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Preface

Immunology has found its way well into the practice of pediatrics. Years after pub-
lication of the first pediatric textbooks, footprints of immunology can be found in
diagnosis and practice of almost all pediatric disorders. Delivering a magnificent
contribution is the advent of novel diagnostic methods in molecular genetics in
pediatric practice. Genetic diagnosis is now an indispensable part of the routine
practice of primary immunodeficiency disorders, inborn metabolic errors, and
monogenic malformations, making way into diagnostic criteria of some as well. It
won’t go far wrong to state that the science of pediatrics has entered into an era of
interdisciplinary practice with genetics and immunology. The rapid flow of discov-
ery of biological drugs during the last decade, availability of next-genome and
whole-exome sequencing methods, and the outstanding boost in the rate of success
of hematopoietic and solid organ transplantation are all affirmative to this notion.
Thanks to molecular genetic methods, an increasing number of the newly intro-
duced “autoinflammatory disorders” are being characterized, donors and recipients
are being cross-matched using intricate phenotypic cross matching, and immuno-
therapy for allergy benefits from state-of-the-art characterization of culprit epitopes
in peptide scales. This book tries to strike a balance between cutting-edge science of
immunology and clinical practice of pediatrics, through a series of meticulously
chosen case discussions, presented by pediatric practitioners and immunology
experts.

Pediatric Immunology Series is a three-volume book series and a collection of
well-presented case discussions in pediatric medicine. Volume I, Pediatric Allergy,
is focused on diagnosis and practice of allergy, asthma, atopy, and relevant disor-
ders. Volume II, Pediatric Immunology, thoroughly addresses cases on primary
immunodeficiency disorders; and finally, Volume III, Pediatric Autoimmunity and
Transplantation, is a constellation of cases in autoimmune and rheumatologic dis-
orders of childhood, secondary immunodeficiency conditions, and real cases with
hematopoietic and solid organ transplantation.

Volume III of this series is the final frame and a diverse constellation of case
discussions, from autoimmunity and pediatric rheumatologic disorders to immuno-
hematology and transplantation, to autoimmune skin disorders, and finally to
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secondary conditions causing immunodeficiency. Chapters 1-19 and 82-83 show-
case case discussions with childhood-onset rtheumatologic disorders, adult rheu-
matic disorders with pediatric onset, and disorders of potential autoimmune origin
such as idiopathic thrombocytopenia. Cutaneous immune-related conditions and
cutaneous manifestations of systemic disorders are a must know for every pediatric
practitioner and are hence addressed in Chaps. 57-81. Secondary conditions that
mimic presentations of primary immunodeficiency disorders comprise heteroge-
neous entities that are the main focus of the few cases presented in Chaps. 20-34.
Finally, the fine art of recipient, i.e., donor matching in hematopoietic stem cell and
solid organ transplantation, is skillfully discussed in Chaps. 35-56 of this volume.

The Pediatric Immunology Series is the result of a multinational collaboration of
more than 350 scientists from more than 100 well-known universities/institutes
worldwide. I would like to hereby acknowledge the expertise of all contributors for
their generous devotion of time and effort in preparing each of the chapters. I would
also like to extend my gratitude to the Springer publication for providing me the
opportunity to publish the book.

We are hopeful that this book provides an exemplary touch to the fast-growing
intersection of pediatrics and immunology, and a useful guide for pediatric practi-
tioners worldwide.

Tehran, Iran Farzaneh Rahmani
Tehran, Iran Nima Rezaei
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This book is a constellation of case discussions on pediatric autoimmune disorders,
rheumatological diseases, secondary immunodeficiency disorders, and case discus-
sions on hematopoietic stem cell and solid organ transplantations. The following is
an overview and head start of the content related to each topic.
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Human immune system is trained to recognize self from non-self-tissue. Adaptive
or pathologic changes in self-antigens, acquired functions in the immune system or
lack of proper initial training to the immune system, can all result in autoimmunity.
Clinical manifestations depend on the organ(s) affected, which in turn depends on
nature and type of autoimmunity reaction, autoantibodies and autoreactive T cells.

Pediatric rheumatologic disorders are good examples of autoimmune disease
in childhood that bear substantial health burden considering the high prevalence of
systemic manifestations and the more severe course in this age group. The hallmark
pathology of rheumatological disorders is “inflammatory response against self-
antigens”, the same as other autoimmune disorders. Unfortunately, chronicity might
leave a full picture of the disease only to be revealed during adulthood and presents
early diagnosis in pediatric patients.

Practice of adult rheumatologic disorders in the pediatric population puts for-
ward a number of special health issues related to this age group. As an example, the
higher prevalence of certain complications such as uveitis in children with juvenile
idiopathic arthritis, mandates close follow-up with ophthalmologic consult, and
growth problems associated with treatment side-effects might restrict the use of
corticosteroids and biologic agents in children with rheumatologic disorders.

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory disease and a prototype
of rheumatic disorders in pediatric patients [1]. Systemic-onset juvenile idiopathic
arthritis is now classified as an autoinflammatory disorder and discussed in volume II
of this series. Henoch-Schonlein purpura (HSP) and Kawasaki disease (KD) are two
prototypic childhood vasculitides. Frequency of Kawasaki disease has been increasing
worldwide over the years, raising serious concern knowing that up to 50% of untreated
infants and toddlers face the threat of developing coronary artery aneurysms, a serious
condition with lifelong morbidity and mortality. It is worth mentioning that 20% per-
cent of patients with systemic lupus erythematosus (SLE) first manifest during child-
hood, often by cutaneous symptoms, making it crucial to make an early diagnosis.
JIA, HSP, KD and SLE along with a number of other pediatric rheumatologic disor-
ders are given special attention in the first chapters of this volume (Chapters 1-19, 82
and 83). Examples of autoimmune conditions that affect the skin as a single organ
system such as vitiligo, alopecia areata, and pemphigus, or cutaneous manifestations
of the more common multi-systemic autoimmune conditions such as SLE or dermato-
myositis [2], are discussed the final chapters of the book (Chapters 57-81).

Right before getting through chapters describing patients with hematopoietic cell
transplantation, we have gathered a series of case discussion of patients with sec-
ondary immunodeficiency disorders (Chapters 20-34). Immune defects observed
in secondary immunodeficiency are usually heterogeneous in their clinical presen-
tation, and their prognosis depends on the severity of the primary condition [3].
Secondary immunodeficiency conditions could be classified into three broad classes
based on the etiologic factor:

1. Immunosuppression combined with non-immune disorders: malnutrition, cancer
and infection are three major factors that cause secondary immunodeficiency in
children. There are strong evidence that malnutrition can adversely impact
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immune system. Childhood malignancies such as Hodgkin’s disease often
destroy cell mediated and humoral immunities, thereby reducing the capacity of
the immune system to fight infections. All infective agents, from Mycobacterium
tuberculosis to HIV virus can give rise to secondary immunodeficiency.

2. Tatrogenic factors: immunosuppressive agents are the most common cause of
iatrogenic immunodeficiency. Two most common indication are treatment of
autoimmune disorders or prevent transplant rejection.

3. Physiological factors: physiological factors such as immaturity of the immune
system in preterm infants, could predispose to secondary immunodeficiency.

Worldwide, protein-calorie malnutrition is the leading cause of secondary immu-
nodeficiencies, considering more than 200 million children being wasted or stunted
in WHO reports in 2016 [4, 5]. Unfortunately, limited access to food sources in the
main etiology of malnutrition, followed by chronic diseases that induce cachexia,
chronic infections and neoplastic conditions.

HIV infection is a global challenge, and among leading causes of secondary
immunodeficiency in children and adolescents. HIV infection follows the inevitable
course eventually leading to acquired immunodeficiency syndrome (AIDS) state
that is characterized by combined immunodeficiency, lymphopenia, increased sus-
ceptibility to infections with opportunistic pathogens. Something about 1,990,000
children under 15 years old need anti-retroviral therapy worldwide, less than 30%
of which are currently under coverage [6].

Immune defects, aberrations in laboratory tests, and clinical presentation of sec-
ondary immunodeficiencies are heterogeneous in nature. Fortunately the immune
impairment generally improves with the resolution of the primary condition. A
series of case presentations regarding conditions associated with secondary immu-
nodeficiency are presented and discussed in Chapters 20-34.

Hematopoietic Cell Transplantation (HCT) (originally known as Bone
Marrow Transplantation or BMT, and also been known as Hematopoietic Stem
Cell Transplantation or HSCT) began as a successful endeavor in 1968, by Dr.
Robert A Good in an infant with severe combined immunodeficiency (SCID).
Several things had to come to pass to allow for this. A better understanding of
human leukocyte antigens (HLA), and in particular the ability to “type” patients and
donors were the foremost essentials for appropriate donor selection [7]. Dr. Paul
Terasaki developed a cellular-based typing system, in part based on the work of Dr.
Bernard Amos, who had led the way for a better understanding of HLA in the 1950s
and early 1960s [8-21]. In the following paragraphs of this writing readers are pro-
vided with a head start introduction on HLA and the complex donor selection pro-
cess for HCT. The aim is to provide prerequisite knowledge for the reader to get
ready for the real-life examples of donor-patients selection for HCT presented in
Chapters 35-51 of this volume.

The HLA gene locus found on chromosome 6p21, can be divided into Class I (A,
B, and C Loci) and Class II (DR, DQ, and DP Loci) (Figs. 1.1, 1.2, 1.3, 1.4, 1.5, and
1.6). Class I HLA are responsible for presenting “endogenous” antigens to CD8* T
lymphocytes and are found to be expressed on essentially all nucleated cells in



4 T. Harville et al.
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Fig. 1.1 HLA Gene Locus on Chromosome 6p21. Linkage disequilibrium is the concept that “the
genes remain inherited together” more than expected form normal chromosome crossover events
during meiosis and gametogenesis
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Fig. 1.2 The ultrastructure of HLA Class I molecule (Image constructed from data from the
RCSB Protein Data Bank (http://www.rcsb.org/pdb/protein) using RasWin. Components are
labelled and discussed in the text. Most of the diversity resides in amino acid substitutions in the
a-helices, with some in the B-pleated sheet. HLA class I is comprised of the polymorphic a-chain
and the non-covalently attached non-polymorphic f2-microglobulin. The antigen-binding groove
resides between the a-helices on top of the f-pleated sheet between the al- and «2-domains)
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Fig. 1.3 The ultrastructure of HLA Class II molecule (Image constructed from data from the
RCSB Protein Data Bank (http://www.rcsb.org/pdb/protein) using RasWin. Components are
labelled and discussed in the Text. Most of the diversity resides in amino acid substitutions in the
a-helices and some in the B-pleated sheet. HLA class II is comprised of the polymorphic $-chain
and the non-covalently attached relative non-polymorphic a-chain, for DR, and two polymorphic
o- and B-chains each for DQ and DP. The antigen-binding groove resides between the a-helices on
top of the B-pleated sheet between the al- and f2-domains)

exon 1 2 3 4 5 6 7 8
protein [— ,
domain Olq Olp O3 ™ CYT 3'UT

Fig. 1.4 HLA Class I Gene Structure Organization (Exons and introns are shown for class I
HLA. The corresponding protein domains are depicted, indicating the exon location. The polymor-
phisms in exons 2 and 3 (a1 and a2 domains, respectively) generate the main diversity of HLA
class I)

humans. To “complete” the molecule for cell-surface expression, f2-microglobulin
is non-covalently complexed with HLA class I. Human RBCs do not express HLA,
except for some “remnant” occasional expression. These are known as Bennett-
Goodspeed (Bg) antigens (Bg*, HLA-B7; Bg®, HLA-B17; which includes B57 and
B58 subtypes, and Bg¢, HLA-A28; which includes A68 and AG69 subtypes).
Importantly, platelets express class I HLA proteins. Class II are typically responsi-
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Fig. 1.5 HLA Class II Gene Structure Organization (Exons and introns are shown for class II
HLA, A and B gene components, o and {3 subunit proteins, respectively. The corresponding protein
domains are depicted, indicating the exon location. The polymorphisms in exons 2 of the a and 3
protein subunits (a1 and f1 domains, respectively) generate the main diversity of HLA class II, for
DQ and DP, and the 1 domain for DR, since the al domain of DR is not very polymorphic)

Fig. 1.6 Antigen-Binding Region of HLA: “Looking down” on the top of an HLA molecule, the
view “seen” by the T cell receptor. The polymorphic regions include the a-helices and the p-turns
of the B-pleated sheet. These are the areas “exposed”, for which antibodies can be generated and
can elicit T lymphocyte reactivity. These are the areas, which define the “name” of the specific
HLA component present. These are the regions, which “must” be matched in order to have suc-
cessful HCT

ble for presenting “exogenous” antigens to CD4* T lymphocytes, and are found on
the cell surface of “professional” antigen presenting cells (APC). Major APCs
include dendritic cells, macrophage/monocytes and B lymphocytes. Also included
are Kupffer cells in the liver, microglial cells in the brain, and renal peritubular and
glomerular capillary cells in the normal human kidney.
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An additional consideration is that mesenchymal stem cells (Msc SC) express
lower than normal levels of class I HLA and do not express detectable levels of class
ITHLA. Human hematopoietic stems cells (HSC) are thought to have variable amounts
of HLA expression. Lower levels are thought to be present on undifferentiated HSC,
with increasing levels as the cells become more differentiated. A progenitor cell may
have as much as 80% of HLA expression as that of a fully-differentiated cells.

The diversity of HLA antigens is generated by polymorphisms primarily in the
a-helices and p-pleated sheet of the a1 and a2 domains (exons 2 and 3) for class I
HLA and the ol and f1 domains (exons 2 of the A and B gene products) for class II
HLA (Figs. 1.2, 1.3, 1.4, 1.5, and 1.6).

Originally, patients and donors were typed at serologic level determination of
the HLA type, while now, molecular-level typing is being increasingly performed.
The original typing was typically for a 6 of 6 HLA-A, HLA-B, and HLA-DR
match which meant matching of both sets of alleles from the patient and the donor.
This has expanded to 8 of 8§ (HLA-A, -B, -C, and -DR), 10 of 10 (HLA-A, -B, -C,
—DR, and -DQ), and finally 12 of 12 (HLA-A, -B, -C, —DR, —DQ, and -DP). As
described below, some may consider 10 of 10 matching, with HLA-A, -B, -C,
-DRBI1, and -DPB1, since HLA-DQB1 mismatches are not believed to influence
HCT outcomes, whereas HLA-DPB1 mismatching may influence the outcomes.
The greater the extent of overall matching is thought the overall better are out-
comes. Note that HLA-DRB3, -DRB4, and -DRBS5 are not considered in the
matching process.

Mendelian genetics predicts that 25% of sibling donors would be HLA-matched.
Yet, in most programs, only 10-15% of patients have an HLA-identical sibling. To
deal with issue, the National Marrow Donor Program (NMDP) was established to act
as an entity to enroll potential non-related HLA-matched donors (matched-unrelated
donors; MUD). More than seven million potential donors are in the registry.
Additionally, there are registries in Europe and elsewhere in the world. Umbilical
Cord Blood Registries (UCB) came into existence in the early 1990s, as an alterna-
tive source of HSC for MUD transplants.

The registries maintain information about the potential donors, including age,
ethnicity, ABO status, CMV status, availability to donate, as well as, the HLA typ-
ing results. The donor typing results in the registry may be as little as HLA-A, -B,
and -DR at the serologic designation, or may be a complete molecular type. When
potential donors are selected from the registries, specimens are sent for typing and
verification that the potential donor has the correct HLA type to be considered for
the patient.

HLA Nomenclature

The original HLA typing by serologic techniques was developed by Amos and
Terasaki in the 1950s and 1960s. However, as molecular biologic techniques were
developed in the 1970s and 1980s, it became obvious that the serologic
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determination was inadequate to fully define an individual HLA type. Newer,
molecular based typing approaches began in the 1990s, but only came into wide-
spread use after 2005.

Tables 1.1, 1.2, and 1.3 indicate the current numbers of alleles determined by
gene sequencing for each of the HLA components. Since most amino acids have
multiple triplet codons, “wobble”, differences in the third base will produce differ-
ent DNA sequences, but not changes in the protein structure. These genes will gen-
erate different names though, since the naming is based on the DNA sequence,
although producing the same proteins. Therefore, a new nomenclature was devel-
oped to deal with these issues.

The original nomenclature was based on serologic determinations and names, for
example, HLA-A2. The original “molecular” naming merely converted the values
to a “four-digit” number, for example, HLA-A0201. Soon though, greater than 100
A2s were found, so that a new system was required.

The current nomenclature takes the same concept but uses digits in “fields” sepa-
rated by colons (:), so that as many digits as needed could reside in a field between
the colons. For example, Ax0101 would become A#01:01 (Fig. 1.7), but Ax01:714
is also allowed (http://hla.alleles.org/).

Currently, for transplantation purposes, only the Field 1 and Field 2 components
are used in donor-patient selection (e.g. A%01:01). This is also known as “four-
digit” in the old concept and “two-field” in the new concept.

The current nomenclature could produce a type such as HLA-A%01:01:01:01. As
noted in Fig. 1.7, the first two digits or first field are derived from the original serow-

Table 1.1 Class I allele frequencies

A B C
Number of alleles 3997 4859 3605
Number of null alleles 186 147 131
Number of proteins 2792 3518 2497

http://www.ebi.ac.uk/ipd/imgt/hla/stats.html and http://www.allelefrequencies.net/

Table 1.2 Class II DR allele frequencies

DRA DRBI1 DRB3 DRB4 DRB5
Number of alleles 7 2122 145 66 54
Number of null alleles 0 52 4 7 3
Number of proteins 2 1532 119 52 48

http://www.ebi.ac.uk/ipd/imgt/hla/stats.html and http://www.allelefrequencies.net/

Table 1.3 Class II DQ and DP allele frequencies

DQA1 DQBI1 DPA1 DPB1
Number of alleles 92 1152 56 942
Number of null alleles 3 31 0 22
Number of proteins 35 779 26 655

http://www.ebi.ac.uk/ipd/imgt/hla/stats.html and http://www.allelefrequencies.net/


http://hla.alleles.org/
http://www.ebi.ac.uk/ipd/imgt/hla/stats.html
http://www.allelefrequencies.net/
http://www.ebi.ac.uk/ipd/imgt/hla/stats.html
http://www.allelefrequencies.net/
http://www.ebi.ac.uk/ipd/imgt/hla/stats.html
http://www.allelefrequencies.net/
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