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Foreword by Prof. Zhigang Tian

It is my honor to write a foreword for this book. I do believe this book is right on
time for the readers in related fields.

Immunology is a discipline that studies the immune system, which is highly
complex in terms of its molecular, cellular, and organ components, as well as
biological functions. The most established roles of the immune system include both
defense against infections and destruction of aberrant cells. However, uncontrolled
immune responses could cause severe damage. Immunology as a discipline has
thrived over the past half century. Indeed, from the characterization of T and B cells
in 1960s and 1970s to the identification of checkpoint receptors, i.e., PD-1 and
PD-L1 and pattern recognition receptors, i.e., TLRs in 1990s, our understanding
of the immune system has reached unprecedented breadth and depth.

Nowadays are exciting times in Immunology, where significant advances have
been made in many areas, including tumor immunology, immunotherapy, vaccine
research, microbial and viral immunology, autoimmunity, immunometabolism,
system biology, and neuroimmunology. Furthermore, the development of new
technologies including genomics, proteomics, and CRISPR-mediated genome
editing further enlarged the boundaries of immunology. Immunological researches
used to focus on cellular events, while today it is common to explore immune
responses at gene levels and molecular levels. The molecular details of protein
modification, ligand–receptor interactions, and protein conformational changes
during immune recognition and signaling are often studied by structural biology
approaches.

Structural biology is an ancient discipline as well, which uses physical
approaches in the study of biological molecules. Structural biology reveals the
molecular and even atomic details of how macromolecules work. The cross of
structural biology and immunology has been really fruitful in the past 50 years.
Indeed, the structural studies of immune molecules have greatly contributed to the
elucidation of the immune system at molecular level. Plenty of important structures
have been reported, including the structure of full-length antibodies, the structure of
HIV glycoprotein gp120 in complex with CD4 receptor, the dimeric structure of
Toll-like receptors, the peptide loaded MHC complex structures, the complex
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structures of cell surface receptors and ligands, MyDDosome and PIDDosome
structures, and so on. These structures of important immune molecules have
broadened our knowledge about ourselves. Many of these structures are discussed
in more detail in this book. Data from structural studies not only validate the
mechanism of immune molecules found at cellular and tissue level but also create
novel insights for immunologists. The structural studies of important drug targets
often lead to discovery of novel drugs.

In summary, structural immunology is highly interdisciplinary, and it has been
evolved to be one integral part of immunology disciplines. I am sure structural
immunologists will continue to make great contributions to the understanding of
life.

Hefei, China
December 2018

Prof. Zhigang Tian

vi Foreword by Prof. Zhigang Tian



Preface

Immune system is one of the most important systems in living organisms. It is
involved in normal physiological processes including development and growth, as
well as pathological events such as cancer and in host defense. The field of structural
biology concerns with macromolecular machineries and has made great contribution
to the understanding of life, disease, and drug discovery. Although structural
immunology as a scholarly discipline is a relatively new, structural immunologists all
over the world have made unprecedented contributions to the field of immunology.

Different from classical immunology books, in which immune system is often
viewed by coordination of different immune organs, or different cell types, in this
book, we classify immune system by important molecular machines, by protein
families and cellular localizations from the angle of structural biologists, just like
after the discovery of microscope Robert Hooke, who viewed lives in the form of
cells. We focus on molecular structures, interactions, structural changes, structural
comparison, and signaling mechanism at molecular level.

The first five chapters cover cell surface receptors, since they mediate cell–cell
communication and receive external stimuli in the immune system. The subsequent
six chapters cover intracellular receptors and adaptors, which response to signals
inside the cell. Lastly, some important components in the nucleus are also included,
which convert external stimuli into transcriptional signals, and amply and execute
immune responses.

This book is dedicated to students, scientists, and public who are keen to find out
the molecular details of how our immune system functions.

Lastly, we would like to express our appreciation to chapter authors of this book.
Without your hard work, this book cannot be fulfilled.

Hefei, China Tengchuan Jin
Tallahassee, USA Qian Yin
December 2018
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Chapter 1
Structural Basis for Signaling Through
Shared Common γ Chain Cytokines

Huilin Yang, Rakeeb Kureshi and Jamie B. Spangler

Abstract The common γ chain (γc) family of hematopoietic cytokines consists of
six distinct four α-helix bundle soluble ligands that signal through receptors which
include the shared γc subunit to coordinate a wide range of physiological processes,
in particular, those related to innate and adaptive immune function. Since the first
crystallographic structure of a γc family cytokine/receptor signaling complex (the
active Interleukin-2 [IL-2] quaternary complex) was determined in 2005 [1], tremen-
dous progress has been made in the structural characterization of this protein family,
transforming our understanding of the molecular mechanisms underlying immune
activity. Although many conserved features of γc family cytokine complex architec-
ture have emerged, distinguishing details have been observed for individual cytokine
complexes that rationalize their unique functional properties. Much work remains to
be done in the molecular characterization of γc family signaling, particularly with
regard to intracellular activation events, and looking forward, new technologies in
structural biophysics will offer further insight into the biology of cytokine signaling
to inform the design of targeted therapeutics for treatment of immune-linked diseases
such as cancer, infection, and autoimmune disorders.

Keywords Cytokine · Common γ chain · Interleukin · Protein crystallography ·
Lymphocytes · Structural immunology

1.1 Introduction

Cytokines are secreted proteins that interact with surface-embedded receptors to
regulate virtually all aspects of immune cell function, including differentiation, pro-
liferation,migration, and survival, orchestrating both the innate and adaptive immune

H. Yang · J. B. Spangler
Department of Chemical & Biomolecular Engineering, Johns Hopkins University, Baltimore,
MD, USA

R. Kureshi · J. B. Spangler (B)
Department of Biomedical Engineering, Johns Hopkins University, Baltimore, MD, USA
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responses [2–4]. The canonical model for cytokine signaling involves initial engage-
ment of receptor extracellular domains (ECDs) to activate signaling either by enforc-
ing receptor oligomerization or by reorienting pre-existing receptor oligomers in
the cell membrane [4–9]. Formation of the functional cytokine/receptor ECD com-
plex results in phosphorylation of specific residues on receptor intracellular domains
(ICDs) by constitutively associated proteins known as Janus kinases (JAKs). Phos-
phorylated ICD residues recruit and activate signal transducer and activator of tran-
scription (STAT) proteins, which then translocate to the nucleus to initiate genetic
programs that regulate immune cell fate [10–12]. Although JAK/STAT is the domi-
nant pathway for cytokine signaling, some cytokines also activate the Akt and Erk
pathways, aswell as other signaling networks [13–16]. Cytokines and their respective
receptors are broadly classified as type I (hematopoietic) or type II (interferon), and
the type I cytokines are further grouped based on shared receptor subunits, namely
the common β (βc), common γ (γc), and gp130 cytokine families [2]. This chapter
focuses on the structural mechanisms that define γc family cytokine activity.

The γc family of cytokines is comprised of six short-chain four α-helix bundle
cytokines: interleukin-2 (IL-2), IL-4, IL-7, IL-9, IL-15, and IL-21 (Fig. 1.1). These
cytokines signal through distinct receptor complexes, all of which include the γc

chain, and are instrumental in the development, growth, and maintenance of multiple
immune cell subsets [17, 18]. The γc chain is broadly expressed across all hematopoi-
etic cell lineages; thus the activity of each family member is regulated by expression
of its nonshared receptor chain(s). Due to their central role in orchestrating immune
function, γc cytokines have become attractive therapeutic targets for the treatment
of immune-linked diseases such as cancer, infectious diseases, and autoimmune dis-
orders. IL-2 has been approved for over 20 years in cancer treatment, and IL-7 and
IL-21 have also been incorporated into clinical trials [17, 19]. This chapter will focus
on how each γc family member interacts with its cognate receptor chains to offer
insight into activation mechanisms. Detailed biophysical insights into this important
family of immune regulators will prove critical in designing effective therapeutic
interventions.

IL-2 

IL-2Rβ γc

IL-2Rα 

IL-15 

IL-2Rβ γc

IL-15Rα 

IL-4Rα 

IL-4 

γc IL-7Rα 

IL-7 

γc IL-9Rα 

IL-9 

γc IL-21Rα 

IL-21 

γc

Fig. 1.1 Layout of cytokine/receptor complexes of the γc family. Schematics of the IL-2, IL-4,
IL-7, IL-9, IL-15, and IL-21 cytokines with their respective receptor chains
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