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ABSTRACT

Autoimmune disorders represent significant global health challenges, characterized by aberrant immune responses against
the body’s own tissues, leading to a spectrum of conditions with varying severity. Concurrently, primary
immunodeficiencies (PIs) compromise immune tolerance, heightening susceptibility to infections, malignancies, and
autoimmune diseases. Notably, there is an emerging recognition of the bidirectional relationship between autoimmunity
and cancer, as autoimmune responses may play dual roles: while excessive autoimmunity can promote tissue damage and
malignancy, certain immune responses can also exhibit protective effects against tumors. This review meticulously
examines the interplay between various immune cells, including T lymphocytes, neutrophils, and macrophages, in both
malignancies and autoimmune disorders. It explores how chronic inflammation, driven by autoimmune conditions, can
foster an environment conducive to tumor progression, while also considering how immune regulatory mechanisms can
become dysfunctional in the face of malignancy. Furthermore, we discuss the implications of recent advancements in cancer
immunotherapy which highlight the complexities of using immune checkpoint inhibitors in patients with pre-existing
autoimmune conditions. Ultimately, this review posits that a nuanced understanding of the intricate relationships between
autoimmunity and cancer could inform novel therapeutic strategies and improve outcomes for affected patients.

1. INTRODUCTION

Autoimmune disorders are major health issues with various occurrence rates and gravity worldwide. Such disorders develop
from aberrant immunity responses to healthy tissues and cells. Impairment of immunity tolerance to particular autoantigens
leads to progression of such conditions. Primary immunodeficiencies (PI) are chronic conditions which involve increased
vulnerability to infections, malignancies and autoimmune diseases [1,2]. Malignancy risk which is approximately from
four to twenty-five percent, elevates with ageing. Among the factors accounting for the cancer type are primary
immunodeficiencies, infections, ageing. Primary immunodeficiencies are featured by lower resistance to infections and
higher rate of cancer [3].

Multiple trials demonstrated connections between cancer and immune system, which should be further investigated. Auto-
immune disorders and malignancies coincide more frequently than is typically thought. Lately this phenomenon has been
attracting more and more attention. Whereas elevated auto-immunity can be harmful, reduced auto-immunity could be
useful. Auto-immune response may be regarded as protection against tumors, and such response might trigger
autoantibodies (AAbs) against various self-antigens, such as antigens in tumor cells [4]. Tumor is formed when the
immunity is unable to regulate the growth of cells and auto-immunity because of impaired auto-reactive responses. These
conditions might be greatly alleviated if the immunity was re-programmed to not need permanent therapy to retain
homeostasis. In contrast, inhibition of immunity in order to suppress auto-immunity may enable progression of cancer and
increase susceptibility to infections [5,6].
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There are various pathological autoimmunity conditions related to the progression of lymphoproliferative disorders (LPD)
including SjS, RA and SLE. Furthermore, groups of AAbs were detected in subjects with solid tumors. Subjects with
dermatomyositis (DM) were reported to exhibit elevated risk of solid-organ cancer. The connection between auto-immunity
and malignancies is yet to be fully explored [7]. In autoimmunity disorders, affected tissues regenerate at the region of
auto-immunity that is featured by quick cellular division resulting in progression of malignancies. That is traditional
explication of the connection between autoimmune disorders and malignancies. The relationship between auto-immunity
and elevated risk of malignancies is linked to cancer. It was hypothesized that in multiple ARDs and malignancies, the
connection could be bilateral, and autoimmunity-induced chronic inflammatory processes and tissue injury can result in
malignancies while the immunity response to malignant cells leads to auto-immunity [8].

Research in the field of autoimmune responses, T-regs, TLRs and activations of DCs can promote development of novel
vaccines which will lead to more beneficial results of treatment. Investigation of potential targets is necessary to engineer
novel therapeutic approaches for malignancies. Characteristics of auto-immunity were studied while concentrating on the
immunity, apoptotic processes and therapies [9,10].

Table 1. Roles of Immune Cells in Autoimmunity and Cancer

Immlt; r;eeCell Role in Cancer Role in Autoimmune Disorders
CD8+T Re:r(;iﬁlj/e ?;I?Zkﬁerzigg;;?t ;fﬁg:la Increased abundance in MS, scleroderma,
lymphocytes P granzy $asp Y SLE, T1DM; contribute to tissue injury
(cancer-protective)
Regulatory T Suppress CD8+ and effector T cells; Dysfunction or deficiency promotes
ceigls (Tre ys) promote tumor progression and immune autoimmunity (e.g., IPEX syndrome,
g escape polyendocrinopathy)
Thi cells Generally cancer-protective; IL-2 supports Involved in multiple autoimmune diseases;
anti-tumor immunity excessive proinflammatory activity
Th2 cells Mixed role: protective or carcinogenic Contribute to allergic disorders, scleroderma,
depending on context UC; variable role in RA and SLE
Cancer-protective in some tumors (breast,
Th17 cells gastric, prostate); pro-tumor in others Elevated in MS, RA, psoriasis, IBD, SLE;
(ovarian, RCC, OSCC); effects vary by strongly proinflammatory
TME
Tumor-associated neutrophils (N1 = anti- In RA and SLE: enhanced NET formation,
Neutrophils tumor, N2 = pro-tumor); high vs. low ROS production, cytokine release — amplify
density subsets differ in cytotoxicity inflammation and autoantibody production
Macrophages M1 = anti-tumor in early cancer; M2 = pro- | MI predominant in RA, SLE, TIDM; M2 in
phag tumor in advanced stages fibrotic autoimmunity (scleroderma, IBD)

2. TLYMPHOCYTES
T Lymphocytes in Cancer

CD-8+ T lymphocytes attack malignant cells and represent a part of one of the most important anticancer mechanisms. Via
identification of peptide-major histocompatibility complex-I these cells find malignant cells and eliminate them by
expressing perforin (PRF) and activating Fac receptor apoptotic pathway [11,12].

Regulatory T cells inhibit the CD-8+ T lymphocyte functioning, facilitating development of malignancies. Moreover,
regulatory T cells suppress proliferative processes of effector and memory T cells, e.g., type 1 and 2 helper T cells [13,14].
Type 1 helper T cell cytokine interleukin 2 showed ability to protect against tumours in experimental studies. Interleukin 2
in recombinant form is licensed in some countries for melanoma and renal cell carcinoma (RCC). Although, another type
1 helper T cell cytokine interferon gamma was shown to promote and to suppress tumours [15,16].

Type 1 helper T cell mediated immune processes are typically canceroprotective, whereas type 2 helper T cell mediated
immune processes exhibit both canceroprotective and carcinogenic effects [17].

T helper 17 cells can have canceroprotective or carcinogenic in the tumor microenvironment. In blood of subjects with
cancer levels of T helper 17 cells are often higher than those of healthy subjects, as was established for different
malignancies including RCC, ovary cancer, breast cancer, cervix cancer, endometrium cancer, liver cancer, and OSCC.
Although, reduced levels of T helper 17 cells in blood of subjects with cancer were detected in lung carcinoma and pancreas
cancer. T helper 17 cells aggregate in tumor microenvironment of breast, stomach and prostate cancer [18,19].
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Expanded peripheral blood Tregs of subjects with malignancies were observed in ovary cancer, liver cancer, OSCC,
stomach cancer, pancreas cancer, RCC, cervix cancer. Regulatory T cells are more abundant in breast and lung carcinoma.
A link between regulatory T cells abundance and development of malignancies was detected in breast and lung carcinoma,
liver cancer, OSCC, stomach cancer [20,21].

Aggregation of regulatory T cells in TME together with elevated concentrations of these cells are detected in various
malignancies. T helper 17 cells impact on malignancies is typically confined. Interleukin 23 is an important cytokine that
drives T helper 17 cells to expand. Interleukin 23 suppression by risankizumab did not lead to an elevation of long-term
risks of malignancies [22,23]. Analogously, interleukin 17 A suppressant secukinumab therapy for psoriatic arthritis,
psoriasis, Bekhterev's disease subjects showed a long-term reduced risk of cancer. Analyses of other long-term trials on
this drug showed similar outcomes. Ixekizumab is another suppressant of interleukin 17 A which has shown a long-term
reduced risk of malignancies. Although, other trials on interleukin 23 suppressants show contradicting results with both
canceroprotective and carcinogenic impacts. This implies that T helper 17 cells do not exert considerable carcinogenic or
canceroprotective effects [24,25].

T-Lymphocytes in Autoimmunity

Autoimmunity disorders are a clear example of proinflammatory chronic disorder. Multiple autoimmune diseases show
dysfunction of regulatory T cells. Furthermore, regulatory T cells deficiency promotes autoimmune diseases. Impaired
immunity regulation, polyendocrine syndromes, enteropathy, IPEX syndrome are recessive diseases induced by FOX-P3
mutation [26]. This gene is believed to be an important part of regulatory T cells regulation. IPEX syndrome is related to
auto-immune enteropathy, TIDM, cutaneous diseased and severe infections. Whereas regulatory T cells dysfunction is
present in autoimmunity disorders, CD-4+ T lymphocytes effect is enhanced [27,28]. Specifically, T helper 17 cells and
type 1 helper T cells are implicated in the development of many autoimmune diseases. T helper 17 cells abundance and
activity are elevated in MS, rheumatoid arthritis, psoriasis, IBD, and systemic lupus erythematosus [29].

Type 2 helper T cells mediate the immunity responses to allergens. They are also involved in pathogenesis of scleroderma
and UC. In rheumatoid arthritis, count of type 2 helper T cells was similar to the control group. The results of the studies
on type 2 helper T cell cytokines in systemic lupus erythematosus are contradicting. CD-8+ T lymphocytes abundance or
activity in blood and organs elevates in multiple sclerosis, scleroderma, aplastic anemia, type 1 diabetes, and systemic lupus
erythematosus [30,31].

3. NEUTROPHILS
Neutrophils in Malignancies

Tumour associated neutrophils show plastic characteristics in the tumor microenvironment. With transforming growth
factor beta absent, they exhibit proinflammatory and canceroprotective activity (N-1 phenotype), whereas with
transforming growth factor beta present they exhibit anti-inflammation and carcinogenic activity (N-2 phenotype). N-1
phenotype generates elevated concentrations of tumor necrosis factor alpha, nitric oxide, and hydrogen peroxide [32,33].
This phenotype is predominant in tumor microenvironment at early stages with low concentrations of transforming growth
factor beta. The N-2 phenotype is prevalent at progresses stages when transforming growth factor beta aggregates [34]. In
murine model of tumors, neutrophils in blood show 2 groups with different density in PBMC, following density gradient
centrifugation. High-density neutrophils are predominant in mice without tumours, whereas low-density neutrophils prevail
in mice with tumours. High-density neutrophils showed cytotoxicity to malignant cells in culture, while low-density
neutrophils were harmless [35,36]. Analogous to tumor associated neutrophils, HDNs convert into LDNs and the
conversion relies on transforming growth factor beta. As expected, subjects with progressed lung carcinoma showed
elevated levels of low-density neutrophils in comparison to subjects with early stages and healthy subjects [37].

Neutrophils in Autoimmunity Disorders

Neutrophils show proinflammatory activity in autoimmune diseases. Although, this activity can be different in different
disorders. The role of neutrophils in rheumatoid arthritis and systemic lupus erythematosus are reviewed below as typical
examples [38].

In subjects with rheumatoid arthritis neutrophils in joints show cytotoxicity and neutrophils in blood are ready to generate
reactive oxygen species. Proteases which are expressed from neutrophil granules facilitate rheumatoid arthritis
inflammatory process. Myeloperoxidase is an enzyme which shows cytotoxicity and is expressed from neutrophil granules.
Myeloperoxidase is observed in circulation, in synovia and in tissues of subjects with rheumatoid arthritis [39].
Myeloperoxidase elevates permeability of the vessels and enables proinflammatory ICs penetration. Moreover,
myeloperoxidase recruit neutrophils to the inflamed region. In rheumatoid arthritis synovia neutrophils release
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proinflammatory cytokines e.g. BAFF, tumor necrosis factor, RANKL [40,41]. NETs are histone networks and
deoxyribonucleic acid fibers which take part in elimination of pathogenic organisms. Citrullinated histones contain
approximately seventy percent of all neutrophil extracellular trap proteins. Neutrophil extracellular traps formation is
promoted in theumatoid arthritis. It is considered to cause auto-immunity to citrullinated proteins [42,43].

Analogous to their role in rheumatoid arthritis, in systemic lupus erythematosus neutrophils exhibit proinflammatory
activity. They mostly are low-density neutrophils and release type 1 interferon, interferon gamma, interleukin 6, interleukin
8, and tumor necrosis factor alpha. Like rheumatoid arthritis, systemic lupus erythematosus is featured by increased
formation of neutrophil extracellular traps. Neutrophil extracellular traps stimulate immunity response in systemic lupus
erythematosus via exposure of antigens which are usually protected by plasma membrane, by decreasing T lymphocyte
activation threshold and by activating auto-reactive B cells [44].

4. MACROPHAGES
Macrophages in Malignancies

Macrophages may be stratified into two groups: proinflammatory (M-1) and antiinflammatory (M-2). M1 stimulate
inflammatory processes by releasing proinflammatory cytokines e.g. tumor necrosis factor alpha, interleukin 1 alpha,
interleukin 1 beta, interleukin 6, interleukin 12, interleukin 18 and interleukin 23, as well as by producing reactive oxygen
species and RNS [45,46]. M1 macrophages release high amounts of major histocompatibility complex which enables the
acquired immunity activation. M2 release high amounts of interleukin 10, prostaglandin E2 and transforming growth factor
beta, cytokines involved in protection against inflammation [47,48]. M2 release high amounts of arginine amidinase 1, low
amounts of major histocompatibility complex class2, and mannose receptor [49].

Tumor associated macrophages involve both M-1 and M-2. Macrophages were suggested to exert proinflammatory anti-
tumour activity (M-1) in early stages of malignancies and antiinflammatory protumor activity (M-2) in advanced stages
[50,51].

Macrophages in Autoimmunity Disorders

In multiple autoimmune diseases macrophages exhibit M-1 proinflammatory phenotype, e.g. rheumatoid arthritis, systemic
lupus erythematosus, SjS, type 1 diabetes, PBC. Although, M-2 macrophages were observed in fibrotic autoimmune
diseases e.g. scleroderma and IBD. In MS, whereas the majority of macrophages in the lesions exhibit M-1 phenotype, a
big portion of macrophages exhibit both M-1 and M-2 phenotypes [52].

5. REACTIVE OXYGEN SPECIES
Reactive Oxygen Species in Malignancies

ROS concentrations are high in TME. As tumour progresses, reactive oxygen species aggregate in the tumor
microenvironment of solid malignancies, which is caused by excessive generation by tumour Mt and NADPH oxidase.
Moreover, reactive oxygen species are expressed to the tumor microenvironment by CAF, tumor associated macrophages
and MDSC. The impacts of reactive oxygen species on malignancy proliferation are intricate. They are partially mediated
by interplay of reactive oxygen species with regulatory T cells, but there could be more pathways. Examples of such
interplay are reviewed below [53,54].

Reactive Oxygen Species Are Required for Regulatory T Cell Function

In mice, Mt RC complex 3 ablation can cause impairment of Mt OXPHOS. In this case, the regulatory T cells lose their
ability to inhibit without alterations of their proliferative activity and survival [55].

Reactive Oxygen Species and Regulatory T Cells Mutually Promote Each Other’s Function

In vitro and in vivo studies have shown that reactive oxygen species produced my macrophages nicotinamide adenine
dinucleotide phosphate complex increase levels and activity of regulatory T cells. Additionally, studies in a rat model of
psoriasis demonstrated that reactive oxygen species protect against psoriatic dermatitis caused by imiquimod via
stimulation of regulatory T cell activity. At the same time, transforming growth factor beta released by regulatory T cells
promoted production of reactive oxygen species by nicotinamide adenine dinucleotide phosphate oxidase. Consistently,
immunity inhibition in TME caused by regulatory T cells is mediated by reactive oxygen species produced by regulatory
T cells [56,57].

Reactive oxygen species stimulate major histocompatibility complex-I expression in malignant cells (which enhance
canceroprotective activity of CD8+ T cells)
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Major histocompatibility complex-I expression in malignant cells was proved to elevate OS. This elevated expression of
major histocompatibility complex-I enables the recognition of malignant cells by CD-8+ T cells and enhances their attack
on tumour cells [58].

Decrease In Reactive Oxygen Species Generation by Des Hinders Their Major Histocompatibility Complex-I
Machinery and Disrupts Their Role in Canceroprotective Immunity

Mt ROS are implicated in cross-presentation of major histocompatibility complex-I antigens by plasmacytoid DCs (pDCs).
Decrease in Mt production of ROS by pDCs leads to a considerable reduction in these cells’ capacity of promoting CD-8+
T cell response after cross-presentation. This phenomenon was observed in normal DCs, where nicotinamide adenine
dinucleotide phosphate oxidase isoform NOX-2 was identifies as vital for effective antigen crosspresentation to CD-8+ T
cells [59]. NOX-2 is an enzyme which is crucial for production of ROS by Mt. NOX-2 deficiency in dendritic cells leads
to cross-presentation impairment. DCs from subjects with CGD with disrupted NOX-2 catalytic unit demonstrated impaired
antigen cross-presentation to CD-8+ T cells. Whereas DCs are of great importance in regulation of malignancies by
acquired immune system, a decrease in reactive oxygen species generation by DCs is believed to induce cancer [60,61].

Moderately-High Concentrations of Reactive Oxygen Species Stimulate Solid Cancers, While Low Concentrations
Are Cytostatic and Elevated Concentrations Are Cytotoxic

Impact of reactive oxygen species on growth of tumours can be mediated by regulatory T cells, although, there could be
other pathways for it. At pre-malignant stages reactive oxygen species can trigger cancer by causing OS and mutations of
single nucleotide polymorphisms (SNP) in anti-oncogenes e.g. TP-53 [62,63]. As tumour progresses, the eclevated
concentrations of reactive oxygen species in tumor microenvironment facilitates tumour proliferation by stimulating
function of regulatory T cells. Moreover, reactive oxygen species trigger activation of some traditional pathways implicates
in tumour development, e.g. nuclear factor kappa B pathway, mitogen-activated protein kinase pathway, and PI-3K/PTEN
pathway. ROS can also facilitate the progression of tumour metastases by promoting EMT and by suppressing anoikis, a
kind of programmed cellular death triggered by its detachment from ECM [64].

Such pro-tumor effects of elevated concentrations of reactive oxygen species promote tumor development. Although,
greatly elevated concentrations of oxidative substances can lead to the injury of tumour tissue. High concentrations of
reactive oxygen species promote cellular apoptotic, necrotic and ferroptotic processes. Hereby, moderately-high
concentrations of reactive oxygen species in the tumor microenvironment could be optimal for tumour development
[65,66]. Hereby, regulation of reactive oxygen species balance is necessary for tumour development. Moderately-high
intracellular an extracellular concentrations of reactive oxygen species stimulate solid tumor propagation, tumor metastases
as well as angiogenesis, while excessive concentrations trigger tumor cellular death, and low concentrations of reactive
oxygen species are cytostatic [67,68].

6. REACTIVE OXYGEN SPECIES IMPACT ON AUTOIMMUNE DISORDERS
Low Concentrations of Reactive Oxygen Species Induce Autoimmune Diseases

CGD is a rare condition which involves genetic disorders. It develops due to impairments of nicotinamide adenine
dinucleotide phosphate oxidase units. Elevated rates of various autoimmune disorders were detected in subjects with
chronic granulomatous disease. Human and animal experimental studies showed that there might be a connection between
reactive oxygen species deficit and autoimmunity disorders, e.g. SLE, RA, GBS, psoriasis [69].

Low Concentrations of Reactive Oxygen Species Disrupt Activity of Regulatory R Cells, Which Leads to
Autoimmune Disorders, And Increased Concentrations Alleviate Autoimmune Disorders

Kim and colleagues conducted a study in murine model and discovered that psoriatic dermatitis caused by imiquimod was
alleviated by increased concentrations of reactive oxygen species, while reduced concentrations of reactive oxygen species
impaired function of regulatory R cells and exacerbated the condition. These findings indicate that regulatory T cells
dysfunction under reduced concentrations of reactive oxygen species could facilitate autoimmunity [70].

Excessive concentrations of reactive oxygen species (OS) lie at the core of regulatory T cells damage that facilitates lupus
and EAE

Strickland and colleagues discovered that T lymphocytes stimulated with oxidants promoted lupus-like disorders in murine
model. Additionally, SLE-relate genes were elevated by reactive oxygen species. This impact was the most significant with
an oxidant peroxonitrite. Peroxonitrite anion is in equilibrium with peroxonitrous acid. This acid quickly disintegrates in
nonalkaline medium to *NO2 and *OH (approximately 30% yield). The rest of the acid is isomerized rapidly to NO—3
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[k=1,2s-1]. The researchers applied 20 uM peroxonitrite solution to treat T lymphocytes. Such oxidative media promoted
the disorder [71].

T lymphocyte Mt function impairment was suggested to produce OS in systemic lupus erythematosus. Mt OS and
deoxyribonucleic acid damage was observed in regulatory T cells derived from subjects with autoimmune diseases. This
Mt OS and deoxyribonucleic acid damage that led to death of regulatory R cells, has also been detected in mice with
experimental autoimmune encephalitis. OS was proved to have an impact on the regulatory T cells/T helper 17 cells balance
in systemic lupus erythematosus. These discoveries suggest that OS, i.e. excessive concentrations of reactive oxygen
species, stimulates autoimmune disorders [72].

Immunity Inhibiting Agents Promote Production of ROS In Kidney Transplant Subjects

Kidney transplant recipients who did not show any adverse effects following the procedure and exhibited stable kidney
functioning were administered with several immunity inhibiting compounds prior to the transplant and as a result
demonstrated considerable elevation in concentrations of reactive oxygen species [73].

7. MAJOR HISTOCOMPATIBILITY COMPLEX-I
Major Histocompatibility Complex-I In Cancer

Major Histocompatibility Complex-I Promotes the Inhibiting Activity of Regulatory T Cells Which Facilitates
Malignancies

Mu and colleagues conducted a study in a murine model and discovered that major histocompatibility complex-I
transcription is stimulated by the TF FOX-P3 in T lymphocytes. This elevates expression of major histocompatibility
complex-I in CD-4(+)CD-25(+) Tregs more than in traditional CD-4(+)CD-25(-) Tregs. The researchers detected that
expression of major histocompatibility complex-I by regulatory T cells partly accounts for their regulation activity.
Inhibiting function of regulatory T cells promotes advanced malignancies as well as metastases [74]. The authors mentioned
a trial that revealed that CD-8+ T cells interplay with major histocompatibility complex-I on regulatory T cells is necessary
for activation of regulatory T cells. T-cell receptors released in peripheral regulatory T cells is able to identify foreign
antigens with significant affinity. Regulatory T cells inhibiting effect specific for antigens is due to regulatory T cells-
dendritic cells interplay. There has been suggested a mechanism by which dendritic cells are presenting antigens to
regulatory T cells as part of major histocompatibility complex-II, by means of regulatory T cell T-cell receptor [75]. This
leads to production of tolerogenic dendritic cells specific for antigens. This could imply that such antigens could then be
binding to major histocompatibility complex-I to create protein-major histocompatibility complex-I- complex, which could
enable CD-8+ T cells to identify regulatory T cells, the same way they identify malignant cells, prior to their direct
activation [76].

Transforming Growth Factor Beta Inhibits Expression of Major Histocompatibility Complex-I

A study in transforming growth factor beta 1 null murine model showed an inhibition of major histocompatibility complex-
I expression by transforming growth factor beta 1, where increased messenger RNA levels of major histocompatibility
complex I and II were observed in comparison to healthy or transforming growth factor beta 1 heterozygous controls. Two
incubated human uvea cancer cell lines, with transforming growth factor beta present, produced more than fifty percent
reduction in the expression of major histocompatibility complex I antigens [77].

Tumours Escape Immunity Control Via Impairment of Major Histocompatibility Complex-I Antigen Presenting
Machinery

Peptide-major histocompatibility complex I complexes mediate CD-8+ T cell attacks on tumours. Several solid tumours
show reduced expression of major histocompatibility complex-I antigen presentation, hereby avoiding the immunity
control by CD-8+ T cells [78].

8. MAJOR HISTOCOMPATIBILITY COMPLEX-I IN AUTOIMMUNITY

Major Histocompatibility Complex-I Impact on Autoimmune Diseases Is Controversial and Limited to Few
Disorders

BXSB-Yaa is a mouse strain which develops sudden lupus-like disorder. It was shown that BXSB-Yaa mice with
microglobulin beta 2 (B2M) deficit and major histocompatibility complex I dysfunction exhibit more severe lupus-like
disorders than BXSB-Yaa control group. MRL/lpr murine strain is also a model of spontaneous SLE. MRL/Ipr mice with
beta-2-m deficit demonstrated rapid lupus cutaneous lesions as well as alleviated kidney inflammation [79,80]. Although,
other findings were conflicting. Major histocompatibility complex-I mitigated lupus symptoms in lupus mice and caused
resistance to experimental SLE inducing in other murine model. Hereby, major histocompatibility complex-I impact on
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lupus is not fully known. It was reported that major histocompatibility complex-I alleles are related to only several
autoimmune disorders (psoriasis, Bekhterev's disease) while major histocompatibility complex-II alleles are related to
larger group of diseases (rheumatoid arthritis, type 1 diabetes, multiple sclerosis, coeliac disease and berylliosis). These
findings indicate that major histocompatibility complex-I is not implicated in development of all autoimmune diseases and
its impact is unclear [81].

9. MAJOR HISTOCOMPATIBILITY COMPLEX-II
Major Histocompatibility Complex-II In Cancer

Antigen presentation to CD-4+ T cells mediated by major histocompatibility complex-II facilitates immunity response by
Th cells and CD-8+ T cells (and CD-4+ cells are necessary for activity of the latter). Whereas major histocompatibility
complex-II is released mostly by antigen presenting DCs, macrophages and B cells, as well as by TECs, other types of cells
can also release major histocompatibility complex-II, e.g., malignant cells [82]. Besides alterations in expression of major
histocompatibility complex-I by malignancies, alterations in the expression of major histocompatibility complex-II by
malignant cells were also detected. Levels of major histocompatibility complex-II alleles in subjects with malignancies
differ from levels in healthy controls. Such distinctions rely on cancer type. They were proved to be in correlation with the
cancer progression risk and with responding to therapy. CD-4+ T cells and expression of major histocompatibility complex-
II could be vital in antitumor immune system. Consistently, response to blockade of PD1 in mice with melanoma needed
CD-4+ T cells apart from CD-8+ T cells, as well as co-stimulation by DCs and macrophages [83].

Regulatory T Cells Deplete MHC-II From Dcs

Akkaya and colleagues performed a study in a murine model and demonstrated that regulatory T cells deplete peptide-
major histocompatibility complex-II complex from dendritic cells, thus inhibiting immunity. As progressed malignancy is
a condition with high levels of regulatory T cells, this activity is believed to stimulate immunity escape in progressed stages
of cancer [84].

Transforming Growth Factor Beta Decreases Expression Of MHC-II In Macrophages

Delvig and colleagues showed that by decreasing expression of major histocompatibility complex-II on macrophages,
transforming growth factor beta suppresses antigen presentation of 2 T cell antigenic determinants. Moreover, transforming
growth factor beta decreased the constitutive expression of CIITA, invariant chain and HLADO messenger RNA. These
results were validated by another trial, that demonstrated MHC-II transactivator diminution mediated by regulatory T cells.
Whereas regulatory T cells are an important source of transforming growth factor beta, these discoveries are in line with
the previous evidence of regulatory T cells depleting major histocompatibility complex-II [85].

Expression Of Major Histocompatibility Complex-II Reduces While Cancer Develops

Activity of regulatory T cells and concentrations of transforming growth factor beta elevate in blood and in tumor
microenvironment during progression of malignancies. Drawing on the evidence mentioned above, expression of major
histocompatibility complex-II is believed to decrease in development of malignancy. Accordingly, expression of major
histocompatibility complex-II allele HLADRB1*07 was elevated in lymph nodes of subjects with early NSCLC, in
comparison to subjects with progressed cancer [86].

Hereby, expression of major histocompatibility complex-II is vital for efficient antitumor immune activity. Suppression of
major histocompatibility complex-II expression mediated by regulatory T cells stimulates tumor immunity escape. [87,88].

Major Histocompatibility Complex-II In Autoimmunity

Genomic trials showed that connections between major histocompatibility complex and autoimmunity are mainly due to
major histocompatibility complex-II alleles. Some alleles elevate the risk of progression of several autoimmune diseases
(a direct correlation), and other alleles decrease the risk (an inverse correlation) [89,90]. Basedow’s disease, narcolepsy,
Hashimoto's disease, rheumatoid arthritis, multiple sclerosis, type 1 diabetes, systemic lupus erythematosus, UC and CD
are linked to major histocompatibility complex-II polymorphism. UC and CD are also related to MHC-I, but the connection
is not as consistent [91,92].

Pronounced expression of major histocompatibility complex-II in murine retina was detected in a murine model of EAU.
Increased endothelial major histocompatibility complex-II expression was detected in subjects with rheumatoid arthritis,
systemic lupus erythematosus, multiple sclerosis, Crohn’s disease and DCM. Peripheral blood mononuclear cells, obtained
from patients with homozygosity for auto-immune vitiligo high-risk single nucleotide polymorphism haplotype, were
stimulated with pathogens which led to elevated generation of interferon gamma and interleukin 1 beta in comparison to
patients with homozygosity for low-risk haplotype [93,94].
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Autoimmune diseases are linked to major histocompatibility complex-II polymorphism. Expression of major
histocompatibility complex-II is enhanced in autoimmune diseases and it promotes proinflammatory effects [95].

10. THE EMERGENCE OF CANCER IMMUNOTHERAPY EMPHASIZES THE INTRICATE CONNECTION
BETWEEN AUTOIMMUNITY AND MALIGNANCIES

In the past ten years, advancements in cancer immunotherapy provided considerable survival advantages to some
individuals by enhancing anti-tumour immune response via immunity checkpoint suppression targeting CTLA-4, PD1,
PDLI1. Although, these novel strategies may cause autoimmunity toxicity even in subjects with no autoimmunity disorders
[96]. Moreover, checkpoint blockade immunotherapy in subjects with malignancies and autoimmunity disorders can
aggravate autoimmune diseases. Bender and colleagues reported that a retrospective study of immune checkpoint blockade
in subjects with malignancies and autoimmunity disorders and in subjects just with malignancies showed that the first group
of subjects exhibited considerably higher occurrence of hospital admission and need for immunosuppressive therapy
[97,98]. Abdel-Wahab and colleagues reported that both multi-center trial and systematic review revealed that more than
seventy percent of subjects with autoimmunity disorders who were treated with checkpoint blockade immunotherapy
showed aggravation of these autoimmunity disorders or other detrimental effects associated with immunity [99].

Subjects with autoimmune diseases (ADs) typically receive immunosuppressive therapy. Such individuals are believed to
have higher risk of malignancies. For instance, anti-TNF treatment was an advancement for ADs and is considered to
alleviate RA, CD, UC, psoriasis, Bekhterev's disease, as was reported by Monaco and colleagues [100]. In the beginning
of the twenty first century, anti-TNF treatment for RA was associated with higher risk of cancer and infections. Although,
these discoveries were conflicting with findings from recent trials: application of anti-TNF treatment following cancer
diagnosis does not affect malignancies (Waljee and colleagues) [101], subjects with IBD who received this treatment show
reduced CRC rates. These discoveries indicate that more research is necessary in the field of association between immunity
inhibition and risk of malignancies [101].

Intricate associations between auto-immunity and malignancies are further complicated by concept of auto-immunity
caused by tumour defense, where immunity response against malignancy consequently attacks healthy cells. This
hypothesis was suggested to interpret the relationship between malignancies and auto-immunity at least for
dermatomyositis (DM) and thyroid gland [102]. Thyroid auto-immunity and malignancies are closely connected, as was
reported by Ferrari and colleagues [103]. It was suggested that tumour antigens that exhibit immunogenicity can be shared
with healthy tissues of the thyroid gland, and immunity response to these antigens induce ADs as well [104]. Subjects with
DM show higher risk of malignancies, and it was suggested that alterations in key DM genes can generate neo-antigens
which are able to induce particular anti-tumour responses, although, via cross-reaction or antigenic determinant spreading
such neo-antigens could also target the immunity response at normal tissues [105,106].

Whereas further research is required to elucidate different aspects of the complex associations between ADs and
malignancies, this review concentrates on a novel aspect of these associations: auto-immunity could have a major role in
promoting development of tumors, as was proposed by epidemiologic tendencies in cancer and ADs and by available
research results [107].
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Table 2. Molecular Mediators Linking Autoimmunity and Cancer

Mediator Role in Cancer Role in Autoimmunity
Low ROS impairs Treg function —
. Moderate levels promote tumor growth, . . s . .
Reactive Oxygen . . . . autoimmunity (CGD, psoriasis, SLE); high
. angiogenesis, and metastasis; excessive
Species (ROS) . ROS damages Tregs and DNA — exacerbates
ROS induces tumor cell death . .
autoimmunity (SLE, EAE)
Downregulation allows tumors to evade Limited role; associated with psoriasis,
MHC-I CD8+ T cells; Treg expression of MHC- ankylosing spondylitis; controversial in SLE
I promotes immune suppression models
Expression by tumor cells and APCs Strongly linked to genetic susceptibility for
MHC-II crucial for anti-tumor immunity; ADs (RA, MS, T1DM, SLE, IBD);
suppressed by Tregs and TGF-f in overexpression contributes to chronic
advanced cancer inflammation
Cytokines (IL-2, TL- IL-2 protective; IL-17/23 ambivalent; IL-17, IL-23 central in RA, psoriasis, IBD;
IFN-y both suppresses and promotes IFN-y and TNF-a perpetuate tissue
17, 1L-23, IFN-y, . . . . . .
tumors; TGF-f drives tumor immune inflammation; TGF-f mediates fibrosis
TGF-p, TNF-a) :
evasion (scleroderma, IBD)
Immune Checkpoints Blockade enhances anti-tumor immunity ICI thempy frequ.ently worsens pre-existing
(melanoma, RCC, NSCLC), but autoimmune diseases; requires careful
(PD-1, CTLA-4) . ; . .
increases risk of autoimmunity management

11. CONCLUSION

The intricate interplay between autoimmune disorders and malignancies underscores the duality of immune responses,
where autoimmunity can both contribute to tumor development and provide a protective effect against cancer progression.
Our review highlights the complex relationships among various immune cell types and their roles in mediating these
processes, suggesting that chronic inflammation and dysregulated immune responses may significantly influence
malignancy risk in individuals with autoimmune conditions. Advances in cancer immunotherapy bring additional
complexity, as treatments targeting immune checkpoints can exacerbate autoimmune diseases while offering potential
benefits against tumors.

Future research is essential to unravel these complex interactions, as understanding the underlying mechanisms could pave
the way for more effective therapeutic strategies that harness the beneficial aspects of the immune response while
minimizing adverse effects. Ultimately, a refined perspective on the connections between autoimmunity and malignancies
may lead to innovative approaches in the prevention, diagnosis, and treatment of these challenging conditions, improving
patient outcomes and advancing the field of immunology.
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