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Preface

This book addresses selected autoimmune diseases, providing focused insights 
into their intricate landscapes. Each chapter explores specific aspects, from the 
delicate balance between immune tolerance and defense to the nuanced triggers of 
autoimmune reactions. With a pedagogic aim, this collective work offers targeted 
perspectives on diseases like myasthenia gravis, hepatosplenomegaly, autoimmune 
rheumatic diseases, Buerger’s disease, and autoimmune thyroid diseases. With six 
chapters in total, the book aims to enhance understanding, paving the way for future 
research and personalized therapeutic strategies within the realm of autoimmune 
disorders.

Chapter 1 provides a concise and targeted overview of autoimmune diseases, high-
lighting the delicate balance between immune tolerance and immune defense, the 
regulatory mechanisms of T cells and B cells, and the complexity of these diseases. 
It is designed for a brief and focused understanding in a pedagogic and academic 
context.

Chapter 2 explores the pivotal role of intestinal mucosal immunity in autoimmune 
diseases, detailing its history, composition, and involvement in some conditions, 
including systemic lupus erythematosus, inflammatory bowel diseases, and type 1 
diabetes. It also discusses progress in treating autoimmune diseases through interven-
tions aimed at enhancing this aspect of the immune system.

In Chapter 3, the focus shifts to unveiling triggers and predictors of autoimmune reac-
tions in myasthenia gravis and hepatosplenomegaly. Highlighting specific markers for 
personalized treatment, it emphasizes unique aspects in thymus-independent myas-
thenia gravis, splenomegaly, and genetically determined orphan storage diseases.

Chapter 4 explores mortality in autoimmune rheumatic diseases, updating concepts, 
highlighting geographic variations, and emphasizing the significance of measuring 
standardized mortality rates. It delves into causes of death, associations with acute 
events, and factors influencing mortality, concluding with a focus on the diverse risk 
landscape among such disorders.

Chapter 5 explores Buerger’s disease, unraveling its autoimmune nature marked by 
hypersensitivity reactions. Covering clinical aspects, diagnostic criteria, and influen-
tial factors, it provides insights for diagnosis and treatment, paving the way for future 
research and therapeutic advancements.

Finally, in Chapter 6, attention turns to the immune system’s involvement in autoim-
mune thyroid diseases, specifically autoimmune thyroiditis. Emphasizing the signifi-
cance of anti-thyroperoxidase antibodies in both diagnosis and prognosis, the chapter 
outlines the research methods used for comprehensive exploration.



Preface

This book addresses selected autoimmune diseases, providing focused insights 
into their intricate landscapes. Each chapter explores specific aspects, from the 
delicate balance between immune tolerance and defense to the nuanced triggers of 
autoimmune reactions. With a pedagogic aim, this collective work offers targeted 
perspectives on diseases like myasthenia gravis, hepatosplenomegaly, autoimmune 
rheumatic diseases, Buerger’s disease, and autoimmune thyroid diseases. With six 
chapters in total, the book aims to enhance understanding, paving the way for future 
research and personalized therapeutic strategies within the realm of autoimmune 
disorders.

Chapter 1 provides a concise and targeted overview of autoimmune diseases, high-
lighting the delicate balance between immune tolerance and immune defense, the 
regulatory mechanisms of T cells and B cells, and the complexity of these diseases. 
It is designed for a brief and focused understanding in a pedagogic and academic 
context.

Chapter 2 explores the pivotal role of intestinal mucosal immunity in autoimmune 
diseases, detailing its history, composition, and involvement in some conditions, 
including systemic lupus erythematosus, inflammatory bowel diseases, and type 1 
diabetes. It also discusses progress in treating autoimmune diseases through interven-
tions aimed at enhancing this aspect of the immune system.

In Chapter 3, the focus shifts to unveiling triggers and predictors of autoimmune reac-
tions in myasthenia gravis and hepatosplenomegaly. Highlighting specific markers for 
personalized treatment, it emphasizes unique aspects in thymus-independent myas-
thenia gravis, splenomegaly, and genetically determined orphan storage diseases.

Chapter 4 explores mortality in autoimmune rheumatic diseases, updating concepts, 
highlighting geographic variations, and emphasizing the significance of measuring 
standardized mortality rates. It delves into causes of death, associations with acute 
events, and factors influencing mortality, concluding with a focus on the diverse risk 
landscape among such disorders.

Chapter 5 explores Buerger’s disease, unraveling its autoimmune nature marked by 
hypersensitivity reactions. Covering clinical aspects, diagnostic criteria, and influen-
tial factors, it provides insights for diagnosis and treatment, paving the way for future 
research and therapeutic advancements.

Finally, in Chapter 6, attention turns to the immune system’s involvement in autoim-
mune thyroid diseases, specifically autoimmune thyroiditis. Emphasizing the signifi-
cance of anti-thyroperoxidase antibodies in both diagnosis and prognosis, the chapter 
outlines the research methods used for comprehensive exploration.



IV

I genuinely hope that this book becomes a valuable resource and pedagogical aid for 
clinicians, researchers, basic scientists, and professionals specializing in immunology 
and immunopathology. It is also tailored for advanced biology and medical students, 
offering insights applicable to clinical practice and applied medical disciplines.

I would like to extend my sincere gratitude to all collaborators who contributed 
significantly to the creation of this book. My heartfelt appreciation also goes to the 
Publishing Process Manager and the dedicated team at IntechOpen for their trust, 
patience, and invaluable support throughout the publication process.

Mourad Aribi
Professor,

Laboratory of Applied Molecular Biology and Immunology,
University of Tlemcen,

Tlemcen, Algeria
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Chapter 1

Introductory Chapter: Navigating 
Autoimmunity – From Molecular 
Mechanisms to Therapeutic 
Horizons
Mourad Aribi

1. Introduction

Autoimmune diseases, significant challenges to global health, result from immune 
responses targeting self-antigens [1]. Understanding these diseases requires explor-
ing the underlying molecular mechanisms, offering crucial perspectives on targeted 
therapy development.

2. Balancing immunity: tolerance and defense

The immune system aims to maintain cellular and tissue integrity, reject foreign 
entities, and tolerate self-antigens [2, 3]. This delicate balance relies on distinguishing 
nonself (pathogens) and modified self-components from unmodified self-antigens, 
which are tolerated.

3. Key features of innate and adaptive immunity

Innate and adaptive immunity are crucial for maintaining immune system integrity. 
Innate immunity acts as a first line of immune defense, while adaptive immunity pro-
vides immunological memory. This feature might similarly apply to innate immunity, 
albeit in a distinctive manner without clonal distribution. In this regard, it’s important 
to mention that we are presently exploring the concept of trained immunity.

4.  Orchestrating tolerance: comprehensive insights into T-cell regulation 
and research in therapeutic potentials

T-cells under the orchestration of various regulatory mechanisms are pivotal in 
maintaining immunological tolerance [4]. This orchestration extends from the central 
tolerance mechanisms within the thymus that eliminate autoreactive T-cells [5] to 
peripheral tolerance mechanisms that prevent T-cell responses to self-antigens in 
peripheral tissues.

XIV
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In the periphery, mature lymphocytes navigate through a sophisticated process 
of encountering self-antigens, leading to intrinsic anergy, apoptosis, or regulatory 
control by regulatory T-cells (Tregs) [6–8]. This complex ballet of peripheral toler-
ance is essential in curbing T-cell responses to self-antigens.

The fate of naive T-cells is intricately influenced by the balance between antigen 
(Signal 1) and co-stimulation (Signal 2). Co-stimulation mediated by immune 
checkpoints, such as cytotoxic T-lymphocyte antigen 4 (CTLA-4) and programmed 
cell death protein 1 (PD-1), plays a crucial role in regulating T-cell activation [9]. 
Anergy in T-cells encountering self-antigens emerges from inadequate co-stimulation, 
involving aberrant T-cell receptor (TCR) signaling and heightened co-inhibitory 
signals [10, 11].

The orchestration of immune balance extends to the interplay between activating 
receptors (TCR complex, CD28) and inhibitory receptors (CTLA-4, PD-1). CTLA-4 
halts T-cell activation by removing B7 (CD80/CD86) ligands from antigen-presenting 
cells (APCs), while PD-1 inhibits T-cell activation through downstream signaling 
[12–14]. Recognition of self-antigens induces apoptosis in T-cells through multiple 
mechanisms [15, 16].

This comprehensive understanding of T-cell regulation provides insights into the 
intricate mechanisms that maintain immunological equilibrium.

One such approach involves unleashing the immune arsenal by targeting inhibitory 
receptors like CTLA-4 and PD-1 in therapies. While this amplifies antitumor immune 
responses, it may also pose the risk of triggering autoimmune reactions. Ongoing 
research delves into the exploration of other inhibitory receptors as potential targets 
for checkpoint blockade therapy. Another avenue involves tapping into Treg cells, 
which play a vital role in immune balance. Treg cells suppress harmful lymphocytes 
through different mechanisms, including cytokine production (IL-10, TGF-β) and 
expression of inhibitory molecules, such as CTLA-4. Treg cell therapy is gaining 
traction for addressing autoimmune diseases, graft-versus-host reactions, and graft 
rejection. Additionally, ongoing trials are investigating the potential of IL-2 in regulat-
ing immune reactions and highlighting the therapeutic applications of Treg cells [17].

5. B-cell tolerance

Balancing B-cell tolerance is a multifaceted process crucial for immune homeo-
stasis. During B-cell development, negative selection eliminates cells with high 
self-antigen affinity, preventing the production of autoantibodies. Positive selection 
evaluates receptor functionality with a moderate self-antigen response, while exces-
sive self-reactivity triggers receptor reformatting, known as receptor editing, involv-
ing gene rearrangements in the immunoglobulin M (IgM) light chain loci [18].

Self-reactive B-cell tolerance mechanisms encompass various strategies, including 
receptor editing, deletion, anergy, and competition for growth factors. Anergy ren-
ders B-cells functionally incapacitated, particularly when recognizing soluble proteins 
with low avidity in the bone marrow or specific microenvironments [19].

Similar to T-cells, B-cells also undergo two types of tolerance mechanisms–central 
and peripheral. Central tolerance of B-cells occurs during development in the bone 
marrow and involves receptor editing or negative selection, targeting B-cells with 
high-affinity receptors for prevalent autoantigens [20]. In peripheral lymphoid 
tissues, mature B-cells may undergo anergy, becoming unresponsive to autoantigens 
independently of T-cell assistance [21]. While essential for thymus-independent 
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self-antigens such as polysaccharides and lipids, these anergic B-cells exit lymphoid 
follicles, but their survival may be compromised without essential stimuli.

Loss of B-cell anergy is a pivotal aspect of the intricate B-cell tolerance mecha-
nism. In the periphery, 20% of B-cells express self-reactive receptors, restrained by 
inhibitory signals that are swiftly reversed upon dissociation from self-antigens. The 
loss of B-cell anergy precedes selected autoimmune disorders, highlighting its poten-
tial contributions to pathogenic B-cells in autoimmunity [22]. This delicate balance 
is further influenced by the regulatory roles of Tregs and regulatory B cells (Bregs), 
contributing to immune equilibrium by curbing excessive inflammatory responses 
[23, 24].

6. Microbiome and fetal antigen tolerance

6.1 Microbial harmony: essential roles in immune tolerance

Commensal microbes in the gut, respiratory tract, and skin perform vital func-
tions. Mature lymphocytes recognize microbes without triggering immune responses, 
aided by some mechanisms like the regulation exerted by IL-10-producing Treg cells. 
Intestinal dendritic cells (DCs) contribute to food antigen tolerance [25–27].

6.2 Treg cells in pregnancy

6.2.1 Orchestrating fetal antigen tolerance

Tolerance to fetal antigens during pregnancy avoids immune responses against 
paternal antigens. Peripheral transcription factor forkhead box protein 3 (FoxP3, 
also known as scurfin) specific to paternal antigens play a crucial role in immune 
suppression, modulating various mechanisms for fetal tolerance. Treg cells peak 
during trophoblast invasion, decreasing during labor, highlighting their dynamic role 
throughout pregnancy [28, 29].

6.2.2 Mechanisms of fetal antigen tolerance

Treg cells influence cytokines and immunological signals, excluding inflammatory 
cells from the uterus, and establishing an immunosuppressive placental microenvi-
ronment. Disruptions in these mechanisms may lead to immune complications during 
pregnancy [30, 31].

7. Autoimmunity: genetic and environmental influences

Autoimmunity emerges as a consequence of the immune system’s aberrant over-
activation targeting its own unaltered components. This phenomenon involves a 
combination of genetic predisposition, epigenetic changes, and various environmen-
tal influences, such as infections, ultraviolet (UV) radiation, medications, vaccina-
tion, and sex hormones. These factors, as depicted in Figure 1, interact intricately to 
impact disease susceptibility, prompting activation of self-reactive T-cells and B-cells. 
The orchestration of T-cells, B-cells, APCs, antibodies, inflammatory cells, and 
cytokines intricately contributes to the complexity of the autoimmune process [1].
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7.1 Genetic factors

7.1.1 Role of MHC alleles

Human leukocyte antigen (HLA) alleles, particularly class II (HLA-DR and 
HLA-DQ ), modulate immune responses involving autoreactive CD4+ T-cells. Specific 
HLA alleles increase autoimmune disease risk, with their exact role remaining 
elusive. Non-classical HLA-G gene, especially soluble HLA-G (sHLA-G), is crucial for 
immune tolerance at the maternal-fetal interface [32–36].

7.1.2 Non-HLA genes

A myriad of non-HLA genes actively contribute to the complex landscape of auto-
immune diseases, introducing polymorphisms that disrupt self-tolerance or set off 
abnormal lymphocyte activation. Noteworthy genes implicated in various autoimmune 
conditions include protein tyrosine phosphatase non-receptor type 22 (PTPN22), SH2B 
adaptor protein 3 (SH2B3), phox (PX) domain-containing serine/threonine kinase 
(PXK), ribonuclease T2 (RNASET2), and C-C motif chemokine receptor 6 (CCR6), 

Figure 1. 
Interplay of genetic and environmental factors in autoimmune diseases. This figure provides a succinct visual 
overview of the complex interrelationships driving autoimmune diseases. Genetic factors include variants of the 
HLA and non-HLA genes. Environmental factors encompass mainly infections, nutrition, gender, low sunlight 
(ultraviolet rays) exposure, hygiene, medications, and sex hormones. Immune responses against self-antigens 
involve CD4+ T-cells, CD8+ T-cells, and B-cells, as well as long-lived “memory” plasma cells producing 
autoantibodies. The failure to maintain tolerance, governed by key mechanisms such as negative selection, Treg 
cells, anergy, and apoptosis, is pivotal in understanding autoimmune disease development. These intricate 
interactions contribute to the development of autoimmune diseases. AIRE: Autoimmune regulator, CCR6: C-C 
motif chemokine receptor 6, CTLA-4: Cytotoxic T-lymphocyte antigen 4, FAS: FAS cell surface death receptor 
(also known as tumor necrosis factor [TNF] receptor superfamily member cluster of differentiation 95 [CD95] 
or apoptosis antigen 1 [APO-1 or APT]), FOXP3: Transcription factor forkhead box protein 3, HLA: Human 
leukocyte antigen, IL23R: Interleukin-23 receptor, IL-2R: Interleukin-2 receptor, LLPCs: Long-lived plasma 
cells, NOD2: Nucleotide-binding oligomerization domain-containing protein 2, PTPN22: Protein tyrosine 
phosphatase non-receptor type 22, RNASET2: Ribonuclease T2, SH2B3: SH2B adaptor protein 3 (also referred to 
as lymphocyte adapter protein [Lnk]), PXK: Phox (PX) domain-containing serine/threonine kinase.
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among others, revealing the genetic diversity underpinning autoimmunity. Furthermore, 
the intricate network extends to innate immunity, where nucleotide-binding oligomer-
ization domain-containing protein 2 (NOD2) gene variations have been specifically 
linked to the development of Crohn’s disease. Variations in genes such as the IL-2 receptor 
(IL2R), IL-23 cytokine receptor (IL23R), and CTLA-4 further underscore the genetic 
associations with autoimmune diseases, adding layers of complexity to the genetic pre-
dispositions involved [37–40]. In some instances, rare autoimmune diseases can be traced 
back to Mendelian mutations in critical genes such as autoimmune regulator (AIRE), 
FOXP3, fas cell surface death receptor (FAS), and CTLA-4, shedding light on the diverse 
genetic factors contributing to the intricate tapestry of autoimmune conditions [41].

7.2 Environmental factors

7.2.1 Infections and type I interferons

In the intricate interplay between infections and the immune system, a dual role 
emerges. On one hand, infections disrupt peripheral T-cell tolerance, setting the stage 
for autoimmune responses. Notably, viral infections prompt the production of Type 
I interferons, a key player in the initiation of autoimmune diseases. The phenomenon 
of molecular mimicry adds another layer, wherein infections generate antigens 
resembling self-antigens, contributing significantly to the breakdown of immune 
tolerance [42–45]. Additionally, infections and tissue damage introduce chemical 
alterations to peripheral tissue antigens, releasing self-antigens. This interaction with 
autoreactive cells becomes a pivotal factor in the path toward autoimmune diseases, 
with the cumulative impact of childhood infections potentially serving as the ignition 
for autoimmunity [46].

7.2.2 Influence of gender, sunlight, and hygiene on autoimmunity

Gender and sunlight exposure, affecting vitamin D3 levels, have been linked to the 
prevalence and progression of autoimmune diseases [47]. The “hygiene hypothesis,” 
which posits that exposure to certain infections may protect against autoimmunity, 
further underscores the impact of environmental factors on autoimmune disease 
development [48, 49].

8. Autoimmune diseases

8.1 Complexity of autoimmune diseases

Exceeding 130, autoimmune diseases vary in severity, falling into organ-specific 
and systemic categories [1]. Complexity arises from genetic and phenotypic diversity, 
with a notable delay in symptom manifestation and diagnostic phenotype develop-
ment. Autoantibodies aid diagnosis and prognosis, yet the coexistence of multiple 
disorders complicates management.

8.2 Autoimmune challenges: temporal insights

Understanding autoimmune diseases reveals shared processes with inherent com-
plexities. Challenges include defining early events recognizable only after diagnostic 
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phenotype development. Recent studies on autoantibody development suggest a 
temporal separation between the onset of an autoimmune response and clinical 
symptoms.

8.3 Phases of autoimmune disease development

Examining autoimmune disease development unveils four phases: susceptibility, 
initiation, propagation, and regulation/resolution. The susceptibility phase (Phase I) 
explores genetic complexities, such as Mendelian patterns in autoimmune polyendo-
crinopathy-candidiasis-ectodermal dystrophy (APECED) and immune dysregulation, 
polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome. The initiation phase 
(Phase II) focuses on adaptive immune responses, emphasizing immunodominance 
and antigen processing. The propagation phase (Phase III) amplifies the autoimmune 
process, shedding light on adjuvant properties and innate immune receptors [50].

9. Conclusions

Autoimmune diseases, numbering over a hundred, present significant global 
health challenges due to their diverse manifestations. The breakdown of immunologi-
cal tolerance in both central and peripheral mechanisms is crucial for maintaining 
balance, and disruptions can lead to misguided immune responses. Processes such as 
negative selection, Treg cell activity, as well as other immune regulatory cells, anergy, 
and apoptosis are integral to immunological tolerance. Genetic factors, encompassing 
HLA and non-HLA elements, along with environmental triggers, play pivotal roles in 
disease initiation. Ongoing research aims to advance diagnosis and treatment, recog-
nizing distinct phases in disease development for potential intervention. Exploring 
natural regulatory mechanisms provides promising avenues for therapeutic develop-
ment, acknowledging the active role of target tissues and emphasizing a comprehen-
sive understanding. Future investigations focus on genetic and epigenetic factors, 
interactions between innate and adaptive immunity, contributions of Treg cells, and 
the involvement of target tissues in the ongoing amplification process.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Autoimmune diseases are a group of chronic inflammatory disorders caused by 
the imbalance of immune homeostasis and abnormal production of autoantibodies. 
The etiology of autoimmune diseases involves various factors such as genetic and 
environmental factors, and the exact pathogenesis remains unclear. The intestinal 
mucosal immunity including the intestinal epithelial barrier, mucosal immune 
cells, and innate immune cells cooperatively maintains intestinal immunity against 
invading pathogens. It has been demonstrated that intestinal mucosal immunity 
participates in the development of various autoimmune diseases. Dysbiosis of gut 
microbiota and their metabolite alterations and immune response mediated by 
intestinal immune cells may be involved in the pathogenesis of systemic lupus ery-
thematosus through multiple mechanisms. When the intestinal mucosal epithelium 
is damaged, intestinal flora can penetrate the barriers and enter the lamina propria, 
causing abnormal immune response and inducing the development of Inflammatory 
Bowel Diseases. Targeting the gut mucosal immune system holds promise for treating 
autoimmune diseases; therefore, it is necessary to review the role of the gut mucosal 
immune system in autoimmune diseases and provide guidance for the treatment of 
autoimmune diseases.

Keywords: intestinal mucosal immunity, autoimmune diseases, gut-associated 
lymphoid tissue (GALT), gut microbiota, SLE, IBD, type I diabetes

1. Introduction

Autoimmune diseases are characterized by a dysregulated immune response 
leading to excessive and uncontrolled tissue inflammation. Multiple factors includ-
ing genetic variation, environmental stimuli, and infection have been implicated as 
contributing factors to persistent inflammation and pathology. Intestinal mucosal 
immunity is currently considered to be an important factor in regulating the devel-
opment of autoimmune diseases. In this chapter, we will discuss the compositions 
of intestinal mucosal immunity and detail the mechanism of intestinal mucosal 
immunity involved in the pathogenesis of systemic lupus erythematosus (SLE), 
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inflammatory bowel diseases (IBD), and type 1 diabetes mellitus (T1DM), targeting 
intestinal mucosal immunity for providing new treatment for autoimmune diseases.

2. Summarize

2.1 History of the development of intestinal mucosal immunity

In ancient China, there was a technique to prevent smallpox by grinding the pox scabs 
of smallpox patients into powder and blowing it into the nasal cavity of healthy people 
to prevent them from contracting the smallpox virus. This form of immunity was based 
on protective immunity to the nasal mucosa. With the development of microbiology, 
Alexandre Besredka [1] developed a method to obtain immune protection by oral admin-
istration of bacteria, also known as oral vaccine. This approach also mediated a protec-
tive immune response through the mucosa of the digestive tract. With the development 
of various vaccines, mucosal immunology was gradually developed. These included 
the discovery of Peyer’s patches at the end of the ileum in the late 17th century [2], the 
discovery of mucosal tolerance mechanisms in the gut, the identification of secretory 
and serotype IgA, and the discovery of M cells in the gut in 1982, among others.

2.2 Physiopathology of intestinal mucosal immunity

With the development of various vaccines and modern immunology, intestinal 
mucosal immunology has been greatly promoted, and mucosal immunity is closely 
related to both disease and physiology. In terms of pathological regulation, many 
pathogens including bacteria and viruses infect the body through the mucosal system 
[3]. Mucosal immunity is also closely related to inflammation and tumors. In addi-
tion, mucosal immunity has a very important role in physiological regulation. It is 
able to interact with commensal bacteria and can mediate the regulation of immunity 
and neurology, immunity, and metabolism.

2.3 Research methods of intestinal mucosal immunity

The study of intestinal mucosal immunity can be performed using various research 
methods such as histology and immunohistochemistry [3], which provide information 
on the distribution and activation status of immune cells within the intestinal mucosa 
as well as on the expression levels of cytokines and chemokines. Animal models such 
as germ-free mice, as an effective tool for gut flora research, are in a state of absolute 
sterility from the embryonic stage, allowing better elucidation of the mechanisms 
driving gut microbes in many diseases [4]. Combining transcriptomic and microbiomic 
studies can explore the relationship with host phenotype from the perspectives of host 
genes and flora, respectively, and can also reveal that key microorganisms regulate 
host gene expression through correlation analysis [5]. Proteomics enables direct study 
of protein molecular differences in immune cells between samples, revealing new 
diagnostic markers and therapeutic targets related to immune disorders [6]. In addition 
to these approaches, recent advances in single-cell sequencing allow a more detailed 
understanding of the heterogeneity of the immune cell population within the intestinal 
mucosa [7]. A large number of in vitro culture and molecular biology techniques are 
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now available for human microbiome studies, which can be used to detect and analyze 
microbial community composition, species diversity, and effects on human cellular 
pathways. With the rapid development of modern biomolecular science, we determined 
the gut microbiota using high-throughput sequencing technology based mainly on 
16SrRNA/18SrRNA genes. Through bioinformatics principles and statistical analysis 
of a large amount of data, we can analyze the diversity of intestinal microorganisms 
and obtain the type and distribution of intestinal flora to make scientific judgments 
on the health status of the body through such dynamic changes. In addition, through 
microbial rRNA gene sequencing, macrogenomics, macrotranscriptomics, and nontar-
geted metabolomics combined with the core strategy of “whole microbiome association 
analysis (MWAS)”, we can accurately decode the composition, function, and expression 
profiles of the flora and uncover key biomarkers to elucidate [8].

In summary, the study of intestinal mucosal immunity is complex and requires 
the use of multiple research approaches; by combining these approaches, researchers 
can gain insight into the complex interactions between immune cells and intestinal 
microbiota in regulating intestinal mucosal immunity and the impact of various 
interventions on this process.

3. Compositions of intestinal mucosal immunity

The components of intestinal mucosal immunity include gut-associated lymphoid 
tissue (GALT), the intestinal mucosal epithelium, and gut microbiota (see Figure 1).

3.1 Gut-associated lymphoid tissue

GALT composed of Peyer’s patches (PPS), laminar propria lymphocytes, and 
intraepithelial lymphocytes is an important component of intestinal acquired 

Figure 1. 
Compositions of intestinal mucosal immunity.
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immunity [9]. As the largest lymphoid tissue in the body, GALT recognizes exog-
enous and abnormal antigens in a timely manner by uptake, processing, and presen-
tation of antigens. After specific recognition of foreign antigens, GALT promotes the 
production of cytokines and antibodies to coordinate the immune response. In addi-
tion, it activates T lymphocytes and B lymphocytes to establish an effective adaptive 
immune response and induce a mucosal immune response or immune tolerance [9].

Peyer junction was mainly distributed in the intestinal wall and the inferior 
mucosa on the opposite side of the attachment margin of the mesentery, which 
is essential for the induction and initiation of mucosal immunity. In the lamina 
propria of the mucosa of the GI, there is diffuse lymphoid tissue made of lympho-
cytes and dendritic cells (DCs). Within the lamina propria, macrophages, mature 
plasma cells, and sporadic T lymphocytes and B lymphocytes can be found. The 
role of these cells is to capture and process antigens, which secondly reach regional 
lymph nodes and start the immune response, eventually followed by the production 
of immunoglobulin (Ig)A, IgG, and IgM. The myeloid compartment represented 
by macrophages and DCs is crucial for the maintenance of intestinal tolerance and 
the activation of T-cell immunity [10, 11]. Intraepithelial lymphocytes (IELs) of 
the lamina propria are heterogeneous and are represented by a mixed population 
of T-lymphocytes: mainly differentiation (CD)4(+) cells and some CD8(+) ones. 
Intraepithelial lymphocytes are a group of smaller lymphocytes distributed among 
intestinal epithelial cells, mostly located in the columnar epithelium of the intestine 
and mainly include TCRαβ+ CD8αα + T-cells, TCRγδ+ CD8αα + T-cells, TCRαβ+ 
CD4+ T-cells and TCRαβ+ CD8αβ + T-cells [12]. They comprise the vast majority of 
intestinal epithelial cells (IECs) in the small intestine and are essential in maintain-
ing immune homeostasis in the intestinal territory such as keeping the integrity of 
the gut barrier [13].

3.2 The intestinal mucosal epithelium

The intestinal mucosal epithelium constitutes the physical and chemical barrier 
of the intestinal mucosal immune system including the epithelial layer and the mucus 
layer on the surface of epithelial cells [14]. The epithelial layer consists of a single 
layer of closely connected IECs, composed of a number of cell types such as goblet 
cells, absorptive enterocytes, enteroendocrine cells, Paneth cells, microfold (M) cells, 
and tuft cells [14]. IECs separate the internal and external environment of the body 
and can resist the antigens, toxins, pathogens, and microorganisms in the intestinal 
lumen. However, IEC also plays an important role in absorbing nutrients present in 
the intestinal lumen [15]. The mucus layer is the first line of defense in the intestinal 
mucosal epithelium. Paneth cells are capable of secreting antimicrobial peptides 
(AMPs) to defend against external pathogens or intestinal bacteria. The mucus 
layer and AMPs constitute the mucosal barrier to prevent the invasion of symbiotic 
bacteria.

Additionally, there were scattered intraepithelial lymphocytes (IELs) between 
closely connected IECs [16]. Approximately 90% of all IEL express T-cell receptors 
(TCR) [17]. In the small intestine, approximately 1 IEL per 10 IEC [18]. According to 
different expression profiles of T-cell receptors (TCRs), the TCR+ IELs can be divided 
into the following two groups: TCRαβ and TCRγδ [12]. Based on the large quanti-
ties and special locations, the IELs play an important role in maintaining intestinal 
immune tolerance and regulating intestinal immunity.
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3.3 Gut microbiota

Gut microbiota is a system of microorganisms that resides in the host gut and 
lives in symbiosis with the host, including bacteria, fungi, and viruses [19]. The gut 
microbiota and its metabolites maintain the integrity of the intestinal mucosal barrier 
and participate in the maintenance of the body’s mucosal immune system by regulat-
ing innate and adaptive immunity.

Intestinal commensal bacteria promote the development and functional matura-
tion of the host intestinal mucosal immune system. Work in germ-free (GF) mice 
showed that GF animals have a myriad of intestinal immune defects, including 
impaired development of GALTs fewer intestinal IgA-secreting plasma cells, smaller 
PPs, fewer IELs, Treg and Th17 cells [20–23]. However, most of these deficiencies can 
be corrected by recolonization with a health-associated mouse commensal micro-
biota [24, 25]. In normal conditions, intestinal epithelial cells act as a barrier to keep 
immune cells residing in the intestinal mucosa separate from intestinal microorgan-
isms, thus building a microbial-host symbiosis. In turn, gut microbiota maintains 
the integrity of the intestinal mechanical barrier. Studies have shown that bacterial 
metabolites play an important role in maintaining intestinal integrity. Short-chain 
fatty acids (SCFAs) promote the proliferation of intestinal epithelial cells and pro-
mote mucin secretion by goblet cells, which protects the intestinal epithelium from 
damage by acid and intestinal lumen contents [26]. Furthermore, in vitro experi-
ments have also demonstrated that butyrate can upregulate MUC2 expression by 
activating the MUC2 promoter and altering histone modifications in this region [27]. 
Additionally, bacteria components such as lipopolysaccharide (LPS) and flagellin can 
be recognized by pattern recognition receptors IECs, which promote cell proliferation 
and the production of cytokines, antimicrobial peptides, and mucus [28].

Microbiota plays another important role in the intestinal mucosal immune system, 
that is, the intestinal commensal bacteria involved in immune response and immune 
modulation. Many studies have shown that dysbiosis of microbiota increases host 
susceptibility to a variety of immune, inflammatory, and allergic diseases, which 
may be because of the gut microbiota involved in CD4+ T-cell differentiation via 
different pathways as well as in the induction of sIgA [29–31]. Specifically, it can be 
divided into the following points: 1) Microbiota can affect Th17 differentiation and 
participate in the mucosal immune system defense against pathogens. For example, 
after SFB is colonized, naive CD4 T-cells migrate olites can induce the differentiation 
of Treg cells, participate in the immune reg to the small intestine and differentiate 
into IL-17A-producing Th17 cells, whose products stimulate the production of anti-
microbial peptides by IECs [32]. 2) Microbiota and its metabulation and maintenance 
of immune homeostasis together with Th17 cells [31]. 3) Microbiota can regulate the 
intestinal T follicular helper cells, which can participate in the production of high-
affinity antibodies by B-cells and it is thought to be the chief cell regulating B-cells in 
germinal centers. As the SFB colonized in IL-21R-deficient mice, the number of IgA 
plasmablasts and plasma cells decreased significantly [33]. 4) Microbiota can affect 
the accumulation of sIgA-producing plasma cells and also affect the diversity of IgA 
in the lymphocyte tissues of the gut [34].

Therefore, the interaction between the microbiota and the intestinal immune sys-
tem is essential to maintain intramucosal homeostasis. However, ecological dysbiosis 
can lead to intestinal diseases when the balanced intestinal microbial community is 
altered.
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4. Intestinal mucosal immunity and autoimmune diseases

There is a close yet complex link between intestinal flora and immune-related 
diseases. Dysbiosis of intestinal flora plays an important role in the development of 
immune-related diseases including SLE, IBD, and T1DM (Figure 2).

4.1 Systemic lupus erythematosus

SLE is an autoimmune disease characterized by the presence of nuclear autoan-
tibodies and complex immune inflammation involving multiple organs. The patho-
genesis is not fully understood. Some factors such as molecular genetics, epigenetics, 
immunomodulation, ethnicity, possible environmental influences (ultraviolet light, 
drugs, and infection) and sex hormones are associated with its occurrence [35]. Gut 
microbiota and their metabolites have been proposed to be involved in SLE develop-
ment and progression through intestinal mucosal immunity [36].

Increasing evidence supports that dysbiosis of gut microbiota is associated with 
lupus pathogenesis. The number of non-pathogenic bacteria such as Bifidobacterium 
and Bacteroides fragilis in the intestine of SLE patients was significantly reduced 
compared with normal controls, whereas the number of conditionally pathogenic 
bacteria such as Ruminococcus gnavus and Enterococcus gallinarum was signifi-
cantly increased compared with the normal group [36]. It has been indicated that 
gut microbiota metabolites such as SCFAs amino acids and lipids are correlated with 
SLE. Most of the SCFA that exist in the gut are acetate, propionate, and butyrate [37]. 
The immunoregulatory functions of SCFA range from anti-inflammatory, T cell, and 

Figure 2. 
Association between intestinal mucosal immunity and immunologic diseases.
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epigenetic pathways. Bacteroides and Negativicutes produce propionate through the 
succinate pathway. However, butyrate was mainly produced by phylum Firmicutes via 
the acetate CoA-transferase pathway [38]. Butyrate decreases permeability by accel-
erating the assembly of tight junctions via the activation AMPK [39]. Bifidobacterium 
species increase gut barrier integrity by producing acetate, which increases the 
expression of the tight junction gene occludin [40]. Because most butyrate-producing 
bacteria belong to the Firmicutes phylum, inflammation and impaired gut barrier 
integrity may be induced by the decreased relative abundance of Firmicutes in SLE 
patients [36]. Changes in intestinal flora associated with changes in lupus disease, 
such as the abundance of Streptococcus, Campylobacter, Veillonella, Clostridiacae, 
and Lachnospiraceae, were positively correlated with SLE disease activity. The 
abundance of Bifidobacterium was negatively correlated with lupus activity. In addi-
tion [41], the intestinal flora of SLE patients with lupus nephritis and gastrointestinal 
damage showed a decrease in the thick-walled phylum, an increase in the Aspergillus 
phylum, and a relative increase in the Aspergillus phylum, Enterobacteriaceae, and 
Shigella coli.

Gut microbiota influences SLE through different mechanisms. First, the abnormal 
gut microbiota translocation results in what is known as the “leaky gut,” trigger-
ing the systemic autoimmune response [36]. The imbalance of gut microbiota can 
compromise intestinal permeability, allowing the passage of antigens and bacteria 
in the lumen to the blood circulation, which causes leaky gut syndromes that exac-
erbate lupus immunopathogenesis [42]. It has been reported that toll-like receptors 
(TLRs) contribute to lupus pathogenesis by sensing harmful bacteria coming from 
gut microbiota through microbial translocation, especially in the presence of a leaky 
gut. Activation of TLR4 with LPS inducing the release of CD14 from monocytes 
contributes to the pathogenesis of SLE and exacerbates its development [43]. Second, 
interference with immune cells in the lamina propria leads to the development of 
SLE. Aberrant monocyte/macrophage surface markers were expressed in cells from 
SLE patients, including Fcγ receptors, ICAM-1 (intercellular adhesion molecule-1, 
CD54), CD40, MHC II, type-1 interferon-stimulated genes, and sialoadhesin (Siglec-
1,CD169) [44]. Besides the deregulations of monocyte/macrophage surface markers, 
macrophages in SLE patients also have a defect in phagocytosis. Ineffective clearance 
of dying cells and debris by macrophages may provide a source of autoantigens for the 
development of autoantibodies in SLE disease [45]. TLRs are a type of cell transmem-
brane signal transduction protein in the innate immune system, which recognizes 
microbial-related molecular patterns to trigger different immune responses. MYD88 
is the main linker molecule of the TLR signal transduction pathway. Most studies 
suggest that the TLR/MYD88 signaling pathway plays an important role in restricting 
the penetration of the intestinal microbiome and preventing mucosal immune regula-
tion disorders, and it is essential for maintaining a normal intestinal mucosal barrier 
and regulating intestinal homeostasis [46]. LPS mostly coming from the intestinal 
lumen is recognized by TLR4 and the interaction between them has been proven to 
promote the inflammatory response and exacerbate the development of SLE [47]. 
Studies found that the high level of plasma LPS in patients with SLE caused by the 
impaired intestinal mucosal barrier was positively correlated with the level of serum 
anti-double-stranded DNA antibodies, which suggested that the increased intestinal 
permeability was beneficial to LPS in order to penetrate the intestinal epithelium 
and translocate into the tissue to promote the progression of disease [48]. Moreover, 
altered inflammatory cytokine production from monocytes/macrophages has also 
been found in SLE patients. Elevated monocyte counts, increased CD16 expression, 
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and IL-6 production in monocytes were found in SLE patients. Plasma sCD14 and 
IL-6 cytokines released by monocytes in response to LPS are increased in lupus 
patients relative to controls [49]. Macrophage-mediated maintenance of tolerance 
and prevention of proinflammatory responses to TLR ligands at the intestinal muco-
sal site is important for mucosal immunity. Altered TLR-mediated innate immune 
responses in intestinal macrophages may play a key role in SLE disease pathogenesis 
[50]. Finally, The cross-reactivity between certain bacteria antigens with specific 
autoantibodies has been recognized as the main factor of leaky gut syndrome in 
lupus. Autoantibodies to the 60 kDa Ro protein are common in SLE patients. It was 
found early that the lupus autoantigen Ro60 cross-reacted with the Ebstein-Barr 
virus nuclear antigen-1 (EBNA-1), suggesting that lupus humoral autoimmunity was 
initiated via molecular mimicry of EBNA-1 and Ro60 antigens [51]. Colonization of 
Bacteroides thetaiotaomicron in lupus mice was found to enhance the expression of 
Ro60 antigen followed by deposition of immune complex causing lupus nephritis 
[41]. Gut microbiota maintains a symbiotic relationship with the host. It uses the 
energy and sources of the host to ensure its growth and releases metabolites, which in 
turn influence the host’s metabolism.

Impaired composition and function of gut microbiota have been associated with 
several autoimmune diseases including SLE. These mechanisms include leaky gastro-
intestinal tract disturbing its equilibrium, crossreactivity of microbial proteins with 
self-antigens, and dysregulation of both innate and adaptive immunity. These altera-
tions lead to self-tolerance breakdown and autoantibodies production. Therefore, it is 
important to decipher the commensal bacteria profiles associated with SLE because 
these may guide the scientific community to a better understanding of the disease.

4.2 Inflammatory bowel diseases

IBD, which mainly includes Crohn’s disease (CD) and ulcerative colitis (UC), are 
chronic, nonspecific, relapsing, and inflammatory disease mainly involving the gas-
trointestinal tract [52]. The global burden of IBD remains a persistent health problem. 
The prevalence of IBD in Europe, North America, and other Western countries exceeds 
0.3% and is increasing in many newly industrialized countries [53, 54]. The etiology of 
IBD is not yet fully understood, and it has been proven to be related to complex factors 
such as genetics, environment, intestinal microbes, and immunity [55].

In recent years, studies have suggested that intestinal mucosal immunity plays a 
pivotal role. Several clinical studies have shown that UC and CD patients have dif-
ferent degrees of intestinal flora dysbiosis with reduced intestinal flora diversity, 
reduced intestinal probiotics, and increased pathogenic bacteria [56]. Sequencing 
of intestinal flora revealed that probiotics such as Bifidobacterium and Lactobacillus 
were significantly reduced and pathogenic bacteria such as Enterococcus and 
Enterobacteriaceae were increased in the intestinal flora of UC patients compared 
with healthy adults, whereas probiotics such as Lactobacillus, Bacteroides, and 
Rumenococcus were reduced and Actinobacillus, Aspergillus, and Enterobacteriaceae 
were increased in CD patients. It was found that the site of lesion, disease activ-
ity, and duration of disease in IBD patients have an effect on their intestinal flora. 
Besides, the disease activity of IBD patients also had an effect on the intestinal flora 
with an increase in disease activity index in CD patients associated with an increase 
in Enterobacteriaceae, but no association was found between disease activity index 
and intestinal flora in UC patients [57]. Patients with IBD not only have dysregu-
lated numbers and types of intestinal flora but also abnormalities in the function 
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of intestinal flora [58]. A study in a mouse model of colitis found that butyrate, one 
of the SCFA, maintains Th17/Treg balance in the gut and exerts anti-inflammatory 
effects [59]. Certain intestinal bacteria such as F. saccharivorans may also exert their 
anti-inflammatory effects by producing SCFA, whereas butyrate-producing flora 
such as Roseburia hominis (R. hominis) and E. pumilus are reduced in patients with 
UC and their reduction may have contributed to the overexpression of proinflamma-
tory factors in human intestinal cells, which can cause inflammation [60]. In addition, 
smoking exacerbates the symptoms of enteritis in CD patients [61]. External factors 
such as smoking, diet, medications, and emotions act on the intestinal flora, causing 
a decrease in the abundance of SCFAs-producing organisms (e.g., B. thicketi) and an 
increase in the abundance of pathogenic organisms (e.g., Aspergillus, Bacteroidetes), 
which can contribute to the development of intestinal inflammation in susceptible 
individuals [55].

The pathogenesis of IBD has not been fully elucidated, and a large number of 
studies have found that the intestinal flora plays an important role and that intestinal 
mucosal immune disorders may be the initiating factor in the pathogenesis of IBD. 
Barrier disruption of the intestinal mucosal epithelium is an important pathogenetic 
feature of IBD. When the epithelium is damaged, the mechanical barrier perme-
ability is greatly increased, and intestinal lumen such as macromolecular proteins 
and pathogenic bacteria can enter the lamina propria through the broken mechanical 
barrier, inducing the development of IBD [62]. With the gradual development of 
high-throughput assays, IncRNA, as a new molecule in biology, has been shown 
to activate intestinal inflammatory genes, damage epithelial cells, and disrupt 
intercellular tight junctions leading to an abnormal increase in the permeability of 
the mechanical barrier of the intestinal mucosa and affecting the intestinal barrier, 
which is an important precursor alteration in the pathogenesis of IBD [63]. When 
IBD occurs, the mucus barrier function is absent. It has been shown that in patients 
with active UC and animal models, intestinal mucus granules are reduced and mucus 
is thinned, allowing microorganisms to be exposed to the surface of intestinal muco-
sal epithelial cells [63]; whereas in patients with CD, the production of mucus is 
instead increased, which is considered to be a result of the disruption of the integrity 
of the mucus network by the production of sulfides by a number of specific bacteria 
in the intestinal mucus, which in turn increases the host’s contact with microorgan-
isms and toxins, and induces inflammatory responses [64]. Changes in the intestinal 
microbiota are accompanied by the thinning of the intestinal mucus layer leading 
to barrier rupture, epithelial defects, and displacement of intestinal flora across the 
barrier to induce DC and macrophage activation, which induces inflammatory CD4T 
cell infiltration into intestinal tissues [65]. Normal intestinal immunity protects 
against pathogen invasion but a sustained, abnormal immune response can damage 
the intestinal wall [66]. Patients with IBD have been found to have abnormalities 
in both innate and adaptive immunity, with differences in the immunologic profile 
of UC and CD. Patients with IBD have increased levels of pro-inflammatory Th1 
and Th17 cells. This infiltration is accompanied by an increase in the number of 
Th2 cells and a deficit in the number of immunosuppressive cells (e.g., Tregs) [67] 
. Inflammatory T cells direct the function of cells with innate immunity such as 
epithelial cells, fibroblasts, and phagocytes, thus stimulating a sustained hyper-
reactivity to microbial antigens and causing tissue damage and chronic intestinal 
inflammation [68]. Therefore, when the physical, chemical, and mucus barriers 
are compromised, intestinal flora can penetrate the barriers and enter the lamina 
propria, inducing an abnormal immune response.



Probing Selected Autoimmune Diseases for Focused Perspectives

20

Because of the adverse effects and ineffectiveness of some of the standardized 
therapies for IBD, the search for new and effective therapies has always been a goal 
pursued by researchers and clinicians. Currently, researchers are committed to 
treating IBD by restoring gut microbial homeostasis and improving intestinal inflam-
mation through the use of probiotics, prebiotics, synbiotics, and fecal microbial 
transplants as complementary and alternative medications, among others. Fecal 
microbial transplantation is the process of transplanting functional flora from the 
feces of a healthy population into the gastrointestinal tract of a patient. The use 
of FMT in IBD patients is expected to treat the disease by restoring gut microbial 
homeostasis in patients. Currently, four clinical randomized controlled studies of 
FMT for the treatment of UC have been reported, three of which concluded that FMT 
was effective in inducing remission of UC [69–71]. A recent network meta-analysis 
in UC has described that when compared with available targeted pharmacotherapies, 
fecal microbiota transplantation (FMT) has a comparable effect in inducing clini-
cal remission, clinical response, and endoscopic remission [72]. Data from the US 
clinicaltrial.gov website show that several RCTs of FMT for CD are underway but 
no relevant RCTs have been reported. One recent systematic review of FMT for IBD, 
which counted the results of 11 studies in CD, showed a 50.5% remission rate of FMT 
in CD (42/83) [73]. In a meta-analysis of 12 studies, FMT was associated with clinical 
remission and clinical response in 62% and 79% of patients with CD, respectively 
[74]. This shows that FMT has some potential for the treatment of IBD and it may 
provide a new therapeutic pathway for patients with IBD, especially for those who 
have failed to be treated with traditional methods but more clinical studies need to be 
conducted to confirm this.

4.3 Type I diabetes mellitus

Type 1 diabetes mellitus (T1DM), also known as insulin-dependent diabetes 
mellitus, usually starts in adolescence. T1DM patients have absolute insulin deficiency 
due to autoimmune destruction of pancreatic beta cells so exogenous insulin is needed 
to control blood glucose [75]. In recent years, due to rapid economic development 
and unhealthy lifestyle, type I diabetes has become a metabolic disease that seriously 
threatens human life expectancy.

Because of the many factors involved in the pathogenesis and the close relationship 
between them, the etiology of the disease is still not fully understood. Recent studies 
have found that the intestinal microbial diversity and abundance are lower in TDM 
patients than in healthy controls, with lower abundance of both the Actinobacteria and 
thick-walled bacteria phylum, lower abundance of Lactobacillus, Bifidobacterium, 
Clostridium/Proctobacteria and Prevotella, and higher abundance of the Mycobacterium 
phylum [76]. Follow-up studies also found that in quantitative experiments of intestinal 
metabolites, the metabolic production of intestinal butyrate was significantly different 
in normal healthy individuals compared with type 1 diabetics, and levels of butyrate-
producing bacteria were significantly lower in type I diabetics compared with normal 
healthy individuals based on quantitative comparisons of intestinal flora [77].

The intestinal microbiota may act by influencing intestinal permeability, molecu-
lar mimicry, and modulation of the innate and adaptive immune systems. Studies 
have shown that when the intestinal barrier is compromised, pancreatic-draining 
lymph node T cells, particularly diabetic-derived CD8+ T cells, will be activated 
and will proliferate, promoting insulitis [77]. In addition, many other studies have 
shown that changes in certain microorganisms such as Clostridium perfringens, 
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invisible Dialister, Gemella sanguinis, and Bifidobacterium longum are associated 
with impaired intestinal integrity and increased risk of T1DM [78]. When intestinal 
permeability is increased, intestinal toxins, food antigens, and infection factors can 
transit from the gastrointestinal lumen to the intestinal mucosal components and 
eventually to the pancreatic lymph nodes, inducing or exacerbating TID. A recent 
proteomic analysis also showed that the intestinal flora associated with host proteins 
related to the maintenance of mucus barrier function and microvillus adhesion is 
depleted in patients with new-onset T1DM [79]. In addition, children at high risk 
for T1DM have increased intestinal permeability and are associated with altered 
intestinal flora [80]. Therefore, the intestinal flora and its metabolites may be 
able to influence the development of T1DM by altering the barrier function of the 
intestine. Microbial peptide mimics produced by Clostridium perfringens to mimic 
sequences in the insulin b chain and trigger or participate in the immune response 
to T1DM development. Flavobacterium, Bacillus cereus, and Enterobacter mori 
LMG 25706 (Leptotrichia goodfellowii, Flavobacteriia bacterium, Bacillus cereus, 
and Enterobacter mori LMG 25706) also possess diabetic IGRP206–214 homologous 
peptide that can induce or accelerate T1DM through molecular mimicry [81]. The 
interaction between gut microbes and immunity is also crucial in the development 
and pathogenesis of T1DM. For example, studies in animals lacking myeloid differen-
tiation primary response protein 88 (MyD88) have highlighted the link between gut 
flora-induced alterations in innate immunity and the risk of T1DM. MyD88 induces 
toll-like receptors in the intestinal flora, triggers different toll-like receptors, and 
induces pre- and anti-diabetic signals to promote cellular responses to LPS [75, 82]. 
A study by Gülden et al. revealed novel innate immune pathways influenced by gut 
flora in T1DM development. They found that knockdown of the β-interferon TIR 
structural region articulation protein (TIR-domain-containing adaptor inducing 
interferon-β, TRIF), another key articulator protein downstream of the TLR, pro-
tected NOD mice from diabetes. Importantly, different gut flora characteristics were 
found in TRIF-deficient NOD mice compared with wild-type NOD mice, suggesting 
that the protective effect of TRIF deficiency is mediated by altered gut flora [83]. 
Some specific intestinal bacteria have the ability to regulate T cell subsets and func-
tions. Listeria monocytogenes can induce Th1 responses, whereas segmented filamen-
tous bacteria can enhance Th17 responses. Altered schedule flora and Clostridium 
perfringens consortia have the ability to induce regulatory T cells [64, 84]. In addi-
tion, altered intestinal flora can increase the number of type 1 regulatory T (Tr1) cells 
in the intestine [85]. These Tr1 cells can migrate to the periphery, inhibit the activa-
tion of effector T cells, and reduce the incidence of diabetes.

In addition, the gut microbiome also plays a key role in the development of certain 
subpopulations of innate T-cells such as mucosal associated invariant T (MAIT) cells. 
Mucosal associated invariant T (MAIT) cells are innate T-like cells that recognize 
derivatives of bacterial riboflavin metabolites presented by MHC-Ib associated protein 
1 (MR1) molecules and are important effector cells in mucosal immunity [86]. Upon 
activation, MAIT cells produce several proinflammatory cytokines such as IFN-γ and 
IL-17A and exhibit cytotoxic effects on cells infected with certain pathogens [87]. In 
recent years, changes in circulating MAIT compartments such as T1DM have been 
observed in a variety of autoimmune diseases. In the intestinal mucosa, MAIT cells may 
play a protective role by producing IL-17A and IL-22, two key cytokines in intestinal 
homeostasis [88–91]. This increased pathogenic response is associated with loss of intes-
tinal integrity, decreased expression of tight junction proteins, and abnormal mucus 
distribution. Thus, the gut microbiota may be a key regulator of T1DM pathogenesis.
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5.  Treatment progress of autoimmune diseases based on intestinal 
mucosal immunity

Traditional treatment methods have played a significant role in controlling and 
managing autoimmune diseases primarily including glucocorticoids, immunosup-
pressants, and intravenous immunoglobulins. With in-depth research on the mucosal 
immune system and autoimmune diseases, emerging treatment approaches are 
continually emerging, providing new options for improving treatment outcomes and 
reducing side effects.

Interventions targeting key regulatory molecules of mucosal immune responses 
and suppressing or enhancing specific immune pathways or signaling molecules 
can precisely modulate the activity of the immune system [92]. In mucosal immune 
responses, prominent proinflammatory cytokines and growth factors include 
IL-1β, interferon-gamma, TNF-alpha (TNF-α), and IL-6. Anifrolumab targets and 
inhibits signaling through the type I interferon receptor subunit 1 and has shown 
efficacy in SLE evidenced by improvements in various clinical outcomes includ-
ing mucocutaneous and musculoskeletal manifestations, lower flare rates, relapse 
rates, and successful tapering from glucocorticoids to ≤7.5 mg/day [93]. Anti-tumor 
necrosis TNF-α antibody drugs such as infliximab, adalimumab, and certolizumab 
pegol have demonstrated significant clinical success and are widely used as first-line 
therapy for IBD [42].

Enhancement or modulation of mucosal immune responses can be achieved by 
introducing modified immune cells into the patient’s body. The most commonly used 
approach currently is the fusion of T cells with antigen-specific chimeric molecules 
known as chimeric antigen receptor T-cell (CAR-T) therapy. In 2021, Dimitrios M 
et al. reported the data on the use of anti-CD19 CAR-T cells in patients with refractory 
SLE, showing rapid clinical remission and no significant adverse reactions accompa-
nied by sustained depletion of circulating B lymphocytes and rapid disappearance 
of serum anti-DNA antibodies [94]. Toxicities associated with this therapy mainly 
include cytokine release syndrome, which can be life-threatening; but in most cases, 
effective specific strategies including the use of monoclonal antibodies blocking IL-6 
activity can be employed to mitigate the release of proinflammatory cytokines. CAR-T 
cell therapy represents an interesting and promising approach for SLE treatment but 
further randomized controlled trials are needed to evaluate its efficacy.

The structure and function of the gut microbiome can influence the balance of 
the mucosal immune system. Microbiota-based therapies include fecal microbiota 
transplantation, probiotics, prebiotics, and postbiotics, with the basic principle of 
introducing or promoting potentially beneficial microorganisms in patients. They 
have been extensively studied in diseases such as IBD and type 1 diabetes [76]. For 
example, Butzner JD et al. found that butyrate enemas effectively treated ulcerative 
colitis and UC patients, whereas Sun J et al. discovered that injection of butyrate into 
spontaneously diabetic NOD mice controlled pancreatic inflammation by regulat-
ing cathelicidin-related antimicrobial peptide production, thereby suppressing the 
development of autoimmune diabetes [95]. Although microbiota-based therapies are 
still in the early stages, ongoing research and clinical trials suggest that this approach 
may be the most effective method for developing IBD treatments.

The relationship between the mucosal immune system and autoimmune diseases 
is complex and diverse. In-depth understanding of abnormalities in the mucosal 
immune system and their interaction with specific diseases is of significant impor-
tance in developing novel therapeutic approaches for these diseases. Further research 
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on the association between the mucosal immune system and autoimmune diseases 
contributes to a better understanding of the underlying mechanisms and provides 
new insights and strategies for treatment and prevention.

6. Conclusion

The role of intestinal mucosal immunity in autoimmune diseases has received 
increasing attention. Reduced diversity and abnormal strain distribution of intestinal 
flora have been detected in patients with a variety of autoimmune diseases, and 
the possible mechanisms involved in immune disorders include: translocation and 
molecular mimicry of the flora, dysregulation of flora, SCFAs inducing immune 
imbalance, epitope expansion, and bystander activation. The relevance of intestinal 
mucosal immunity to autoimmune diseases was further investigated by combining a 
preclinical model (a germ-free mouse model) and host multi-omics characterization 
approaches (e.g., 16SrRNA/18SrRNA genes, high-throughput sequencing, macroge-
nomics, macrotranscriptomics and nontargeted metabolomics, transcriptomics). 
This provides a possibility to develop interventions based on intestinal flora for the 
treatment of autoimmune diseases.
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Perspective Chapter: Specific 
Predictors of the Autoimmune 
Reactions Formation in Case of 
Immunocompetent Organs Damage 
in Patients with Myasthenia Gravis 
and Hepatosplenomegaly
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Sergey Sushkov and Valery Boyko

Abstract

The urgency of the problem is determined by the increasing prevalence and 
rapid progression of autoimmune diseases and autoimmune components in 
various nosologies. The aim is to study individual trigger factors, predictors of 
development, and the condition severity markers to substantiate complex treat-
ment, including surgical tactics and the therapeutic target choice, in case of the 
immunocompetent organs (thymus and spleen) damage. In patients with myas-
thenia gravis the trigger markers were identified: the presence of herpes viruses 
persistence and mycoplasma; the relationship of certain human leucocyte antigen 
(HLA) molecules; high content of cytotoxic damage-associated molecular pat-
terns (DAMPs); decreased expression of CD8+ T lymphocytes and co-stimulatory 
molecules CD3+CD4+CD28+. Some patients with myasthenia gravis had antibodies 
to α1 and α7 subunits nicotinic acetylcholine receptors (nAChR), etc. Patients with 
hepatosplenomegaly depending on the trigger factors (hepatitis HBV/HBC, herpes 
viruses (CMV/EBV)) and genetic predictors (hereditary enzymopathy) had specific 
markers, such as activation or inhibition of barrier function, reactive oxygen species 
(ROS) production, an increase in the concentration of cytokines, changes in the 
clusters of differentiation expression and specific autoantibodies. Thus, the creation 
of supplemented diagnostic protocols with additional markers for patients with 
various autoimmune reactions will make it possible to substantiate personalized 
immunocorrection.

Keywords: myasthenia gravis, hepatosplenomegaly, immunometabolic markers, 
autoantibodies, DAMPs, neutrophils phagocytic activity, surface receptors, cytokines
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1. Introduction

There is an increase in autoimmune diseases and autoimmune component forma-
tion in the pathogenesis of many nosologies. The causes of autoimmune diseases are 
not completely clear. Many autoimmune diseases are multifactorial and with their 
progression, various organs can be involved in the pathological process [1].

The implementation of immune markers into clinical practice is limited due to 
insufficient information of the mechanisms that lead to changes in the metabolism of 
immune cells under the trigger factors.

Central and peripheral mechanisms of self-tolerance loss, genomic and epig-
enomic predictors associated with the autoimmune pathology (mutations of the auto-
immune regulator (AIRE); HLA polymorphism; impaired editing of immunoglobulin 
genes; changes in the receptors structure and epigenomic marks formation of certain 
genes, etc.) are studied [2].

Some nosologies may have organ-nonspecific and organ-specific manifestations 
of reactions. If autoimmune disorders develop in the immune organs, then diseases 
are severe and often accompanied by life-threatening symptoms and a high risk of 
mortality. Such pathologies include generalized myasthenia gravis and hepatospleno-
megaly, which are characterized by autoimmune damage of the immune organs: 
thymus and spleen, resulting in structural and functional disorders of these organs, 
in the form of hyperplasia or neoplasia. In autoimmune disorders of the thymus and 
spleen, it is relevant to investigate the features mechanisms formation of autoimmune 
reactions in patients with autoimmune myasthenia gravis and hepatosplenomegaly 
of various origins. It is necessary to search for additional pathogenetic links in order 
to develop approaches for diagnosing the mechanisms of formation and treatment of 
autoimmune reactions of various geneses [3].

Trigger factors for the occurrence of myasthenia gravis and hepatosplenomegaly 
can often be infectious factors, various specificities of autoantibodies, or stress factors 
that provoke the cells activation of the immune-neuroendocrine complex (e.g., with 
glandular syndrome). The most important predictor of the development of autoim-
mune diseases is a genetic predisposition. The relationship between the presence of 
certain HLA diplotypes and haplotypes is known; polymorphism of candidate genes 
that determine hereditary enzymopathy and high genome mutability; an increase in 
the frequency of chromosomal aberrations with certain clinical phenotypes of autoim-
mune diseases. Also, the formation of myasthenia gravis can occur as a result of epig-
enomic changes—hypermethylation of individual genes, which affects the synthesis 
of mRNA (inhibits or activates) responsible for the neurotransmitters production that 
affects the potential of the end plate. Myasthenia gravis is a disease with a progenitor 
course, characterized by progressive muscle weakness, ptosis, shortness of breath, and 
often the development of a myasthenic crisis with a fatal outcome [3, 4].

Hepatosplenomegaly accompanies different severe pathology, such as cir-
rhosis and hepatitis; and hereditary diseases such as Gaucher’s syndrome, Pompe’s 
syndrome, cystic fibrosis (associated with recurrent infectious and inflammatory 
processes), and other orphan diseases manifested by impaired hematopoiesis and 
osteogenesis. The progression of hepatosplenomegaly manifests itself in the form of 
portal hypertension and recurrent gastrointestinal bleeding, which is a risk factor for 
mortality. Recurrent bleeding in hepatosplenomegaly can be against the background 
of impaired blood flow in this area, and hypertension of the portal vein against the 
background of hypersplenism, as a result of hereditary pathology, in particular, 
lysosomal enzymopathy [1, 5]. It is also important to take into account violations 
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of proliferation and differentiation of immunocompetent cells, due to changes in 
intercellular interaction and various humoral factors.

It is relevant to study the markers of the autoimmune pathologies development in 
order to determine specific therapeutic targets. The treatment of different autoim-
mune diseases is to relieve symptoms by suppressing the immune system. For this, 
hormone therapy, monoclonal antibodies, and plasmapheresis are used. But the 
treatment of these pathologies is not always effective. The treatment of myasthenia 
gravis and hepatosplenomegaly should take into account the multifactorial nature 
of nosologies with an autoimmune component. To achieve better results of complex 
treatment, it is necessary to study individual trigger factors, development predictors, 
and markers of the condition severity to assess the risk of mortality and disease pro-
gression. An effective method of providing urgent care for patients with myasthenia 
gravis and hepatosplenomegaly is surgery (removal of the thymus and spleen).

The aim is to study individual trigger factors, predictors of development, and the 
condition severity markers to substantiate complex treatment, including surgical 
tactics and the therapeutic target choice, in the case of the immunocompetent organs 
(thymus and spleen) damage.

2.  Markers of self-tolerance loss in patients with various clinical forms  
of generalized myasthenia gravis

Myasthenia gravis is a multifactorial autoimmune disease characterized by 
 pathological progressive muscle weakness. The violation of neuromuscular synaptic 
transmission is a basis of pathogenesis [6, 7]. The heterogeneity of the clinical forms 
of myasthenia gravis depends on a variety of pathogenetic mechanisms that are 
formed at various levels of the body’s organization. Structural and functional dis-
orders of the thymus are often manifested in autoimmune myasthenia gravis (in the 
form of hyperplasia or malignant thymoma) [8]. The pathogenetic development of 
myasthenia gravis is associated with the production of antibodies to the neuromus-
cular junction targets, to the structures of nicotinic acetylcholine receptors (nAChR), 
presynaptic ryanodine receptors (RyR), postsynaptic antigens – LRP4 (low-density 
lipoprotein receptor-related protein 4), agrin and tyrosine kinase receptors (MuSKR) 
[9–11]. Some authors have identified antibodies to extrasynaptic antigenic proteins—
titin, actin, filamin, and actinin [12–14]. Depending on the presence of morphological 
and functional disorders of the thymus, myasthenia gravis is classified as thymus-
independent or thymus-dependent (against the background of thymus hyperplasia or 
thymoma [15]. Neurotransmitter disorders in myasthenia gravis manifest themselves 
against the background of the self-tolerance loss to one’s own tissues [16].

Myasthenia gravis is based on damaged mechanisms of immunological autotoler-
ance. Normally, during the formation of central self-tolerance, a program for the 
development of lymphocytes is normally implemented, in which aggressive autoreac-
tive clones are eliminated in the thymus. The AIRE complex is involved in the differen-
tiation of thymocytes, migration and apoptosis within the thymus, alternative mRNA 
splicing, miRNA expression, transactivation of HLA expression, and is important for 
testing thymocyte autoreactivity [17]. Autoaggressive clones of T lymphocytes and 
B lymphocytes are formed in the central organs of the immune system in the central 
mechanisms of self-tolerance violation. Structural disorders in the thymus in myasthe-
nia gravis may be the result of central self-tolerance loss due to impaired selection of 
autoreactive lymphocytes in the thymus. The mechanisms of peripheral self-tolerance 



Probing Selected Autoimmune Diseases for Focused Perspectives

36

loss may be formed due to a lack of AIRE gene expression in immunocompetent cells 
[18, 19]. The second way of self-tolerance formation is normally carried out in periph-
eral lymphoid organs and limits the activation of autoreactive lymphocytes with the 
help of T regulatory cells (Treg) that have not been eliminated by the mechanisms of 
central tolerance. These mechanisms ensure the peripheral tolerance formation [20].

Treatment of myasthenia gravis is determined by standard protocols and includes 
anticholinesterase drugs, corticosteroids, plasmapheresis, and surgical treatment—
removal of the thymus. The whole complex of modern therapeutic approaches does 
not always achieve an acceptable effect [21, 22]. Removal of the thymus, the target of 
autoimmune aggression, does not always allow avoiding anticholinesterase drugs and 
sometimes leads to the development of myasthenic and cholinergic crises [23, 24]. 
A search is underway for new approaches in diagnostics for personalized treatment 
choice, taking into account immunocorrection.

2.1 Materials and methods in the study of immune reactions in myasthenia gravis

We examined 492 patients (18–78 years) with thymus-dependent and thymus-
independent myasthenia gravis. The first group with thymus-independent myas-
thenia gravis included 241 patients aged 18–35 years (138 women and 103 men); the 
second group with thymus-dependent myasthenia gravis against the background 
of thymic hyperplasia consisted of 59 patients aged 36–72 years (44 women and 
15 men), the third group with thymus-dependent myasthenia gravis and thymoma 
included 192 patients aged 35–78 years old (106 women and 86 men). The diagnosis 
was made on the basis of determining muscle weakness and pathological muscle 
fatigue, taking into account the temporal reversibility of clinical and electromy-
ography changes. According to the indications, patients underwent thymectomy. 
Myasthenic crisis developed in 18% of patients with thymoma after surgery.

To assess the change in the spectrum of factors leading to impaired self-tolerance, 
a number of indicators characterizing genomic and epigenomic trigger factors that 
cause the development of myasthenia gravis were studied by the following methods:

• ELISA – the presence of viral persistence; concentration of total IgE; the cyto-
kine profile IL-2, IL-4, IL-8, TNF-α; the presence of autoantibodies repertoire 
(the level of organ-specific antibodies, to cellular organelles (ANA), to α1 and α7 
subunits of the nicotinic acetylcholine receptors (nAChR), and to the mitochon-
drial α7 subunit of neuronal nAChR in the thymus tissue).

• Light microscopy – leukocyte allele polymorphism class II antigens were assessed 
serologically using HLA phenotyping: DR1, DR2, DR3, DR5, DR7, DR52; the 
indicators of chemotaxis, adhesion and endocytosis of phagocytes in oxygen-
independent phagocytosis.

• Fluorescence microscopy – the presence of autoantibodies ANA.

• Flow cytometry – the level of NK cells CD3-CD56+CD16+; B lymphocytes 
CD3-CD20+/CD45+, T helpers CD3+CD4+; cytotoxic T lymphocytes CD3+CD8+/
CD45+; marker of early activation of the inflammatory process CD3+CD4+CD25+, 
regulatory T lymphocytes CD3+CD4+CD25+CD127-, costimulatory molecules 
CD3+CD4+CD28+, marker of late activation of lymphocytes (CD3+HLA-DR+).
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The relative content of IgG class autoantibodies to 24 antigens of the main human 
organs and systems were studied in myasthenia gravis in blood serum samples: native 
DNA, Fc fragment of IgG (Fc), beta-2-glycoprotein I (β2), myocardial cell membrane 
antigens (CoM), myocardial β1-adrenergic receptors (βAR), platelet membrane 
antigens (TrM), vascular endothelial anionic proteins (ANCA), renal tissue cytoplas-
mic antigens (KiS), renal tissue membrane antigens (KiM), membrane lung tissue 
antigens (LuM), lung tissue cytoplasmic antigens (LuS), gastric mucosal cell mem-
brane antigens (GaM), small intestine mucosal cell membrane antigens (ItM), liver 
tissue cytoplasmic antigens (HeS), liver cell mitochondrial antigens (HMMP), thy-
roglobulin (TG), thyroid stimulating hormone receptors (TSH-R), insulin (Ins), 
insulin receptors (Ins-R), adrenal cell membrane antigens (Adr), prostate and sperm 
cell membrane antigens (Spr), protein S100 (S100), astrocyte intermediate filament 
protein (GFAP), and myelin basic protein (MBP).

2.2 Trigger factors of autoimmune myasthenia gravis

Violation of molecular events that cause intercellular interactions during the 
development of an immune response to various infectious agents–PAMPs (pathogen-
associated molecular patterns), endogenous and exogenous DAMPs (damage-associ-
ated molecular patterns), and food antigens can lead to a violation of the mechanisms 
of self-tolerance formation.

Long-term studies have shown that in patients with various clinical phenotypes 
of myasthenia gravis, immunoresistance disorders are interrelated with the 
accumulation of a combined antigenic load–a bacterial and viral infection 
(CMV, EBV, hepatitis virus HBV/HCV, herpes virus HSV-1, HSV-2, HHV-6, and 
mycoplasma).

Some food allergens and food-specific IgE and IgG4 also contribute to the increase 
in body allergic reactions and autoimmune component formation [25, 26].

2.2.1 Viral infection as a trigger factor for the development of myasthenia gravis

Trigger factors for dysfunction of the neuroendocrine-immune complex in 
 myasthenia gravis can be exogenous stress factors, bacterial and viral infections in 
target organs, including the thymus, which change the activity of body cells and 
contribute to the development of long-term inflammation due to the presence of 
persister cells [27, 28].

A high titer of antibodies to CMV was revealed in myasthenia gravis and thymoma 
by 30 times and in the thymic hyperplasia by 23 times (Figure 1A).

The maximum incidence of CMV was in myasthenia gravis and thymoma–in 
91.1% and 91.0%, respectively.

The titer of antibodies to EBV was significantly higher (by 10 times) than the 
reference values in all groups. The maximum concentration of antibodies to EBV was 
detected in thymic hyperplasia, and to CMV—in myasthenia gravis and thymoma 
(Figure 1B).

The highest incidence of antibodies to EBV was found in patients with thymic 
hyperplasia – in 100%. In myasthenia gravis and thymoma, the incidence of EBV was 
slightly lower and amounted to 89.0% and 87.4%, respectively.

Thus, the virus persistence can be considered as a trigger factor for this disease.
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2.2.2  The content of total and allergen-specific IgE in patients with myasthenia 
gravis

In addition to infectious antigens, an exogenous trigger factor for the development 
of myasthenia gravis may be the presence of food allergens. We studied the con-
centration of total IgE in blood serum and allergen-specific IgE to food allergens in 
plasma. The panel of food allergens included antigens of animal proteins, cereals and 
flour, dairy products, mushrooms, nuts, carbohydrates, and drinks, in total 94 items.

In 72% of patients with generalized myasthenia gravis, congenital atopy was 
detected, as judged by an increased concentration of total IgE, which averaged 
322.0 ± 34.0 IU/ml with a reference interval of 50–100 IU/ml.

In patients with myasthenia gravis, a high degree of polyclonal sensitization 
of allergen-specific IgE to foodstuffs in average 5.8 ± 0.6 IU/ml at reference values 
0.30 ± 0.01 IU/ml of protein origin, cereals, and starch root crops containing carot-
enoids was revealed. Most often, sensitization to dairy products, to meat and cereals 
was detected in patients with myasthenia gravis (Figure 2).

In myasthenia gravis and thymoma, an increased content of specific IgE antibod-
ies to dairy products (increase by 11 times), to meat products (increase by 7 times), 
to cereals (by 8 times), starch-containing root crops, to carotene-containing products 
relative to the reference values, with thymoma—to dairy and meat food allergens.

Figure 2. 
The content of specific IgE antibodies to food allergens in patients with myasthenia gravis. RV – Reference values.

Figure 1. 
The titer of IgG CMV (A) and IgG EBV (B) in patients with thymus-independent myasthenia gravis (1); 
thymus-dependent myasthenia gravis with thymic hyperplasia (2); thymus-dependent myasthenia gravis with 
thymoma (3); RV – Reference values.
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In some patients with polyclonal sensitization to food allergens, the concentration 
of total IgE did not exceed the reference values (from 70 to 130 IU/ml).

The absence of specific IgE in peripheral blood serum does not exclude the pos-
sibility of its participation in the pathogenesis of the IgE-dependent mechanism of 
allergic reactions, since its local synthesis or binding of synthesized IgE by tissues is 
possible, which can occur without changing the concentration of IgE in peripheral 
blood [29].

Thus, one of the possible epigenomic factors in the formation of autoimmune 
myasthenia gravis may be food allergy.

2.3  Dysregulation of immunoreactivity and changes in the cytokine profile in 
different clinical phenotypes of myasthenia gravis

The activation of numerous and specialized immune cell subpopulations are 
under the control of the cellular regulation and cytokine network. Secondary activa-
tion of the expression of mitochondrial and nuclear genes is carried out by PAMPs 
(pathogen-associated molecular patterns) and DAMPs (damage-associated molecular 
patterns), which contribute to the synthesis of cytokines, nucleotides, nucleosides, 
RNA, and heat shock molecules [30]. The identified infectious trigger factors leading 
to the formation of molecular compounds PAMPs also contribute to the formation of 
various classes of endogenous cytotoxic molecules DAMPs, related to immunogenic 
molecules that are formed as a result of the breakdown of necrotic and apoptotic cells, 
as well as cells undergoing autophagy.

We revealed an increase of the IFN-γ content in all groups. The maximum increase 
in the IFN-γ concentration was observed in thymic hyperplasia.

In thymic hyperplasia and thymoma IL-4 content exceeded the reference values. 
The maximum value of IL-4 was found in thymoma – 66.4 ± 4.5 pg./ml; in thymic 
hyperplasia, this cytokine was increased sevenfold to 49.2 ± 5.2 pg./ml (Figure 3).

Patients with thymoma had the maximum increase in IL-8. According to most 
authors, IL-8 manifests itself as a factor in enhancing tumor progression. This is 
explained by the action of IL-8 as an autocrine tumor growth factor and as a factor in 
enhancing angiogenesis by influencing the capillaries of metastases [22].

Figure 3. 
The contents of cytokines in patients with thymus-independent myasthenia gravis (1); thymus-dependent 
myasthenia gravis with thymic hyperplasia (2); thymus-dependent myasthenia gravis with thymoma and (3); 
RV – Reference values.
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Synthesis of IL-10 was inhibited in the myasthenia gravis and amounted to 
1.0 ± 0.6 pg./ml and in the thymoma – 5.5 ± 0.9 pg./ml. In the thymic hyperplasia, 
IL-10 was maximally elevated and exceeded reference values by three times.

The maximum increase (up to 15.3 ± 0.4 pg./ml) in IL-2 was revealed in thymoma.
IL-2 is an inducer of all cytotoxic cells that takes part in the formation of the Th1 

phenotype and increases the production of IFN-γ. The synthesis of IL-2 forms the 
affinity of the TCR and activates HLA molecules. An increase of IL-2 was observed in 
the thymic hyperplasia and thymoma.

Thus, the most significant changes were found in the content of IL-4, IL-8,  
and IL-2.

2.4  An additional target of autoimmunization is the presence of nAChR in thymus 
mitochondria in patients with thymoma

In the literature, changes in the thymus are practically not described, although 
there is a concept about the leading role of impaired central differentiation of T lym-
phocytes. Together with Professor Skok M.V. (Laboratory of Immunology cell recep-
tors of the O.V. Palladin Institute of Biochemistry of the National Academy of Sciences 
of Ukraine) studies were carried out on the presence of α7 subunits of neuronal 
nicotinic acetylcholine receptors (nAChR) in mitochondria of thymus different layers 
obtained from patients with thymic hyperplasia and thymoma.

A significant difference was found in the content of α7 neuronal nAChR of thy-
mus mitochondria in patients with thymic hyperplasia and thymoma (Figure 4A). 
The level of α7 neuronal nAChR mitochondria in the thymus in patients with 
thymic hyperplasia was 0.23 units E and in thymoma – 0.43 units E, which was 
1.9 times higher than in thymus mitochondria not affected by the tumor process 
(Figure 4A).

The function of nAChRs in mitochondria is to control the formation of the 
 mitochondrial transient conduction pore, which is the source of proapoptotic 
factors and reactive oxygen species (ROS) released in the cytosol (Figure 4B) 
[31, 32]. From this, it follows that the revealed difference between the mitochon-
dria of patients with and without thymoma indicates that tumor transformation 
is accompanied by an increase in mitochondrial nAChRs, and this maintains the 
viability of tumor cells.

The presence of the α7 subunit nAChR in thymus mitochondria suggested that 
this structure can also serve as an additional target for inducing the formation of 

Figure 4. 
Changes in α7 nAChR level mitochondria in patients with thymic hyperplasia and thymoma (A) and the 
scheme of α7 neuronal nAChR localization and functioning in the outer membrane of mitochondria (B); adapted 
from [31].
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autoantibodies. Specific autoantibodies can bind to certain domains—subunits of 
nAChR and cause destruction of these receptors in the thymus.

2.5  Specific markers of self-tolerance loss in various clinical phenotypes of 
myasthenia gravis

The frequency of occurrence of autoantibodies to the α1 subunit of nicotinic 
acetylcholine receptors (nAChR) in all groups was 100% higher than the reference 
values.

Patients with thymic hyperplasia had the maximum increase (by 2.2 times) of 
antibodies to the α1 subunit nAChR.

The frequency of occurrence of antibodies to the α7 subunit nAChR was only in 
20% of cases higher than in the control comparison group.

Patients with myasthenia gravis had the maximum increase (1.9 times) in antibod-
ies to the α7 subunit nAChR.

2.5.1  The autoantibodies spectrum to various targets in various clinical phenotypes of 
myasthenia gravis

Patients with myasthenia gravis and thymoma had the widest range of autoanti-
bodies (AABs)—12 and 11 specificities out of 24 studied, respectively.

Patients with thymic hyperplasia had 6 specificities out of 24 researched.
Four specificities of autoantibodies were detected with high frequency in 

all forms of myasthenia gravis: AABs to the TSH receptor (myasthenia gra-
vis—with a frequency of 55.6%, thymic hyperplasia—66.7%, thymoma—70%), 
to thyroglobulin (myasthenia gravis—33.3%, thymic hyperplasia—66.7%, 
thymoma—40%), to β2-glycoprotein I (myasthenia gravis—33.3%, thymic hyper-
plasia—33.3%, thymoma—20%) and to hepatocyte mitochondria (myasthenia 
gravis—55.6%, thymic hyperplasia—33.3%, thymoma—10%). In all patients, 
organ-specific AABs at different levels were detected with different frequency 
(from 33 to 56%) (Figure 5).

Thus, in patients with myasthenia gravis and thymoma, the same additional 
targets for AABs were identified: membrane antigens of the mucous cells membrane 
of the stomach and small intestine, membrane and cytoplasmic antigens of the 
lung tissue, which may indicate possible identical mechanisms for the formation of 
myasthenia gravis these forms.

The progression of myasthenia gravis in ontogenesis may lead to the formation 
of myasthenia gravis on the background of thymoma in elderly patients. In myas-
thenia gravis with elevated concentrations of autoantibodies in the gastric mucosa 
(parietal cells), the presence of food allergy (high concentration of specific IgG4 
and IgE) was revealed as a possible pathogenetic factor in the development of this 
disease.

Organ-specific antibodies in patients with thymic hyperplasia had other cellular 
targets and were represented by the following localization: AABs to insulin protein 
and astrocytes. In addition, in thymic hyperplasia, the concentration of AABs to the 
TSH receptor and thyroglobulin significantly exceeded the content of these antibod-
ies in the myasthenia gravis and thymoma.

In patients with myasthenia gravis and thymoma, the concentration of autoanti-
bodies to β2-glycoprotein I was significantly higher than in the patients with thymic 
hyperplasia.
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The selective rise in the level of relative immunoreactivity in reaction with the 
above antigens can be considered as a factor in existing or emerging disorders in the 
relevant organs and systems.

Figure 5. 
Change in the relative autoantibodies content from the individual average level of immunoreactivity (red line) in 
patients with myasthenia gravis (A), thymic hyperplasia (B), and thymoma (C).
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2.6  Relationship of class II HLA various alleles antigens with different clinical 
phenotypes of myasthenia gravis

In addition to trigger exogenous factors identified in the examined patients with 
myasthenia gravis, the assessment of leukocyte antigens of class II HLA (Human 
Leukocyte Antigens) revealed the relationship between certain HLA DR alleles. HLA 
molecules play a central role in the immune response, determining the severity and 
direction of the reactions to antigenic exposure by forming a macromolecular com-
plex of recognized antigens (HLA and T-cell receptor TCR) [33]. Many mononucleo-
tide differences in the HLA genes determine their polymorphic variants. Some alleles 
may be associated with the development of certain pathological conditions, such 
as endocrine, reproductive, thrombolytic, and cardiovascular. Expression of HLA 
molecules on the immune system cell surface is a complex dynamic process, on which 
their functional activity largely depends [34].

In patients with a genetic predisposition the pathological activation of the immune 
system is associated with the functioning of the HLA-antigen complex, and it leads to 
the autoimmune disease development [35]. HLA-B27 heavy chains can bind to innate 
immune receptors on natural killer NK cells [36, 37].

The polymorphism of the HLA genes determines the selection of T lymphocytes 
during maturation in the thymus. In the presence of certain alleles of the HLA system 
genes, the elimination of T lymphocytes, which carry receptors for certain autoan-
tigens on their surface, is impaired, while in a healthy body such T lymphocytes are 
destroyed at the maturation [38]. The function of class II HLA receptors is to present 
antigen peptides from the extracellular space. Pathological activation of the immune 
system in patients with a genetic predisposition can lead to autoimmune processes 
and a severe course of other diseases and a negative prognosis.

We revealed the presence of various allelic phenotypes of HLA associated with 
various forms of myasthenia gravis. Among the entire cohort of patients, the HLA 
DR5 phenotype was the most common.

In patients with myasthenia gravis, the allele encountered with the maximum 
frequency revealed HLA DR5 and HLA DR2.

In patient with thymic hyperplasia the phenotypes HLA DR5 (in 70%) and HLA 
DR1 (in 60%) were detected with high frequency.

In patients with thymoma, the frequency of occurrence for the HLA DR7 allele 
was revealed. In locally advanced thymomas, HLA DR3 and HLA DR52 were also 
detected.

Thus, a high frequency of detection of the HLA DR5 allele, both in homozygous 
and heterozygous states, was shown in all patients.

Patients with thymoma had high frequency of HLA DR7. The presence of this 
allele can serve as a diagnostic and prognostic marker for the thymoma development 
in patients included in cohort with myasthenia gravis without thymoma and also have 
the HLA DR7 allele.

2.7  Expression of cell surface clusters differentiation on lymphocytes in 
myasthenia gravis

To assess the effectiveness of interaction between T cells and B cells during the 
immune response development to various thymus-dependent bacterial and viral 
antigens, the expression of different subpopulation of lymphocytes was determined.
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In 45% of patients with various phenotypes of myasthenia gravis, a decrease in 
CD8+ expression was noted.

An increase in aggressive clones’ natural killers CD3-CD56+CD16+ was revealed 
against the background of a decrease in cytotoxic CD8+. And it can lead to excessive 
cytotoxicity.

Patients with myasthenia gravis had the minimum level (38.4%) of CD4+CD28+ 
expression.

In patients with thymic hyperplasia, CD4+CD28+ expression was 1.2 times higher 
than in myasthenia gravis.

Patients with thymoma had the greatest increase (54.3%) in positive CD4+CD28+ 
cells.

In 18% of the patients, there was a decrease in the expression of CD8+ and 
CD4+CD28+.

Patients with myasthenia gravis and thymoma had a fourfold decrease in the 
expression of CD25+ on CD4+ T cells compared to the reference values (Figure 6).

Patients with thymic hyperplasia had the level of CD4+CD25+ cells on average 
30% lower than reference values (Figure 6).

Probably, in thymoma, CD4+ T cells with a high expression of the CD25 molecule 
predominated, since it is these cells that have suppressor activity [39].

A significant increase in the lymphocytes late activation marker (CD3+HLA-DR+) 
was revealed in thymic hyperplasia (by 34%) and thymoma (by 87%) groups.

Violation of molecular processes that determine intercellular interactions dur-
ing the development of an immune response to various infectious agents can lead to 
disruption of the mechanisms of self-tolerance formation [40].

2.8 The content of antinuclear autoantibodies (ANA) in patients with thymoma

It was revealed the presence of antinuclear autoantibodies (ANA, ELISA method) 
in patients with locally advanced thymoma (who developed myasthenic crisis in the 
postoperative period), the content of which was four times higher than the reference 
level and averaged 4.2 ± 0.2 units.

In myasthenia gravis and thymic hyperplasia ANA was not detected in the blood 
serum.

To visualize the specificity of ANA, immunofluorescent analysis was performed, 
which made it possible to identify targets for autoantibodies (AABs) in the form 
of various components of cell nuclei in patients with thymoma—ANA to histones, 

Figure 6. 
Expression of CD4+CD25+ in patients with various types of self-tolerance loss: 1 – Myasthenia gravis; 2 – Thymic 
hyperplasia; and 3 – Thymoma; RV – Reference values.
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double-stranded DNA, and other chromatin-associated antigens (Figure 7A). Since 
due to the action of various factors, reparative processes in DNA are disrupted, a lot 
of erroneous codes appear in the structure of the DNA helix, which upon the next 
reading triggers the disturbed mechanism of histone formation.

In patients with lymphoepithelial thymoma, ANA to chromosome centromeres 
was detected (Figure 7B). Centromeres play an important role in the regulation and 
functioning of the cell cycle. Ordered linkage and separation of centromeres is a 
prerequisite for the normal distribution of chromosomes in a mitotic cell. Violation of 
this due to the presence of antibodies leads to chromosomal instability and cancerous 
transformation.

Also, patients with thymoma had ANA to the centromeric protein F (CTNPF) 
(Figure 7C); to the protein involved in the formation of the mitotic spindle (NuMa), 
which is associated with the centrosome (Figure 7D); to the MSA-2 antigen of mitotic 
spindle fibers (Figure 7E), which is involved in the regulation of transcription during 
the G1/S transition of the mitotic cell cycle; to the cytoskeleton, represented by 
proteins cytokeratins and tropomyosin (Figure 7F).

It is known that cytokeratins are part of the intermediate filaments of the cell 
cytoskeleton, and tropomyosin is a fibrous protein that interacts with actin in muscle 
tissue and is involved in the process of muscle contraction.

2.9  Changes in immunoreactivity and structural organization of the thymus 
during the development of the immunopathological process with various 
types of self-tolerance loss in myasthenia gravis

There is a self-sustaining immune response to self-antigens in myasthenia gravis, 
which leads to cell damage. The study of the self-tolerance loss mechanisms in myas-
thenia gravis is of fundamental and practical importance; it can be used to predict the 
course of the disease and select treatment tactics.

Figure 7. 
Antinuclear autoantibodies (ANA) in myasthenia associated with thymoma: A – To histones and double-stranded 
DNA (a – Stained nucleoli, b – Mitotic cells); B – To the centromeres (a – Uniform distribution of granules 
in the nucleus, b – Metaphase stage, c – Anaphase stage); C – To centromeric protein F (CTNPF); D – To the 
achromatin spindle protein NuMa (a – no staining of the nucleoli, b - fluorescence of the achromatin spindle 
fibers); E – To the MSA-2 antigen of mitotic spindle fibers (a – Mitotic spindle fibers, b – Unstained nuclei of 
interphase cells); F – To cytoskeletal proteins (a – Microtubules and intermediate fibers, b – Cytoskeletal proteins 
in mitotic cells). Fluorescent microscopy. Scale bar 20 μm. Codes AC (AC – Anti-cell pattern) in accordance with 
the international consensus on ANA patterns (ICAP) are presented. FITC staining of HEp-2 standard antigenic 
substrates after interaction with serum antibodies; magnification ×1000.
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A range of trigger factors for myasthenia gravis, thymic hyperplasia, and thy-
moma, such as persistence infection and IgG4 and IgE antibodies to food antigens 
was determined.

Various clinical types of myasthenia gravis have relationship with specific HLA 
alleles. Patients with myasthenia gravis had the highest frequency of occurrence of 
the HLA DR5 and HLA DR2 allele. In thymic hyperplasia, in addition to the HLA DR5 
allele, the HLA DR1 allele was found with a high frequency. Patients with thymoma 
had a high frequency of HLA DR7 and HLA DR2 alleles.

In 50% of all patients, a decrease in the subpopulation of T killer cells CD8+ and 
an increase in NK cells CD3-CD56+CD16+ were observed.

Violation of dual recognition by changing the expression of CD4+CD28+ led to a 
violation of peripheral self-tolerance.

Patients with myasthenia gravis had the minimum level of CD4+CD28+ 
expression.

Patients with thymoma had the maximum increase in CD4+CD28+ cells.
In myasthenia gravis and thymoma was a fourfold decrease in the early marker of 

the inflammatory response CD4+CD25+.
In thymic hyperplasia and thymoma was a significant increase in the marker of 

lymphocytes late activation CD3+HLA-DR+.
Peripheral disorders of humoral self-tolerance in the form of an increase in the 

concentration of various autoantibodies were detected in most patients with myasthe-
nia gravis, thymic hyperplasia, and thymoma. Autoantibodies react with cell surface 
molecules and have both blocking and stimulating effects (depending on the features 
of the target molecule and the signaling pathways associated with it).

An increase in the concentration of autoantibodies to the α1 subunit of nicotinic 
acetylcholine receptors (nAChRs) was shown in all patients.

The α7 subunit of neuronal nAChRs is an additional target for inducing the 
formation of autoantibodies mitochondrial structures. Mitochondria of thymocytes 
in patients with thymoma had the maximum level of α7 nAChR.

In addition to nAChR antibodies, a wide range of organ-specific antibodies were 
detected in all patients: out of 24 antigenic specificities of the panel, autoimmune 
antibodies were detected to 16. For all examined patients with myasthenia gravis 
(myasthenia gravis, thymic hyperplasia, and thymoma) is characterized by the 
presence of a high titer of autoantibodies to the TSH receptor and thyroglobulin, to 
hepatocyte mitochondria and β2-glycoprotein I.

Young patients with myasthenia gravis and elderly patients with thymoma had 
autoantibodies to the same targets (membrane antigens of mucous membrane cells 
stomach and small intestine, membrane and cytoplasmic antigens of lung tissue).

In addition to the main four antigenic targets characteristic of all group’ patients 
with thymic hyperplasia also formed an organ-specific antibodies to other targets: the 
insulin protein and the protein of astrocyte intermediate filaments.

Only patients with thymoma had antinuclear antibodies (ANA): to histones and 
double-stranded DNA, to chromosomal centromere proteins, to centromeric protein 
F (CTNPF), to the achromatin spindles protein NuMa, to the mitotic spindle fiber 
antigen MSA-2, to cytoskeletal proteins.

Perhaps the reason for the diversity of antibodies is a violation of the negative 
selection of autoreactive T lymphocytes and the presentation of self-antigens. The 
detection of autoantibodies with different characteristics in the blood serum of 
patients with myasthenia gravis proves the immunological heterogeneity of this 
disease and the different mechanisms of self-tolerance loss.
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The results of some regularity in the autoimmune pathology formation make it 
possible to determine additional targeted for their treatment. The prognosis of myas-
thenia gravis progression and remission development can be carried out using the 
identified markers of self-tolerance loss. Specialists of the Institute (State Institution 
“Zaycev V. T. Institute of General and Urgent Surgery of National Academy of Medical 
Sciences of Ukraine) carried out the complex treatment in patients with myasthenia 
gravis, thymic hyperplasia, and thymoma, perform thymectomy in patients with thy-
mic hyperplasia and locally advanced thymoma. Treatment methods are used in vari-
ous combinations and sequences in patients with thymoma (embolization of thymus 
vessels in order to reduce the tumor size; endovascular transcatheter sclerotherapy 
in patients with locally advanced thymoma in the superior vena cava syndrome with 
transvenous destruction of the thymus parenchyma as a preoperative preparation). 
Thymomectomy and thymectomy often lead to the development of postoperative 
complications in the form of myasthenic and cholinergic crises (Figure 8).

Indications for surgical treatment of thymoma are close to absolute, but as a rule, 
without taking into account the course nature and the disease severity.

In 12% young patients with progressive myasthenia gravis, surgical treatment is 
indicated.

Determination of immunological markers in myasthenia gravis made it possible to 
substantiate new approaches to treatment in young patients with myasthenia gravis.

In elderly patients with locally advanced thymoma, it is necessary to reduce the 
tumor volume via applying new X-ray endovascular interventions.

But, unfortunately, surgical treatment of patients with thymoma leads to satisfac-
tory remission only in a third of patients, since it basically eliminates some of the 
disease symptoms.

Figure 8. 
The strategy of treatment for patients with myasthenia gravis.
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The age-dependent development of the disease is not always taken into account for 
choosing treatment tactics. It has been shown that the disease onset in young patients 
with myasthenia gravis is often characterized by a low degree of severity.

The progression of myasthenia gravis in ontogenesis can lead to myasthenia gravis 
and thymic hyperplasia in elderly patients. In this case, surgical treatment is not effec-
tive and can lead to complications and death [41, 42].

If genetic predictors of HLA DR2, HLA DR7, and markers of central autotolerance 
loss are detected in young patients with myasthenia gravis, then it is advisable to 
recommend thymectomy in the early stages of the disease. This is necessary to avoid 
further thymus-dependent myasthenia gravis, in the form of locally advanced thymo-
mas and postoperative complications during surgical intervention at a later stage of 
the disease—an attack of autoantibodies on other target organs, bleeding.

If markers of peripheral autotolerance loss are detected in patients with myas-
thenia gravis (possible thymus hyperplasia formation), then thymectomy is not 
advisable.

We also have a positive experience in the complete cure of generalized myasthenia 
gravis in non-operated patients after a long 35-day fast followed by stimulation of the 
phagocytic function of neutrophils (since their endoitosis, according to our data, was 
suppressed in all patients with myasthenia gravis [43]) using a composite preparation 
containing enzymes.

It is relevant to determine additional markers in patients with myasthenia gravis, 
thymic hyperplasia, and thymoma, leading to changes in the afferent and efferent 
links of immunity for complex treatment, including targeted immunocorrection.

Individual methods of correction for self-tolerance loss in myasthenia gravis 
should take into account the state of the immunity main organ and include the use 
of diet, immunosuppressants, specific neutralizing immunoglobulins, massive IgG 
therapy, and the use of anti-inflammatory recombinant interleukins.

3.  Immunometabolic markers in patients with hepatosplenomegaly of 
various etiologies

An enlarged spleen is often combined with liver pathology. Both organs are 
involved in the pathological process, and hepatosplenomegaly (or hepatolienal 
syndrome) develops. Hepatosplenomegaly (HSM) accompanies a number of patho-
logical conditions (hepatitis cirrhosis, parasitic lesions, storage diseases, malignant 
and benign tumors, acute and chronic diseases) and is often complicated by portal 
hypertension, recurrent bleeding from esophageal varices. Causes of enlargement of 
the spleen, indicating the presence of hepatolienal syndrome are bacterial infections, 
protozoal infections, helminthiases, immune thrombocytopenic purpura, splenogenic 
neutropenia, agranulocytosis, polyarthritis nodosa, portal hypertension, portal vein 
occlusion, Nimmann-Pick disease, Gaucher disease, Felty’s syndrome, sarcaidosis, 
amyloidosis, hepatocerebral dystrophy, and mononucleosis [5]. Hepatosplenomegaly 
disrupts the main function of the spleen to eliminate defective senescent cells (that 
have changed their phenotype) and PAMPs (pathogen-associated molecular patterns) 
[44]. The liver mediates detoxification reactions at the molecular level, and during 
infection, pathological molecular processes occur with the formation of cytotoxic 
molecular patterns of cellular debris (DAMPs—damage-associated molecular pat-
terns) [45, 46]. Thus, it is necessary for additional screening and differential diagno-
sis of hepatolienal syndrome.
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3.1 Trigger factors in the development of hepatosplenomegaly

Hepatosplenomegaly trigger factors are infectious antigens in the form of PAMPs 
viral structures of microorganisms and protozoa [30, 47]. The study of the bacterial 
contamination degree and viral load in patients with HSM are contradictory. It is 
considered that viral hepatitis and alcohol are trigger factors for the development of 
a HSM complicated course. Alcohol and infectious antigens exacerbate the develop-
ment of hepatomegaly [48, 49]. However, there is a pronounced clinical heterogeneity 
of etiological factors and features of reactions occurring in the liver and spleen under 
the influence of other triggers and predictors [50, 51]. In this work, the studies made 
it possible to identify trigger factors, as well as genetic predictors in the form of 
specific immunological and metabolic markers for HSM development.

3.2 Bacterial and viral persisters of hepatosplenomegaly

There is a long-term presence of infectious antigens in accordance with the 
hypothesis of hidden antigens, the presence of superantigens, molecular mimicry, 
antigen complementarity, and idiotype-antiidypic interactions [52]. Against the back-
ground of immunosuppression, viral and bacterial persistent cells can form, which 
generates irreversible inflammatory reactions. These contribute to the development 
of irreversible autoimmune pathologies, including in hepatosplenomegaly [53, 54]. In 
prolonged persistent infection, the spectrum of specific T lymphocytes and antibod-
ies expands, and more and more new epitopes of the same protein or new proteins can 
be recognized [55]. And here there is a risk that some of the lymphocytes will be able 
to react with their own antigens, eventually leading to autoimmune disorders. This is 
especially true for persistent infections and the release of self-proteins, which leads 
to the development of an immune response against self-epitopes [52]. In the case of 
immunosuppression of innate and adaptive immunity due to the relationship of infec-
tion with immunocompetent cells, the existing basic postulates were expanded with 
additional markers. Today, the relationship of infectious agents with 30 autoimmune 
diseases has been established [56, 57].

3.3  Structural and functional features of the hepatobiliary system organs to 
trigger factors

During the immune reactions formation in response to various antigens in the 
spleen and liver, activation and redistribution of cellular elements occur, which 
affects their mass, size, and function. Morphological and functional changes in 
the spleen also depend on the migratory properties of immunocompetent cells in 
the spleen compartments. Infectious antigens change the profile of immune cells. The 
spleen accumulates activated macrophages expressing CD68 receptors; CD4 and CD8 
T lymphocytes; CD20 B lymphocytes; CD57 NK cells, which should normally leave 
the spleen [58]. Immune cells change phenotype and move to the spleen in accordance 
with the stages of the immune response. The spleen, in addition to activating macro-
phages and differentiating lymphoid cells, takes part in the formation of antibodies, 
also destroys erythrocytes and platelets, synthesizes mediators that affect hematopoi-
esis in the bone marrow, and ensures the maturation of immunocompetent cells [59]. 
Hyperplasia of the spleen develops with an increase in the phagocytic function of the 
spleen against the background of autoimmune diseases. The spleen increases against 
the background of inflammation associated with a violation of the immune system. 
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The presence of an immune response directed against antigens or self-tissues may 
be a primary independent process in relation to tissue damage. Enlargement of the 
spleen can be the cause of hypersplenism, that is, sequestration and high destruction 
of blood cells of two or more cell lines by splenic macrophages. In hypersplenism, 
cytopenia is observed, and in the bone marrow— enhanced hematopoiesis [44].

The liver contains resident immunocompetent cells, hepatic stellate cells (Ito 
cells), and resident macrophages (Kupffer cells), which are actively involved in 
changing the functional state of hepatocytes [60, 61]. Ito cells can induce the devel-
opment of liver fibrosis under the influence of exogenous factors [62]. Activated 
fibroblasts act as producers of excess collagen. Fat-storing Ito cells transform into 
myoblasts and synthesize extracellular collagen. In response to damage by antigens, 
Kupffer cells produce pro-inflammatory cytokines, which are an additional factor in 
apoptosis and autophagy of hepatocytes against the background of a large amount of 
reactive oxygen species (ROS) production. It is the cytokine-producing Kupffer cells 
that are the activators of this negative process [63, 64].

3.4  Materials and methods in the study of immunological reactions in 
hepatosplenomegaly

We examined 148 patients with hepatosplenomegaly (HSM), age 22–71 years. 
Patients, depending on the severity, underwent sclerotherapy of esophageal varices; 
embolization of the splenic and left gastric arteries, and other methods of surgical 
treatment. Depending on the etiological factors, all patients with HSM were divided 
into three groups.

The first group (I) included 74 patients with cirrhosis of the liver against the back-
ground of the hepatitis virus, of which 60 people (34 men and 26 women) aged 22 
to 71 years with cirrhosis of the liver against the background of the hepatitis C virus 
(HCV), 6 men aged 49 to 68 years with cirrhosis associated with hepatitis B virus 
(HBV), and 8 patients (5 men and 3 women) aged 38 to 57 years old with cirrhosis of 
the liver on the background of combined HCV + HBV infection. The duration of the 
disease was 2–5 years. The presence of hepatitis B and C was established based on the 
detection of HBsAg and total anti-HCV antibodies respectively in the blood serum by 
ELISA.

The second group (II) included 65 people (39 women and 26 men) aged 24 to 
81 years. Patients of this group were diagnosed with cirrhosis of the liver of unknown 
etiology, during which the persistence of herpes viruses—cytomegalovirus (CMV) 
and Epstein-Barr virus (EBV) was detected. The group did not include patients with 
lymphoproliferative diseases. The presence of herpes group viruses is detected when 
anti-infection antibodies to CMV and EBV are detected in the blood serum, in the 
absence of persistence of hepatitis A, B, C, and D viruses. The response of patients to 
infectious antigens was heterogeneous. We also detected in patients with liver cirrho-
sis and hepatosplenomegaly, autoantibodies to carotene-containing root crops were 
detected, which can be regarded as a trigger factor for this condition [65].

The third group (III) included 9 people (7 women and 2 men) aged 23 to 61 years. 
In patients, fatty hepatosis was diagnosed; the group was distinguished by frequent 
recurrent bleeding. In two patients of this group, the manifestation of bleeding began 
in childhood; this made it possible to suggest the presence of congenital storage 
diseases in this group patients. Further studies of the activity of lysosomal enzymes 
made it possible to confirm the presence of congenital genetically determined enzy-
mopathy. Thus, the third group was characterized by hepatosplenomegaly against the 
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background of a genetically determined deficiency of lysosomal enzymes (congenital 
enzymopathy).

In patients with hepatosplenomegaly, we used the following methods:

• ELISA – the presence of viral persistence: hepatitis HBV/HCV, CMV, EBV, 
Helicobacter pylori; the cytokine profile (IL-1β, IL-2, IL-6, IL-18, IFN-γ, TNF-α, 
IL-4, IL-10).

• Spectrophotometry – the level of various DAMP fractions (λ = 238 nm – oligo-
peptides, λ = 254 nm – peptides, λ = 260 nm – nucleotides, λ = 280 nm – aromatic 
amino acids), the content of ceruloplasmin and enzymes.

• Immunoturbidimetry – the concentration of C3 and C4 complement 
components.

• Light microscopy – the activity of oxygen-independent and oxygen-dependent 
phagocytosis; the level of lymphocytotoxicity in Terasaki test.

• Fluorescence microscopy – the presence of antiplatelet, antinuclear autoantibod-
ies (ANA), and antineutrophil autoantibodies.

• Confocal microscopy – the reactive oxygen species (ROS) production.

• Flow cytometry – the state of adaptive immunity—the content of various 
subpopulations of T and B lymphocytes: B lymphocytes CD22+; T helpers 
CD3+CD4+; cytotoxic T lymphocytes CD3+CD8+/CD45+; early activation 
marker of the inflammatory process CD3+CD4+CD25+; regulatory T lympho-
cytes CD3+CD4+CD25+CD127-, costimulatory molecules CD3+CD4+CD28+, 
marker of T lymphocytes late activation CD3+HLA-DR+.

• Fluorimetry – the determination of enzymes β-glucocerebrosidal, tartrate-
resistant acid phosphatase.

• Liquid chromatography – the content of amino acids.

3.5 The innate immunity factors in patients with hepatosplenomegaly

Some humoral (complement components) and cellular (activity of phagocytic 
neutrophils) factors that perform the main barrier function were studied.

In group I (HSM, hepatitis), the concentration of the C3 complement component 
was 117.0 ± 14.1 mg/dl and did not differ from the reference values (105.0 ± 7.1 mg/
dl). There was a decrease in the activity of the C4 component (15.7 ± 3.11 mg/dl 
and reference values – 25.0 ± 1.12 mg/dl) due to its consumption in opsonization 
observations.

In group II (HSM, herpes viruses), a significant increase in the activity of the C3 
component (up to 153.0 ± 6.3 mg/dL) was revealed, which led to the formation of a 
membrane attack complex, an additional tissue alteration factor.

The concentration of the C3 complement component in group III (enzymopa-
thies) showed a slight increase (122.0 ± 8.4 mg/dl) against the background of the 
highest concentration of circulating immune complexes.
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In group I was activation of the all stages of oxygen-independent phagocytosis 
(increased chemotaxis, adhesion, and absorptive capacity of neutrophils, as evi-
denced by significantly high values of the phagocytic index and phagocytic number) 
and pathological decrease in phagocyte endocytosis.

An increase in the phagocytic number by 42% indicated a high viral load or bacte-
rial contamination, leading to an increase in the concentration of toxic DAMPs.

With intense adhesive and absorptive capacity of neutrophils, a pronounced 
pathological decrease (by 57%) in the phagocytosis completion index (0.71 ± 0.02 
with a reference level of 1.21 ± 0.12) was revealed – endocytosis of antigens through 
lysosomal granzymes (Table 1).

A pronounced fourfold increase in the spontaneous level of NADPH-oxidase 
reactions of neutrophils was revealed in group I. Patients with HSM and hepatitis had 
a decrease in oxygen reserve, that is, an imbalance in the ratio of spontaneous and 
induced ROS production in NADPH-oxidase reactions of oxygen-dependent phago-
cytosis (Table 1).

To visualize the processing of antigen in neutrophils, we also used acridine 
orange dye, which made it possible to monitor the stages of DNA denaturation of the 
antigen (Saccharomyces cerevisiae cells), in the lysosomes of phagocytic neutrophils 
(Figure 9A, B).

In some patients of group II, neutrophil traps were detected (Figure 9C).
The number of neutrophil traps in patients of group II was the highest and 

amounted to 53.5%.
In group II (HSM, herpes viruses) was an excessive activation due to granzyme 

and mitochondrial enzyme complexes. And the magnitude of induced reactions 
was low, due to which there was a pathological ratio of spontaneous and induced 
reactions.

The stimulation index significantly decreased (Table 1).

Indicators RV – 
reference 

values

Group І
(HCV/HBV)

Group ІІ
(CMV/VEB)

Group ІІІ
(congenital 

enzymopathy)

Oxygen-independent phagocytosis

Phagocytic index,% 85.0 ± 5.1 98.8 ± 2.1* 91.0 ± 3.2 45.2 ± 2.7*

Phagocytic number 3.62 ± 0.2 5.1 ± 0.1* 4.77 ± 0.3* 2.1 ± 0.3*

Phagocytosis 
completion index

1.21 ± 0.12 0.71 ± 0.02* 0.95 ± 0.01* 0.8 ± 0.01*

Oxygen-dependent phagocytosis

Spontaneous level 
of NADPH oxidase 
reactions (SP, %)

10.1 ± 1.1 44.48 ± 4.3* 29.23 ± 5.6* 25.0 ± 2.5*

Stimulated level of 
NADPH oxidase 
reactions (ST, %)

65.2 ± 3.2 66.69 ± 7.2 68.39 ± 5.9 71.5 ± 6.4

Stimulation index 
(SI=ST/SP)

6.5 ± 0.9 1.39 ± 0.4* 3.82 ± 0.6* 2.7 ± 0.3

Note: * - the differences are reliable relative to the reference values, p ≤ 0.05.

Table 1. 
Indicators of oxygen-independent and oxygen-dependent phagocytosis in patients with hepatosplenomegaly.
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Hyperactivation of the immune response in group II during inflammatory pro-
cesses led to the development of oxidative stress. The production of reactive oxygen 
species (ROS) in neutrophils was five times higher than the reference level (measured 
in relative fluorescence units RFU = 3786.19), which caused increased cell apoptosis 
(Figure 10).

The production of ROS caused cell apoptosis, an increase in the activity of the 
neutrophil trap formation, and the activation of the gamma-glutamyl cycle enzymes 
involved in microsomal oxidation. The maximum increase (5.5 times) in the activity 
of gamma-glutamyltransferase indicated a violation of the gamma-glutamyl cycle 
antioxidant function, which is catalyzed by enzyme systems of the hepatocytes 
endoplasmic reticulum membranes with the participation of cytochrome p450.

Phagocytic reactions of neutrophils in group III (enzymopathy) differed sig-
nificantly from the two previous groups in low ability to chemotaxis, adhesion, and 
endocytosis of antigens (Table 1). The failure of all stages of oxygen-independent 
phagocytosis indicated a defect in lysosomal enzymes, in particular beta-glucocere-
brosidal, tartrate-resistant acid phosphatase, due to genetic deficiencies.

A threefold decrease in the catalytic activity of lysosomal enzymes is a diagnostic 
marker. A decrease in the activity of the enzymes lactate dehydrogenase and cholines-
terase was also found.

Figure 9. 
Phagocytic activity of neutrophils: A – Native DNA, green color, λmax = 530 nm; B – Denatured DNA 
(incompleteness of the digestive function in oxygen-independent phagocytosis due to dysfunction of lysosomal 
enzymes, red color λmax = 640 nm); C – Formation of a neutrophil trap. The fluorescence color changed to red 
when the acridine orange dye was bound to denatured DNA of model antigen (S. cerevisiae). The intensity of 
red fluorescence characterized various functional stages of the activity of neutrophils lysosomal enzymes. The 
transition of double-stranded DNA to single-stranded DNA characterizes the intensive digestion of the antigen by 
neutrophil lysosomal enzymes, and undigested antigens retained the green luminescence of native DNA. Scale bar 
10 μm. Fluorescence microscopy, magnification ×1000.

Figure 10. 
Activation of neutrophils NADPH-reactions in oxygen-dependent phagocytosis due to mitochondrial enzyme 
complexes and massive formation of ROS, which contributed to the further free radical process. A – Intense ROS 
luminescence on phagocyte membranes during spontaneous unstimulated phagocytosis (scale bar 10 μm). B – A 
significant activation of the ROS formation after stimulation of NADPH oxidase reactions, an increase in the 
concentration of ROS on the membranes of the cytoplasmic structures of neutrophils (scale bar 5 μm). Nuclear 
DNA stained blue (DRAQ5 dye). Reactive oxygen species are stained red. Confocal microscopy.
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3.6  Expression of lymphocyte differentiation clusters to enhance intercellular 
cooperation of immunocompetent cells

A chronic inflammatory response can be formed by DAMPs in the absence of 
acute infection or activation of endogenous PAMPs—cellular persisters [52, 66]. The 
cellular debris formed as a result of destruction, presented in the form of various 
endogenous cytotoxic DAMPs against the background of insufficiency of cellular and 
humoral factors of innate immunity, is also the cause of a change in the function of 
immunocompetent cells and a trigger factor for the autoimmune conditions develop-
ment [67]. With ineffective reactions of innate immunity and the formation of an 
irreversible chronic inflammatory process in group I (hepatosplenomegaly, hepatitis), 
an increase in the expression of T lymphocytes late activation marker CD3+HLA-DR+ 
by 55% was revealed due to the long-term persistence of HBV and/or HCV viruses 
(Figure 11).

In group I, there was an increase in the concentration of profibrogenic pro-
inflammatory cytokines IL-2 (8 times), IL-4 (6 times), IL-6 (18 times), and anti-
inflammatory cytokine IL-10 (6 times), which initiate regeneration of destroyed 
hepatocytes by fibrotic type.

A twofold decrease in the expression of differentiation clusters of CD4+ T helpers 
and co-stimulating CD3+CD4+CD28+ cells led to a decrease in the activity of anti-
body-producing CD22+ B lymphocytes (by 13%) and impaired formation of specific 
clones of plasma cells.

In patients with a high content of the anti-inflammatory cytokine IL-10, the 
expression of regulatory Treg lymphocytes CD3+CD4+CD25+CD127- was reduced by 
2.5 times due to the balance of pro-inflammatory cytokines.

In group I, a maximum twofold increase in the serum concentration of IgA was 
revealed, as a strong opsonizer and participant in the antigen-antibody-complement 
complex. This was probably due to the entry of large amounts of IgA contained in the 
intestinal mucosa through portosystemic anastomoses directly into the bloodstream 
during abdominal infection [68].

Group II (hepatosplenomegaly, herpes viruses) was the highest titer of antibodies 
to persistent VEB and CMV and a threefold increase in the number of CD22+ plasma 
B lymphocytes—antibody producers. Some patients had a high concentration of IgM 
and IgG, which characterizes the onset of inflammation and the active synthesis of 
virus-neutralizing antibodies and immune complexes.

Figure 11. 
Representative flow cytometry plots to determine the percentage of CD3+ T cells expressing HLA-DR. the number 
of cells with the CD3+HLA-DR+ phenotype is indicated by the D2 quadrant. As an example, individual values of 
the relative amount of the T lymphocytes late activation marker (CD3+HLA-DR+) are given: in a healthy donor 
(A), in a patient with hepatosplenomegaly on the background of HBV/HCV (B).
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Some patients of group II had a compensatory increase in regulatory Treg cells 
CD3+CD4+CD25+CD127- in response to hyperactivation of pro-inflammatory 
cytokines.

From the revealed changes, it can be concluded that in group II patients with HSM 
against the background of herpes infection, humoral reactions prevailed and autoim-
mune processes were formed.

The high degree of intensity and severity of the inflammatory response in group II 
was characterized by another change in the profile of immune markers.

An increase in IL-1β (3 times), antiviral chemokine INF-γ (4 times), TNF-α (10 
times)—the primary activators of acute inflammatory response —was revealed.

Some patients of group II had a multiple increase in IL-6 (18 times) and IL-18 
(2 times). An increase in the synthesis of IL-6 leads to an increased entry of mac-
rophages into the spleen. And an increase in IL-18 levels leads to the activation of 
macrophages that acquire a pro-inflammatory phenotype. Activated macrophages, 
together with CD8+ T lymphocytes infiltrate tissues, in particular the bone marrow 
and liver, and lead to cytopenia, liver dysfunction, and coagulopathies [69].

In group III, hepatosplenomegaly against the background of enzymopathy due 
to a defect in lysosomal enzymes was a decrease in primary inflammatory activa-
tors—IL-1β (2 times) and TNF-α (10 times). Anti-inflammatory IL-6 was increased 
by 20 times and characterized an increase in the intensity of inflammation against the 
background of bleeding.

In patients with hereditary enzymopathies, the highest iron content and a twofold 
increase in the vascular growth factor VEGF was revealed, which, in addition to 
stimulating angiogenesis, is a chemoattractant of Gaucher cells and an additional 
factor in their accumulation in the spleen and liver.

Also in group III, against the background of a normal content of serum immunoglob-
ulins, a 1.5-fold increase in the subpopulation of CD22+ B lymphocytes was revealed.

3.7  The cytotoxic factors and DAMP fractions in patients with 
hepatosplenomegaly

In group I, an increase in the peptide fraction (λ = 254 nm) was revealed due 
to cytotoxic molecules of cell debris (DAMPs) and pathogen-associated molecular 
patterns (PAMPs), acting as autoimmunization inducers, as evidenced by the highest 
level of lymphocytotoxicity (in Terasaki test).

A twofold increase in the nucleotide fraction (λ = 260 nm) of average mass 
cytotoxic molecules was revealed due to the destruction of both the nuclear and 
mitochondrial genomes and their release into the intercellular space.

The concentration of ceruloplasmin, a plasma antioxidant, was reduced (by 40%) 
in patients with HSM on the background of hepatitis B and C (group I).

An increase in lactate and an adaptive fourfold increase in lactate dehydrogenase 
may also indicate in favor of mitochondrial dysfunction, which indicates a transition 
to glycolysis.

The increase in the fraction of aromatic amino acids (λ = 280 nm) is due to the 
high content of phenylalanine and tyrosine detected in the blood serum, which was 
detected in group II. In contrast to groups I and II, the oligopeptide fraction of average 
mass molecules (λ = 238 nm) in group III was increased.

The lipid profile of group III was characterized by an increased concentration of 
total cholesterol and a reduced concentration of high-density lipoproteins, which is 
characterized by a hereditary decrease in the lipoprotein lipase enzyme.
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3.8 The repertoire of autoantibodies in hepatosplenomegaly

All examined patients with hepatosplenomegaly (HSM) had a large repertoire of 
autoantibodies: antiplatelet, antinuclear, and antineutrophil.

In group I, antinuclear autoantibodies (ANA) of 9 specificities with differ-
ent frequency of occurrence were detected: to histidyl-tRNA synthetase in 12% 
(which is associated with antisynthetase syndrome); to dsDNA and histones in 
5.9% (marker of high viral load); to centromeres in 5.8%; to Cajal bodies in 5.8% 
(containing small nuclear ribonucleoproteins involved in the processing of mRNA 
and histones, the restoration of telomeres, RNA splicing, and are also involved in 
reactions viral infection); to IMPDH2 (inosine monophosphate dehydrogenase 2) 
in 11.6%; to tropomyosin in 5.8%; to filamentous structures in 12%; to F-actin in 
5.8% (controls and regulates the structural and functional features of the cytoskel-
eton) (Figure 12). Autoantibodies to Cajal bodies and tropomyosin were typical 
only for patients of group I.

The spectrum of autoimmune antibodies in group II (antiplatelet, antinuclear, 
antineutrophil, antimitochondrial, etc.) included 11 specificities.

Figure 12. 
Types of autoantibodies in patients with HSM of various etiologies. Antinuclear autoantibodies (ANA): A – To 
histidyl-tRNA synthetase; B – To filamentous structures; C – To the Cajal bodies; D – To SS-A/Ro, SS-B/
La; E – To Lamin B; F – To mitochondria; G – To tropomyosin; I – To U1-RNP; J – To Sp-100, PML proteins; 
K – Antiplatelet antibodies; L – Perinuclear fluorescence type antineutrophil autoantibodies (pANCA); M – 
Cytoplasmic fluorescence type antineutrophil autoantibodies (cANCA). Fluorescent microscopy. Scale bar 20 μm. 
Codes AC (AC – Anti-cell pattern) in accordance with the international consensus on ANA patterns (ICAP) 
are presented. FITC staining of HEp-2 standard antigenic substrates after interaction with serum antibodies; 
magnification ×1000.
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Patients of group II had autoantibodies to platelets with the maximum frequency 
(in 95% of patients). The presence of autoantibodies to platelets in patients with HSM 
indicates their possible pathogenetic role in the occurrence of bleeding and thrombo-
cytopenia. Thrombocytopenia found in group II due to the presence of autoantibodies 
to platelets, compensatory led to an increase in the production of plasma coagula-
tion factors due to an increase in the concentration of fibrin and fibrinogen, which 
increase the risk of disseminated intravascular coagulation (DIC) condition.

In group II were detected antibodies to such antigens: dsDNA and histones (5.9%), 
centromeres (5.9%), histidyl-tRNA synthetase (5.9%), F-actin protein (5.9%), to 
soluble nuclear ribonucleoproteins SS-A/Ro and SS-B/La (18.2%), to protein MSA-2 
(9.3%), to lamin B, PL7 (threonyl-tRNA synthetases) and PL12 (alanyl-tRNA synthe-
tases) (9.1%), to mitochondria (17.6%) (Figure 12).

Since mitochondria are regulators of immunity, they control cell differentiation 
and induction. In addition, a significant contribution to the development of autoim-
mune reactions in HSM is made by mitochondrial dysfunction, which can be judged 
by the presence of antimitochondrial autoantibodies and dysfunction of mitochon-
drial complexes, leading to disruption of biochemical reactions cascades (accumula-
tion of lactate, transition to glycolysis, disruption of cellular energy metabolism, 
Krebs cycle, cellular respiration, and β-oxidation).

Also in group II, the number of ANCA-positive patients was higher than in group 
I, and amounted to 85.7%. Among them, patients with the autoantibodies to the 
myeloperoxidase (pANCA – 71.4%) and to the proteinase 3 (cANCA – 14.3%) also 
prevailed (Figure 12).

Such a wide range of autoantibodies is the result of various factors of liver destruc-
tion and spleen tissues. Antibodies can have destructive processes; take part in cell 
killing, exerting a depressing effect on fibrogenic factors.

In group III (congenital enzymopathy), antinuclear antibodies ANA of two 
specificities were detected: to ribonucleoprotein U1-RNP (14.3%), involved in the 
initiation of pre-mRNA splicing, and Sp-100 and PML proteins (14.3%), which do 
not occur with viral etiology of HSM (Figure 12). Autoantibodies to PML proteins 
participate in transcription and apoptosis, in DNA repair and determining resistance 
to viruses. And the detected anti-PML autoantibodies prevent the inhibition of IL-6 
secretion in this group.

3.9  Markers of autoimmune reactions in the choice of therapeutic targets for 
hepatosplenomegaly of various etiologies

Hepatosplenomegaly (HSM) is characterized by simultaneous enlargement of the 
spleen and liver in many hepatobiliary diseases. The dynamics of changes in HSM 
immune processes in response to various antigens occur with the activation and redis-
tribution of cellular elements and changes in the functioning and reactivity primarily 
of the immunocompetent organ—the spleen [70, 71]. The method of choice for HSM 
against the background of portal hypertension and recurrent bleeding is splenectomy. 
But the effectiveness of splenectomy is not always appropriate, since a large number 
of specialized immune cells are removed from an important peripheral immunocom-
petent organ, which also performs the function of eliminating antigens.

A differential approach is needed to the choice of treatment tactics for patients in 
this category, taking into account reconstructive surgeries and targeted immunocor-
rection. In the Institute clinic, in patients with hepatosplenomegaly complicated by 
bleeding, the following types of operations are performed: devascularization of the 
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esophageal cardia, sclerosis of the esophageal varices, splenorenal anastomoses in 
case of portal hypertension, embolization of the splenic artery, and in case of severe 
thrombocytopenia—splenectomy. Along with surgical treatment to eliminate the 
threat to the life of the patient due to bleeding, it is advisable to use transfusions of 
hematopoietic stem cells or cord blood [72] in group I. And in the ІІ and ІІІ groups, 
it is advisable to use placental stem cell exometabolites in the form of exosomes to 
prevent active autoimmune processes.

The immunopathological markers found in patients indicate different mechanisms 
of HSM formation, depending on trigger factors and genetic predictors. Metabolic 
disorders in patients with HSM complicated by bleeding depend on the severity and 
duration of the stages of the inflammatory process, and the presence of an autoim-
mune component.

The identified immunological markers make it possible to substantiate a personal-
ized diagnostic and treatment algorithm using specific antiviral antibodies, amino 
acids, transfusion of stem cells of various origin, anti-inflammatory cytokines and 
inhibitors of their receptors, and enzyme replacement therapy.

In group I patients (HSM against the background of HBV/HCV), the following 
was detected: activation of the secretion of profibrogenic pro-inflammatory cytokines 
IL-2, IL-4, IL-6; inhibition of the expression of the T lymphocytes early activation 
marker CD3+CD25+ and induction of the expression of the T lymphocytes late 
activation marker CD3+HLA-DR+; decrease in the C4 complement component due 
to its consumption as a cytolytic factor, followed by an increase in the peptide frac-
tion of DAMP (λ = 254 nm); inhibition of phagocytic neutrophils endocytosis, which 
indicated the development of a chronic irreversible inflammatory reaction. These 
disorders contributed to the pronounced vascularization of the spleen tissues, which 
contributed to the development of the HSM syndrome. A high frequency of ANA 
autoantibodies occurrence, including those to Cajal bodies and tropomyosin, was 
revealed. In patients with HSM on the background of hepatitis viruses, an increase in 
the content of straight-chain amino acids and a multiple increase in the concentration 
of methionine were revealed, which indicates a violation of its metabolism to the end 
product, cysteine, which was significantly reduced.

For patients of group I, along with the correction of amino acid imbalance 
(disruption of the methionine cycle), it is advisable to use s-adenosyl methionine 
(SAMe), inosine, B vitamins (B6, B12), antiviral therapy with the use of interferons 
and other targeted drugs to support mitochondrial function, enzyme Q10, detoxifica-
tion therapy (plasmapheresis), drugs to stimulate the adhesive function and endocy-
tosis of phagocytes (composite drug Mix-Factor [73], stimulation of the synthesis of 
anti-inflammatory cytokines (recombinant IL-10, monoclonal antibodies to receptors 
of pro-inflammatory interleukins) (Figure 13).

In group II, patients in response to the persistence of CMV/EBV viruses, a 
multiple increase in the secretion of inducers of the inflammatory process first 
level—INF-γ, ІL-1β, IL-18, TNF-α, and IL-6 was revealed, which reflected the 
severity of inflammatory reactions; induction of expression of T lymphocytes early 
activation marker CD3+CD4+CD25+; excessive stimulation of the ROS produc-
tion and enhancement of NADPH reactions, which contributed to an increase in 
the frequency of neutrophil traps (NETs) formation; an increase in the cytolytic 
factor C3 complement component against the background of a multiple increase 
in the concentration of IL-1β and IL-18, it contributed to the intensive production 
of ROS and caspase-1-dependent cell pyroptosis. Patients in this group showed a 
high content of the cyclic amino acids fraction in the blood serum at λ = 280 nm. 
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And a different pattern of amino acid metabolism disorders was found, which was 
expressed in a significant increase in the titer of aromatic amino acids (phenylala-
nine, tyrosine), and a violation of the ornithine cycle. All patients of group II had 
antiplatelet antibodies, antineutrophil antibodies, and a wide range of antinuclear 
autoantibodies (ANA), including those to nuclear and mitochondrial nucleotides, 
causing mitochondrial dysfunction.

For patients of group II, it is advisable to use anti-inflammatory drugs (hormones, 
immunoglobulins, monoclonal antibodies, stimulants of innate immunity  factors – 
Mix-Factor), cell membrane stabilizers (succinic acid, inosine, ascorbic acid,  
B vitamins), to reduce the autoimmune component–selenium preparations, therapy 
with amino acid preparations to correct disorders of the ornithine cycle, antioxidant 
therapy, stimulators of differentiation of the CD8+ killer subpopulation and CD16+ 
natural killers (Figure 13).

In group III, there was a lack of enzymes activity—β-glucocerebrosidase, tartrate-
resistant acid phosphatase, and a pronounced decrease in lactate dehydrogenase 
and cholinesterase. Against the background of enzymopathy, all stages of oxygen-
dependent and oxygen-independent phagocytosis were inhibited due to a defect in 
lysosomal enzymes; an increase in the concentration of inflammatory activators IL-1 
and TNF-α was revealed. Pro-inflammatory IL-6 was elevated and characterized an 
increase in inflammation against the background of bleeding, and due to the develop-
ment of an adaptive response, endothelial growth factor VEGF was increased. There 
was an increase in the DAMP oligopeptide fraction (λ = 238 nm), and a multiple 
increase in the serum iron content.

Figure 13. 
The strategy of the treatments for patients with hepatosplenomegaly.
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For patients of group III against the background of frequent recurrent bleed-
ing—replacement therapy with lysosomal enzymes (beta-glucocerebrosidase, 
tartrate-resistant acid phosphatase) to correct hereditary enzymopathy, stimulation 
of phagocytosis (adhesive and digesting properties of phagocytes), it is advisable to 
use the composite drug Mix-Factor (Figure 13).

Thus, most patients with hepatosplenomegaly syndrome of varying severity, as a 
rule, require emergency surgical interventions. But it is necessary to take into account 
the presence of trigger factors and immunophysiological disorders in order to develop 
a comprehensive treatment and diagnostic algorithm, including targeted therapy of 
immune checkpoints, which will be the best option to prevent recurrence of bleeding 
in patients with hepatosplenomegaly.

4. Conclusions

Hepatosplenomegaly syndrome and myasthenia gravis are multifactorial diseases 
with an autoimmune component in pathogenesis. In these pathologies, immunocom-
petent organs are damaged. Myasthenia gravis is often accompanied by damage of 
the immunity central organ—the thymus, and structural and functional changes in 
the immunity peripheral organ—spleen, are associated with various diseases of the 
hepatobiliary system.

Myasthenia gravis and hepatosplenomegaly, which are often accompanied by 
portal vein hypertension and recurrent bleeding, are serious diseases. And their con-
servative treatment is not always effective and often these patients require emergency 
surgical care (thymectomy and splenectomy). Removal of immunocompetent organs 
may have negative consequences.

We have revealed trigger factors and predictors of autoimmune reactions in 
patients with various clinical phenotypes of myasthenia gravis and hepatospleno-
megaly. The specific markers can be used to develop new treatment and diagnostic 
protocols and individual approaches to targeted therapy.

The identified specific markers characterize changes in the immune response and 
make it possible to choose individual treatment tactics and selectively apply surgi-
cal intervention in patients with thymus-independent myasthenia gravis, including 
certain HLA-DR polymorphism and a specific repertoire of autoantibodies; with 
splenomegaly— to correct autoimmune processes and excessive cellular proliferation 
in the spleen, and in the genetically determined orphan storage diseases to carry out 
enzyme replacement therapy.
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Chapter 4

Mortality Causes of Autoimmune 
Rheumatic Diseases
Maynor Herrera-Méndez

Abstract

Autoimmune Rheumatic Diseases (ARDs) are chronic multisystemic diseases that 
have a low prevalence (estimated to range from 4 to 5% of the general population), 
and the impact on mortality in ARDs is lower (mortality reported in ARDs is 0.3 to 
2.1) in general statistics worldwide compared to other diseases with higher prevalence 
such as arterial hypertension (HBP) or diabetes mellitus (DM). The objective of 
this review is to update the concepts regarding mortality associated with ARD, and 
the most relevant studies and review were included. The causes of mortality among 
ARDs vary widely between geographic areas and cannot be generalized, although 
the most important frequency reported is in rheumatoid arthritis (RA), systemic 
lupus erythematosus (SLE) and scleroderma (SSc). It has recently been reported 
that measuring the standardized mortality rate (SMR) identifies the inflammatory 
diseases with increased risk: 4.80 in systemic vasculitis (SV), 2.9 in SLE, and 1.44 in 
RA. The causes of death are regularly associated with acute events (infections and 
respiratory and cardiovascular diseases) and less frequent related to the disease sever-
ity. Other reported associated factors have been age, duration, type of presentation of 
the disease, and socioeconomic status. We found that the variation between the main 
reported causes is little; significantly higher mortality (five times more) has been 
found in the regional analysis in Latin America compared to that in Europe. The most 
important factor in the last decades is the habitual use of drugs that increase the risk 
of immunosuppression and infection.

Keywords: autoimmune rheumatic diseases, systemic vasculitis, systemic lupus 
erythematosus, rheumatoid arthritis, standardized mortality ratio

1. Introduction

Autoimmune rheumatic diseases have a low prevalence of associated mortal-
ity (0.3 to 2.1) [1]. When the mortality of ARDs is compared with more prevalent 
diseases (DM and BHP), the statistical impact is lower worldwide, and consequently, 
the study of its causes has been limited.

The objective of this review is to update the concepts on mortality associated with 
ARD, and we searched for studies of the last 50 years in the main databases (Pubmed, 
Cochrane, Google academic, and Scopus) using the words autoimmune disease, 
rheumatic disease, and mortality in autoimmune disease and then looking for causes 
of mortality in VS, SLE, and RA.
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The information analyzed comes from databases of better organized institutions 
and complemented with the analysis of studies that describe in detail the causes of 
mortality in the different latitudes; sixty-five reports (cases, observational studies, 
and database analysis) of mortality and rheumatic disease were reviewed, including 
at the end 25 that contain the most important information.

Recently was informed that measure the standardized mortality ratio risk identi-
fied at population in risk. In general terms, the group of rheumatic diseases has a risk 
of 2.03 (95% CI: 1.79–2.29) and has been reported particularly for those considered as 
inflammatory. The highest risk reported was 4.80 in systemic vasculitis, followed by 
2.9 in systemic lupus erythematosus and 1.44 in rheumatoid arthritis [2].

Some studies also report that patients with diseases such as Myositis (MI), SSc, 
and Sjogren’s syndrome (SS) may have a significant risk, which is not yet considered 
among the most important because its prevalence is lower.

The causes of death are regularly associated with acute events, infections, cardio-
vascular and lung diseases, and a lower probability with the clinical spectrum of the 
disease.

Other related factors reported are age and duration of the disease, the severity of 
presentation, and the adverse effects relating to the treatment administered [3–5]. 
The comorbidities, specialty cardiovascular, metabolic, and respiratory are the most 
important [6–8].

Most recently, use of novelty pharmacies (monoclonal antibodies, Jak inhibi-
tors) in combination with glucocorticoids and immunosuppressive drugs has been 
proposed as the factor that increases the risk [9–12]. However, it should be noted that 
thanks to this therapeutic innovation, ARD patients have improved their quality and 
life expectancy.

2. Development of mortality study in ARD

2.1 General features

The notion of autoimmune diseases in humans’ dates to the beginning of the 20th 
century, and currently, more than 40 human diseases have been described that could 
have this name.

The first widely described autoimmune disease with underlying pathophysiologi-
cal mechanisms was Hemolytic Anemia, described in 1925 by Lederle [13]. However, 
autoimmune diseases were not officially recognized as such until the 1940s–50s, and 
until then, the reports on mortality in these diseases were scarce. The first congress on 
these diseases was held in 1965.

In this line of time (Figure 1), the main events related to autoimmune diseases are 
identified.

2.2 Background

The study of rheumatic diseases focused on morbidity, loss of function, instabil-
ity caused by joint damage, and reduced quality of life. Nonetheless, in 1955, it was 
estimated that the 5-year survival in patients with SLE, vasculitis, and polymyositis 
was only 5%, and it was considered part of the “natural history” of the disease; it was 
considered that the systemic inflammatory process and the progression of disease 
were the cause of death [14].
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As early as 1953, Cobb et al. described the course of death in 130 patients with 
rheumatoid arthritis who were followed for nine years. The first cause of death 
reported in 25% was infection, 24% heart disease and 13% various forms of nephrop-
athy [15]; besides, in similar study, Mitchell reported a decrease in 5–15 years life 
expectancy in this patient [16].

In 1976, Urowitz and his collaborators suggested bimodality as the cause of death 
in SLE: 1. Early death with an active disease that requires high doses of glucocorti-
coids is regularly associated with infections and 2. A late death in an inactive disease, 
which has required many years of glucocorticoid intake and whose outcome is heart 
disease [17].

2.3 Current development in mortality trends

Due to the wide variation in mortality in rheumatic diseases, it has been necessary 
to develop precise and weighted analyses that calculate the risk; one of them is the 
SMR. This is obtained by calculating the relationship between the deaths observed in 
a cohort and those expected in a group of the same size from the general population 
(in the same area and standardized by age and sex).

Toledano et al. measured the SMR in rheumatic diseases and performed a meta-
analysis in 2012, finding 32 studies that were analyzed (16 in RA, 7 in SC, 5 in SLE, 
and 2 in Vasculitis). They reported that the highest risk is in inflammatory diseases, 
vasculitis 4.8, SLE 2.9, and RA 1.4, and reported that the leading cause of mortality 
is cardiovascular diseases, followed by pulmonary, renal, and infectious diseases 
[2]. In ARDs with an inflammatory component, SMR 2.03 is higher and becomes 
evident when compared with that of fibromyalgia, an entity without an inflammatory 
burden, with 0.49 [18].

Recently, in 2020, Scherlinger and collaborators have carried out a review of the 
mortality of rheumatic diseases between 2001 and 2014; the six main diseases, SLE, 
SSC, MI, SS, Vasculitis, and MCTD (mixed connective tissue disease), reported 
according to the World Health Organization were included. The number of deaths 
per million inhabitants was estimated using the ASMR (aged-standardized mortality 
rate), with the most important data being SLE 2.68 and SSc 1.48. The following were 
reported during 2014 (reports from 35 to 85 countries): 6418 deaths in SLE, 4287 in 
SSc, 1313 in MI, 438 in SS, 235 in MCTD, and 1350 in Vasculitis [19].

Figure 1. 
Line of time.
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It is found that the ASMR is up to five times higher in the countries of Latin 
America compared to the in the countries of Europe, not finding this relationship 
with countries of other continents [19]. This could be related to inequity in the provi-
sion of medical care and the quality of health services in each of the countries that 
consistently report mortality.

3. Autoimmune predisposition

3.1 Background

ARDs are a heterogeneous group of diseases, characterized by an immune dysreg-
ulation resulting in inflammation and multi-organ involvements that can conditioned 
the died.

The immune dysregulation involves tissues, cells, and molecules that usually 
participated in immune response, especially against infectious agents [20].

Usually factors involved in this dysregulation are several: Ambiental, genetic, 
infectious diseases, and most recent changes in the microbiome and hygienic 
hypothesis.

Because of this initial stimulus, the immune response has become unbalanced, and 
our own tissues become the target of action, named horror autotoxicus for Paul Erlich 
in 1901 [20].

This imbalance is reflected in the different pathways that participate in the 
immune response, which react to the presence of an “autoantigen” that is not recog-
nized as their own (loss of self-tolerance), because the peptide sequences are similar 
and can be confused with those of foreign agents.

3.2 Hypothesis and ARD development

In recent years, different hypotheses have been accepted as triggers for an autoim-
mune disease; the most important are [21]: Exposure of cryptic antigens, overexpres-
sion of MHC (Major Histocompatibility Complex) and costimulatory molecules, 
neoantigen (microorganism + self-antigen), super antigen (polyclonal activation of T 
lymphocytes), and molecular mimicry.

Initially, the autoantigen is caught for antigen presenting cells (APC) and pre-
sented to the T cells in the thymus, in response the most autoreactive T cells that 
undergo apoptosis, but a small percentage of them enter the general circulation and 
escape the usual controls: clonal anergy (in peripheral lymphoid tissue), phenom-
enon of suppression by Treg cells and immunological ignorance (whose mechanisms 
are still unknown).

These reactive T cells are responsible for activating B cells that produce and release 
specific antibodies and proinflammatory cytokines, which in turn are responsible for 
amplifying inflammation and triggering the phenomena of tissue destruction and the 
systemic manifestations of autoimmune diseases, which can be perpetuated and cause 
death of the patient [21].

Figure 2 illustrates the process of generalized inflammation, with the possible 
triggers for an ARD and the factors that contribute to death as the outcome. Timely 
therapeutic intervention (pharmacological or non-pharmacological) can change the 
outcome.
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4. Comorbidities associated with mortality in ARD

4.1 Background and reports

In recent years, data collection through population-based studies has increased; it 
is the most widely used method for analyzing the prevalence of comorbidities.

However, it is pertinent in the analysis to establish that it requires consider-
able resources and the self-filling of documents by the patients, which implies 
the probability of making errors in the identification of the main pathologies, 
especially in the case of ARDs, which are diseases with great clinical and complex 
heterogeneity.

The report of various studies has assessed the co-occurrence of ARD with other 
diseases at the time of death, regularly using death certificate data, among the most 
frequent is include to cardiovascular diseases, pulmonary disorders, coagulation and 
hemorrhagic disorders, and renal failure.

We have reported in our center the mortality-associated comorbidities in 
ARD; those of the highest prevalence were HBP at 38.9% and DM type II at 11.3%. 
Specifically, in SLE, 50% reported HBP, 8.7% antiphospholipid syndrome (APS) 
associated with thrombosis, and 6.5% chronic kidney disease (CKD). In RA, the main 
association was HBP in 26.9% and DM-II in 23% of cases. In 24.3%, no comorbidity 
was reported [22].

These data are like those reported by another investigators: Panoulas et al. and 
Petri et al. reported in RA and SLE the double the prevalence of HBP in comparison 
with the general population [6, 7].

Sabio et al. reported HBP in 40% of patients with SLE compared with the 11% of 
controls of the same age [8].

Other authors also include minor comorbidities, musculoskeletal disease, geni-
tourinary system, blood diseases, and diseases of the skin and subcutaneous tissue, 

Figure 2. 
ARD development.
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and confirm the classic cause, cardiovascular diseases (55.5%), followed by diseases 
of the respiratory system (35.9%), endocrine and metabolic disorders (21.6%), and 
neoplasms (20.9%) [23].

4.2 Analysis of identified risks

The vascular compromise suggested the close relationship between the constant 
inflammatory states that affect the blood vessels, especially in the heart, kidney, and 
the central and peripheral nervous system.

The importance of therapeutic intervention is vital; however, it is not free of 
complications. This could explain the bimodal presentation of mortality reported by 
Urowitz [17].

The use of corticosteroids, immunosuppressants such as cyclophosphamide, and, 
recently, monoclonal antibodies decreases the risk of progression of the disease by 
controlling inflammation but increases the risk of infection.

In the case of metabolic diseases, especially DM type II could be secondary at use 
of glucocorticoids and lifestyle patterns no modified that increase the risk of death 
secondary to immunosuppression and vascular diseases associated. The use of con-
comitant drugs to control glucose levels and blood pressure continuously contributes 
to a good control of the disease and a better outcome.

5. Therapeutics and ARD mortality

Survival of patients with ARD in the last 5 decades has improved significantly due 
to the use of medications such as glucocorticoids, immunosuppressants, monoclonal 
antibodies, and concomitant drugs (antihypertensive agents, antibiotics, etc.).

However, for the extended use of glucocorticoids, there has also been an increase 
in the risk of developing infections. Saag et al. reported an 8 times increased risk 
(OR) compared to those who do not use them [9].

Petri et al. reported a higher risk of infection when comparing patients with SLE 
with and without hospitalization, with doses of prednisone higher than 10 mg/day 
[7], and Listing et al. in RA found that doses of glucocorticoids above 5 mg were 
associated with an increase in mortality [10].

In general terms, an increased risk of death has not been demonstrated with the 
use of immunosuppressants; two authors, Bultink and Listing, reported a lower risk 
of mortality (not statistically significant) in patients with SLE intake any immuno-
suppressant drugs [10, 11], and Mok et al. highlight that the use of immunosuppres-
sants was not associated with increased survival in patients with SLE; however, the 
risk of infections increases considerably [12].

6. Mortality around the world

In recent years, the number of studies on the causes of mortality in ARDs has 
increased, although the methodologies used are diverse; the results of most stud-
ies show infections as the main cause, followed by cardiovascular and pulmonary 
diseases.

Some studies have also described disease activity as the cause of death, and it 
stands out that at least two of them report the cause of death as missing or unknown.



75

Mortality Causes of Autoimmune Rheumatic Diseases
DOI: http://dx.doi.org/10.5772/intechopen.1002549

Recently, in a population study in Greece, Bournia et al. have described that 
mortality in rheumatic diseases occurs more frequently compared to the general 
population, preferably in young patients and the prevalence is higher in the main 
inflammatory diseases (SLE, SV and SSC) [24].

Author/Country Year study/
patients number

Mortality causes (%) Reference/comments

Mok et al./Hong 
Kong

1999–2008/2486 Infections (28%)
CV complications (18%)

Cancer (16%)
Disease activity (7%)

Renal failure (6%)
Pulmonary causes (6%)

GI/Hepatic complications (4%)
Accidents,

injury, or poisoning (including 
suicide) (0.7%)
Missing (9%)

[5]

Toledano et al./
Spain

2012 SMR high risk
Infections 11.3

CV 3
Pulmonary causes 2.33

[2]
Meta-analysis

Garen et al./
Norwegian

1999–2015/279 CV (27%)
SV (28%)

Cancer (CTD 25%-SV 27%), 
Pulmonary causes (CTD 

20%-SV10%)
Infections (CTD 9%-SV 16%).

[25]
Ten-year follow

Mitratza et al./
Netherlands

2013–2017/ 3335 CV (55.5%)
Respiratory causes (35.9%)

Endocrine and metabolic disorders 
(21.6%)

Cancer (20.9%)
Infections (16%)

Musculoskeletal system 3.38 
Genitourinary system 2.73

Influenza 2.71
Blood diseases 2.02

Skin and subcutaneous tissue 
diseases 1.95

Infectious diseases 1.85

[23]

Dadoniene J et al./
Lithuanian

2013–2019/950 CV (47%)
Cancer (23%)

Respiratory causes (6%)
Musculoskeletal system (5%)

Other causes (16%)

[26]
Patients with ARD 

have a higher risk of 
mortality and lower 

life expectancy

Leonardo H et al./
Guatemala

2009–2019/185 Infections (56%)
Activity Disease (16%)

CV (8%)
Other (7%)

Unknown (12%)

[22]

CV, cardiovascular; SMR, standardized mortality ratio; CTD, Connective Tissue Disease; SV, Systemic vasculitis.

Table 1. 
Main cause of mortality around the world.
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It is possible that factors such as the quality of care provided by health services 
and the socioeconomic conditions of the patients are not correctly recorded, and 
for now, it is not possible to establish a direct relationship with these factors that are 
mentioned anecdotally as contributors to the mortality of the ARDs.

The consensus is that effective therapeutic modalities such as treat-to-target and 
effective control of comorbidities improve survival and, with experience obtained 
with this methodology in RA and EA during the years 2015–2019, should be extended 
to all ARDs [24].

Table 1 summarizes the most important studies in recent years and identifies the 
main causes. Most agree in reporting that infections, CV and pulmonary complica-
tions, and disease activity are the leading causes of death.

It also allows you to view the comorbidities that are reported as a product of the 
same disease, associated with the disease or consequence of the therapeutic used, 
such as HBP, endocrine and metabolic diseases, kidney failure, liver complications, 
and cancer.

7. Conclusion

We found that the variation between the main reported causes is little; the results 
of most studies show infections as the main cause, followed by cardiovascular and 
pulmonary diseases.

The risk is largely different among various ARDs, due to diverse underlying 
pathogenetic mechanisms and the degree of vital organ involvement, as well as due to 
different therapeutic regimes used and different age of onset of each disease.

The higher mortality (five times more) that has been reported in Latin America 
compared to in Europe is significantly important. It could be related to the quality and 
inequity in the provision of health services; this analysis is beyond this review.

The most important factor in the last decades is the habitual use of drugs that 
increase the risk of immunosuppression and infection. It is common that the ARDs 
are characterized by increased morbidity and mortality, due to disease-specific fac-
tors and iatrogenic damage (e.g., drug-related side effects) and the associated comor-
bidity as cardiovascular disease, malignancy, and increased risk for infections.

The routine electronic or manual recording systems for death, admissions, and 
hospital discharge statistics provide only a partial picture of the prevalence of ARDs 
and could be the reason why these diseases have a low lethality and hospitalization 
frequency.
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Chapter 5

Etiology and Pathogenesis of 
Buerger’s Disease
Ping Zheng and WanChao Wang

Abstract

This chapter delves into the multifaceted etiology of Buerger’s disease, also known 
as thromboangiitis obliterans (TAO), exploring a spectrum of factors contributing to 
its onset and the initiation of vascular inflammation. We comprehensively summarize 
our research findings regarding TAO’s pathogenesis, employing key indicators in our 
immune study, including cellular immunity, humoral immunization, and immunopa-
thology. Our research unequivocally confirms TAO as an autoimmune disease char-
acterized by multiple hypersensitivity reactions, primarily type III hypersensitivity, 
accompanied by type II, type IV, and type I reactions. Furthermore, our investigation 
uncovers a hypercoagulation state in the blood of TAO patients, shedding light on the 
intricate interplay between vascular immune dysregulation and thrombosis. These 
insights establish a robust foundation for implication diagnosis and treatment of this 
complex condition.

Keywords: thromboangiitis obliterans (TAO, Buerger’s disease), autoimmune disease, 
multiple hypersensitivity reactions, hypercoagulation, vascular immune dysregulation, 
thrombosis, causes of TAO, implications for diagnosis and treatment of TAO

1. Introduction

Buerger’s disease (thromboangiitis obliterans, TAO) was first meticulously 
described by Dr. Leo Buerger in 1908 and 1924. TAO is widely distributed worldwide 
but exhibits a remarkable variation in incidence worldwide [1]. In North America, 
it accounts for 0.75%, and in Western Europe, the prevalence ranges from 0.5% to 
5.6% of peripheral vascular disease. While in Eastern Europe, the Middle East, the 
Mediterranean region, and Asia, it accounts for up to 60–80% of peripheral vascular 
diseases several years ago [1].

TAO is an inflammatory disease affecting the walls of small and medium-sized 
arteries and veins, accompanied by intraluminal thrombosis, mainly affecting the 
limbs. The excruciating pain it inflicts has, regrettably, driven some patients toward 
drug abuse and even limb amputation. In past decades, high-level amputations have 
soared to an alarming 20% [1]. The severity of the condition underscores its pro-
found implications for public health. Nevertheless, the absence of specific diagnostic 
markers and the shortage of precise and effective treatment methodologies can 
be attributed to a limited comprehension of the disease’s etiology and pathogen-
esis. In response, our comprehensive and in-depth investigation into the disease’s 
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pathogenesis aims to bridge these gaps in knowledge. We anticipate that our findings 
will serve as a critical cornerstone in advancing the field.

Given the uneven global distribution of the disease and its infrequent occurrence 
in certain regions, there remains a pressing need to acquaint medical professionals 
with its clinical manifestations and diagnosis.

2. Symptoms and signs of TAO

2.1 Abnormal sensation and skin color

The affected extremity may have abnormal sensations like tingling, numbness, or 
a sensation of burning. The skin color of the affected area can appear pale or purple.

2.2 Coolness

The skin of the affected extremity feels cool to the touch.

2.3 Hair loss or slow hair growth

There may be a loss of hair or reduced hair growth on the affected limb.

2.4 Dry skin and decreased sweating

The skin in the affected area may become dry, and exhibit decreased or no 
sweating.

2.5 Muscle relaxation, atrophy, and reduced circumference

The muscles in the affected limb may become relaxed, leading to muscle atrophy 
and a reduced circumference of the limb.

2.6 Migratory superficial phlebitis

More than 50% of cases recur early in TAO or throughout the course of the disease. 
Painful flushing nodular plaques or cords, mostly located in the superficial veins of 
the dorsum of the feet and calves, a few cases can extend to the thighs, one or several 
superficial veins are involved, and the length is several millimeters, several centime-
ters to several 10 centimeters, the duration of the attack is generally 1–3 weeks, after 
which the redness, swelling, and pain gradually subside, leaving traces of pigmenta-
tion. Some cases have recurrent outbreaks, one after another, more or less, protracted 
for several years.

2.7 Intermittent claudication

This is a common symptom of TAO. It refers to pain that occurs during physical 
activity, typically walking. The pain is usually felt in the calf muscles and is often 
described as a knife-like or colicky sensation. Walking aggravates the pain, and it is 
relieved by rest. The location of the pain can provide information about the specific 
arteries that are affected.
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2.8 Pain at rest

As TAO progresses, the pain can occur even at rest. It is often more severe when 
lying down or during sleep. It indicates a severe blockage in the blood vessels, which is 
a warning of impending ulceration or gangrene in the extremities.

2.9 Ulcers and gangrene

In severe cases of TAO, complete ischemia (lack of blood flow) can lead to the 
development of ulcers and gangrene in the limb (Figure 1). Dry gangrene refers to tis-
sue death without the presence of exudate or pus, while wet gangrene involves tissue 
infection, edema, and the production of exudate or pus. The pain during this stage is 
very severe.

2.10 The weakened or disappeared arterial pulses

Mostly in the small and medium arteries. The dorsalis pedis or posterior tibial 
arteries are the first to be affected by the weakened or disappeared arterial pulses, 
followed by popliteal and femoral. Iliac arteries and abdominal aorta were very rare. 
In the upper extremity, the pulsation of the ulnar and radial arteries weakened and 
disappeared most, followed by the brachial artery, and those involving the axillary 
artery were very rare.

2.11 Buerger’s test positive

The patient lays on his back, raises the lower limbs by 45 degrees for 3 minutes, 
and performs repeated stretching and flexing of the feet. It can be seen that the skin 
of the soles of the feet turns pale. Subsequently, the patient experiences increased 
numbness, coolness, and pain. Guide the patient to sit up and let the lower limbs 
hung down, resulting in a delayed return of normal skin color to the feet, taking 
45–50 seconds (normally within 10 seconds). Additionally, the skin appears exces-
sively flushed.

Figure 1. 
TAO foot gangrene.
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2.12 Clinical manifestations of visceral thromboangiitis obliterans

Visceral TAO is not uncommon [2]. Many scholars have confirmed from autopsy 
and pathology that the heart (coronary artery), brain (middle cerebral artery and its 
branches, etc.), and abdominal organs (mesenteric artery, gastroepiploic artery, renal 
artery, etc.) have the presence of TAO. Clinically, it is seen that some patients with 
thromboangiitis obliterans with physical symptoms have symptoms of insufficient 
blood supply to internal organs after several years of onset, such as patients with 
cerebral artery disease may have migraine, paroxysmal headache, transient hemi-
anopia or amaurosis, transient hemiplegia, sensory impairment, speech impairment, 
disorientation, memory loss, etc. can also occur.

Patients with coronary artery disease may experience angina pectoris, myocar-
dial infarction, and arrhythmia. Although some cases were confirmed as regressive 
myocardial infarction by electrocardiogram, the patients were asymptomatic. In some 
cases, chest tightness and even typical symptoms and signs of myocardial infarction 
appeared. We have also reported three cases of these kind of patients.

Patients with vascular lesions of the digestive tract may experience paroxysmal 
abdominal pain, vomiting, diarrhea, and even intestinal necrosis, perforation, and 
bleeding.

Patients with renal artery disease may experience edema and high blood pressure; 
urinalysis will show proteinuria, hematuria, and casts.

In short, the symptoms of visceral TAO vary according to the location of the lesion 
and the degree of obstruction.

3. Clinical diagnostic criteria for TAO of extremities

3.1 The clinical diagnostic criteria for TAO of extremities are as follows

3.1.1 Male predominance

The incidence is mainly in males, with few females. Females should be particularly 
cautious when diagnosing TAO.

3.1.2 Age of onset

The age of onset is typically between 20 and 40 years old.

3.1.3 Smoking history

The vast majority of patients have a history of smoking.

3.1.4 Superficial phlebitis

Migratory superficial phlebitis in the limbs with a history of recurrent attacks.

3.1.5 Weakening or disappearance of limb artery pulsation

The pulsation of the small arteries in the limbs weakens or disappears, often start-
ing in one lower limb, accompanied by a series of ischemic symptoms such as cold 
extremities, intermittent claudication, and rest pain.
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3.1.6 Exclusion of other vascular diseases

Other vascular diseases caused by different reasons, especially extremity arterio-
sclerotic occlusion (ASO) and diabetic foot (DF), should be excluded.

3.2 The key points for the diagnosis of visceral thromboangiitis obliterans

3.2.1 Thromboangiitis obliterans

The patient has a history of thromboangiitis obliterans affecting the limbs.

3.2.2 Gradual onset of persistent symptoms

The pathological features usually involve transient ischemic attacks at the onset, 
which gradually become persistent symptoms.

3.2.3 Rule out other causes of visceral vascular ischemia

Other causes of visceral vascular ischemia should be ruled out.

3.2.4 Arteriography resembling limb TAO arteriography

Visceral arteriography exhibits characteristics similar to limb TAO arteriography.

4. Etiology of Buerger’s disease

The etiology of Buerger’s disease can be attributed to several factors. Here is a 
summary of the potential causes identified:

4.1 Age

The onset of Buerger’s disease commonly occurs between the ages of 20 and 40, 
with a majority of cases (84%) falling within this range in our 876 case statistic. It is 
rare for individuals under the age of 20 to develop the disease. One case of the mini-
mum age is 17 years old in our 876 cases [3].

4.2 Gender

In our analyzed cases, the majority of patients were men, accounting for 99% [3]. 
However, it is noted that some reports indicate a higher prevalence of the disease in 
women, potentially linked to an increase in female smokers [1].

4.3 Cold and damp exposure

A significant number of patients had a history of exposure to cold temperatures 
and humidity before the onset of Buerger’s disease. Factors such as sudden exposure 
to cold after heat during strenuous exercise, as well as exposure to fire after cold, were 
mentioned. According to our clinical data analysis of this disease, about 80% of the 
patients had a history of the above condition in 876 cases [3]. It seems that the factors 
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of sudden exposure to cold (heat) and sudden exposure to heat (cold) are very impor-
tant, which may easily cause vasomotor dysfunction or damage the blood vessels.

4.4 Trauma

While the role of trauma in the development of Buerger’s disease requires 
further clarification, approximately 29% of the patients in the analyzed 876 cases 
had a history of trauma. Other reports from China suggest a range of 10–35% for 
 trauma-related cases.

4.5 Diet and nutrition

Diet and nutrition: certain dietary factors have been associated with the occur-
rence of Buerger’s disease. Studies have shown a relationship between chronic tobacco 
poisoning, lack of vitamin B1, and vitamin C deficiency in rats, which can induce 
vasculitis. Analysis of cases in Indonesia indicated that many patients lacked protein 
in their diet, particularly essential amino acids. Therefore, nutritional deficiencies 
may have a connection to the disease’s occurrence [4].

4.6 Infection

Some researchers have found dynamic Gram-negative bacilli in the arterial and 
venous tissue culture fluid of certain Buerger’s disease patients. However, the evi-
dence supporting infection, particularly fungal infection, as a significant cause of the 
disease remains insufficient.

4.7 Smoking

Smoking has been recognized as a primary causative factor in Buerger’s disease. 
Animal experiments using tobacco extract have successfully produced vascular lesions 
in rats. Skin tests with tobacco extract showed a high positive rate of 78–87% in Buerger’s 
disease patients compared to the general population, which was only 16–46%. According 
to domestic data, smokers account for 50–95% of the disease, and most of them have 
a history of heavy smoking. Some patients can improve their condition after quitting 
smoking, and smoking again can aggravate the symptoms of superficial phlebitis. These 
show that the onset of the disease is closely related to smoking. Smoking is recognized 
as the main pathogenic factor of TAO. Not only can smoke be directly sensitized, but 
nicotine can also be used as a hapten, which binds to histone or DNA in cells, changes the 
composition of its own tissues, and leads to the production of autoantibodies. Moreover, 
smoking can also reduce the oxygenation of arterial blood, increase blood viscosity, slow 
down blood flow, and constrict blood vessels. These phenomena are factors that cannot 
be ignored in the occurrence and development of vasculitis [5, 6].

Among the 876 cases counted by our hospital, 82% were heavy smokers, but 18% 
of the cases had never smoked. It shows that smoking is the main factor rather than 
the only factor.

4.8 Occupation

Workers, peasants, and soldiers accounted for the highest proportion of the 
number of patients. According to our patients data, they account for about 71–90%.
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4.9 Region and race

Initially, the disease was believed to predominantly affect Jews, leading to the term 
“Jewish disease.” Later, it was associated with Eastern European countries, referred to 
as “Slavic disease” or “Russian disease.” However, recent data indicates that Burger’s 
disease can occur in any region and among any nationality. However, the incidence 
rates vary globally. The prevalence rates among all patients with peripheral arterial 
diseases have been reported to range from as low as 0.5–5.6% in Western Europe to as 
high as 45–63% in India. 16–66% in Korea and Japan, and 80% among Ashkenazi Jews 
[6], Thailand, Indonesia, and Malaysia, all have relatively high incidence rates [1, 7] 
as well as in China [3]. Recently, the incidence has declined; some authors believe it is 
related to a decrease in tobacco use, and some authors think it is related to economic 
development. As for the regional distribution of the disease in China, the disease 
appears more prevalent in the cold north of China.

4.10 Genetic factors

Some scholars were tested for various HLA antigens. They found that the inci-
dence of HLA-A9 and HLA-B5 was significantly greater among those with Buerger’s 
disease than healthy controls and patients with atherosclerosis [8]. Similarly, in the 
Merseyside area of the UK, TAO patients exhibited significantly increased levels 
of HLA-A9 and HLA-B6 antigens. Individuals possessing the HLA-B5 antigen were 
found to have a relative risk of developing TAO that increased to 78.2 times compared 
to those without this.

Some scholars observed that HL-A antigen J-1-1 was significantly higher 
(P < 0.001) in Japanese patients with thromboangiitis obliterans (TAO) than it was in 
a population of normal Japanese. Also, antigens HL-A9 and W10 showed an increased 
occurrence in TAO patients. However, antigen HL-A12 was not found in TAO patients, 
but it occurred with a frequency of 20% in the normal population [9]. Some scholars 
reported patients with TAO had a statistically significantly higher frequency of 
HLA-DR4 and a significantly lower frequency of the HLA-DRW6 antigen than had 
both control groups [5].

5. Pathogeneses of Buerger’s disease

It is believed immune dysregulation and blood hypercoagulability are very 
important.

5.1 Autoimmune disease caused by immune regulation disorders

Buerger’s disease is an autoimmune disease. And what is the immunological patho-
genesis? Over the past 50 years, some scholars have enabled people to have a clearer 
understanding of the immune pathogenesis of TAO.

In 1962, Pokorny reported that antiarterial antibodies were detected in the blood 
of TAO patients with superficial migratory phlebitis [10]. Later, some Japanese 
scholars (1970–1976) obtained results of antiartrial antibodies in almost 50% or more 
of the patients with TAO. In 1979, Author Ping Zheng postulated that TAO is closely 
related to the immune mechanism based on the clinical course and pathological 
manifestation [11]. Culati et al. reported that blood IgG, IgA, and IgM increased, 
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complement CH50 and complement C3 decreased significantly, and the inhibition 
of leukocyte migration was strengthened in TAO [12]. Later, he reported using 
indirect fluorescence technology to observe and found anti-IgG, IgA, IgM, and C3 
component deposits on the wall of diseased blood vessels—presence of autoantibod-
ies and immune complex in the sera of TAO patients [13, 14]. Bollinger et al. reported 
that more than 50% of TAO patients had increased antielastin antibodies, decreased 
complement C4, and 23% of patients had increased blood immune complex CTC 
[15]; Smolen et al. studied 20 cases of TAO, and detected anticollagen antibodies in 
seven cases (35%). There was no such antibody in the normal control group [16]. 
Some scholars have found more antibodies in TAO: antiendothelial cell antibody 
(AECA), antineutrophil cytoplasmic antibody (ANCA), antiphospholipid antibody 
(APA), G protein receptor antibody (AAB), etc. [17–21], suggesting that there are 
many these antibodies attack blood vessel endothelial cells and blood vessel walls.

Also, it has been reported that the role of interleukins [22], cell adhesion molecules 
[23], and decreased red blood cell immunity [24] on the vascular immune response.

In our study, Since the end of the 1970s, we have conducted comprehensive and 
systematic research on TAO immunity. We used cellular immunity (T cell rosette 
test E-RFC, T suppressor cell Ts, peripheral B lymphocytes with SmIg and SmIgG 
on their surface; leukocyte migration inhibition test, LMIT); humoral immuniza-
tion (γ-globulin, immunoglobulin IgG, IgA, IgM, IgE, complement CH50, C3, C4, 
immune complex CIC); and immunopathology (light microscopy, electron micros-
copy, immunofluorescence IF, immunoenzyme-labeled staining ABC, immune gold 
and silver staining IGSS), as indicators, systematically observed TAO patients and its 
immunological changes in acute, subacute, and stable states [25–27].

5.1.1 A summary of our observed immunological changes in TAO patients

5.1.1.1 Cellular immunity

• There is a significant decrease in T cells and Ts (P < 0.01), suggesting impaired 
cellular immune response.

• B cells are increased (P < 0.01), indicating an immune response involving 
antibody production.

• Lymphocytes show degeneration due to aorta antigen sensitization by LMIT.

• LMIT demonstrates enhanced inhibition of leukocyte migration, indicating an 
immune response.

• Under light microscopy, a large number of lymphocytes, as well as a few 
monocytes and neutrophils, are observed in all layers of the involved vessels 
(Figure 2).

5.1.1.2 Humoral immunity

• There is a significant increase in the levels of γ-globulin (P < 0.01), indicating an 
immune response.

• Elevated levels of immunoglobulins IgG and IgE are observed (P < 0.01).
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• The presence of elevated immune complexes CIC is detected (P < 0.05), 
particularly in the acute stage of TAO (P < 0.01), suggesting immune system 
activation.

• Deposition of immune complexes (CIC) is observed in the blood vessel walls of 
TAO patients, as confirmed by electron microscopy (Figure 3) and three immu-
nolabeling techniques (DIF, ABC, IGSS) (Figures 4–6).

• Antivascular autoantibodies are found to directly bind with damaged 
vascular collagen, as demonstrated by three immunolabeling techniques 
(Figures 7–9).

Figure 2. 
TAO patient’s vein wall thickening and edema, multifocal neutrophil, lymphocytes and a few monocytes, 
infiltration in the muscle layer, and intravascular thrombus beginning to organize (HE 125×).

Figure 3. 
Deposited with high electronic density lump substance in media corresponding to the area of immunofluorescence 
deposit in TAO (7490×).
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Figure 5. 
Streaky and massive brown-yellow immunoenzyme-labeled staining substances deposited on the vessel wall of 
TAO (ABC 400×).

Figure 6. 
Black stripes and granular immune gold and silver staining substances were deposited on blood vessels of TAO 
(IGSS 400×).

Figure 4. 
The deposition of yellow-green striped, plaque-like, and granular immune complex fluorescent substances can be 
seen in the intima, middle layer, and outer layer of blood vessels of TAO (DIF 400×).
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Figure 7. 
Antivascular antibodies are present in the sera of TAO patients, showing that the secondary antibody yellow-green 
FITC-antibody binds to the vessel wall of TAO (DIF 200×).

Figure 8. 
Antivascular antibodies are present in the sera of TAO patients, showing that the second antibody brown-red 
antibody binds to the vessel wall of TAO (ABC 200×).

Figure 9. 
Antivascular antibodies are present in the sera of TAO patients, showing secondary antibody dark brown gold-
antibody bound to the vessel wall of TAO (IGSS 200×).
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• The presence of antivascular autoantibodies in the serum of TAO patients is 
detected by three immunolabeling techniques, accounting for 72–89% (P < 0.01) 
(Table 1).

5.1.2 Conclusions drawn from the provided information

5.1.2.1 Type III hypersensitivity reaction

The presence of antigen-antibody complexes deposited on the vessel wall, con-
firmed by three immunolabeling techniques and electron microscopy, suggests a type 
III hypersensitivity reaction in TAO.

5.1.2.2 Type II hypersensitivity

The observation of antivascular autoantibodies directly binding to damaged 
vascular collagen indicates the existence of type II hypersensitivity in TAO, which was 
also confirmed by three immunolabeling techniques.

5.1.2.3 Type I hypersensitivity

Elevated levels of IgE and the presence of repeated acute attacks in TAO patients, 
triggered by factors like tobacco, weather, trauma, and malnutrition, suggest the 
involvement of type I hypersensitivity. This indicates that the patients may be in a 
sensitized condition.

5.1.2.4 Type IV delayed hypersensitivity

The results of LMIT show that lymphocytes of TAO patients can be degenerated 
by aorta antigen sensitization. In light microscopy, lymphocyte infiltration is mainly 
shown. This, combined with the clinical manifestation of repeated attacks of superfi-
cial phlebitis with nodules accompanied by skin inflammation and swelling, suggests 
the involvement of type IV delayed hypersensitivity. The release of lymphokines by 
sensitized lymphocytes may contribute to the observed symptoms.

According to clinical studies, patients with TAO have recurrent episodes of 
superficial phlebitis nodules. The skin on the surface of the nodules is inflammatory 
and edematous, which may be caused by the release of lymphokines by sensitized 
lymphocytes. According to light microscopy, lymphocyte infiltration is mainly shown 
and combined with the results of LMIT. It has also been shown that the lymphocytes 
of TAO patients can indeed be sensitized by the antigens of the denatured aorta, and 
the inhibition of leukocyte movement is strengthened.

Patient group Normal group P value

Items Number of cases Positive % Number of cases Positive %

IF 32 23 72 13 2 18 <0.001

ABC 28 21 75 13 3 23 <0.001

IGSS 28 24 86 11 0 0 <0.001

Table 1. 
Detection of antivascular autoantibodies in serum of TAO patients.
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In summary, TAO appears to involve a combination of type III, type II, type I, and 
type IV hypersensitivity reactions [25–27].

5.1.3 TAO exhibits characteristics commonly associated with autoimmune diseases

5.1.3.1 Hyperglobulinemia

In TAO, an increase γ-globulin is detected in the blood. γ-globulin is responsible for 
antibody production, and elevated levels can be observed in various autoimmune diseases.

5.1.3.2 Presence of autoantibodies and sensitized lymphocytes

Autoantibodies are antibodies that mistakenly target and attack the body’s own 
tissues. The presence of autoantibodies and sensitized lymphocytes indicates an 
immune response against self-antigens, which is a hallmark of autoimmune diseases.

5.1.3.3 Antigen-antibody complexes deposit in damaged tissues

In autoimmune diseases, immune complexes formed by the binding of antigens 
and antibodies can accumulate in tissues, leading to inflammation and tissue damage.

5.1.3.4 Infiltration of immune cell in target organs

Autoimmune diseases often involve the infiltration of immune cells, such as 
lymphocytes and monocytes, into the affected organs or tissues.

5.1.3.5 Variety of autoantibodies in TAO patients

The presence of multiple autoantibodies further supports the autoimmune nature 
of TAO.

5.1.3.6 Genetic predisposition

Like many autoimmune diseases, TAO is also believed to have a genetic compo-
nent, indicating that certain genetic factors may contribute to its development.

5.1.4 The clinical characteristics of TAO associated with autoimmune diseases

5.1.4.1 Recurrent attacks and chronic protracted process

In our patients with TAO have number of recurrences: one to six times and attack 
episode duration 1–10 months.

5.1.4.2  Response to immunoadsorption and immunosuppressants during acute 
attacks

Some researchers have reported that the use of immunoadsorption can help 
control the progression of TAO disease [28]. Additionally, the author has found that 
compounds containing immunosuppressive and anticoagulant medications can also 
effectively manage the development of TAO disease.
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5.1.4.3 Presence of TAO in both limbs and internal organs

More and more scholars have reported that TAO not only invades the limbs but 
also invades visceral blood vessels [29].

5.1.4.4 Association with certain triggering factors

Smoking is recognized as the main pathogenic factor of TAO. Not only can smoke 
be directly sensitized, but nicotine can also be used as a hapten, which binds to 
histone or DNA in the cell, changes the composition of its own tissue, and leads to the 
production of autoantibodies.

5.1.4.5 Changes in sex hormones and autoimmune diseases

Changes in sex hormones can lead to autoimmune diseases [30]. In our cases, 
94.5–99% of TAO patients are young and middle-aged men.

5.1.5 In conclusion

Combined, our study identified TAO as an autoimmune disease involving mul-
tiple hypersensitivity reactions. Mainly, type III hypersensitivity, in addition to type 
IV hypersensitivity, also has type II hypersensitivity, and there is the involvement of 
type I hypersensitivity [25–27].

5.2 TAO blood in hypercoagulable state

In the 1980s, we systematically studied and measured blood hypercoagulation 
indicators in patients with TAO, including blood coagulation, anticoagulation, plate-
let function, and blood rheology. We found that out of 14 indicators, 10 exhibited 
abnormalities [31]:

1. Increased factor VIII-related antigen (VIIIR: Ag) (P < 0.01)

2. Decreased antithrombin III (AT-III) (P < 0.01)

3. Increased 𝛂𝛂2-macroglobulins (𝛂𝛂 2-MG) (P < 0.01)

4. Increased heparin-precipitated fibrinogen (HPF) (P < 0.01)

5. Platelet adhesion rate (PAdT) increased (P < 0.05).

6. Platelet aggregation (PAgT) increased (P < 0.05, P < 0.01)

7. Whole blood and plasma viscosity increased (P < 0.01)

8. Red blood cell electric pulse time prolonged (P < 0.01)

9. Fibrinogen increased in the disease state (P < 0.01)

10. Thromboelastography (TEG) abnormalities
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These abnormalities collectively indicate a state of blood hypercoagulability in 
patients with Buerger’s disease, rendering them more susceptible to the formation of 
thrombi within affected blood vessels. Regarding the relationship between thrombo-
sis and immune-vasculitis in Buerger’s disease, it is believed that immune-vasculitis 
plays a dominant role, and the consequences of various hypersensitivity reactions lead 
to blood hypercoagulability and thrombosis within the vascular (Figure 10).

Figure 10. 
Conceptual diagram of the pathogenesis of thromboangiitis obliterans (designed by Ping Zheng and Wanchao 
Wang in 1985, revised in 2020).
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6. Implications for diagnosis and treatment of TAO

In the final section of this chapter, we discuss the far-reaching implications of our 
findings for the diagnosis and treatment of Buerger’s disease. Our research provides 
a solid foundation for the development of diagnostic tools and therapeutic interven-
tions, ultimately improving the outlook for individuals afflicted by this challenging 
autoimmune disorder.

6.1 Cellular and humoral markers and targeted diagnosis of TAO

The understanding of TAO as a distinct disease separate from other vascular dis-
orders (there is basically no debate among scholars) is relatively recent, dating back 
about 50 years. Its regional characteristics and varying prevalence in different parts 
of the world have contributed to slower progress in research. Although the disease is 
very painful and the amputation rate is high.

In the past four decades, research on the immune pathogenesis of TAO has shifted 
from scattered detection methods to more comprehensive and in-depth investiga-
tions. Scientists have discovered certain cellular and humoral markers associated with 
the disease.

6.1.1 Cellular markers

Cellular markers refer to specific types of immune cells that are involved in the 
inflammatory process of TAO. The presence of certain immune cells, such as neu-
trophils and T lymphocytes, within the affected blood vessels, suggests their role in 
the disease pathogenesis. Detecting and analyzing these cellular markers can provide 
insights into the immune response.

6.1.2 Humoral markers

Humoral markers, on the other hand, refer to molecules present in the blood 
circulation that are associated with the disease. As mentioned earlier, markers such as 
antivascular antibodies and antigen-antibody complexes have been found to deposit 
on the walls of blood vessels in TAO. These humoral markers indicate an immune 
response targeting the vascular endothelium and contribute to the inflammatory 
process and vessel occlusion seen in the disease.

Furthering efforts to the identification and detection of TAO-specific diagnostic 
markers from blood circulation are crucial for improving the diagnosis of the dis-
ease. By developing reliable and specific tests to detect these markers in the blood 
circulation, healthcare professionals can potentially diagnose TAO earlier, leading to 
timely interventions and a reduction in the high amputation rates associated with the 
disease.

6.2 Treatment of TAO

6.2.1 Avoid triggers of vascular inflammation

Avoid factors that can trigger vascular inflammation, such as nicotine, exposure to 
sudden cold and sudden heat, and trauma. Smokers should quit smoking immediately 
and take measures to prevent exposure to temperature extremes and trauma.
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6.2.2 Blocking vascular inflammation and thrombus formation

Appropriate amounts of hormones and anticoagulant drugs can be applied. The 
author created this kind of compound medicine that has shown promising results 
without significant side effects. The author has used large doses of anisodamine to 

(a)

(b)

Figure 11. 
(a) Before treatment: The patient had lower limb ischemia causing All toes necrosis, extending to the plantar region. 
(b) After our treatment: Gangrene progression is controlled, and major amputation was avoided, preserving the heel 
and plantar region.
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treat TAO in subacute and chronic states, with positive outcomes due to its immune 
regulation function and ability to reduce blood hypercoagulation [32].

6.2.3 Effective pain relief methods

Effective pain relief is crucial, as severe pain in the affected limb is a major reason 
for amputation. Anesthesia methods created by the author using a small dose of 
Traditional Chinese medicine have shown good analgesic effects. This method also 
promotes blood circulation and regulates immune function. Thereby increasing skin 
temperature, eliminating limb edema, and improving knee joint flexion deformity [33].

6.2.4 Electroacupuncture

For patients in the subacute or chronic stable stage of TAO, high-frequency 
electroacupuncture on the affected limbs can improve limb circulation and regulate 
immune function, leading to increased skin temperature and improved intermittent 
claudication [34].

Comprehensive treatment combining these above methods can significantly 
improve therapeutic outcomes, reduce patient pain, and decrease the amputation rate 
(Figures 11 and 12).

(a)

(b)

Figure 12. 
(a) Before treatment: The patient experienced lower limb ischemia resulting in a painful ischemic ulcer on the big toe. 
(b) After our Treatment: improved limb blood circulation controlled the ulcer’s progression, ultimately leading to its 
complete resolution.
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Of the 1200 cases we treated, the amputation rate of the thigh and legs above the 
ankle was 1.2%, and the mortality rate was 0% [35].

7. Conclusion

This chapter’s comprehensive exploration of the autoimmune nature of throm-
boangiitis obliterans (TAO), its intricate involvement of the immune system and 
secondary blood coagulation pathways, as well as the influences of genetics and 
the environment, collectively lays a solid foundation for future research endeavors. 
Moreover, these insights hold significant promise for the advancement of diagnostic 
techniques and the development of potential therapeutic interventions.
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Chapter 6

Perspective Chapter: Role of 
Anti-TPO Association with the 
Autoimmune Thyroid Diseases
Nurakant Neupane

Abstract

An organization of cells and molecules with specific functions for protection 
against infection is known as the immune system. When immune system reacts 
against its own cells known as an autoimmune disease. Autoimmune thyroid diseases 
are grouped under endocrinal diseases in which the immune system attacks the body’s 
own thyroid gland. In autoimmune thyroid disease (AITD), an immunological altera-
tion occurs in the follicular cells of the thyroid gland. In this case, certain enzymes, 
surface proteins, and receptors such as thyroperoxidase, thyroglobulin, and thyroid-
stimulating hormone (TSH) receptors start acting as antigens; against these antigens, 
relevant antibodies are produced by the body, and cell-mediated cytotoxicity gets 
induced. These autoimmune endocrinal diseases are characterized by the presence of 
high titers of antibodies like thyroperoxidase antibodies (TPO-Abs) and thyroglobu-
lin antibodies, produced by our own body system. In conclusion, anti-TPO can play 
a crucial role in the diagnosis of autoimmune thyroiditis. Anti-TPO is the prognosis 
marker for the child and adult who have normal thyroid function tests in euthyroid-
ism, subclinical thyroidism. Thus, anti-TPO along with thyroid function tests play a 
substantial role in the clinical management of autoimmune thyroiditis.

Keywords: autoimmune thyroid disease, anti-TPO, endocrine, immune system, 
thyroid gland

1. Introduction

Immune system is made up of complex organ systems, cells, and proteins to fight 
against pathogens (microbes). This immune system helps to keep the body healthy by 
protecting fight against pathogens. Defects in the immune system or malfunctioning 
in the immune response can provoke illness or disease. When the immune systems 
reacts against self-cells is known as autoimmune disease. These autoimmune diseases 
are either organ-specific or systemic disease. Autoimmune thyroiditis is organ-
specific autoimmune disease.

Autoimmune thyroid diseases are grouped under endocrinal diseases in which the 
immune system attacks the body’s own thyroid gland. These autoimmune endocrinal 
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diseases are characterized by the presence of high titers of antibodies, such as TPO-
Abs (thyroperoxidase antibodies) and thyroglobulin antibodies, produced by our own 
body system.

Due to the organ-specific autoimmune disorders, autoimmune thyroid disease 
is much more common in women than men [1]. Men are affected by 1%, whereas 
women are by 2–4%, which rate surges with age worldwide [2].

Hereditary factors, that is, gene alteration are one of the main causes in manifesta-
tion of AITD, and other factors such as advancing age, smoking, iodine overconsump-
tion, adverse effects of medication, and hormonal changes (in females) known as 
environmental and endogenous are also responsible for the initiation of AIDT [3, 4].

In AITD, immunological alteration occurs in the follicular cells of the thyroid 
gland. In this case, certain enzymes, surface proteins, and receptors such as thyro-
peroxidase, thyroglobulin, and TSH receptors start acting as antigen; against these 
antigens, relevant antibodies are produced by the body, and cell-mediated cytotoxic-
ity gets induced. This leads to autoimmune thyroid disease. These antibodies damage 
the thyrocytes and cause inflammation of the thyroid gland [4, 5].

The common antibodies measured in serum samples are thyroglobulin and thyroper-
oxidase antibodies [5]. TPO antibody has frequently been found in the general popula-
tion as compared to other antibodies. Along with TSH, free T3 and free T4, anti-TPO 
antibodies are more specific in the diagnosis of AITD. The levels of free T3, free T4, and 
TSH help in distinguishing the two conditions: hypothyroidism and hyperthyroidism. 
Hypothyroidism is a condition in which the level of thyroid hormones (free T3, free 
T4 decreases), and in hyperthyroidism, the level of thyroid hormones increases from 
its normal range. The titer of anti-TPO antibodies above its normal value indicates an 
autoimmune response to the thyroid gland. So, anti-TPO antibody testing is helpful in 
differentiating between autoimmune thyroid disease and other thyroid disorders.

Thyroid diseases are classified as euthyroidism, subclinical thyroidism, and clini-
cal or overt thyroidism on the basis of thyroid hormone levels. Anti-TPO antibody, 
TSH, free T3, and free T4 remain normal in euthyroidism. In subclinical thyroidism, 
anti-TPO antibodies and TSH are increased and patients remain asymptomatic with 
mild impairment in the thyroid gland. It is more common than overt thyroidism, and 
it can prevent the progression of overt thyroidism and have effects on early diagnosis 
and treatment of subclinical thyroidism [6]. Anti-TPO Abs and TSH are remarkably 
increased in overt thyroidism, whereas other thyroid hormones’ levels depend upon 
hyperthyroidism or hypothyroidism. Clinical thyroiditis is a symptomatic disease and 
depression, unexplained weight loss, etc. are the main complications. Hashimoto and 
graves’ thyroid diseases are common examples. In this chapter, we will discuss a brief 
introduction of immune system and its type and a detail discussion of autoimmune 
thyroiditis, the role of anti-TPO in autoimmune thyroiditis, and the clinical applica-
tion of anti-TPO in diagnosis and management of autoimmune disease.

2. Method

The following databases were thoroughly search: Web of Science, Scopus, 
PubMed/MEDLINE, Google scholar, Sematic Scholar, Embase. The terms autoim-
mune thyroiditis, Hashimoto thyroiditis, Graves’ disease, and anti-TPO were used in a 
search for articles that had no specific publication date.
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3. Immune system

An organization of cells and molecules with a specific function for protection 
against infection is known as immune system. Basically, there are two types of 
immune responses, that is, innate immunity and adaptive immunity to intrud-
ing microbes (organisms such as bacteria, fungi, and parasites), viruses, cancer 
cells, and toxins. Innate (natural) immune system is the first line of defense for 
invading pathogens also known as the non-specific immune system, whereas 
the adaptive (acquired) immune system is the second line of defense response to 
repeated exposure to microbial antigens during the innate immune. Phagocytic 
cells (neutrophils, monocytes, and macrophages) use innate responses that release 
(basophils, mast cells, and eosinophils), and natural killer cells as inflammatory 
mediators. Complement, acute-phage proteins, and cytokines-interferons- are 
the molecular component of innate immunity. Proliferations of antigen-specific 
B and T cells are mainly involved in the acquired immune system and this occurs 
when an antigen binds to the surface receptors of these cells. In the response of 
the antigen, antigen-presenting cells display to lymphocytes and collaborate with 
them. The production of antibodies by B cells is helped by T cells, which may also 
kill virally infected cells and destroy intracellular infections by activating mac-
rophages. Pathogens are typically eliminated together by the responses of innate 
and acquired. Figure 1 shows the principal characteristics of innate and adaptive 
immunity and innate and adaptive immune responses [7, 8].

Figure 1. 
(a) The principal characteristics of innate and adaptive immunity. (b). Innate and adaptive immune 
responses [7, 8].
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3.1 Innate immunity

Within minutes or hours of coming into contact with an antigen, the host activates 
innate immunity, a non-specific (antigen-independent) defensive mechanism. Since 
the innate immune system lacks immunologic memory, it is unable to identify or 
“memorize” the same pathogen should the body come into contact with it again in the 
future. Four different forms of protective barriers are included in innate immunity: 
anatomic (skin and mucous membrane), physiological (temperature, low pH, and 
chemical mediators), endocytic and phagocytes, and inflammatory. The barrier of 
non-specific host-defense mechanisms is summarized in Table 1. Innate immunity 
to infections is dependent on pattern recognition receptors (PRRs), which enable a 
specific subset of immune cells to quickly identify and react to a variety of pathogens 
that have similar molecular patterns (PAMPs). These include bacterial cell walls such 
as lipopolysaccharides (LPS) and double-stranded ribonucleic acid (RNA) generated 
during viral infection.

3.2 Adaptive immunity

The adaptive immune responses are very specific to the individual pathogen 
that triggered them, in contrast to innate immune responses. Additionally, they 
can provide enduring defense. The adaptive immune system, for instance, provides 
lifelong immunity against measles for those who have recovered from the disease, 

Barrier Mechanism

Anatomic

Skin • Mechanical barrier retards entry of microbes

• Acidic environment (pH 3–5) retards growth of microbes

Mucous membrane • Normal flora compete with microbes for attachment sites

• Mucous entraps foreign microbes

• Cilia propel microbes out of body

Physiologic

Temperature Body temperature/fever response inhibits growth of some 
pathogens

Low pH Acidic pH of stomach kills most undigested microbes

Chemical mediators • Lysozyme cleaves bacterial cell wall

• Interferon induces antiviral defenses in uninfected cells

• Complement lyses microbes or facilitates phagocytosis

Phagocytic/endocytic barriers

• Various cells internalize (endocytosis) and break down foreign macromolecules

• Specialized cells (blood monocytes, neutrophils, tissue macroph

Inflammatory barriers

• Tissue damage and infection induce leakage of vascular fluid containing serum protein with antibacterial 
activity, leading to influx of phagocytic cells into the affected area

Table 1. 
Summary of non-specific host-defense mechanism for barriers of innate immunity.
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but not to other common viruses like those that cause mumps or chickenpox. 
Recognition of particular “non-self ” antigens and their distinction from “self ” 
antigens; development of pathogen-specific immunologic effector pathways that 
destroy particular pathogens or pathogen-infected cells; and the formation of 
an immunologic memory that can quickly eradicate a specific pathogen should 
consequent infections occur are the three main functions of an adaptive immune 
response [9]. Adaptive immune responses are the basis for effective immuniza-
tion against infectious diseases. The cells of the adaptive immune system include 
antigen-specific T cells, which are activated to proliferate through the action of 
APCs, and B cells which differentiate into plasma cells to produce antibodies. 
Effective immunization against infectious illnesses is based on adaptive immune 
responses. The cells of the adaptive immune system are antigen-specific T cells and 
B cells. T cells are activated to proliferate through the action of APCs, and B cells 
differentiate into plasma cells to produce antibodies. Activation and function of 
B cells and T cells are summarized in Figure 2 [10]. Apart from this, B cells play a 
major role in the humoral or antibody-mediated immune response and T cells play 
the cell-mediated immune response [9, 11].

Figure 2. 
Adaptive immunity: T-cell and B-cell activation and function [10].
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3.3 Antibody-mediated and cell-mediated immunity

3.3.1 Antibody-mediated immunity

The immunity mediated by B-cell-antibody production in the extracellular body fluids 
in the responses of pathogen is known as antibody-mediated or humoral immunity. When 
the B cell’s antigen-binding receptor recognizes and attaches to antigen in its native form, 
the antibody production pathway begins. Local Th cells release cytokines that support 
B cell proliferation and direct the type of antibody generated. Certain cytokines, such 
as IL-6, aid in the maturation of B-cells into antibody-secreting plasma cells. Secreted 
antibodies attach to antigens on pathogen surfaces, signaling them for destruction via 
complement activation, opsonin-mediated phagocytosis, and pathogen elimination by 
immune effector cells. The complement cascade clears antigen-antibody complexes after 
the pathogen is eliminated. Therefore, antibody-mediated immunity plays an important 
role against pathogens that grow on extracellular spaces. The basic model of antibody-
mediated immunity against pathogens (virus) is shown in Figure 3 [12].

B cells produce five major types of antibodies: IgA, IgD, IgE, IgG, and IgM. IgG 
antibodies can be further split into structurally diverse subclasses with a range of 
complement fixing, opsonin, and other functional properties. The major classes of 
antibodies recognize and neutralize specific pathogens that have substantially differ-
ent biological functions [10].

During the acute stage of infection, antibodies are crucial in controlling viral growth. 
However, once a virus has been infected, they are typically unable to remove it.

3.3.2 Cell-mediated immunity

When an infection is established, cell-mediated immune mechanisms are significant 
in host defense against most intracellular pathogens. Cell-mediated immunity is other 

Figure 3. 
Basic model of antibody-mediated (Th2) immunity against pathogen [12].
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kind of adaptive immunity that generates mature T cells, macrophages, and cytokines 
against pathogens are proliferated. In addition, two types of lymphocytes are engaged in 
cell-mediated immunity: helper T cells and cytotoxic T cells. The cell-mediated immu-
nity proceeds in three phases including T-cell activation by presenting antigens with 
MHC complexes, T-cell binding and activation, and differentiation of activated T cells 
into effector cells and memory T cells, which is illustrated in Figure 4 [12].

Furthermore, T cells are generated in the bone marrow and mature in the thymus. 
T cells are found in the blood and lymphoid tissue after entering the bloodstream. 
Antigen-presenting cells (APCs) present antigens to T lymphocytes together with 
major histocompatibility complexes (MHC). T cells proliferate and develop into 
armed effector cells when they come into contact with an antigen. Cytotoxic T cells 
kill infected cells by triggering apoptosis. T helper cells encourage the production of 
antibodies by plasma B cells.

In addition, IgG and IgM antibodies are the two main types of antibodies pro-
duced by T helper cells in response to plasma B cells. Memory T cells are developed T 
cells, but their action is dependent on antigen activation. Cellular immunity is most 
effective against virus-infected cells and cancer cells, but it can also help to guard 
against fungus, protozoa, malignancies, and intracellular bacteria. This type of 
immunity also plays a significant role in transplant rejection.

3.4 Active and passive immunity

3.4.1 Active immunity

When the immune system produces antibodies to a disease after being 
exposed to the disease organism is known as active immunity. Either natural 
immunity or vaccine-induced immunity can be used to build up active immunity.

• Exposure to the disease agent and subsequent infection with the disease itself are 
the two ways that natural immunity is acquired.

Figure 4. 
Basic model of cellular-mediated (Th1) immunity with pathogen (virus) [12].
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• Vaccine-induced immunity is acquired through the administration of a vaccine 
that can consist of attenuated (weakened) pathogens, inactivated organisms or 
specific proteins, or carbohydrates known to induce immunity.

In any case, if an immune individual later comes into contact with that disease, 
their immune system will instantly recognize it and produce the antibodies required 
to fight it. Active immunity lasts for a very long time—sometimes a lifetime.

3.5 Passive immunity

When an antibody against a disease is given to a person rather than the individual 
making them naturally through their immune system is called passive immunity.

• Through the placenta, a newborn baby gains passive immunity from its mother.

• By receiving immune globulin or other blood products containing antibodies, 
such as those used to treat specific diseases, people can potentially develop pas-
sive immunity.

The main benefit of passive immunity is that it provides protection immediately, 
in contrast to active immunity, which takes time (often several weeks) to develop. 
However, passive immunity only lasts a few weeks or months. Long-lasting can only 
be active immunity.

3.6 Immunopathology

Defects or malfunctions in either the innate or adaptive immune response 
can provoke illness or disease. Such disorders are generally caused by an overac-
tive immune response (known as hypersensitivity reactions), ineffective immune 
responses (known as immunodeficiency), or an inappropriate reaction to self (known 
as autoimmunity).

3.6.1 Hypersensitivity reactions

An undesirable responses produced by the normal immune system are referred 
to as hypersensitivity reactions. There are four types of hypersensitivity reactions 
[13, 14].

• Type I: immediate hypersensitivity

• Type II: cytotoxic or antibody-dependent hypersensitivity

• Type III: immune complex disease

• Type IV: delayed-type hypersensitivity

3.6.2 Immunodeficiency

When the ability to fight against infectious disease is compromised or totally 
absent is known as immunodeficiency. Immunodeficiency can be caused by a mainly 
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genetic defect (primary immunodeficiency), which can affect innate or acquired 
immune function by inhibiting specific immune cells or pathways, or they can 
develop as a result of a secondary cause (secondary immunodeficiency), such as 
bacterial or viral infections, malnutrition, autoimmunity, or medication that causes 
immunosuppression. Leukemia and multiple myeloma are immunodeficiency disor-
ders that directly or indirectly impair the immune system. Immunodeficiency is also 
the hallmark of acquired immunodeficiency syndrome (AIDS), caused by the human 
immunodeficiency virus (IV). HIV directly infects Th cells and also weakens other 
immune system responses [15, 16].

3.6.3 Autoimmunity

Autoimmune disease is characterized by the activity of auto-reactive lymphocytes, 
which cause loss of normal immune homeostasis that react against host tissues, or 
effector T cells, which are specific for endogenous self-peptides [17]. The presence 
of self-reactive T cells, auto-antibodies, and inflammation are the main character-
istics of autoimmunity. Autoimmune diseases can be classified as either systemic 
or organ-specific. In systemic disease, the immune system attacks self-antigen in 
several organs. For instance, in systemic lupus, erythematous inflammation occurs 
in several organs, such as the skin, joints, and kidneys, among other organs. In an 
organ-specific disease, the immune response is directed toward antigens in a single 
organ. For example, autoantibodies attack the adrenal cortex in Addison’s disease. 
Some common examples of autoimmune diseases are Celiac disease, type 1 diabetes 
mellitus, Addison’s disease, and autoimmune thyroiditis [18]. In autoimmune thyroid-
itis immune system attacks on the thyroid gland cause disorders in thyroid hormones 
consequences effects on the metabolic system, body temperature, and proteins 
synthesis, etc.

4. Thyroid gland

The thyroid gland is an endocrine gland located in the neck region, in front of 
the larynx and trachea. Leonardo Da Vinci was the first scientist to draw the thyroid 
gland as an anatomical organ [19]. Andreas Vesalius, an anatomist, published the 
first anatomic description and image of the gland in 1543. Thyroid Wharton, in 1656, 
used the term “thyroid” for the first time [20]. Thyroid is a Greek word to indicate the 
shape of a shield. In 1656, the thyroid gland was mentioned in Western medicine for 
the first time; before this, it was considered to have lubrication of trachea as its main 
function [21]. The thyroid gland contains numerous follicles, composed of epithelial 
follicle cells and colloids [22]. The main function of the thyroid gland is to make major 
hormones like T3 and T4 required for the maintenance and regulation of metabolic 
processes throughout the body. An endocrinal disease of thyroid gland leads to under 
or overproduction of these hormones due to adverse activity of the gland. AIDT is one 
of the major endocrinal diseases in which antibodies are produced against the own 
thyroid cells, i.e., thyrocytes, and inflammation of the thyroid gland occurs [23].

As shown in Figure 5, the thyroid gland produces mainly two hormones, T3 (tri-
iodotyrosine) and T4 (tetra-iodotyrosine) [24]. The synthesis of these two hormones 
takes place in the follicular cells of the thyroid gland. The process is regulated by the 
hypothalamus, the master gland, and by feedback inhibition mechanism [25]. The 
mechanisms of biosynthesis of thyroid hormones are illustrated below:
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Figure 5. 
Synthesis of thyroid hormones [24].

Figure 6. 
Biochemical structure of T3 and T4 [26].

• Uptake of iodide by follicular cells.

• Iodine organification by thyroperoxidase.

• Combining of iodine and thyroglobulin.

• MIT (Mono-Iodotyrosine) /DIT (Di-Iodotyrosine) store in follicular space.

• Reabsorbing of MIT/DIT.

• T3, T4 formation from MIT/DIT.

• T3, T4 release into serum.

• With the release of iodine T3, T4 break down.

Biochemical structure of T3 and T4 is shown below in Figure 6 [26].
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5. Thyroid hormones’ physiological effects

• Intensify the basal metabolic rate.

• Na+/K+ ATPase synthesis should be encouraged.

• The rise in body temperature.

• Help in protein synthesis.

• Use more fatty acids and glucose to produce more ATP.

• Induce lipolysis.

• Regulate development and growth of nervous tissue and bones.

6. Autoimmune thyroid disease (AITD)

AITD is a complex and multifactorial disease in which the immune system 
attacks the thyroid gland by producing antibodies against thyroid antigens 
developed against a particular genetic background initiated by exposure to envi-
ronmental factors. It is the most common endocrinal disease that occurs due to 
the formation of autoantibodies against thyroid-specific peroxidase and other 
receptor proteins, such as the thyrotropin receptor, present on thyrocytes [27]. 
These endocrinal diseases are characterized by the presence of antibodies such as 
TPO-Abs (thyroperoxidase antibodies) and thyroglobulin, produced by our own 
body system.

Silva et al. conducted a study of 89 Brazilian women, and they found that 90% of 
people with autoimmune thyroiditis have elevated anti-TPO [28]. Anti-TPO antibody 
was used more extensively by Lock et al. for clinical evaluation in subclinical hypo-
thyroidism [29]. TPO antibody-positive people were found to be 13.3% in a study 
conducted in Delhi between 2007 and 2010 [30]. Similarly, an apparent increase in 
occurrence was observed in southern India. In two separate studies conducted in 
Kerala and Punjab, the comparable prevalence of anti-TPO positives was 16.7 and 
36.5%, respectively [31, 32]. Jeena et al. reported that anti-TPO antibody estimates 
are useful in identifying the etiology of autoimmune thyroiditis. In that study, 
anti-TPO antibody titers were found to be elevated in 47 to 60% of patients with 
 hypothyroidism [33].

7. Historical background of AITD

Hashimoto characterized hypothyroidism and goiter as a result of thyroid lym-
phoid invasion in 1912. Anti-Tg (antithyroglobulin) antibodies were discovered in 
similar patients in 1956, revealing the autoimmune origin of these traits, and activat-
ing TSH receptor antibodies were discovered at the same period of time. Anti-TPO 
antibodies were first identified as thyroid microsomal antibodies in 1964 but were 
later renamed anti-TPO because of their auto-antigen identity [34].
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8. Epidemiology of AITD

AITD is considered the prototypical and most prevalent organ-specific endocrinal 
disease, affecting 2–5% of the iodine-sufficient population [35]. The first pathological 
features of AITD were described in 1912, when patients with goiter caused diffusion 
of lymphocyte infiltration and thyroid cellular atrophy in the clinical histological 
picture of thyroid tissue [36]. The incidence rate is 0.3–1.5 per 1000 persons per year, 
and it is 4–10 times higher in women than in men [2, 37, 38].

AITD is an organ-specific autoimmune disorder that is much more common in 
women than in men. About 1% of men are affected by this disease, whereas 2–4% 
women are suffering from it worldwide and with the advanced age, this trend is 
greater. In the USA and Canada, the prevalence rates are 5,873,102 and 6, 50,157, 
respectively. In China and India, the prevalence rates are 25, 976, 952 and 21,301,112, 
respectively. The annual incidence of Hashimoto’s thyroiditis is believed to be 0.3–1.5 
cases per 1000 people worldwide, while Grave’s disease is expected to have five 
occurrences per 10,000 people. About 90% of AITDs are caused by Hashimoto’s 
thyroiditis [39].

9. Etiological factors of AITD

As AITD is a multifactorial disease, the factors responsible for the initiation of 
AITD are mostly genetic, in which gene alteration occurs. Hormonal changes in 
females, medication adverse effects, smoking, aging, and iodine overconsumption are 
other endogenous and environmental factors that cause autoimmune thyroid disease 
[3, 4]. Environmental factors such as smoking, alcohol, iodine, stress, infections, 
and drugs are secondary etiological factors responsible for AITD. Female sex and 
parity are considered existential factors responsible for AITD because of certain sex 
hormonal imbalances, women are considered to be more prone to AITD as compared 
to men. Increased age has also been shown to be conclusively linked to AITD [40–44]. 
Certain gene alterations, such as TSH receptor, thyroglobulin, HLA, interleukins, and 
cytotoxic lymphocyte genes, are primary etiological factors responsible for causing 
AITD.

10. Pathophysiology of AITD

More than 30% of all organ-specific autoimmunity diseases are represented 
by thyroid autoimmune. About 3% of the population is affected by Hashimoto’s 
thyroiditis, the earliest and most prevalent organ-specific autoimmune disease. It 
serves as the prototypical T-cell-mediated degenerative disease among others such 
as multiple sclerosis and type 1 diabetes [45–47]. However, the theory of cytotoxic 
T lymphocyte (CTL)-mediated target destruction in thyroid autoimmunity has 
lately been challenged [48–51]. A new theory of autoimmune target destruction 
in Hashimoto’s thyroiditis has been developed as a result of advancements in the 
study of apoptosis and investigations of Graves’ disease, a non-destructive type of 
thyroid autoimmunity.

It is thought that the thyroid antigen-specific CD4 (helper) T lymphocytes are 
what triggers the autoimmune thyroid disease process. T cells with this antigen-spec-
ificity have been isolated from the thyroid tissue of Grave’s disease patients [47, 52]. 
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Through the induction of activated T cells and subsequent production of gamma 
interferon, thyroid cells express MHC class II, which activates T-cell reticulation and 
sustains the autoimmune process [53, 54].

Since the thyroid itself encourages further expansion of the pertinent popula-
tion of T cells; the mechanism underlying the initial activation of T cells may be less 
antigen-specific than in molecular mimicry. Self-reactive CD4 T cells promote auto-
reactive B cells to enter the thyroid and secrete thyroid antibodies. Thyroglobulin, 
the storage protein for thyroid hormones, thyroperoxidase, and TSH receptors are 
the three main target antigens for thyroid autoantibodies. In autoimmune thyroid-
itis, Th1, Th2, and Th17 immune responses involve active participation. Antigen-
presenting cells and CD4+ T helper cells play a role in the activation of effector T cells, 
and as a result, thyroid-specific antigens (TPO and Tg) CD8+ T cells are activated, 
which proliferate cytotoxic T lymphocytes (CTL) that destroy thyroid cells, and on 
the other hand, B cells might develop into plasma cells, generating thyroid-restricted 
antibodies, followed by antibody- or complement-restricted thyroid cell death. It 
is believed that Th17 cells are also involved in the destruction process. Increase the 
release of thyroid-specific antigens by the destroyed thyrocytes, which leads to an 
acceleration of the immune process. Inhibition of regulatory T cells (Treg) as well 
as secretion of inflammatory molecules (CXCL8, CXCL10, and interferon-g) by the 
thyroid itself could further enhance the autoimmune process [55, 56] CD8 (cytotoxic) 
T cells and B cells are drawn into the thyroid by activated CD4 T cells [57, 58]. It is 
thought that the primary mechanism causing hypothyroidism involves CD8 cells 
directly killing thyroid cells. Thyroid autoantibodies, however, might also play a 
pathogenic role [59].

11. Types of autoimmune thyroid diseases

There are the following types of autoimmune thyroid disease:

1. Hashimoto’s autoimmune thyroiditis (AITD), is atrophic and causes primary 
myxedema.

2. Grave’s disease hyperthyroidism.

3. Postpartum thyroiditis (PPT).

4. Thyroid-associated orbitopathy (TAO).

In Graves’ disease, thyroid-stimulating antibodies were found in 1956, and in 
1957, thyroid antibodies were found in Hashimoto’s disease [60, 61]. Hypertrophic 
thyroiditis is the most prevalent autoimmune thyroid disease in Hashimoto’s disease. 
The immune system responds against the body’s own tissue and it show features such 
as diffuse goiter, lymphocytic infiltration in the presence of autoantibody, and the 
gradual degeneration of the follicular cells of thyroid gland resulting in a deficiency of 
thyroid hormones, which help in the diagnosis of Hashimoto’s thyroiditis [55, 57, 62]. 
Autoimmune thyroid disease results in two opposite pathogenic effects: hyperthy-
roidism in Grave’s disease and thyroid destruction in Hashimoto’s thyroiditis.

Hashimoto’s thyroiditis is caused by self-reactive CD4+ T cells attracting B cells 
and CD8+ T cells to the thyroid. Thyroid cell death and hypothyroidism are symptoms 
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of disease progression. It has been suggested that autoimmune thyrocyte depletion is 
caused by both autoantibodies and thyroid-specific cytotoxic T lymphocytes (CTLs). 
In Grave’s disease, B cells release thyroid-stimulating immunoglobulins (TSI) against 
the thyroid-stimulating hormone receptor (TSHR), which is triggered by activated 
CD4+ T cells. This results in hyperthyroidism and unregulated thyroid hormone 
production [63].

Grave’s disease is characterized by elevated levels of thyroid-specific autoantibod-
ies and circulating activated T cells. These anti-TSH receptor antibodies promote 
thyroid activity and cause hyperactivity of the gland [61]. While free T3 and free 
T4 hormone concentrations are within the normal range, subclinical Hashimoto’s 
thyroiditis is identified by a decreased serum TSH level (less than 0.3 mIU/ml). TSH 
and thyroid hormone levels are both decreased in clinically present (0ver) hypothy-
roidism [64]. In Grave’s disease, hyperthyroidism occurs, which leads to enlargement 
of the thyroid gland. In the case of Grave’s disease, anti-TPO antibodies do not play a 
major role but majorly cause Hashimoto’s thyroidism.

It is common to have subclinical hypothyroidism. The prevalence ranges from 3 to 
8%, rising with age and affecting more women than men. Around 10% of men and 
women experience combined prevalence after the sixth decade. Anti-thyroid antibod-
ies are present in 80% of these patients, and 80% of them have serum TSH levels that 
are less than 10 mIU/L [65]. Although a patient with subclinical hypothyroidism does 
not exhibit the appropriate signs and symptoms, there is a slight increase in TSH and 
anti-TPO levels, which are still within normal ranges for free T3 and free T4 levels.

About 2 to 5 percent of cases per year will progress from subclinical hypothyroidism 
to overt hypothyroidism. Early diagnosis and treatment help prevent the onset of overt 
hypothyroidism and its negative effects on the body’s system because subclinical hypo-
thyroidism is more common than overt hypothyroidism [66]. High anti-TPO patient 
titers increase the risk of overt condition changes and increase symptom severity.

According to the National Health and Nutrition Examination Survey III 
(NHANES), over 10 percent of adults tested positive for either TPO-Ab or Tg-Ab, 
with a prevalence of 13% for TPO-Ab and 11.5% for Tg-Ab [67]. In a study conducted 
by Atieh Amouzegar et al., out of 5783 participants, 742 (12.8%) tested positive 
for TPO-Ab, with women more likely than men to do so. In the general population, 
TPO-Ab positivity was present in 11.9, 14.9, and 13.6% of the young, middle-aged, 
and elderly, respectively [68].

12. TPO introduction and role in body

TPO, previously known as thyroid microsomal antigen, was defined in 1985, 
responsible for the autoimmune response in AITD [69]. It is an enzyme that is pres-
ent in microsomes of thyrocytes and expressed on the apical surface of thyroid cells. 
Thyroperoxidase is also called thyroid-specific peroxidases, as it is only present in 
thyrocytes and not in any other organ of the body. The secreted recombinant human 
TPO comprises 842 amino acids and has a predicted molecular mass of 93.8 kDa [70].

TPO plays a key enzyme role in the biosynthesis of thyroid hormone. This pro-
cess takes place in thyrocytes at the apical membrane colloid interface and requires 
thyroglobulin, iodine, and hydrogen peroxide. Iodide is actively transported into the 
follicular cells through the sodium iodide support system. In follicular cells, the process 
of deiodination occurs when iodine is used to create the active ionic form of iodide. TPO 
oxidizes iodide by using hydrogen peroxide created in the cell’s peroxisomes, which cause 
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covalent bonds to form with the thyroglobulin residue, that is, tyrosyl. MIT (monoiodo-
tyrosine) and DIT (di- iodotyrosine) are produced as a result. Two DIT combine to form 
T4 (thyroxine) and one MIT and one DIT combine to form T3 (tri-Iodothyronine), which 
is illustrated in Figure 7 [71]. The coupling reaction is also catalyzed by TPO in the pres-
ence of hydrogen peroxidase [72]. So, in addition to working in concert with thyroglobu-
lin, the TPO enzyme is crucial for the iodination of L-tyrosine and the chemical coupling 
of mono- and di-iodotyrosine to produce thyroid hormones [5, 73].

13. Role of TPO antibodies in AITD (autoimmune thyroid disease)

In cases of autoimmune thyroid disorders, the body’s autoantibodies start to produce 
antibodies against the thyroperoxidase enzyme, called as anti-thyroperoxidase antibod-
ies [74]. These antibodies mistakenly attack normal tissue, such as thyrocytes in the thy-
roid gland. Due to the attack of anti-TPO antibodies, there is inflammation and impaired 
function of the thyroid gland [75]. Several studies report that antibody-dependent 
cell-mediated cytotoxicity could be induced by thyroperoxidase antibodies. TPO-Ab is 
frequently found in the general population and has more specificity than other antibod-
ies; this antibody directly involves thyroid cellular damage and is positively correlated 
with the activity of chronic thyroiditis [76]. Autoantibodies to TPO are more common in 
the euthyroid population. Elevated serum titers of antibodies to TPO are found in several 
forms of thyroiditis caused by autoimmune disorders [77]. Inflammation or destruc-
tion of the thyroid gland, like in Hashimoto’s disease, may be indicated by the presence 
of TPO antibodies. Whereas other forms of thyroiditis, such as postpartum thyroid 
dysfunction (PPTD), are less commonly associated with TPO antibodies [78].

Anti-TPO antibodies are more sensitive in diagnosing thyroid autoimmune 
diseases. Some patients have mildly elevated levels of anti-TPO antibodies but do not 
show sign or symptoms. The presence of TPO antibodies increases the risk of future 
thyroid disorders. In such patients, the doctor recommends periodic checkups to 
monitor the prognosis of thyroid ailments.

Figure 7. 
Function of Thyroperoxidase in thyrocytes, coupling of MIT and DIT, synthesis of T3 and T4 [71].
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In the HUNT study, positive TPO-Ab was found in 2.8% of men and 13.9% of 
women, aged over 40 years [79]. Similarly positive TPO-Ab status was found in 8.6% 
of men and 18.5% of women in the study of Hoogendoorn et al. [80]. Furthermore, 
TPO-Ab titers >200 kU/l were reported in 16.9% of women and 6.6% of men in a 
study conducted in Denmark [81].

14. Signs and symptoms of AITD

Signs and symptoms of autoimmune thyroid disease depend on thyroid gland 
function, whether the patient is suffering from hyperthyroidism or hypothyroidism. 
In the case of hyperthyroidism, the symptoms will be sweating, rapid heart rate, 
tremors, weight loss, fatigue, anxiety, sleeping difficulty, etc. In the case of hypo-
thyroidism, symptoms will include weight gain, dry skin, hair loss, cold intolerance, 
constipation, fatigue, etc. The signs and symptoms will vary as per the severity of 
the disease, which is illustrated in Table 2. This could be permanent if AITD is at a 
chronic stage. Symptoms may come and go depending on whether the person receives 
treatment, and whether the treatment takes effect.

15. Laboratory diagnosis of AITD

For laboratory diagnosis, the doctor recommends thyroid function testing along 
with thyroid antibody testing. In a thyroid function test, the following parameters are 
checked:

• TSH (Thyroid-stimulating hormone) testing.

• Free T3 (Tri-iodotyrosine)

• Free T4 (Tetra-iodotyrosine)

• Anti TPO Ab testing.

Hyperthyroidism: Increased T3 and T4 Hypothyroidism: Decreased T3 and T4

Increased basal metabolic rate Decreased BMR

Anxiety, physical restlessness, mental excitability Depression, psychosis, mental slowness, lethargy

Hair loss Dry and brittle hair

Tachycardia, palpitation and fibrillation Bradycardia

Diarrhea Constipation

Weight loss and good appetite Weight gain, anorexia

Warm sweaty skin, heat intolerance Dry cold skin, prone to hypothermia

Table 2. 
Common sign and symptoms in hyperthyroidism and hypothyroidism.
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Free T3 and free T4 are both biologically active forms, and they are free in circula-
tion, so their value remains constant and is not affected by the concentration of 
circulatory proteins. So, free T3 and free T4 are preferred over total T3 and T4.

In thyroid antibody testing, TG antibodies and TPO antibodies are determined, as 
these are commonly found autoantibodies that are frequently present in serum. Anti-
TPO is more sensitive and has more specificity for the diagnosis of thyroid autoim-
mune disease and hence is preferred.

16. Normal reference values

The following Table 3 shows the reference range of thyroid parameters:

17. Interpretations

Subclinical hypothyroidism occurs when patients have no signs or symptoms 
as such, mildly elevated values of anti-TPO antibodies and TSH, but normal levels 
of other thyroid hormones such as free T3 and free T4. If subclinical thyroid is left 
untreated for a long time, it can switch over to an overt hypothyroidism condi-
tion, and the patient becomes symptomatic. In overt hypothyroidism, the levels of 
anti-TPO antibody titer and TSH are markedly elevated, along with mildly variably 
elevated levels of other thyroid hormones, such as free T3 and free T4.

18. Role of TPO-Ab in disease pathogenesis

TPO-Ab is uncommon in healthy children and adolescent is low, but the preva-
lence increases with age and especially predominant in females [32, 82]. Anti-TPOs 
are detected mostly in patients with autoimmune hypothyroidism. The presence 
of TPO-Ab contributes to the confirmation of the autoimmune nature of thyroid 
failure. In patients with “borderline” thyroid function test, TPO-Ab status can 
be used for treatment decisions. Furthermore, even in people with normal TSH 
and thyroid hormone levels, the presence of TPO-Ab, particularly in younger age 
groups, can predict the development of future thyroid dysfunction. Evidence 
suggests that antibody status can determine the clinical course of autoimmune 
hypothyroidism.

Parameter Normal range

Anti-TPO (Thyroperoxidase) U/ml 5.0–35.0

TSH (uIU/ml) 0.27–4.20

Free T3 (pg/ml) 2.0–4.4

Free T4(ng/dl) 0.93–1.73

Table 3. 
Normal reference ranges of thyroid function test for ATD diagnosis.
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19. Conclusion

This organ-specific endocrinal disease is becoming a major and challenging 
disease worldwide. Autoimmune thyroid diseases occur due to immune-mediated 
alterations in the thyroid gland, which produce functional alterations in thyroid 
hormone status. Proper diagnosis helps with better treatment of this disease.

Thyroid hormone synthesis significantly relies on the TPO enzyme. In order to 
diagnose autoimmune thyroid disease and forecast its clinical course, measuring 
the levels of anti-TPO autoantibodies has been reported to be important. In order to 
identify the cause of hypothyroidism and the likelihood that a patient’s subclinical 
condition will progress to overt hypothyroidism, serum TSH and anti-TPO analyses 
are crucial. TSH, free T3, and free T4 levels also aid in the diagnosis of autoimmune 
thyroid disease and help distinguish between overt and subclinical hypothyroidism.
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