVID and HD and also 
to compare the pathway analysis.  

Heat map 

The R package “ggplots” (version 3.1.3) is a various R programming tool including, Heatmap2 
which is an enhanced version of standard plots used in this study. A heat map is a false-color 
image with a dendrogram overlaid to the left side and/or to the top. Within the boundaries given 
by the dendrogram, the rows and columns are often rearranged by some set of values (row or 
column means). In this study, the distance function used was Euclidean, which is defined as the 
square root of the sum of the square differences between gene counts. The linkage method used 
was complete linkage, which finds similar clusters that always merged up to a particular 
distance threshold (Metsalu & Vilo, 2015).   

Enrichment analysis  

The DEGs of three comparisons (based on VennDiagram) were used to analyze for Gene 
Ontology (GO) annotation and Kyoto encyclopedia of genes and genomes (KEGG) pathway 
enrichment (Kanehisa & Goto, 2000) additionally; clusterProfiler was also used for the gene set 
enrichment analysis (GSEA). If the adjusted p-value was <0.05, then the enriched GO terms and 
KEGG pathways were deemed significant. Pathway enrichment analysis is one of the most 
powerful techniques for interpreting transcriptomic data because it makes it possible to 
condense a large amount of high-dimensional data into just a few biological processes that 
underlie particular phenotypes (Mubeen et al., 2022). Also, to describe the precise and intricate 
biological processes that occur in human cells, KEGG pathways and GO terminology are 
frequently utilized in computational biology. KEGG is a well-known integrated database resource 
for gene and protein annotation, whereas GO aims to standardize the way all species present the 
characteristics of their genes and gene products (Yin et al., 2016). 
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GO pathways analysis 

The DEGs were run for the GO enrichment analysis, to find out which GO terms were 
overrepresented. A popular method used in biology to determine differential gene expression is 
GO, which generates read-outs for a lot of genes at once. Also, it expresses the biological function 
or process that is typically enriched in these genes and can be used to summarize the outcomes 
of genome-scale research (Du Plessis et al., 2011). In this study, the GO enrichment was 
accompanied by the gene annotation, and the default statistics of classic Fisher (adjusted p-value 
<0.05) and biological processes (BP) were specified to generate the results. The top 50 
enrichment analysis were identified by the TopGo function using the R packages biomaRt, 
edgeR, org.Hs.eg.db, and GO.db. Out of these 50 biological processes, 10 relevant pathways were 
selected to generate a bar plot using the ggplot2 package. 

KEGG pathway analysis 

In this study, to complement the GO analysis, KEGG enrichment was also done. The KEGG project 
aims to computerize the current understanding of biochemical pathways and other kinds of 
molecular interactions that can be used as a guide for the methodical interpretation of 
sequencing data. By automating the current understanding of cellular processes and 
standardizing gene annotations, KEGG seeks to connect genomic information with higher-order 
functional information. The method of functional assignment in KEGG entails connecting a 
collection of genes with a cell's network of interconnected molecules, such as a pathway or 
complex, which represents a higher-level biological function (Kanehisa & Goto 2000).  In this 
study, the top 50 KEGG enrichment pathways were identified by using the TopGo function for 
three comparisons. Out of these, 10 relevant pathways were selected to generate a bar plot. 
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RESULTS 

Analysis of differentially expressed genes 

The Deseq2 package was applied for two separate sets to determine the genes that were 
differentially expressed, including DEGs of stimulated and unstimulated naïve B cells from 
CVID samples and HDs samples. 

Table 2 represents the total number of DEGs, up-regulated and down-regulated genes by 
comparing the stimulated and unstimulated naïve B cells of CVID and HD. A log2fold change 
cutoff of 2 (or -2) and an adjusted p-value of 0.05 were used to filter out the most important 
genes and to reduce the number of DEGs. Out of the 5089 DEGs identified between 
stimulated and unstimulated naïve B cells from CVID patients, 49% of the genes were up-
regulated, and 51% of the genes were down-regulated, while out of 6166 genes from HD, 
46% of the genes were up-regulated and 54% were down-regulated. In both groups, the 
down-regulated genes were higher compared to up-regulated genes.  

 

Table 2. Differentially expressed genes (adjusted p-values<0.05 and log2fold change > 2). 

Stimulated  
Vs. 
 unstimulated 

Total gene Up-regulated Down-regulated 

Naïve CVID 
 
 

5089 2485(49%) 2604 (51%) 

Naïve HD 6166 2855 (46%) 3311 (54%) 

 

 

For each of the two comparisons, the top 5 DEGs of stimulated vs. unstimulated HDs and CVID 
patients were listed in Table 3A and 3B. The majority of the top differentially expressed genes 
between the two groups were distinct from one another. CYP51A1 gene, an enzyme of the 
cytochrome P450 superfamily, is mainly involved in the biosynthesis of cholesterol and is 
present in all biological functions and this gene was highly expressed as up-regulated in both 
CVID and HD groups. Another gene FGR, a protein tyrosine kinase (PTK) from the Src family, was 
involved in both groups and expressed as down-regulated genes. This gene plays a key role in 
the regulation of immunological responses, including neutrophils, cell adhesion, macrophages, 
and phagocytosis, and transmits signals from cell surface receptors. 
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Table 3A. Top 5 DEGs of stimulated vs. unstimulated HD. 

Ensemble geneID Hgnc symbol Chromosome Gene biotype log2FC padj 
 
ENSG00000000938 
 
ENSG00000001036 
 
ENSG00000001630 
 
ENSG00000001631 
 
ENSG00000002330 

 
FGR 

 
FUCA2 

 
CYP51A1 

 
KRIT1 

 
BAD 

 
1 
 
6 
 
7 
 
7 
 
11 

 
protein_coding 

 
protein_coding 

 
protein_coding 

 
protein_coding 

 
protein_coding 

 
 

 
-2.19415 
 
2.84854 
 
6.46664 
 
2.73697 
 
2.92526 

 
9.34E-11 
 
1.94E-06 
 
2.95E-26 
 
1.09E-14 
 
5.15E-13 
 

 

Table 3B. Top 5 DEGs of stimulated vs. unstimulated CVID. 

Ensemble geneID Hgnc symbol Chromosome  Gene biotype log2FC padj 
 
ENSG00000000419 
 
ENSG00000000938 
 
ENSG00000001630 
 
ENSG00000002587 
 
ENSG00000002822 
 

 
DPM1 
 
FGR 
 
CYP51A1 
 
HS3ST1 
 
MAD1L1 

 
20 
 
1 
 

7 
 
4 
 
5 

 
protein_coding 
 
protein_coding 
 
protein_coding 
 
protein_coding 
 
protein_coding 
 

 
2.18097 
 
-3.61510 
 
8.21118 
 
-3.06249 
 
3.49906 

 
1.38E-37 
 
6.44E-35 
 
1.64E-29 
 
5.05E-13 
 
3.76E-43 

 

PCA plot 

PCA plot was generated to visualize the sample-to-sample distance. The samples (data points) 
are projected onto the 2D plane in a PCA so that they spread out in the two directions that 
account for the majority of the variance in the gene expression. In PCA analysis, only 
components one and two are typically taken into account. PC1 displays the sample values along 
the x-axis direction that most clearly divides the data points. The values of the samples along the 
y-axis, which separates the data by the second-largest amount, are denoted by PC2.  

Figure 4 illustrates the PCA plot with clusters for each comparison and provides a distinct 
viewpoint on the data and the differentially expressed genes. In Figure 4A the stimulated and 
unstimulated cells from HD were very well separated and the differentiation was apparent with 
a 96 % PC1 variance. In Figure 4B, the stimulated and unstimulated cells from CVID patients 
show a variance of 89 % in PC1 and 3% in PC2. This plot also shows a clear separation between 
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unstimulated and stimulated cells in PC1, which accounts for 89% of the variance. In the 
combined plot (Fig. 4C), stimulated and unstimulated cells were separated in PC1 (89 % 
variance), and unstimulated cells from CVID patients were separated from unstimulated cells 
from healthy donors based on PC2 (3 %). However, stimulated cells from CVID patients were not 
well separated from stimulated cells of healthy donors. 

 

A 

 

B 

 

C 

 
Figure 4. PCA plot, stimulated vs. unstimulated HD (A), stimulated vs. unstimulated CVID (B) and a 
combined sample group(C). 
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Venn diagram of DEGs 

A Venn diagram was created to show the differentially expressed genes that were shared and 
unique among the groups. Planning for additional analysis was greatly aided by this diagram. 
Figure 5 shows the common and unique DEGs of two groups (CVID and HD) by the Venn 
diagram. The results show that about 1626 DEGs were uniquely significant only in CVID and 
about 2703 DEGs were identified in HD. Also, 3463 DEGs were identified as shared genes. 

                

Figure5. Venn diagram displaying the distribution of DEGs between the two groups. 

Heat maps 

Figure 6 shows the heatmap of up-regulated and down-regulated DEGs of HD and CVID. 
Heatmaps of the top 50 genes were created for each of the two groups to show how the samples 
cluster and group together. In this heatmap, the y-axis shows all the genes and the x-axis shows 
the samples in the data. The red color indicates the genes are relatively highly expressed, 
whereas the yellow shows low expression genes. In up-regulated HD (Fig. 6A) all the stimulated 
(n) and unstimulated (N) HD clustered in their group and the stimulated genes show relatively 
high expression, whereas in down-regulated HD (Fig. 6B) the stimulated DEGs show relatively 
very low expression compared to unstimulated ones. In the heatmap showing the up-regulated 
genes in CVID (Fig. 6C) each sample was clustered together in the same group and most of the 
DEGs in stimulated cells showed relatively high expression, whereas the down-regulated genes 
in CVID (Fig. 6D), each sample was clustered together in the same group and most of the DEGs in 
the stimulated CVID showed a low expression. In this heat map, half of the unstimulated samples 
were clustered on both sides with their group. 
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Figure 6. The heat maps of DEGs of HD and CVID. Fig. 6A and Fig 6B represent the down-regulated and 
up-regulated genes between stimulated and unstimulated cells from HD. Fig. 6C and Fig. 6D represent the 
down-regulated and up- regulated genes between stimulated and unstimulated CVID. “N” denotes 
unstimulated and “n” indicates stimulated cells. “AHD_N” represents unstimulated healthy donor samples 
with some autoimmune disorders.  

Enrichment analysis  

Based on the Venn diagram (Fig. 5), the DEGs of three sections (DEGs unique for CVID, DEGs 
unique for HD, and DEGs that are common for HD and CVID between unstimulated and 
stimulated naïve B cells) were subjected to GO and KEGG pathway analysis. The top 50 
enrichment result from three groups was generated for both GO and KEGG, which were included 
in the appendix as supplementary information. The enrichment results from both analyses (GO 
and KEGG) shows a general enrichment functions such as immune response, human disease, 
metabolism, cell growth, development, regulation, and immune response. 

Based on the enrichment analysis pathway, a Venn diagram of both GO and KEGG (Figure S1 in 
appendix) was generated to ensure the unique and compared pathways in the groups. In the 
KEGG Venn diagram out of 50 pathways, 7 pathways were shared and the rest pathways (43) 
were unique for two groups. In GO, 8 pathways were shared and other pathways (42) were 
unique to each group. From the top 50 analysis result, ten relevant GO terms and KEGG 
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pathways were selected for the study, and plotted a bar plot for GO and KEGG for each 
comparison using the “ggplot2” function in R. In the bar plot, the x-axis indicates the P.DE, which 
is the p-value of DEGs, and the y-axis represents the GO terms. For each biological process in the 
GO term, the number of DEGs involved in that process is indicated as the numerator, while the 
total number of genes involved in those processes is indicated as the denominator.  

Figure 7, shows the GO bar plot for three comparisons. In CVID (Fig. 7A) most biological 
processes (BP) were involved in cellular metabolic processes, B-cell activation, and other 
immune system process. A high number of DEGs (8/47, 17.02 %) were involved in the 
granulocyte activation, followed by cytoplasmic translation (21/161, 13.04 %), adaptive 
immune response (58/744, 7.79 %), and lymphocyte differentiation function (30/419, 7.15 %). 
In the HD plot (Fig. 7B) about 28.46 % (37/130) of DEGs were involved in the B-cell receptor 
signaling process. 24 %( 61/252) and 20% (97/474) DEGs were in antigen receptor signaling 
pathway and histone modification respectively. Most of the functions were associated with 
nuclear division and cell metabolism. The combined plot (Fig. 7C) shows, most of the functions 
related to cellular division, growth, and metabolism. About 20.79 % (100/481) DEGs were in the 
nuclear division process and 19.43 %( 116/597) DEGs were involved in nucleotide metabolism 
function. The cellular metabolic process was involved in both HD and combined plots. All In all 
three GO plots, all genes showed a very high significant value. 

 

 

                            

Figure7. GO plot of three groups of DEGs; Fig. 7A represent the GO plot of CVID, Fig. 7B represent the GO 
plot of HD, and Fig. 7C represent the GO plot of combined group(CVID and HD) between unstimulated and 
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stimulated naïve B cells. The terms represent GO terms involved in different biological process and P.DE 
represents the p-value for the overrepresentation of the GO term in the set. 

The KEGG bar plot for three comparisons was illustrated in Figure 8. The pathways enriched by 
the DEGs unique to CVID are shown in Figure 8A. Most dysregulated genes were involved in 
genetic information, immune system networks, and signal transduction. About 23.68 % (9/38) 
genes were in primary immune deficiency, followed by hematopoietic cell linkage (18.18 %, 
18/99) which involved the immune system network. Most of the pathways enriched by DEGs 
from the HD (Fig. 8B) were involved in the immune system, genetic information, and signal 
transduction function. In the result, about 39.13 % (9/23) of DEGs were involved in mismatch 
repair of the genetic processing. Also, some genes, about 22.90 % (30/131) and 22.68 % 
(22/97) involved in several signal transduction pathway functions. DEGs that were common in 
CVID and HD (Fig. 8C) genes were involved mainly in different metabolic pathways, genetic 
information processes, and cell growth and development pathways. The result shows that a high 
percentage of DEGs were involved in the proteasome (32.60 %, 15/46) which comes under the 
genetic information process, followed by the biosynthesis of amino acids (28 %, 21/75). Also, 
the apoptosis pathway was involved in all three groups. 

 

 

                                      

Figure 8. The KEGG plot of three groups of DEGs; Fig. 8A shows the KEGG plot of CVID, Fig. 8B shows the 
KEGG plot of HD, and Fig. 8C shows the KEGG plot of combined group (HD and CVID) between 
unstimulated and stimulated naïve B cells. Pathways represent the interaction of DEGs with different 
processes and P.DE represents the p-value of DEGs in the pathway. 
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Discussion 
To understand the mystery behind the cause of CVID, numerous attempts have been made by 
researchers over the years. With the development of NGS technology, it has been possible to 
identify the environmental, genetic, and polygenic components that contribute to the CVID 
phenotype (Ramirez et al., 2022). From a clinical perspective, CVID is a condition with a variable 
antibody deficiency. In many nations, there is a 4–5 year diagnosis lag for CVID, which has the 
greatest impact on patients with early onset CVID (Gathmann et al., 2014). For this reason, the 
present study set out to learn more about CVID and the causes that accompany it.  

In this study, the stimulated and unstimulated data sets were combined and standardized to 
determine the DEGs. The CVID and HD naive B cell DEGs were produced using the DESeq2 
package in R. The package offers sophisticated functions for doing analyses (Anders & Huber, 
2010). Genes with a fold change of greater than two (or less than -2), and with an adjusted p-
value less than 0.05, were regarded as a differential. It is crucial to carry out a variance 
stabilizing normalization in this case. Otherwise, the analysis for differential genes would be 
dominated by changes in variance over the intensities (Steinhoff & Vingron, 2006). In this study 
DEGs (Table. 2) were identified by comparing the stimulated and unstimulated naïve B cells of 
HD and CVID patients by stimulating the B cell using an external stimulus (anti-Ig antibody, 
recombinant CD40L protein, and recombinant IL-21 cytokine) The number of DEGs obtained for 
stimulated versus unstimulated CVID was 5089 genes with 2604 down-regulated and 2485 up-
regulated genes, whereas in HD; about 6166 DEGs were obtained with 3311 down-regulated and 
2855 up-regulated genes. In both groups, the down-regulated genes were higher. A similar study 
was done by Friman and colleagues in 2023, by stimulating the naïve B cell to detect the DEGs to 
identify the defective process of SHM and the non-functioning process of GC in CVID patients. 
The study reported that the dysfunction of SHM was due to the reduced B-cell proliferation and 
the reduced induction of mismatch repair genes, leading to an improper function of GC in CVID 
patients (Friman et al., 2023).  

Among the top 5 DEGs (Table 3A and 3B) most DEGs show an upregulation in both HD and CVID 
patients and two genes (CYP51A1, FGR) were shared by both groups. CYP51A1 expressed as up-
regulated gene, which belongs to the cytochrome P450 superfamily, is mainly involved in the 
biosynthesis of cholesterol, and is present in all biological functions. FGR gene, from the Src 
family, is expressed as a down-regulated gene. The current study evaluated that the up-
regulated and down-regulated DEGs lead to genetic instability and may cause different types of 
immunological diseases. 

In PCA plots (Fig. 4A & 4B), HD and CVID were well-separated between stimulated and 
unstimulated cells, and each group was well-clustered within its own group. The results 
suggested that the gene expression between stimulated and unstimulated cells of HD and CVID 
showed large differences and have their gene expression patterns.  In the PCA plot (Fig. 4C) in 
stimulated cells, the six CVID samples were separated from their group and clustered with HD. 
Therefore, the genes shared by these CVID samples show some common features with the gene 
involved in HD samples. The other five CVID samples (CVID21, CVID3, CVID30, CVID53, and 
CVID8) were clustered by themselves and showed a good separation from the rest of the 
stimulated cells. So DEGs involved in these samples show similar features. For example, when 
the naïve B cell, is stimulated several functions become activated such as up-regulation of 
receptors, cell repair, cell growth etc, where many genes are involved in the process clustered 
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together to regulate the functions. The study, it resulted that the stimulated and unstimulated 
samples showed a good separation in both HD and CVID groups. 

By using the Venn diagram (Fig. 5), we were able to calculate the number of DEGs that were 
common between HDs and CVIDs and this helped in subsequent analyses (such as to generate a 
heat map or enrichment analysis of stimulated versus unstimulated CVID and HD). From the 
Venn diagram, it was understood that when the naïve B cells were stimulated the number of 
DEGs shared by HD and CVID patients was higher compared to unique genes present in both 
groups.  

Moving to the heat map (Fig.6), the DEGs which were activated only in CVID and HD samples 
were selected using the Venn diagram. It was computationally challenging to produce heat maps 
for all the genes with differential expression. So about the top 50 genes, with log2fold change, 
were used to visualize the heat map of up-regulated and down-regulated genes in two groups. 
The heat map indicates a similar result as the PCA plot, where samples were well clustered by 
their group. When the naïve B cell become stimulated (anti-Ig+CD40L+IL-21) all the genes 
involved in HD (Fig. 6A) showed an up-regulation. Most of the dysregulated protein-coding 
genes in HD are associated with different cellular metabolism and genetic features. For example, 
the UQCRC1 gene is a multi-subunit transmembrane complex in the mitochondrial respiratory 
chain (Lin et al., 2020). A study suggested that genetic polymorphism in this gene may lead to 
mitochondrial dysfunction and cause an intramyocellular lipid accumulation, which causes 
human obesity (Kunej et al., 2007).  AK2 (Adenylate Kinase 2) is a protein-coding gene that 
regulates the level of adenine nucleotides in a cell and is crucial for maintaining cellular energy 
balance and hematopoiesis (Fujisawa K, 2023). A recent study suggested that the dysregulation 
of AK2 affects the mitochondrial process. As a result, the hematopoietic stem cells cannot receive 
energy from the mitochondria, which results in problems in the development of B cells, T cells, 
and myeloid cells as well as increased lymphocyte death (Mahapatra et al., 2023). The down-
regulated DEGs of stimulated HD samples (Fig. 6B) showed a relatively low expression, due to a 
decreased production of cellular components in response to external stimuli that may lead to an 
imbalance in cell proliferation and cellular metabolisms in HD.   

The stimulated DEGs of CVID cells (Fig. 6C) that showed up-regulation (HMGB3, IL32, CD38, 
SLC11A1) were involved in cellular metabolism, immune activation, and genetic information. 
The gene HMGB3 belongs to a high mobility group box (HMGB) family, including HMGB1 and 
HMGB2. These genes play an important role in DNA replication, transcription, repair, and 
recombination (Zhang et al., 2017). This protein may be extensively expressed in tumor cells and 
is vital for maintaining stem cell populations. A study reported that the over-expression of 
HMGB3 may lead to the inhibition of myeloid cells and B cell differentiation, causing some types 
of cancers (Nemeth et al., 2003). IL-32, a protein-coding gene that belongs to the cytokine family, 
is expressed as an up-regulated gene in the study. This protein plays a major role in innate and 
adaptive immunity by the activation and production of various chemokines, inflammatory 
cytokines (TNF-α, IL-8, IL-6), and macrophage inflammatory protein-2 (MIP-2). The 
dysregulation of this gene may lead to various biological diseases (Bhat et al., 2017). CD38, 
which results as up-regulated DEGs, is a type II transmembrane glycoprotein protein, that 
belongs to an enzyme family where involved in various human physiology. An early study 
reported that CD38 expression was one of the early hallmarks of mature naïve B cell activation, 
which peaks when B cells enter the GC. This gene is expressed at certain stages of the B cell 
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development, mainly during the cell-cell interaction (Malavasi et al., 2008). The dysfunction of 
this gene may lead to the failure of Ig production.  

The down-regulated DEGs of stimulated CVID samples (Fig. 6D) showed a relatively low 
expression. CD4 and LTK were two examples of stimulated CVID. CD4 gene, a glycoprotein 
located on the surface of Th cells and regulatory T cells, plays an important role in immune 
protection and helps B cells for antibody production through interaction with MHC-II molecules 
also cell development is directly correlated with CD4 transcriptional levels (Luo et al., 2011). 
The decreased production of these genes may result in a lack of antibodies, which causes 
immunological disorders. LTK, Leukocyte receptor tyrosine kinase is a member of the anaplastic 
lymphoma kinase subfamily involved as down-regulated DEGs in stimulated CVID. LTK acts as 
an input to controlling the different pathways that lead to cell growth and differentiation. In 
CVID the dysregulation of this gene leads to immune diseases (Cooper et al., 2022). This 
indicated that most of the genes in CVID lead to immune dysfunction and genetic disorders. 

Based on the Venn diagram, pathway analysis was performed using both GO and KEGG to further 
validate the gene expression results. We determined the top 50 pathways (Figure S1 in 
appendix) by comparing DEGs between HDs, CVIDs, and common to both. All three comparisons 
showed that genes enriched in pathways were associated with immune activation processes, 
different cell metabolisms, cell growth, and DNA replication. Therefore, from the top 50 
pathways, ten relevant pathways which were important for the study were selected and 
compared with each other. 

In CVID (Fig. 7A), GO pathways gave information about the DEGs involved in immune cell 
activation and proliferation. In the pathways, most DEGs were present in granulocyte activation, 
functions in the immune system. Granulocyte activity significantly influences the innate immune 
response. Granulocytes provide B cells with additional support. These innate immune cells 
facilitate T cell-dependent antibody responses by sending helper signals to B cells located in pre-
and post-GC lymph nodes, including those in the bone marrow. According to Więsik et al, 
patients with CVID showed lymphopenia because their peripheral lymphocyte sub-count was 
low (Więsik et al., 2021). Thus, activated B cells that cannot advance through GC responses fail 
to produce isotype-switched antibodies in CVID patients.  Another significant GO term was the 
adaptive immune response mediated by T and B lymphocytic cells expressed specific receptors 
for antigens produced through somatic diversification and allows secondary response. The 
dendritic cell processes present the antigen to the T-cell which kills the infected cell and/or 
secret cytokines to stimulate the B cell to produce antibodies. In CVID patients, the CD4 T cell 
count is impaired due to the dysregulation of the genes involved in adaptive immune response; 
as a result, B cell development will not function to produce the antibodies (Paquin & Sandberg, 
2014). Moreover, the positive regulation of cytokine production, interferon-gamma production 
function, and lymphocyte differentiation were the other significant GO term involved in different 
innate and adaptive immune responses. Cambronero et al, reported that in CVID patients, a 
reason for reduced antibody production was due to the defect that lies in the inability of T cells 
to produce appropriate signals due to defects in cytokine production (Cambronero et al., 2000). 
In the KEGG pathway analysis of CVID patients (Fig. 8A), similar results were obtained. Most 
DEGs were involved in the immune system, immune disease conditions, and cell growth and 
death. About 18 DEGs were involved in hematopoietic cell lineage pathways, which is a blood 
cell development progress from hematopoietic stem cells to immune cell lineages e.g. T and B 
cells develop from common lymphoid progenitor cells (CLP). In CVID patients’ impaired B cell 
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development, hyper-inflammatory response, abnormal IFN production, and depletion of 
lymphoid cells may lead to immunopathogenic diseases (Wang et al., 2021). About 9 DEGs were 
related to PD-L1 expression and PD-1 checkpoint pathway in cancer, generally expressed on 
natural killer T cells, CD4+ T cells, CD8+ T cells, and B cells (Lee et al., 2023) and for T cell-
mediated immunity, the PD-1/PD-L1 pathway is a crucial suppressive mechanism (Maekawa et 
al., 2023). The suppression of T cells results in defects in antibody production and leads to 
immunological disease in CVID patients. Another pathway was the BCR signaling pathway, about 
8 DEGs were enriched in this pathway. BCR is an integral protein complex, and important 
downstream effectors of BCR signaling include phospholipase C-gamma 2 (PLC-gamma 2) and 
phosphatidylinositol 3-kinase (PI3K). Harder et al, reported that PI3K signaling, which controls 
the metabolic state, survival, activation, and differentiation of the lymphocyte lineage, is 
significantly changed in the naive B cells of CVID patients, and results in failure of B cell 
proliferation and differentiation (Harder et al., 2022).  

Compared to CVID, the GO pathway in HD (Fig. 7B) is involved in biological processes such as 
cellular metabolism, different signaling pathways, cellular process, and cell regulations. In HDs, 
most of the DEGs are involved in the BCR signaling pathway followed by regulation of 
lymphocyte activation and regulation of immune response. These biological functions regulate 
the proliferation of B cells and T cells. Zhang et al, suggested that to achieve a delicate balance in 
immunological responses, inflammasomes serve as a bridge and provide communication 
between the innate and adaptive immune systems, working together to provide immune 
protection (Zhang et al., 2023). Another study proposed that IL-2 plays an important role in BCR 
signaling pathways.  These findings indicate that the pathways relevant to the immunological 
response of B cells are assigned to the differentially expressed genes in lymphocytes following 
IL-2 stimulation. Following IL-2 stimulation, B cell (IgM) percentages increased along with their 
abilities to secrete antibodies and engage in phagocytosis (Tian et al., 2023). Other pathways 
such as histone modification and cellular response to DNA damage stimulation are involved in 
DNA repair and modifications. The KEGG pathways of HD (Fig. 8B), showed similar results as GO, 
such as NOD-like receptor signaling pathways responsible for innate immune response, 
mismatch repair, base excision repair, and nucleotide excision repair involved in DNA repair, 
which maintains genomic stability and is involved in SHM. In the combined group (Fig. 8C) the 
pathways were mainly involved in different metabolic processes, DNA replication, and cell 
growth and development. In both CVID and HD apoptosis pathway was common. Apoptosis, a 
genetically controlled type of cell death, is crucial to many biological processes, including aging, 
numerous illnesses, and embryogenesis. It participates in molecular processes like genetic 
control, effectors cell activation, and genetic regulation (Elmore, 2007). In this study, in CVID 
about 10 DEGs were significantly involved in the apoptosis pathway, causing abnormalities of 
differentiated B-cell subsets and reduced endogenous immunoglobulin synthesis in CVID 
patients by increased B-cell apoptosis. The mechanism underlying this enhanced B-cell 
apoptosis may be clarified by further research on the expression of pro/anti-apoptotic 
regulators in B-cells of CVID patients, which may also propose future therapeutic options 
(Ganjalikhani et al., 2017). 

Overall, the DEGs were determined by comparing stimulated and unstimulated HD and CVID 
samples, while the enrichment analysis was determined by GO and KEGG. Based on the findings 
of the study, it was concluded that stimulated and unstimulated cells from HD and CVID patients 
are well separated and they share no features in common. The study illustrated that CVID was a 
highly heterogeneous Ig disease. The DEGs in CVID showed reduced signaling in immune 
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response pathways, like adaptive immune response, regulation of cytokine production, 
lymphocyte activation, and differentiation. Due to this, in CVID patients B cells probably do not 
participate in the GC reaction to the same extent as in HDs and the expression occurred in 
several genes (IL32, CD4) causing Ig diseases in CVID patients.  Biological processes involved in 
HDs and the combined group was cellular metabolic pathways and DNA repair. This summarized 
that most of the DEGs in HDs and common in both involved in several chemical reactions such as 
generating energy by ATP synthesis and protein formation from amino acids to maintain life 
stability. According to the transcriptome study, immune cell activation genes in CVID patients 
were significantly distinct from those in HD. By identifying immunological abnormalities in 
CVID, one might be able to develop more effective treatments for CVID patients in the future. 
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Ethical aspects, gender perspectives, and impact on the society 
 

The principal supervisor, Ola Grimsholm, conducted an experiment that yielded the RNA 
sequencing data files for the B cells of CVID patients. The study has been approved by the Central 
Ethical Review Board in Gothenburg on November 15, 2017, with reference number 727-17. 
Each patient who participated in this study gave their informed consent. Additionally, the doctor 
did adequately tell the patients about the study's goals and how their samples will be handled. 
Patients with CVID condition had complete freedom to take their donated samples out whenever 
they pleased. At the University of Gothenburg's Sahlgrenska University Hospital in Gothenburg, 
Sweden, patient samples were collected. The experiment was carried out by the principles of the 
Declaration of Helsinki, which was created by the World Medical Association (WMA) for medical 
research on identifiable human material and data. The data files of healthy subjects were taken 
from another experiment that the supervisor had previously carried out through Grimsholm et 
al 2020 Cell reports. All of these were collected in confidence, and all of the donors were made 
aware of the methodology used in the study as well as the significance of the results in the 
search for novel illness diagnostic and therapeutic approaches. This would enable early disease 
detection and the use of specific treatment procedures for a better and more specific course of 
action. No informed consent was given, nor was there any collection of the people’s personal 
information. 
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Future perspectives 

The study's obtained outcomes were satisfactory and verified to those of the earlier 
investigation (Friman et al., 2023). To obtain more trustworthy data and discover more obvious 
insights concerning immunological diseases, such as CVID, one could for example compare CVID 
with other immune disorder conditions. This would help to identify the major defects in CVID 
patients with another immune disease. To identify the origin of the disease, it is good to study 
the single nucleotide polymorphisms of CVID to identify the cause of why some genes are 
differentially expressed between CVID and HD. Future studies are recommended to use a larger 
sample size to increase the accuracy of the study, which yields good practical results. Also, it is 
good to identify the differential express genes using different DEG techniques, which helps to 
compare the analysis results using different methods. In the GO enrichment analysis along with 
the biological process, cellular components, and metabolic functions can be done to get more 
wide understanding and also different visualizing tools can be used to interpret the enrichment 
analysis result. Moreover, if it is possible to choose samples from the same patients for this 
experiment's comparison of stimulated and unstimulated naive B cells in CVID and HDs, this will 
lessen the variability in the results. It would be crucial to examine these groups' expression 
levels individually to compare any potential differences in future research. This may result in a 
better comprehension of the condition and improved diagnosis. 
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Appendix 
 

Table S1. Top 50 enrichment result from three groups was generated for both GO and KEGG analysis. The 
bolded one was selected as relevant pathways for studies. “N” indicates the total number of genes in GO 
and KEGG pathway and “DE” represent the number of DEGs in the GO and KEGG pathway. “P.DE” indicates 
P.value of DEGs.  

CVID Term Ont N DE P.DE 
GO:0006955 immune response BP 1955 126 2.01E-09 
GO:0002250 adaptive immune response BP 744 58 1.90E-07 
GO:0002181 cytoplasmic translation BP 161 21 8.47E-07 
GO:0002376 immune system process BP 2892 157 1.61E-06 
GO:0050778 positive regulation of immune response BP 607 43 7.23E-05 

GO:0002768 
immune response-regulating cell surface receptor 
signaling pathway BP 341 28 0.00012 

GO:0042119 neutrophil activation BP 41 8 0.000132 
GO:0006412 translation BP 770 50 0.000169 
GO:0050776 regulation of immune response BP 922 57 0.000218 
GO:0043043 peptide biosynthetic process BP 801 51 0.000233 
GO:0002252 immune effector process BP 700 46 0.000234 
GO:0002684 positive regulation of immune system process BP 971 59 0.000266 
GO:0036230 granulocyte activation BP 47 8 0.000355 
GO:0001775 cell activation BP 1153 67 0.000362 

GO:0002429 
immune response-activating cell surface receptor 
signaling pathway BP 312 25 0.000392 

GO:0002757 immune response-activating signal transduction BP 312 25 0.000392 
GO:0045321 leukocyte activation BP 1009 60 0.000411 
GO:0030217 T cell differentiation BP 296 24 0.000429 
GO:0043604 amide biosynthetic process BP 932 56 0.000497 
GO:0001819 positive regulation of cytokine production BP 486 34 0.000502 
GO:0030185 nitric oxide transport BP 5 3 0.000517 
GO:0140243 regulation of translation at synapse BP 5 3 0.000517 

GO:0099547 
regulation of translation at synapse, modulating 
synaptic transmission BP 5 3 0.000517 

GO:0006105 succinate metabolic process BP 5 3 0.000517 
GO:0002283 neutrophil activation involved in immune response BP 19 5 0.000584 
GO:0043603 cellular amide metabolic process BP 1242 70 0.000626 
GO:0002253 activation of immune response BP 397 29 0.000644 
GO:0032729 positive regulation of interferon-gamma production BP 77 10 0.000653 
GO:0006518 peptide metabolic process BP 966 57 0.000687 
GO:0030098 lymphocyte differentiation BP 419 30 0.000725 
GO:0002764 immune response-regulating signaling pathway BP 503 34 0.000914 
GO:0019932 second-messenger-mediated signaling BP 314 24 0.000985 
GO:0045338 farnesyl diphosphate metabolic process BP 6 3 0.001004 
GO:0031999 negative regulation of fatty acid beta-oxidation BP 6 3 0.001004 

GO:0044419 
biological process involved in interspecies interaction 
between organisms BP 1726 90 0.001302 

GO:0046649 lymphocyte activation BP 846 50 0.001393 
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GO:0002697 regulation of immune effector process BP 379 27 0.001405 
GO:0072564 blood microparticle formation BP 2 2 0.001443 
GO:0018009 N-terminal peptidyl-L-cysteine N-palmitoylation BP 2 2 0.001443 
GO:2000334 positive regulation of blood microparticle formation BP 2 2 0.001443 

GO:0002876 
positive regulation of chronic inflammatory response 
to antigenic stimulus BP 2 2 0.001443 

GO:1904300 positive regulation of transcytosis BP 2 2 0.001443 
GO:2000332 regulation of blood microparticle formation BP 2 2 0.001443 
GO:1904298 regulation of transcytosis BP 2 2 0.001443 
GO:0015829 valine transport BP 2 2 0.001443 
GO:0032609 interferon-gamma production BP 119 12 0.001927 
GO:0032649 regulation of interferon-gamma production BP 119 12 0.001927 
GO:0034645 cellular macromolecule biosynthetic process BP 1231 67 0.001964 
GO:0042110 T cell activation BP 548 35 0.002033 
GO:0051707 response to other organism BP 1548 81 0.002067 
HD Term Ont N DE P.DE 
GO:0044237 cellular metabolic process BP 10271 1276 2.75E-20 
GO:0044238 primary metabolic process BP 10825 1317 2.04E-17 
GO:0043412 macromolecule modification BP 3869 551 1.17E-16 
GO:0006807 nitrogen compound metabolic process BP 10310 1257 2.73E-16 
GO:1901564 organonitrogen compound metabolic process BP 6535 852 3.47E-16 
GO:0009058 biosynthetic process BP 5962 777 2.60E-14 
GO:1901576 organic substance biosynthetic process BP 5877 766 4.57E-14 
GO:0036211 protein modification process BP 3645 511 4.66E-14 
GO:0044260 cellular macromolecule metabolic process BP 3266 466 5.17E-14 
GO:0044281 small molecule metabolic process BP 1841 289 2.17E-13 
GO:0008152 metabolic process BP 12433 1453 5.47E-13 
GO:0044249 cellular biosynthetic process BP 5807 749 1.24E-12 
GO:0071704 organic substance metabolic process BP 11974 1404 1.28E-12 
GO:0033554 cellular response to stress BP 1979 298 1.38E-11 
GO:0071840 cellular component organization or biogenesis BP 6601 829 1.60E-11 
GO:0019538 protein metabolic process BP 5494 705 2.77E-11 
GO:0016043 cellular component organization BP 6395 804 3.46E-11 
GO:0016570 histone modification BP 474 97 6.01E-11 
GO:1901360 organic cyclic compound metabolic process BP 6632 828 6.45E-11 
GO:0034641 cellular nitrogen compound metabolic process BP 7053 873 8.51E-11 
GO:0009987 cellular process BP 17266 1907 1.10E-10 
GO:0046483 heterocycle metabolic process BP 6336 793 1.43E-10 
GO:0050851 antigen receptor-mediated signaling pathway BP 252 61 2.63E-10 
GO:0006725 cellular aromatic compound metabolic process BP 6392 796 3.75E-10 
GO:0050776 regulation of immune response BP 922 155 1.17E-09 
GO:0006996 organelle organization BP 3556 471 3.83E-09 
GO:0002764 immune response-regulating signaling pathway BP 503 95 7.51E-09 
GO:1901362 organic cyclic compound biosynthetic process BP 4253 548 8.32E-09 
GO:0050853 B cell receptor signaling pathway BP 130 37 8.95E-09 
GO:0031323 regulation of cellular metabolic process BP 5737 713 9.55E-09 
GO:0006139 nucleobase-containing compound metabolic process BP 6165 760 9.58E-09 
GO:0044271 cellular nitrogen compound biosynthetic process BP 4865 616 1.04E-08 
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GO:0050778 positive regulation of immune response BP 607 109 1.08E-08 
GO:0006950 response to stress BP 4044 523 1.27E-08 
GO:0051249 regulation of lymphocyte activation BP 573 104 1.32E-08 
GO:0018130 heterocycle biosynthetic process BP 4086 527 1.61E-08 
GO:0051171 regulation of nitrogen compound metabolic process BP 5792 717 1.71E-08 

GO:0002429 
immune response-activating cell surface receptor 
signaling pathway BP 312 66 1.80E-08 

GO:0002757 immune response-activating signal transduction BP 312 66 1.80E-08 
GO:0005996 monosaccharide metabolic process BP 248 56 2.02E-08 
GO:0002682 regulation of immune system process BP 1525 226 2.21E-08 
GO:0006974 cellular response to DNA damage stimulus BP 879 144 2.54E-08 
GO:1901575 organic substance catabolic process BP 2120 297 3.47E-08 
GO:0019438 aromatic compound biosynthetic process BP 4100 526 3.56E-08 
GO:0045321 leukocyte activation BP 1009 160 3.97E-08 
GO:0005975 carbohydrate metabolic process BP 593 105 4.24E-08 
GO:0050871 positive regulation of B cell activation BP 155 40 4.69E-08 
GO:0050864 regulation of B cell activation BP 204 48 5.31E-08 

GO:0002768 
immune response-regulating cell surface receptor 
signaling pathway BP 341 69 5.53E-08 

GO:0002253 activation of immune response BP 397 77 6.28E-08 
 

COMBINE Term Ont N DE P.DE 

GO:0006119 oxidative phosphorylation BP 147 62 
1.85E-

25 

GO:0045333 cellular respiration BP 240 81 
4.76E-

25 

GO:0009060 aerobic respiration BP 194 69 
5.14E-

23 

GO:1901566 organonitrogen compound biosynthetic process BP 1817 298 
9.81E-

22 

GO:0015986 proton motive force-driven ATP synthesis BP 76 40 
2.69E-

21 

GO:0006091 generation of precursor metabolites and energy BP 505 120 
2.74E-

21 

GO:0009206 
purine ribonucleoside triphosphate biosynthetic 
process BP 117 50 

4.23E-
21 

GO:0022904 respiratory electron transport chain BP 122 51 
5.64E-

21 

GO:0042773 ATP synthesis coupled electron transport BP 101 46 
6.51E-

21 

GO:0042775 
mitochondrial ATP synthesis coupled electron 
transport BP 101 46 

6.51E-
21 

GO:0009145 purine nucleoside triphosphate biosynthetic process BP 118 50 
6.66E-

21 

GO:0009201 ribonucleoside triphosphate biosynthetic process BP 123 51 
8.75E-

21 

GO:0009199 ribonucleoside triphosphate metabolic process BP 249 75 
5.88E-

20 

GO:0009142 nucleoside triphosphate biosynthetic process BP 134 52 
1.27E-

19 
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GO:0015980 energy derivation by oxidation of organic compounds BP 333 89 
1.38E-

19 

GO:0009205 purine ribonucleoside triphosphate metabolic process BP 242 73 
1.68E-

19 

GO:0009141 nucleoside triphosphate metabolic process BP 267 77 
3.27E-

19 

GO:0006754 ATP biosynthetic process BP 106 45 
5.43E-

19 

GO:0009144 purine nucleoside triphosphate metabolic process BP 247 73 
6.08E-

19 

GO:0044260 cellular macromolecule metabolic process BP 3266 456 
9.56E-

19 

GO:0042776 
proton motive force-driven mitochondrial ATP 
synthesis BP 67 35 

1.14E-
18 

GO:0006996 organelle organization BP 3556 484 
8.38E-

18 

GO:1901564 organonitrogen compound metabolic process BP 6535 797 
2.05E-

17 

GO:0046034 ATP metabolic process BP 217 65 
2.43E-

17 

GO:0019646 aerobic electron transport chain BP 93 40 
2.79E-

17 

GO:0051276 chromosome organization BP 609 125 
1.30E-

16 

GO:0022900 electron transport chain BP 176 56 
2.00E-

16 

GO:0044237 cellular metabolic process BP 10271 1158 
3.43E-

16 

GO:0033108 mitochondrial respiratory chain complex assembly BP 99 40 
3.89E-

16 

GO:0009152 purine ribonucleotide biosynthetic process BP 220 63 
8.37E-

16 

GO:0007005 mitochondrion organization BP 542 113 
1.25E-

15 

GO:0032543 mitochondrial translation BP 131 46 
1.46E-

15 

GO:0140014 mitotic nuclear division BP 325 80 
1.63E-

15 

GO:0009260 ribonucleotide biosynthetic process BP 234 64 
5.59E-

15 

GO:0055086 
nucleobase-containing small molecule metabolic 
process BP 673 129 

1.08E-
14 

GO:0071840 cellular component organization or biogenesis BP 6601 788 
1.09E-

14 

GO:0072522 purine-containing compound biosynthetic process BP 251 66 
1.69E-

14 

GO:0046390 ribose phosphate biosynthetic process BP 241 64 
2.55E-

14 

GO:0000278 mitotic cell cycle BP 946 164 
2.87E-

14 

GO:0006164 purine nucleotide biosynthetic process BP 242 64 
3.15E-

14 
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GO:0140053 mitochondrial gene expression BP 163 50 
4.11E-

14 

GO:1901293 nucleoside phosphate biosynthetic process BP 306 74 
5.01E-

14 

GO:0000070 mitotic sister chromatid segregation BP 204 57 
6.31E-

14 

GO:0000280 nuclear division BP 481 100 
6.82E-

14 

GO:1903047 mitotic cell cycle process BP 789 142 
8.89E-

14 

GO:0009117 nucleotide metabolic process BP 597 116 
9.46E-

14 

GO:0006753 nucleoside phosphate metabolic process BP 605 117 
1.04E-

13 

GO:0009165 nucleotide biosynthetic process BP 304 73 
1.09E-

13 

GO:0000819 sister chromatid segregation BP 239 62 
2.03E-

13 

GO:0007059 chromosome segregation BP 382 84 
2.96E-

13 
 

CVID Pathway N DE P.DE 
hsa04640 Hematopoietic cell lineage 99 18 5.11E-08 
hsa03010 Ribosome 167 21 2.54E-06 
hsa05171 Coronavirus disease - COVID-19 232 25 4.93E-06 
hsa05340 Primary immunodeficiency 38 9 1.30E-05 
hsa04660 T cell receptor signaling pathw... 104 14 5.75E-05 
hsa04613 Neutrophil extracellular trap f... 190 20 6.22E-05 
hsa05322 Systemic lupus erythematosus 136 15 0.000309 
hsa04973 Carbohydrate digestion and abso... 47 8 0.000461 
hsa04960 Aldosterone-regulated sodium re... 37 7 0.000538 
hsa05144 Malaria 50 8 0.00071 
hsa04650 Natural killer cell mediated cy... 132 14 0.000726 
hsa05020 Prion disease 273 22 0.00123 
hsa03050 Proteasome 46 7 0.002059 
hsa04658 Th1 and Th2 cell differentiatio... 92 10 0.003406 
hsa04931 Insulin resistance 108 11 0.003625 
hsa05169 Epstein-Barr virus infection 202 16 0.006519 
hsa00100 Steroid biosynthesis 20 4 0.007145 
hsa05135 Yersinia infection 137 12 0.008179 
hsa05235 PD-L1 expression and PD-1 check... 89 9 0.008568 
hsa05010 Alzheimer disease 384 25 0.010047 
hsa05017 Spinocerebellar ataxia 143 12 0.011321 
hsa04612 Antigen processing and presenta... 78 8 0.011877 
hsa05143 African trypanosomiasis 37 5 0.014704 
hsa05034 Alcoholism 187 14 0.016717 
hsa04662 B cell receptor signaling pathw... 84 8 0.018018 
hsa05014 Amyotrophic lateral sclerosis 364 23 0.018331 
hsa04920 Adipocytokine signaling pathway 69 7 0.019135 
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hsa05131 Shigellosis 247 17 0.019144 
hsa04064 NF-kappa B signaling pathway 104 9 0.022146 
hsa04512 ECM-receptor interaction 89 8 0.024651 
hsa04659 Th17 cell differentiation 108 9 0.027508 
hsa01523 Antifolate resistance 30 4 0.029639 
hsa04970 Salivary secretion 93 8 0.031064 
hsa04930 Type II diabetes mellitus 46 5 0.034682 
hsa05022 Pathways of neurodegeneration -... 476 27 0.038252 
hsa04210 Apoptosis 136 10 0.043915 
hsa04932 Non-alcoholic fatty liver disea... 155 11 0.044287 
hsa04150 mTOR signaling pathway 156 11 0.046034 
hsa05142 Chagas disease 102 8 0.049459 
hsa04972 Pancreatic secretion 102 8 0.049459 
hsa04979 Cholesterol metabolism 51 5 0.050726 
hsa04152 AMPK signaling pathway 121 9 0.05111 
hsa04919 Thyroid hormone signaling pathw... 121 9 0.05111 
hsa04974 Protein digestion and absorptio... 103 8 0.051861 
hsa04610 Complement and coagulation casc... 86 7 0.054235 
hsa04961 Endocrine and other factor-regu... 53 5 0.05818 
hsa04964 Proximal tubule bicarbonate rec... 23 3 0.061096 
hsa00534 Glycosaminoglycan biosynthesis ... 24 3 0.067847 
hsa04380 Osteoclast differentiation 128 9 0.068111 
hsa05134 Legionellosis 57 5 0.074864 

 

HD Pathway N DE P.DE 
hsa01100 Metabolic pathways 1541 232 7.78E-07 
hsa03030 DNA replication 36 13 9.47E-05 
hsa04621 NOD-like receptor signaling pat... 186 39 0.000104 
hsa04068 FoxO signaling pathway 131 30 0.000125 
hsa01200 Carbon metabolism 115 27 0.000174 
hsa00230 Purine metabolism 128 29 0.000197 
hsa03430 Mismatch repair 23 9 0.000579 
hsa04931 Insulin resistance 108 24 0.000913 
hsa00670 One carbon pool by folate 20 8 0.000992 
hsa04070 Phosphatidylinositol signaling ... 97 22 0.001105 
hsa01523 Antifolate resistance 30 10 0.00125 
hsa00030 Pentose phosphate pathway 30 10 0.00125 
hsa00520 Amino sugar and nucleotide suga... 49 13 0.00263 
hsa04218 Cellular senescence 156 30 0.00266 
hsa04210 Apoptosis 136 27 0.002669 
hsa03410 Base excision repair 44 12 0.002958 
hsa05135 Yersinia infection 137 27 0.002973 
hsa01522 Endocrine resistance 98 21 0.002979 
hsa04722 Neurotrophin signaling pathway 119 24 0.003629 
hsa04810 Regulation of actin cytoskeleto... 229 40 0.003703 
hsa01240 Biosynthesis of cofactors 153 29 0.003866 
hsa01230 Biosynthesis of amino acids 75 17 0.003925 
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hsa03420 Nucleotide excision repair 63 15 0.004012 
hsa04146 Peroxisome 82 18 0.004389 
hsa04380 Osteoclast differentiation 128 25 0.004707 
hsa05130 Pathogenic Escherichia coli inf... 197 35 0.004845 
hsa00410 beta-Alanine metabolism 31 9 0.006175 
hsa01250 Biosynthesis of nucleotide suga... 37 10 0.00692 
hsa04142 Lysosome 132 25 0.007073 
hsa00562 Inositol phosphate metabolism 73 16 0.007124 
hsa05210 Colorectal cancer 86 18 0.007392 
hsa04520 Adherens junction 93 19 0.007872 
hsa04623 Cytosolic DNA-sensing pathway 75 16 0.009302 
hsa05220 Chronic myeloid leukemia 76 16 0.010573 
hsa05212 Pancreatic cancer 76 16 0.010573 
hsa00900 Terpenoid backbone biosynthesis 23 7 0.011607 
hsa04625 C-type lectin receptor signalin... 104 20 0.012734 
hsa05131 Shigellosis 247 40 0.01337 
hsa05132 Salmonella infection 249 40 0.015178 
hsa03018 RNA degradation 79 16 0.015225 
hsa04115 p53 signaling pathway 73 15 0.016232 
hsa01524 Platinum drug resistance 73 15 0.016232 
hsa00020 Citrate cycle (TCA cycle) 30 8 0.016417 
hsa05417 Lipid and atherosclerosis 215 35 0.01836 
hsa00920 Sulfur metabolism 10 4 0.020049 
hsa00310 Lysine degradation 63 13 0.023464 
hsa03250 Viral life cycle - HIV-1 63 13 0.023464 
hsa00640 Propanoate metabolism 32 8 0.024059 
hsa05215 Prostate cancer 97 18 0.024613 
hsa04662 B cell receptor signaling pathw... 84 16 0.026319 

 

Combine Pathway N DE P.DE 
hsa05012 Parkinson disease 266 86 1.26E-20 
hsa03010 Ribosome 167 65 1.29E-20 
hsa00190 Oxidative phosphorylation 134 56 1.24E-19 
hsa05020 Prion disease 273 79 7.08E-16 
hsa04714 Thermogenesis 232 69 1.18E-14 
hsa05016 Huntington disease 306 81 7.36E-14 
hsa05208 Chemical carcinogenesis - react... 223 64 6.91E-13 
hsa05010 Alzheimer disease 384 92 8.45E-13 
hsa05014 Amyotrophic lateral sclerosis 364 84 7.19E-11 
hsa04932 Non-alcoholic fatty liver disea... 155 47 1.09E-10 
hsa05415 Diabetic cardiomyopathy 203 56 1.09E-10 
hsa01100 Metabolic pathways 1541 250 1.21E-10 

hsa05022 
Pathways of neurodegeneration -
... 476 96 7.00E-09 

hsa04110 Cell cycle 157 38 3.96E-06 
hsa01230 Biosynthesis of amino acids 75 21 6.13E-05 

hsa04723 
Retrograde endocannabinoid 
sign... 148 33 9.80E-05 



 

39 
 

hsa03050 Proteasome 46 15 0.000105 
hsa05171 Coronavirus disease - COVID-19 232 44 0.000403 
hsa03030 DNA replication 36 12 0.000407 
hsa03440 Homologous recombination 41 13 0.000411 
hsa01200 Carbon metabolism 115 25 0.00098 
hsa00920 Sulfur metabolism 10 5 0.002908 
hsa01212 Fatty acid metabolism 57 14 0.003894 

hsa00270 
Cysteine and methionine 
metabol... 52 13 0.004524 

hsa00670 One carbon pool by folate 20 7 0.004918 
hsa00480 Glutathione metabolism 57 13 0.010221 
hsa04814 Motor proteins 193 33 0.010548 
hsa00260 Glycine, serine and threonine m... 40 10 0.012123 
hsa01232 Nucleotide metabolism 85 17 0.013961 
hsa03040 Spliceosome 156 27 0.016737 
hsa00010 Glycolysis / Gluconeogenesis 67 14 0.016946 
hsa04260 Cardiac muscle contraction 87 17 0.017424 

hsa04914 
Progesterone-mediated oocyte 
ma... 102 19 0.020151 

hsa00750 Vitamin B6 metabolism 6 3 0.022534 
hsa05166 Human T-cell leukemia virus 1 i... 222 35 0.027715 
hsa01040 Biosynthesis of unsaturated fat... 27 7 0.027824 
hsa00240 Pyrimidine metabolism 58 12 0.02787 
hsa05017 Spinocerebellar ataxia 143 24 0.032283 
hsa00450 Selenocompound metabolism 17 5 0.036338 
hsa04066 HIF-1 signaling pathway 109 19 0.037688 
hsa04114 Oocyte meiosis 131 22 0.038919 
hsa00380 Tryptophan metabolism 42 9 0.043383 
hsa00630 Glyoxylate and dicarboxylate me... 30 7 0.047323 
hsa03250 Viral life cycle - HIV-1 63 12 0.049411 
hsa03450 Non-homologous end-joining 13 4 0.051422 
hsa04210 Apoptosis 136 22 0.055476 
hsa04061 Viral protein interaction with ... 100 17 0.058046 
hsa01240 Biosynthesis of cofactors 153 24 0.063344 
hsa00983 Drug metabolism - other enzymes 80 14 0.065908 
hsa00100 Steroid biosynthesis 20 5 0.068527 
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VennDiagram of Top 50 enrichment pathways. 

 

      

Figure S1. Shows the Venn diagram of top 50 pathways of both GO and KEGG to identify the common and 
unique pathways in both CVID and HD.  

 

 

 


