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Basics of Immunity

Brian T. Edelson

Abstract This chapter will serve as a brief review of immunology for oncologists.
No single chapter can fully describe the complexity of the immune system and so
the goal here will be to simply serve as a refresher. Innate and adaptive immunity
will be concisely reviewed, with a brief description of the cells of each system.
Focus will then be paid to the how T cells are activated and function. Finally, basic
principles of T cell-mediated immunity to tumors will be presented. These founda-
tional concepts will be useful for understanding later chapters which largely deal
with the purposeful engineering of immune cells for adoptive cellular therapies. An
attempt has been made to highlight recent review articles for further reading, with
an emphasis on those that involve tumor immunology.
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Innate Vs. Adaptive Immunity

The responses of the immune system to injury or infection that occur within the first
minutes to hours are collectively called the innate immune response. These systems
are evolutionarily old, and mainly serve the functions of pathogen recognition and
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rapid pathogen attack. Components of innate immunity exist in all human cell types,
although a specialized set of immune cells, both tissue-resident and blood-
circulating, also contributes in important ways. Components of innate immunity
alert other cells to the presence of a pathogen, such that they can be mobilized to the
site of invasion, or their cell-intrinsic defenses can be strengthened in preparation
for an upcoming encounter with the pathogen. Aspects of the innate immune system
are also active in processes that don’t involve pathogen invasion per se, including
normal growth and organ development, responses to sterile wounding, physiologic
interactions with the microbiome, and autoimmune responses. In the setting of
tumor development, growth, and metastasis, cellular and soluble components of the
innate immune system play important roles in both tumor promotion and restriction.

Adaptive immunity refers to the processes whereby lymphocytes of both the B
cell and T cell lineages engage with antigens and carry out effector functions, again
typically aimed at pathogen clearance. Unlike innate immune cells, which are typi-
cally more promiscuous in their recognition of common pathogen components or
damaged cells, B and T cells are exquisitely antigen-specific and are called to duty
only in the very special circumstance when their cognate antigen is involved. B and
T cell development takes place in the bone marrow and thymus, respectively, in
orchestrated processes whereby each cell is endowed with a single antigen-specific
receptor [a B cell receptor (BCR) or T cell receptor (TCR)] in an anticipatory man-
ner, such that the collection of B and T cells provides an immense repertoire of
specificities for recognition of the universe of pathogens. By anticipatory, here, I
mean that the instruction for which unique antigen-receptor a particular B or T cell
comes to express developmentally is not instructed by any encounter with cognate
antigen itself. B and T cell development occurs in a manner whereby self-reactive
cells are eliminated. This “central” tolerance system is not always complete, how-
ever, and so mechanisms of “peripheral” tolerance are also in place to assure that, in
most cases, self-reactive lymphocytes are held in check.

One other important concept in understanding adaptive immunity is that the pro-
cess is clonal. A single B or T cell retains its unique BCR or TCR throughout its
lifespan, and this antigen-receptor specificity is retained by progeny of the cell that
arise through cell division. This is termed clonal expansion. For T cells, the TCR
expressed by a single T cell clone is completely immutable, even upon T cell prolif-
eration. B cells, however, can make limited changes to the sequence of their BCR
upon activation through a process called somatic hypermutation, in which amino
acid changed arise in specific regions of the BCR. These changes are subtle, and
ideally result in B cell progeny with BCRs that display heightened affinity for cog-
nate antigen, a process called affinity maturation.

The Stereotypical Inmune Response to a Pathogen

Here, I will describe a stereotypical immune response to an invading pathogen, as
it illustrates many of the concepts important to understanding how immune
responses occur more broadly. In general, the innate and adaptive immune systems
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work together, which each feeding information to the other through soluble com-
ponents and cellular interactions. Upon initial encounter with a pathogen, innate
immune cells and soluble pathogen recognition systems like the complement pro-
teins serve as initial sentinels to warn and prepare other host cells, but also make
attempts to initially contain the pathogen and limit its spread. Effector systems of
the innate response include molecules directly toxic to the pathogen, phagocytosis
of the invading organisms, and mobilization of cell-autonomous defenses like the
type I interferon (IFN) system. These systems also alert B and T cells that a patho-
gen has been encountered and create a set of conditions for optimal priming of
naive B and T cell responses. Priming typically occurs in the lymph nodes draining
a breached tissue, or in the spleen, in the case of blood-borne pathogens. Intact
pathogens, or components of the pathogen, reach lymph nodes via afferent lym-
phatic vessels, sometimes carried by migratory innate immune cells. In an amaz-
ingly efficient process, rare B and T cells with specificities for antigens of the
invading pathogen engage these antigens, are activated through cell signaling cas-
cades, proliferate, and take on effector phenotypes as directed by signals they
receive from innate immune cells.

Priming of antigen-specific, naive T cells requires specialized antigen presenta-
tion by dendritic cells (DCs, a specialized innate immune cell type). Antigen pre-
sentation is a process whereby antigen presenting cells (APCs) partially catabolize
protein antigens and display short peptide fragments of these antigens on their
surface in complexes with major histocompatibility (MHC) molecules (Fig. 1).
Pathogen recognition by innate immune cells can sense the type of pathogen
encountered via recognition of pathogen-associated molecular patterns (PAMPs).
PAMPs are recognized at the cell surface, within endosomal compartments, and
within the cytosol by an array of pathogen recognition receptors (PRRs), includ-
ing multiple Toll-like receptors (TLRs) and a diverse set of cytosolic sensors.
Distinct cytokine signals arising from antigen-presenting DCs based on the
PAMPs detected drive specialized T cell responses, such that distinct effector T
cell “subsets” develop.

In the cortex of lymph nodes, antigen-activated B and T cells also communicate
with each other through soluble proteins called cytokines and through cell-cell
interactions within the lymph node to orchestrate effects on the proliferating B cells,
including adaptation to antibody secretion, optimization of antibody affinity
(somatic hypermutation/affinity maturation) and isotype (a process called isotype
switching), and the development of antigen-specific long-lived memory B cells and
plasma cells. The complexities of B cell responses to antigens will not be covered
further here.

Following T cell activation in lymph nodes, a process which usually takes
5-7 days, effector T cells are recruited to sites of infection by chemokine signals
created by innate immune cells. Here, effector T cells orchestrate an inflammatory
reaction which ideally can eliminate the pathogen with minimal tissue damage. This
reaction includes both recruitment of more innate immune cells, signals to the non-
immune cells that make up the tissue, direct cytotoxicity of infected cells, and even-
tually signals that restore homeostasis and promote healing. While this T
cell-mediated reaction is occurring, memory T cells are also forming to provide a
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Fig. 1 Antigen presentation pathways. The MHC class I processing pathway (left) involves lim-
ited catabolism of cytosolic proteins into peptides which are then transported into the endoplasmic
reticulum for loading onto MHC class I molecules. These MHC class I-peptide complexes traffic
to the cell surface for presentation to TCRs on CD8+ T cells. The MHC class 1I processing path-
way (right) involves limited catabolism of exogenous protein antigens within vesicular compart-
ments. Peptides are loaded onto MHC class Il molecules in the MHC Il loading compartment. MHC
class II-peptide complexes traffic to the cell surface for presentation to TCRs on CD4+ T cells

reservoir of antigen-specific T cells which have the properties of longevity and more
rapid and robust activation for future encounters with the same pathogen. Following
elimination of antigen, the large population of antigen-specific effector T cells that
has formed through clonal expansion is markedly reduced, leaving behind a more
modest but still important population of memory T cells. Notably, in chronic infec-
tions where antigen cannot be fully eliminated, T cell activation persists through
repeated encounters with peptide-presenting APCs. T cells in this situation take on
an “exhausted” phenotype, becoming recalcitrant to repeated stimulation and less
robust in their cytokine secretion and cytotoxic activity.
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Cells of the Innate Immune System

Here, I will briefly describe the major cell types of the innate immune system. Note
that some effector arms of the innate immune system, including complement, will
not be covered.

Granulocytes. These can be divided into neutrophils, basophils, and eosinophils.
They are myeloid cells that produced in the bone marrow and traffic via the blood
to sites of inflammation. Each of these has specialized granules which can be
deployed upon cell signaling and which contain compounds toxic to microbes.
There are examples of these cells playing roles in the immune response to cancer as
regulators of the tumor microenvironment (TME), sometimes in a manner that pro-
motes tumor growth or immune evasion, and at other times playing tumoricidal
roles [1, 2]. Different tumor types may have different interactions with these cells.
Neutrophils, in particular, have been associated with establishment of the pre-
metastatic niche [3]. Furthermore, neutrophil-like myeloid-derived suppressor cells
(MDSCs), sometimes called granulocytic or polymorphonuclear MDSCs, have
been described that also can suppress anti-tumor adaptive immune responses [4].

Cells of the mononuclear phagocyte system. This collection of mononuclear cells
encompasses monocytes, macrophages, and DCs. Monocytes are blood-circulating
myeloid cells that form in the bone marrow and possess the properties of cell migra-
tion, phagocytosis, pathogen recognition, cytokine production, and antigen presenta-
tion [5]. Upon pathogen encounter and/or activation by inflammatory cytokines,
these cells can differentiate into various forms of cells that morphologically resem-
ble the other cells of this lineage, creating significant nomenclature issues in the field
(e.g. so-called inflammatory macrophages or monocyte-derived DCs) [6]. Monocyte
responses to tumors, like granulocytes, can probably be both pro- and anti-tumoral,
and monocyte-like MDSCs also have been identified and characterized [4].

Macrophages refer to a set of tissue-resident large phagocytes present in all
organs in the steady state. Organs are seeded during embryogenesis with macro-
phage progenitors from either the yolk-sac or fetal liver, and in most organs mature
macrophages are self-renewing [7]. In different organs, macrophages take on dis-
tinct features in response to environmental cues, such that historically these cells
have been given diverse names (e.g. microglia, alveolar macrophages, red pulp
macrophages of the spleen, Kupffer cells of the liver) and have been appreciated for
their morphologic differences. Tissue-resident macrophages are important in tissue
homeostasis and can respond to pathogens by enhanced phagocytosis, microbicidal
activity, and cytokine production. These cells can also present antigenic peptides via
surface MHC molecules to T cells. To different degrees in different organs, tissue-
resident macrophages are replaced with age by blood-monocyte derived cells in the
steady state. Monocytes respond to environmental cues and adopt the phenotype of
embryonically derived macrophages, such that in adults, tissue-resident macro-
phages represent a mixture of cells derived from embryonic precursors and mono-
cytes [8]. Tumors contain a complex array of macrophages, including some derived
from their organ’s originally resident macrophage population, and others derived
from blood monocytes that have entered the tumor [9]. It is common for
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Fig. 2 Dendritic cell subsets and functions. Three subsets of DCs, (A) cDCls, (B) cDC2s, and (C)
pDCs, are shown performing their classic functions. cDCl1s prime CTL responses and provide the
cytokine signals needed for the instruction of Thl cell responses. cDC2s provide the cytokine
signals needed for the instruction of Th2 cell and Th17 cell responses. pDCs recognize viral
nucleic acids and are rapid producers of type I IFNs

macrophages in tumors to be designated “tumor-associated macrophages”, typically
referring to cells with tumor-supporting characteristics, although this is an oversim-
plification that does not appreciate their heterogeneity [10].

DCs are bone-marrow derived cells present in all tissues and exist in three basic
subsets, conventional DCls (cDCls), cDC2s, and plasmacytoid DCs (pDCs) [11]
(Fig. 2). These subsets also exist in lymphoid organs. The two cDC subsets are pre-
mier APCs and, based on their collection of ligands for T cell-expressed costimula-
tory receptors and their cytokine production, are especially capable of priming naive
T cells. cDCls are important in the priming of CD8+ T cells [12], with cDC2s hav-
ing been thought to have a stronger role in priming CD4+ T cells [13, 14]. cDCls
possess a specialized antigen presentation pathway called cross presentation, in
which exogenous protein antigens captured through pinocytosis or phagocytosis
can be catabolized to peptides presented on MHC class I molecules, the group of
MHC molecules that presents peptide to CD8+ T cells [15]. In all other cell types,
including non-hematopoietic cells, MHC class I-presented peptides derive from
cytosolic protein antigens. cDCs of both subsets also perform typical antigen pro-
cessing of exogenous protein antigens to present peptides on MHC class II mole-
cules to CD4+ T cells. cDC presentation of tumor antigens is exceptionally important
in the context of T cell immunity to tumors, with recognition that in some cases
c¢DCls are uniquely required for CD8+ T cell priming and T cell-mediated clear-
ance of model immunogenic tumors [12]. Newer data also suggests cDCls play an
important role in priming CD4+ T cell responses to tumor antigens, with CD4+ T
cells subsequently “licensing” cDCls to optimally prime anti-tumor CD8+ T cell
responses [16]. pDCs are specialized cells with a unique collection of pathogen
recognition receptors and which produce large amounts of type I IFNs upon recep-
tor signaling. This response is thought to be a means of rapidly responding to
viruses. A role for pDCs in tumor immunity is unclear. Several attempts have been
made to harness the power of DCs as cell-based therapeutics for the induction of a
T cell response to tumor antigens [17]. In most cases, the cells used were dendritic
in nature, but not bona fide cDCs. Rather, they were cells derived from blood mono-
cytes following in vitro treatment with hematopoietic growth factors. Such
monocyte-derived DCs may retain some of the antigen-presenting properties and T
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cell priming abilities of bona fide cDCs, and therefore could be useful therapeutics.
There continues to be interest in harnessing the power of cDCs to initiate or aug-
ment anti-tumor T cell responses.

Mast cells. These myeloid cells are rich in connective and mucosal tissues and
are heavily loaded with secretory granules. They are best recognized for their role
in allergic responses following triggering by Fc epsilon receptor-bound IgE in
response to allergens. They can also respond to other diverse ligands including com-
plement components and PAMPs. Their granules contain heparin, histamine, and
proteases but they also release lipid mediators and cytokines that altogether can
initiate a rapid and robust inflammatory response. Mast cells have been identified as
a component of certain human tumors, and in different cases have been suggested to
be pro- or anti-tumoral [18].

Innate and innate-like lymphocytes. Several types of innate and innate-like lym-
phocyte lineages have been identified with diverse functions. In general, many of
these cell types are tissue-resident and some express a characteristic semi-invariant
BCR or TCR for recognition of non-peptide ligands. These cells have homeostatic
functions in tissues, but also are fast-acting and are important in the early phases of
immune encounters with pathogens. This broad topic is beyond the scope of this
chapter, but a few cell types deserve mention. Innate B cells, including B-1 cells and
marginal zone B cells, secrete natural IgM important in the earliest phases of a pri-
mary immune response and may have immunoregulatory properties [19]. Innate-
like lymphocytes (also called unconventional T cells) include natural killer T (NKT)
cells, mucosal-associated invariant T (MAIT) cells, and y3 T cells [20]. These cell
types secrete cytokines and/or display cytotoxic function in response to activation
of their semi-invariant TCRs by specific ligands which are often derived from the
microbiota [21]. Whether they play roles in immune responses to tumors remains
unclear [22]. Finally, classical natural killer (NK) cells and innate lymphoid cells
(ILCs) are non-TCR-expressing lymphocytes which share properties of cytotoxicity
and cytokine production with T cells. NK cells utilize an array of activating and
inhibitory ligands to sense cells experiencing various forms of cell stress and can be
potent cytotoxic cells. NK cells are thought to be a component of tumor immuno-
surveillance [23]. ILCs exist as three tissue-resident subsets (ILC1, ILC2, and
ILC3) that secrete distinct cytokines and have roles in tissue homeostasis [24]. Their
roles in cancer are less clear. Importantly, and related to the chapters that follow,
attempts are being made to harness the therapeutic potential of innate lymphocytes,
especially NK cells, for the treatment of cancer [25].

Cells of the Adaptive Immune System

B cells. These lymphocytes develop in the bone marrow through a process of anti-
gen receptor gene rearrangement of the immunoglobulin heavy and light chain
genes, a process called V(D)J rearrangement [26, 27]. Developing B cells proceed
through a series of defined stages in which their rearranged immunoglobulin genes
are tested for function, but also for self-reactivity. Naive, mature B cells emerge
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from this process that are selective for non-self antigens with each B cell expressing
a unique BCR that contains 2 identical antigen-binding regions. In naive B cells
these BCR molecules utilize specific constant regions determined by gene rear-
rangements of the heavy chain locus, such that these cells express BCRs of the IgD
and IgM isotype. Transmembrane BCR proteins associate with short transmem-
brane proteins that contain cytosolic tails which can be phosphorylated upon BCR
engagement by antigen. Naive B cells circulate through the blood and lymphoid
tissues scanning for their cognate antigen. Upon antigen binding, cell signaling
pathways are triggered, largely involving phosphorylation events, leading to com-
plex changes in transcription, metabolism, and cytoskeletal structure [28]. This pro-
cess is called B cell activation. Antigen-activated B cells proliferate clonally and
take on various phenotypes including forms that secrete immunoglobulin. Secreted
immunoglobulin maintains the antigen specificity and basic structure of the trans-
membrane BCR, but instead does not express a transmembrane portion, allowing
the protein to traffic intracellularly for glycosylation and ultimately secretion. B
cells that receive T cell help in the form of cytokines and cell-cell interactions in the
lymph node undergo complex phenotypic changes to result in clonal production of
memory B cells and long-lived plasma cells, a process termed the germinal center
reaction [29, 30]. This topic is beyond the scope of this chapter.

T cells. These lymphocytes develop from dedicated progenitors that leave the
bone marrow and travel to the thymus for completion of development. Here, T cell
precursors undergo v(D)J recombination to ultimately express a mature TCR and
the associated transmembrane signaling molecules (generally referred to as the CD3
complex). During this process selection occurs such that T cells with high reactivity
for self-peptides presented by MHC molecules on thymic APCs are eliminated
(negative selection). Further, only T cells with low affinity recognition for self-
peptide with MHC molecules receive survival signals (positive selection). T cells
with TCRs that are ignorant (i.e. have no recognition) of self-peptide/MHC are
eliminated by apoptosis.

During this education process in the thymus, TCRs with low affinity for self-
peptide and MHC class I molecules take on the phenotype of “cytotoxic T lympho-
cytes’ (CTLs) and express the surface protein CD8. Likewise, other TCRs with low
affinity for self-peptide and MHC class II molecules direct cells to become CD4-
expressing “helper” T cells. As reviewed earlier, each naive T cell that develops
expresses a single TCR specificity that has a unique reactivity with a foreign (but
not yet “seen”) peptide in the context of one self MHC molecule (this is referred to
as MHC restriction).

T Cell Activation and Effector Functions

CD8+ T cells are recognized for their ability to rapidly kill target cells through a
process that involves perforin and granzyme secretion in response to TCR recogni-
tion of cognate antigenic peptide presented by an MHC class I molecule. TCR
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signaling and costimulation, most notably through CD28 binding to B7 molecules
during priming by DCs, results in a phenotypic change in CD8+ T cells to become
effector cells with increased perforin- and granzyme- containing granules and
heightened cytokine secretion. CD8+ T cell proliferation is rapid, such that antigen-
specific clones expand by several logs over the first week of an immune response to
a pathogen. Many of these effector CD8+ T cells will eventually die by apoptosis
after pathogen clearance, although some responding CD8+ T cells will phenotypi-
cally change during an immune response to become a heterogenous set of long-
lived memory cell types. CD8+ T cells responding to chronic stimulation, in the
form of non-resolving chronic infections or tumor antigens, however, undergo fur-
ther phenotypic changes to become “exhausted” [31]. This phenotype is character-
ized by metabolic alterations, lower cytotoxicity, and lower cytokine secretion
(particularly IL-2, TNFa, and IFNY). Exhausted T cells express a collection of nega-
tive costimulatory molecules, the most recognized of which is PD-1. Enhanced
negative costimulation and chronic cytokine stimulation by IL-10 and TGFp con-
tribute to T cell exhaustion.

CD4+ T cells orchestrate immune responses through their elaboration of cyto-
kines and their direct interaction with antigen presenting B cells. They play impor-
tant roles in the establishment of CD8+ T cell memory, as well. Upon activation
through TCR signaling and costimulation, CD4+ T cells expand clonally (Fig. 3).
During priming by DCs, instructive cytokines determine the gene expression profile
of activated CD4+ T cells, such that they take on stereotypical “T helper subset”
phenotypes through the actions of specific transcription factors. Activated CD4+ T
cells have been divided into five basic subsets (Th1, Th2, Th17, Tfh, and Treg). Th1,
Th2, and Th17 cells are marked by the production of their hallmark cytokines IFNy,
IL-4, and IL-17A, respectively [32, 33]. Each of these subsets is tailored to the
response to a specific pathogen type (intracellular pathogens for Thl cells,
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Fig. 3 Activation and expansion of CD4+ T cells. (A) CD4+ T cell priming requires three sig-
nals. The TCR recognizes cognate MHC class II peptide complexes on the surface of the
APC. Costimulatory molecules like CD28 signal in response to binding of their ligands. Cytokine
receptors signal in response to secreted cytokines. Together these signals lead to activation, sur-
vival, and differentiation of the CD4+ T cell. (B) Different CD4+ T cells, each with specificity for
a distinct peptide ligand, will proliferate in response to these activating signals to generate
expanded clones
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helminths for Th2 cells, and extracellular bacteria and fungi for Th17 cells). T fol-
licular helper (Tth) cells play a specific role in the germinal center response by
providing signals to activated B cells to instruct their somatic hypermutation and
isotype switching. T regulatory cells (Tregs) play an immunoregulatory role in sup-
pressing autoreactive cells through a variety of mechanisms including elaboration
of immunosuppressive cytokines. Beyond these five basic subsets, other T helper
cell subsets have been recognized based on their production of specific inflamma-
tory cytokines, but these, in general, are not as well characterized. Each of the T
helper cell subsets can play important roles in tumors in different contexts and can
recognize tumor antigens [34].

Basics Principles of T Cell-Mediated Immunity to Cancer
and Immune Evasion

Immunosurveillance is the process whereby the immune system can recognize can-
cer cells and eliminate them before they progress to tumor formation or effects on
health. This is understood to be the domain of classical T cells and requires func-
tioning antigen presenting cells and the action of innate immune cells to allow effec-
tive T cell priming and effector function. There are also roles for innate-like
lymphocytes and ILCs in the recognition of tumor cells through changes in tumor
cell expression of MHC molecules and stress ligands which serve to activate NK
cells, NKT cells, and yd T cells [35-37]. A three-phase process encompassing an
elimination phase, an equilibrium phase, and an escape phase has been described to
explain the interaction of lymphocytes with tumor cells ultimately tumor growth.
The initial phase involves successful elimination of malignant cells upon first rec-
ognition, a second phase in which malignant cells develop alterations to become
partially resistant to lymphocyte cytotoxicity, and ultimately a phase in which vari-
ant malignant cells have the ability to completely resist the action of lymphocytes
and grow unchecked. This sculpting of the biology of tumor cells by the immune
system to select for those that can escape immune pressure is termed immunoedit-
ing [38-40]. The avoidance of immune recognition includes genetic and epigenetic
changes such that tumor cells can reduce their expression of MHC molecules, alter
their expression tumor antigens, express soluble factors or membrane proteins that
negatively regulate T cells, or change the tumor microenvironment to include
immune cells that result in T cell suppression, including Tregs and MDSCs.

CD4+ and CD8+ T cells recognize peptides derived from tumor antigens in the
same way they would recognize foreign peptides, and DCs are critical for priming
of these T cell responses. Tumor antigens can be divided into three basic types that
are important to recognize when designing or utilizing adoptive cell therapy. Tumor-
associated antigens are overexpressed normal proteins that either play a role in
oncogenesis or represent a protein expressed at high levels by both tumor cells and
normal cells of the same origin (“differentiation” antigens). T cells are normally
tolerant to these antigens, but they can be useful targets of certain forms of
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immunotherapy. Tumor-restricted antigens, also referred to as “cancer-testes” anti-
gens, are proteins which are normally only expressed on germ cells but become
aberrantly expressed on tumor cells. These can be immunogenic and can be recog-
nized by T cells. Tumor-specific antigens are either viral proteins expressed in
tumor cells by oncogenic viruses or mutated self-proteins. This latter group, termed
neoantigens, encompass either peptides derived from oncogenic proteins or “pas-
senger” mutations to non-oncogenic proteins such that the amino acid changes
result in a peptide that can be presented by MHC molecules and recognized as for-
eign by T cells. Neoantigenic peptides presented by MHC class I molecules to
CD8+ T cells have garnered the most attention, but similar peptides exist that are
presented by MHC class II molecules to CD4+ T cells. Optimal anti-tumor T cell
responses require the priming of both types of T cells, and tumors with a higher
mutational burden possess more neoantigens. Neoantigen-based cancer vaccines
offer the promise of identifying neoantigens in a personalized fashion and deliver-
ing a vaccine that could prime or boost T cells specific to these peptides [41].

Finally, a few words on the three most prominent forms of cancer immunother-
apy, immune checkpoint blockade, T/NK cell engagers, and adoptive T cell therapy
[42]. Immune checkpoint blockade refers to monoclonal antibody-based therapeu-
tics which block negative costimulatory molecule signaling on T cells. The most
prominent negative costimulatory molecules expressed on T cells to date are CTLA4
and PD-1, and agents targeting these have been remarkably successful at inducing
profound anti-tumor responses in a subset of patients in a variety of cancer types.
These work, in general, through enhanced activation of T cells and increased prolif-
eration, effector function, and memory cell development. They may also have nega-
tive effects on Tregs such that the tumor microenvironment becomes more amenable
to the action of effector T cells. Other negative costimulatory molecules on T cells
are also of considerable interest as targets for novel checkpoint inhibitors.

T/NK cell engagers are engineered multi-functional antibody-like proteins with
at least one antigen-binding site specific for a T cell or NK cell activating receptor
and at least one antigen-binding site specific for a surface-expressed tumor-
associated antigen. T/NK engagers coordinate an interaction between a lymphocyte
and a tumor cell to promote direct tumor cell killing.

Adoptive T cell therapy refers broadly to the injection of patient-derived or allo-
genic T cells aimed at promoting an anti-tumor response. “Donor lymphocyte infu-
sions” can be a component of allogeneic hematopoietic stem cell transplantation
and mediate graft vs. tumor effects. Other forms of adoptive T cell therapy include
the in vitro expansion and reinfusion of patient-derived tumor-infiltrating lympho-
cytes (TILs) that target tumor antigens, TCR gene-modified T cells (TCR-T), viral
specific cytotoxic lymphocytes (viral CTLs), NK cells, and chimeric antigen recep-
tor T cells (CAR-T cells). In particular, the last few years has seen an explosion in
interest in CAR-T cells and related forms of engineered cells that are the subject of
many of the subsequent chapters in this volume. These cells are being designed with
specificity for new target antigens that may allow them to target solid tumors and are
being modified to enhance their trafficking, function, and longevity. Challenges for
both immune checkpoint blockade-based therapies, T/NK cell engagers, and
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adoptive cell therapies include patient selection, serious immune-mediated adverse
events, high cost, and treatment resistance. These challenges are being tackled by
numerous basic, translational, and clinical studies, and the future is bright for cancer
immunotherapy.
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