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Foreword

Immunological disorders afflict a considerable number of people across the world.
A majority of immunological findings have been derived from the animal studies
primarily rodents that comprise a majority of available textbooks on this topic. This
book attempts to compile information derived primarily from human studies while
keeping important research findings irrespective of the source. This text covers a
wide range of topics from host-pathogen interactions to the evolution of the host
immune response against cancer, allergic and autoimmune diseases, as well as neu-
roinflammatory disorders. The readers are provided with the latest information with
clinical data related to these topics in addition to an in-depth discussion on the
immune checkpoint inhibitors in the context of cancer, infection, and neuroinflam-
mation. A detailed account on the immunoproteomics technology in cancer and
infectious diseases represents a unique aspect of this book so as clinical perspec-
tives on the polycystic ovarian syndrome (PCOS), which is rarely covered in the
scientific literature.
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Preface

This book covers a range of topics related to human immunology such as host-virus
interactions, innate and adaptive immunity to allergens and self-antigens, current
status of immune checkpoint inhibitors in cancer and infection as well as neuroin-
flammation, chimeric antigen receptor (CAR) T-cell therapy, and neuroprotective
immunity against diseases of the central nervous system. In addition, the power of
immunoproteomics technology has been highlighted for immunotherapy, and clini-
cal perspectives on the polycystic ovarian syndrome (PCOS) have been provided as
unique aspects of this book. The first chapter of the book covers health burden, viral
pathogenesis, host immune response, current treatment, and status of future trends
in research on antiviral immunoprophylaxis and pharmacotherapy. This chapter also
provides a detailed account on coronaviruses with the last-minute addition on
COVID-19 that has shaken global health causing worldwide mortality at an unprec-
edented rate. When the pandemic hit, this book was at the production state; thus, we
felt obliged to include all plausible information pertaining to the intended audience.

The second chapter covers applications of immunoproteomic technology in pep-
tide-based T-cell immunotherapy against cancer, infections, and autoimmune dis-
ease, while third and fourth chapters focus on the innate and adaptive immunity
against allergic and autoimmune diseases. The cellular and molecular mechanisms
underlying the immunopathogenesis of allergic eye disease are highlighted. The
pharmacotherapy and immunotherapy of allergic eye disease have been discussed in
detail along with the emerging role of microbiota in allergy. Autoimmune disease,
in which adaptive immune system causes considerable disruption of normal cells
and tissue due to loss of tolerance to self-antigens as depicted by type 1 diabetes, is
discussed in detail in this textbook. Immune cells and molecules that play a role in
the pathogenesis of type 1 diabetes with particular focus on loss of immune toler-
ance to beta cells of the pancreas and the subsequent destruction of these cells are
also highlighted.

The fifth chapter highlights mechanisms of dendritic cell (DC)-regulated T-cell
immunity and tolerance against acute myeloid leukemia (AML), a common hema-
tologic malignancy in adult. Immunotherapies such as immune checkpoint inhibi-

ix



X Preface

tors and DC-based vaccination, which are potentially effective for treating and
preventing AML, have been discussed in this chapter. Negative immune checkpoint
receptors maintain homeostasis; however, an imbalance between activation and
inhibition that biases toward overexpression of negative checkpoint regulators
(NCR) results in impairment of T-cell-mediated immunity. Thus, sixth chapter dis-
cusses novel immunotherapies that inhibit NCR and reverse immune perturbation in
these diseases. Along the same line, seventh chapter provides an up-to-date account
on the power, limitations, and future of CAR T-cell therapy as personalized medi-
cine and immunotherapy.

The eighth chapter on the neuroprotective immunity focuses on the role of innate
and adaptive immune responses in the pathobiology of neurodegenerative and neu-
roinflammatory disorders. In addition, the role of nanomedicine in the diagnosis and
treatment of cancer with emphasis on the use of nanoparticles to aid in the delivery
of anticancer therapeutic agents to target cells in cancer and the use of nanotechnol-
ogy to deliver diagnostic agents to enhance visibility of target cells in cancer during
imaging studies are highlighted in this chapter. The last or ninth chapter focuses on
PCOS, which is an endocrine abnormality and is the most common cause of anovu-
latory infertility in women of reproductive age. It has been suggested to be associ-
ated with autoimmune disease such as systemic lupus erythematosus. The chapter
on PCOS covers the pathophysiology, comorbidities, diagnosis, and treatment of
this condition.

In view of our theme, we have made considerable efforts to compile information
derived primarily from human models with particular reference to humans. It is our
hope that the readers of this textbook would have a broader and deeper understand-
ing of the aspects of immunology relevant to humans that cover topics on viral
pathogenesis and host immune response to viruses, interaction between cancer and
host immune response, as well as overactive adaptive immune response to innocu-
ous substances and self-antigens.

Pooja Jain
Lishomwa C. Ndhlovu



Introduction

The human immune system is comprised of both immune surveillance and immune
defense mechanisms. Both antiviral and antitumor immunities mediated mainly by
natural killer (NK) cells and T cells constitute an important innate and adaptive
interface in immune defense, whereas recognition of tumor and viral antigens serves
as the principal drivers of immune surveillance. Current standard of care for cancers
include chemotherapy, radiotherapy, and surgery whereas pharmacotherapy is the
standard of care for viral infections. Immunotherapy involving modulating the
immune system to induce immunity against tumor cells and viruses has recently
emerged as effective therapeutic against resistant cancer to standard of care options.
Immune checkpoint blockade and CAR T-cell therapy are the two current immuno-
therapeutic strategies that demonstrated significant clinical efficacy against a vari-
ety of cancers. Generally,immune checkpointinhibitoris apassiveimmunotherapeutic
strategy whereas CAR T-cell therapy is an active form of immunotherapy.

T-cell activation involves the action of cell surface co-signaling coinhibitory or
costimulatory molecules. The balance between costimulatory and coinhibitory sig-
nals determines whether T cells would be activated or tolerated. Immune check-
points are coinhibitory molecules expressed on immune cells at different stages of
immune cell activation and play a role in maintaining immune homeostasis and
peripheral immune tolerance. Chronic stimulation of the immune system by tumor
antigens and viral antigens triggers overexpression of immune checkpoints on CD8
tumor-infiltrating lymphocytes (TIL) and virus-specific T cells, respectively. Tumor
cells and viruses use immune checkpoints to enhance their progression and dissemi-
nation. Expression of immune checkpoint receptors on activated T cells in the set-
ting of chronic viral infection and cancer correlates with T-cell exhaustion, a state of
T-cell dysfunction, progression of infection, and tumor growth. However, blockade
of immune checkpoint receptors with monoclonal antibodies targeting receptor-
ligand interactions has been shown to restore immune function of exhausted T cells.
Studies have demonstrated that blockade of CTLA-4 and PD-1 enhances antiviral
immunity and antitumor immune response. It has been shown that brain metastases
contain high levels of PD-1 due to high density of TIL in these tumors and this
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Xii Introduction

makes them susceptible to immune checkpoint inhibitors. Unlike PD-1 inhibition,
blockade of CTLA-4 is associated with depletion of regulatory T cells and loss of
peripheral immune tolerance. Although both anti-PD-1- and anti-CTLA-4-based
immunotherapies are FDA-approved as solid tumor cancer immunotherapies, not
all forms of cancer respond to them. As such, there is heightened interest in bio-
medical research to develop immune checkpoint inhibitors against these other forms
of cancer that are unresponsive to anti-PD-1 and anti-CTLA-4 due to factors such as
varying expression of immune checkpoint levels as well as the safety and tolerabil-
ity of these forms of therapy. The use of anti-CTLA-4, anti-TIM-3, and anti-PD-1 is
associated with significant immune-related adverse effects, thus current research is
focusing on discovering immune checkpoint inhibitors with a better side effect pro-
file. It is of note that inhibiting TIGIT, B7-H3, and VISTA is associated with less
systemic side effects. In addition, organ (GI, liver, thyroid, etc.) toxicity may also
occur with use of immune checkpoint inhibitors but these side effects are generally
not life-threatening.

CAR T cell, a genetically engineered method of immunotherapy, is a personal-
ized therapeutic modality designed to target cells expressing specific antigens for
elimination. In oncology, these modified T cells with laboratory-generated immune
receptors have been shown to target transformed cells expressing surface-specific
antigens. CAR T cell is a formidable therapeutic armament in the fight against can-
cer. Unlike T-cell receptor-mediated antigen identification involving major histo-
compatibility complex (MHC), CAR T cells recognize antigen in the absence of
MHC. There are four generations of CAR T cells based on the presence of costimu-
latory domains. The genetically engineered receptors of CAR T cells consist of
antigen identification domain that recognizes tumor antigen, hinge domain, T-cell
receptor transmembrane domain, and intracellular signaling domain. Unlike the
first-generation CAR T-cell therapy that had four domains, the second and third
generation CAR T cells have co-stimulatory domains. The fourth generation CAR
T cells have an additional element called TRUCK (T-cell redirected for universal
cytokine-mediated killing) that enhances T-cell function and development of
T-memory stem cells. These CAR T cells also overcome the tumor-induced immu-
nosuppressive microenvironment, which is a major limitation associated with previ-
ous therapy. Chimeric autoantibody receptor CAAR T cell expresses autoantigens
recognized by autoimmune B cells, and as such, this therapy could be beneficial for
patients with autoimmune disease. The adverse effects of CAR T cells include cyto-
kine releases syndrome, neurotoxicity, and anaphylaxis. These side effects are likely
due to the release of pro-inflammatory cytokines by activated CAR T cells. High
cost of treatment, resistance to CAR T-cell therapy due to antigen modulation,
adverse effects of CAR T cell, type of tumor, and lymphodepletion pose a challenge
to the use of CAR T cell in cancer immunotherapy. Cancer immunotherapy is under-
going rapid evolution with current and future basic and translational research being
carried out to expand their clinical application in the field of oncology and beyond.
In addition to the clinical use of CAR T cell in oncology medicine, it has clinical
application in allergy, autoimmunity, and infection. Combination immunotherapies
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are considered an attractive immunotherapy modality that allows for reduced dosing
with increased efficacy, and it is hoped to have reduced adverse effect profile.

Loss of peripheral tolerance with associated immune-related adverse effects,
therapeutic resistance, limited clinical therapeutic index, and cost of treatment are a
few limitations to clinical application of immune checkpoint inhibitors as immuno-
therapies for cancer and chronic viral infection. Despite significant advance in
immune checkpoint inhibitor immunotherapy, there is a need for ongoing research
into ways of mitigating the above limitations. There are ongoing phasel/2 clinical
trials focusing on safety, tolerability, and efficacy of immune checkpoint inhibitors
and their clinical application as an immunotherapeutic strategy in cancer and
chronic viral infection. Furthermore, discovery of new immune checkpoints could
enhance immunotherapeutic strategies against cancer, chronic viral infection, and
neurological disease.

Pooja Jain
Lishomwa C. Ndhlovu
DeGaulle I. Chigbu
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Human Acute and Chronic Viruses:
Host-Pathogen Interactions and
Therapeutics

Matilde Hoffman, DeGaulle 1. Chigbu, Brenndan L. Crumley, Ravi Sharma,
Sergey Pustylnikov, Thomas Crilley, Rashida Ginwala, Ronak Loonawat,
Julie Joseph, Dominic Sales, Sydney Wilson, and Pooja Jain

Abstract Viruses are obligate intracellular pathogens that cause infection in sus-
ceptible host cells. Virus infections could be lytic, chronic, latent or immortalizing.
Viruses causing latent infection are associated with high morbidity and mortality
worldwide. The human body is protected from viral infection by physical and
chemical barriers. However, when these barriers are breached, the body generates
an antiviral immune response mediated by Natural killer (NK) cells, monocytes,
Dendritic Cells (DCs), type I interferon (IFN), neutralizing antibodies, and T cells.
DCs play an important role in generating a cell-mediated adaptive immune response
to viruses, with conventional DCs playing a crucial role in the interactions between
DCs and viruses. Crosstalk between NK cells and DCs facilitates DC maturation in
antiviral innate immunity whereas crosstalk between DCs and T cells in antiviral
adaptive immunity amplifies the function of mature DC. Viruses employ various
strategies to evade the host immune system. They can block Pattern Recognition
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Receptors (PRRs) - mediated production of type I IFNs, inhibit maturation and
functionality of DCs, and interfere with cell-mediated immunity. Here we will focus
on important human disease-causing viruses including latest COVID19 that caused
worldwide pandemic. Because of the high mortality rate associated with viral dis-
eases, there is an urgent need to re-evaluate current antiviral agents with more
research focusing on developing alternative anti-viral therapies with an enhanced
therapeutic index and safety profiles. Future directions in approaching the develop-
ment of vaccines should focus on specific vaccines that can induce CD8'T cell
responses and produce IFN-gamma to promote a Th1-biased CD4*T-cell response.

Keywords Viruses - Dendritic cells - Viral infections - T cells - Treatment -
Immunoprophylaxis

1 Introduction

Viruses are the smallest infectious agent that cause infectious disease with high mor-
bidity and mortality on a global scale. Viruses are classified on the basis of the genomic
type as either DNA or RNA viruses. There is further classification of the viral nucleic
acid as either single-stranded or double-stranded. Viruses are able to cause infection
in host cells with appropriate specific host cell receptors that facilitate viral attach-
ment, entry, and invasion of the host cell. Viruses require host cells to replicate and
survive. Destruction of the host cell by viral replication, along with immune response
to the virus, results in clinical manifestations of viral infection. DNA viruses usually
undergo replication in the nucleus of the host cell whereas majority of viruses with an
RNA genome replicates in the cytoplasm of the host cell. Viral replication in the host
cell results in disruption of normal cellular function, culminating in damage and death
of the infected cell. When virus infection causes immediate cell death, this is termed
lytic infection, wherein the infected cell is lysed as the virions emerge. However,
many viruses are also known to cause persistent viral infection, which may take the
form of a latent or persistent productive infection. In latent infection, viral nucleic acid
persists inside the host cell without undergoing replication or killing the cell. Persistent
productive infection, or immortalization, is associated with host cell senescence
because of active viral replication. This occurs mostly with RNA viruses such as
HTLV-1, during which the infected host cell becomes immortalized due to interfer-
ence with normal cell cycle, this results in host cell transformation [1]. These forms of
viral lifestyle are associated with the development of virus specific CD8'T cells,
which become stimulated during viral reactivation [2].

The human body is protected from viral infection by physical and chemical bar-
riers. However, when these barriers are breached, different arms of the immune
system come into action. The immune response involves the innate immune system
mediated by Dendritic cells (DCs), Natural Killer (NK) cells, monocytes, and type
I interferons (IFNs), and the adaptive immune response carried out by neutralizing
antibodies and T cells. A complex interplay between different types of immune cel-
lular and soluble factors of the innate and adaptive immune systems exists in
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preventing and controlling chronic virus infections. NK cells, complement proteins
and cytokines are specific components of the antiviral innate immune responses,
with DCs operating as immunosurveillance and immunostimulatory cells that pro-
cess and present viral antigen to T cells [3]. DCs are divided into plas-macytoid and
conventional DCs. Plasmacytoid DCs respond to viral DNA and RNA to produce
type I IFN that inhibit viral replication in both infected and noninfected cells [4, 5].
Conventional DCs are one of the first immune cells to encounter viruses at their port
of entry into the host [6]. The three subsets of conventional dendritic cells, impor-
tant in viral infection, include tissue-derived migratory DC, lymphoid-resident DC,
and monocyte-derived DC [4, 7]. Tissue-derived migratory DCs include Langerhans’
cells and dermal/interstitial DCs that reside and survey the skin and mucoepithelial
tissue. Lymphoid-resident DCs exist as immature DCs in the lymph nodes, spleen,
and thymus. Monocyte derived or inflammatory DCs are those that are generated
from monocytes under inflammatory conditions [4, 7].

Dendritic cells are located in strategic parts of the body to ensure optimal perfor-
mance of immunosurveillance and immunostimulatory functions with the intent of
triggering both innate and adaptive immune response to the presence of viruses that
breach the anatomical and chemical defense barrier of the host [7]. Siglec-1
(CD169), DC-SIGN, mannose receptor, Langerin, immune dendritic cell receptor
(DCIR), heparan sulfate proteoglycan, FC gamma receptors, and syndecan-3 are
surface attachment receptors on DCs that facilitate uptake of viruses by DCs [6].
Virus interaction with DCs can cause degradation of the virus within the cell to
allow for antigen-MHC complex formation for presentation to T cells. This trigger
the T cell mediated antiviral immune response [6, 7]. Viral antigens are either gener-
ated during intracellular replication in virus infected cells or generated from recog-
nition of viral components from other infected cells [7]. Some viruses can bind to
and replicate within DCs, with DCs acting as permissive cells that facilitate viral
spread to other cells or tissues in the host, resulting in trans-infection of lympho-
cytes in regional lymph nodes. This type of infection is particularly seen when viral
antigens are not complexed to MHC molecules [6] as another way to alert the
immune system and activate T cells (Table 1).

Activation of PRRs on DCs by viral Pathogen Associated Molecular Patterns
(PAMPs) is associated with maturation of DCs, processing and presenting of virus-
derived peptide complexed to MHC class I molecules, upregulation of MHC mole-
cules and costimulatory signals, production of antiviral pro-inflammatory cytokines,
and induction of the adaptive immune response. Viral nucleic acid, capsomer,
peplomer on viral capsid or envelope, and RNA replication intermediates are viral
PAMPs that interact with PRRs [6]. The efficacy of PRR activation determines the
level of viral titers and duration of infection [7-9]. PRRs have dual function of
detecting viral PAMPs and alerting the immune system about the breach of the pas-
sive innate immune defense mechanism [7]. Toll-like receptors (TLR) on DCs are
PRRs that undergo morphological and biochemical changes when they interact with
cognate ligands [3]. TLR involved in viral recognition can induce the production of
type I interferons. Intracellularly located nucleic acid sensing TLRs (TLR3, TLR7,
TLRS, TLRY) within the endosome facilitate recognition of viral nucleic acid or
viral genome. Activation of TLR3 results in the induction of phosphorylation of
IRF3, whereas activation of TLR7 and TLRY9 is associated with IRF7
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