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Editorials

The last 80 years in primary immunodeficiency:
How far have we come, how far need we go?

William T. Shearer, MD, PhD,? and Alain Fischer, MDD, PhD® Houston, Tex, and Paris, France
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pects, molecular defects, intravenous immunoglobulin treatment,
bone marrow stem cell transplantation, gene therapy

The theme of this month’s issue of the Journal is the
80 years of progress in understanding the molecular and
genetic basis, diagnosis, management, and definitive treat-
ment of primary immunodeficiency disease. The artist has
attempted to capture this theme by presentation of the
global span of primary immunodeficiency affecting all
peoples of the world and the hands (ie, of patient care,
education, and research) that support, for example, the
patient with ataxia telangiectasia first reported in 1926,"* as
well as those current patients with antibody deficiency who
receive replacement Ig and those with X-linked severe com-
bined immunodeficiency (SCID) who receive gene therapy
(see front cover and Fig 1).> What a magnificent sweep of
history it has been to go from the time that only the clinical
manifestations of primary immunodeficiency could be de-
scribed to the time that missing antibodies can be routinely
replaced,® bone marrow stem cell transplantation can cure
many types of SCID’ and other primary immunodefi-
ciencies, and gene addition can effectively treat SCID con-
ditions, although with some adverse reactions.®®

This issue of the Journal follows by 2 years the first
issue devoted to the theme of primary immunodeficiency
(April 2004)*'? and subsequent issues devoted to related
topics: laboratory technology (August 2004),"*'* infec-
tion and immunity (August 2005),">1® antibody therapy
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Abbreviations used
CVID: Common variable immunodeficiency
HAART: Highly active antiretroviral therapy
IVIG: Intravenous immunoglobulin
RAG: Recombinase activating (gene) enzyme
SCID: Severe combined immunodeficiency
TACI: Transmembrane activator and calcium
modulator and cyclophilin ligand interactor

TREC: T-cell receptor excision circle

WASP: Wiskott-Aldrich syndrome protein

(October 2005),'°2* and T-regulatory cells (November
2005).%°° These thematic issues on clinical immunology
are intended to provide timely updates for clinicians, edu-
cators, and researchers. This month’s Journal continues
that tradition of excellence with articles by preeminent
clinicians-investigators.

Leading off is the Current Reviews article on the
Wiskott-Aldrich syndrome by Hans Ochs and Adrian
Thrasher.*" This is an exceptional piece of writing that
holds the reader’s attention because of its clarity of style
and careful mixing of clinical information and cellular
mechanisms. Moreover, the article is very much up to
date with current references, as well as important historical
citations, many of them those of the authors. The strongest
feature of the article is its explanation of how molecular
defects in the Wiskott-Aldrich syndrome protein (WASP)
and WASP-associated proteins translate to abnormal
function of neutrophils,32 dendritic cells,® T cells,> and
B cells.”® Figs 1 through 3 of their article are particularly
helpful in understanding the numerous and diverse
mutations in the WASP gene, the interaction of the WASP-
associated proteins in cell activation, and the flow cyto-
metric analysis of affected patients with different genetic
mutations, respectively. The authors’ presentation of
patient management and definitive treatment with bone
marrow stem cell transplantation and with future gene
therapy36 are again exemplary.

Jennifer Puck and Henry Malech® contribute point-
counterpoint arguments for proceeding with gene therapy
in immunodeficient children in a Current Perspectives
article. This article by 2 top gene therapy experts at the
National Institutes of Health is both encouraging and
sobering, as the title suggests. The ‘“‘good news” is the
restoration of T- and B-cell function to children with
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FIG 1. The world of primary immunodeficiency: the last 80 years. Early depiction of patients with ataxia
telangiectasia (reprinted from Syllaba and Henner, 2006," with permission) and current photographs of an
adult patient with CVID receiving IVIG replacement (with permission, courtesy of Dr Celine Hanson, Texas
Children’s Hospital, Houston, Tex) and a boy with partial immunoreconstitution of X-linked SCID receiving
gene replacement (with permission, courtesy of Drs Harry Malech and Jennifer Puck, National Institutes of
Health, Bethesda, Md). See also the front cover of the Journal.

SCID,*?” but the “bad news” is the development of
lymphoproliferative disorders in 3 children given retrovi-
ral-mediated transfer of the IL2RG gene.3 839 Insertional
mutagenesis was shown to be causative in these children
with insertion of the gene therapy vector into the promoter
of the proto-oncogene LMOZ2. The authors note that no
cases of leukemia have resulted in gene-corrected SCID
caused by adenosine deaminase. The authors of this article
were principals in the ensuing public forums on gene ther-
apy in the United States sponsored by the Federal Drug
Administration and the National Institutes of Health
Office of Biotechnology in meetings of the Recombinant
DNA Advisory Committee. As summarized in Table I
of their article, Puck and Malech® indicate the current
restricted conditions under which gene therapy for SCID
is proceeding. Gene therapy for X-linked SCID is now
restricted in the United States to patients who are unlikely
to survive allogeneic bone marrow transplantation or
have already undergone standard bone marrow transplan-
tation but do not have satisfactory T-cell immunity. In
France gene therapy for SCID is on hold, and in the
United Kingdom it is evaluated on a case-by-case basis.
Patients with SCID caused by adenosine deaminase are
to be considered on an individual basis because enzyme
replacement therapy and conventional bone marrow trans-
plantation are available options.” The authors conclude
their Current Perspectives article on a hopeful note by
describing the new approaches of gene insertion into the
genome of stem cells that will possibly give clinicians-
investigators more control over the potential lifesaving
therapy of SCID.***!

In the Molecular Mechanisms article, Emanuela
Castigli and Raif Geha*? describe mutations in a TNF re-
ceptor family member known as transmembrane activator
and calcium modulator and cyclophilin ligand interactor
(TACI), which is a cause of common variable immuno-
deficiency (CVID). TACI is a receptor on B cells that
binds to the TNF family member ligands termed BAFF
(B cell-activating factor) and APRIL (a proliferation-
inducing ligand), which cause isotype switching in B
cells.**** The human gene that encodes TACI is mutated
in 10% to 20% of patients with CVID and 5% of IgA-
deficient patients; the inheritance pattern of these defects
is autosomal dominant, with variable penetrance inheri-
tance.*>*® Thus it appears that defective signal transduc-
tion by the mutant TACI receptor on B cell leads to
hypogammaglobulinemia, autoimmunity, lymphoprolif-
eration, and B-cell malignancy, findings all observed in
CVID.* The TACI genetic lesion is the second discovery
in CVID, the first (by Grimbacher et al*®) being a defect
in the inducible costimulator molecule occurring in less
than 1% of patients with CVID. The accompanying
Case Study by Berglund et al*® in this issue of the Journal
demonstrates an unusual patient with CVID with the TACI
mutation who had an invasive polyclonal CD8" T-cell lym-
phoproliferation, resulting in massive hepatosplenomegaly
and producing renal impairment caused by infiltration.
Sequencing of the TACI gene demonstrated a heterozygous
cysteine to arginine mutation at amino acid 104 identical to
that described previously.45’46 A second Case Study by Lin
et al®® demonstrates the important role of TNF in the chronic
granulomas of the skin in patients with CVID.
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Several Original Articles on immunodeficiency, both
congenital and acquired, are published in this month’s
Journal because they shed light on molecular mechanisms
and pathogenesis of host defense.

In the first of these, Roifman et al’' propose that muta-
tions in the RNA component of RNase mitochondrial pro-
cessing, usually associated with immunodeficiency with a
short-limb dwarfism, might cause Omenn syndrome. The
genetic basis for Omenn syndrome is not completely un-
derstood, but evidence has been published that mutations
in the DNA recombinase activating genes (RAG) 1 and 2
are responsible for some cases™>* and a partial defect in
the ARTEMIS gene is responsible for other cases.” It
is now acknowledged, however, that not all forms of
Omenn syndrome contain mutations in the RAG or
ARTEMIS genes.S(’ Heretofore, mutations in RNase mito-
chondrial processing have been associated with cartilage-
hair hypoplasia,”’ but the combination of short-limb
dwarfism, (ie, a form of cartilage-hair hypoplasia) and
Omenn syndrome has been reported.”®

The report by Saitoh et al>® throws new light on the role
of the thymus in maintaining a robust output of new CD4 ™
T cells in children made immunodeficient by HIV infec-
tion. These findings are novel and challenge conventional
thought on T-cell homeostasis in HIV-infected children.
The authors observed that HIV-positive children who
responded slowly to highly active antiretroviral therapy
(HAART) had higher HIV RNA viral burdens and higher
CD4" T-cell counts than those children responding rap-
idly. This observation appears counterintuitive because
it would seem that slowly responding children would
have higher HIV RNA viral burdens and lower CD4*
T-cell counts than children responding rapidly.®® To fur-
ther explore this paradox, Saitoh et al®® examined the
number of peripheral blood T-cell receptor excision cir-
cles (TRECs), a measure of recent thymic emigrants (ie,
CD4"CD45RA™ [naive CD4™ T cells]). There was a very
strong positive correlation between the TREC levels and
the number of naive CD4™ T cells. TREC levels correlated
positively with HIV DNA levels during HAART therapy,
particularly at 48 weeks and later. The median TREC
levels were higher in slow responders versus rapid re-
sponders, suggesting that these children had to maintain
a higher thymic output of naive CD4" T cells to control
HIV infection, thus explaining the paradox often observed
by clinicians treating HIV-infected children with HAART
in which increases in CD4 ™" T cells occur despite high HIV
RNA viral burden.®! These new observations emphasize a
powerful role of the thymus in regulating the number of
naive CD4 " T cells that need to be released into the circu-
lation to confront HIV replication.

Antas et al®% performed a case-control study of cytokine
responses and innate immune function in adults with
prior extrapulmonary tuberculosis, which is known to be
a marker of underlying immunodeficiency. Three groups
of HIV-seronegative, Mycobacteria tuberculosis—infected
subjects were studied: (1) patients with extrapulmonary
tuberculosis, (2) patients with pulmonary tuberculosis,
and (3) patients with positive tuberculosis skin test
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responses only. Group 1’s peripheral blood CD4 " T-cell
counts were significantly lower than those of groups 2 or
3. Similarly, group 1’s unstimulated PBMCs produced
significantly less IL-4 and IL-1[3 at 48 hours of culture
than groups 2 and 3. The lower CD4" T-cell count and
lower cytokine responses in group 1 were determined to
be independent variables, suggesting that subjects with
extrapulmonary tuberculosis have subtle defects in innate
immunity. These observations by Antas et al®? bring to
mind the provocative views of Casanova et al,18 who
argues persuasively that nonconventional primary immu-
nodeficiencies are manifested by a narrow susceptibility
to infections caused by weak or more virulent microbes.
This concept expands the clinical boundaries of well-
known primary immunodeficiencies considerably, making
Mendelian primary immunodeficiencies more common
than thought. Arguably, those individuals with extrapul-
monary tuberculosis have an inherited defect in innate
immune responses, as proposed and documented by
Antas et al.°® This might be one example of the view
that ““the full spectrum of human susceptibility to infection
is largely waiting to be discovered.”®’

Levi et al® contribute a brief Original Article on the
self-administration of the Cl-inhibitor for acute attacks
of hereditary angioedema, a primary immunodeficiency
that does not predispose to infection but rather to unregu-
lated activation of the kinin and classical complement
pathways. The authors argue that self-administration
saves valuable time for the patient in going to health
care facilities for treatment, particularly when the airways
of patients become swollen in an acute attack.

The Clinical Pearls article by Buckley® reminds the
clinician in us again that “things are not always what
they seem.”” Her presentation of 2 perplexing cases of
suspected primary immunodeficiency are models of
how careful reasoning and judicious use of clinical and
laboratory procedures can save children from unnecessary
treatments and risks, such as the overexuberant use of
intravenous immunoglobulin (IVIG) for children without
documented need for treatment and unnecessary bone
marrow transplantation.

Also included in this issue devoted to primary immu-
nodeficiencies is the biennial report of the World Health
Organization and International Union of Immunological
Societies International Committee of Experts on Primary
Immunodeficiency Diseases, the result of a June 2005
workshop held in Budapest, Hungary, as summarized by
Notarangelo et al.® The workshop summary indicates that
the origins of primary immunodeficiencies are the results
of gene defects that affect enzymes, DNA repair proteins,
signal-transducting molecules, and scaffolding adapter
proteins. Particularly valuable is the tabular collection in-
formation of more than 120 primary immunodeficiencies
involving T and B cells, antibodies, immune dysregula-
tion, phagocyte number and function, innate immunity,
autoinflammatory disorders, and complement.

This issue of the Journal also contains a supplement
devoted to primary immunodeficiency that summarizes
the current use of IVIG.* Led by Jordan Orange, the
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supplement is coauthored by several clinicians-investiga-
tors active in current diagnosis, management, and treat-
ment of primary immunodeficiency. Particularly valuable
is the set of tables that attempts to objectively evaluate
the benefits of IVIG treatment on patients with primary
and secondary immunodeficiency and several types of
autoimmune disorders on the basis of clinical evidence.
This supplement will serve as the reference piece for
consideration in the use of IVIG in many areas of
medicine.

Lastly, there is a beautiful 3-part tribute to Henry N.
Claman for his lifelong achievements in immunology
written by Charles Kirkpatrick, Stephen Dreskin, and
Philippa Marrack in the Allergy Archives feature article.®’

What will the next 80 years in primary immunodefi-
ciency bring? Considering the spectacular advances in the
past 8 decades, one can only imagine that hundreds of
new states of primary immunodeficiency will be discov-
ered and that therapeutic intervention (genetic or not) will
be routine for both humoral and cellular immunodefi-
ciencies. Perhaps the definitions between primary and
secondary immunodeficiencies will blur as we discover
that environmental insults cause genetic defects or take
advantage of the peculiar susceptibility of host defense,
sort of like the proposal by Casanova et al'® that certain
infections occurring perhaps only once in a lifetime will
define a previously unknown condition of altered host
defense. Given the complexities of our current concept
of immunodeficiencies, there will be an ever-increasing
need to understand the intricacies of host defense and
to devise better treatment paradigms for the benefit of
patients.

We thank Dr Fabienne Dayer-Pastore for library research and Dr
Javier Chinen for patient selection. We also thank Carolyn P. Jackson
for preparation of this editorial.

REFERENCES

1. Syllaba L, Henner K. Contribution a I’independance de 1’athetose double
idiopathique et congenitale: atteinte familiale, syndrome dystrophique,
signe du reseau vasculaire conjonctival, integrite psychique. Rev Neurol
(Paris) 1926;1:541-62.

2. Stiehm ER, Johnston RB Jr. A history of pediatric immunology. Pediatr
Res 2005;57:458-67.

3. Puck JN, Malech HL. Gene therapy for immune disorders: good news
tempered by bad news. J Allergy Clin Immunol 2006;117:865-9.

4. Orange JS, Hossny EM, Weiler CR, Ballow M, Berger M, Bonilla FA,
et al. Use of intravenous immunoglobulin in human disease. J Allergy
Clin Immunol 2006;117:S525-54.

5. Buckley RH. Molecular defects in human severe combined immunodefi-
ciency and approaches to immune reconstitution. Annu Rev Immunol
2004;22:625-55.

6. Cavazzana-Calvo M, Hacein-Bey S, de Saint Basile G, Gross F, Yvon E,
Nusbaum P, et al. Gene therapy of human severe combined immunode-
ficiency (SCID)-X1 disease. Science 2000;288:669-72.

7. Gaspar HB, Parsley KL, Howe S, King D, Gilmour KC, Sinclair J,
et al. Gene therapy of X-linked severe combined immunodeficiency
by use of a pseudotyped gammaretroviral vector. Lancet 2004;364:
2181-7.

8. Aiuti A, Slavin S, Aker M, Ficara F, Deola S, Mortellaro A, et al.
Correction of ADA-SCID by stem cell gene therapy combined with
nonmyeloablative conditioning. Science 2002;296:2410-3.

9. Wen L, Atkinson JP, Giclas PC. Clinical and laboratory evaluation of
complement deficiency. J Allergy Clin Immunol 2004;113:585-93.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

37.

Shearer and Fischer 751

. Chinen J, Puck JM. Successes and risks of gene therapy in primary

immunodeficiencies. J Allergy Clin Immunol 2004;113:595-603.

. Rosenzweig SD, Holland SM. Phagocyte immunodeficiencies and their

infections. J Allergy Clin Immunol 2004;113:620-6.

. Dworetzky M, Cohen S. Pioneers and milestones. Robert A. Good, MD,

PhD, DSc. J Allergy Clin Immunol 2004;113:793-800.

. Hamilton RG, Franklin Adkinson N Jr. In vitro assays for the diagnosis of

IgE-mediated disorders. J Allergy Clin Immunol 2004;114:213-25.

. Fleisher TA, Oliveira JB. Functional and molecular evaluation of

lymphocytes. J Allergy Clin Immunol 2004;114:227-34.

. Tosi MF. Innate immune responses to infection. J Allergy Clin Immunol

2005;116:241-9.

Thorley-Lawson DA. EBV the prototypical human tumor virus—just
how bad is it? J Allergy Clin Immunol 2005;116:251-61.

Mehandru S, Tenner-Racz K, Racz P, Markowitz M. The gastrointestinal
tract is critical to the pathogenesis of acute HIV-1 infection. J Allergy
Clin Immunol 2005;116:419-22.

Casanova JL, Fieschi C, Bustamante J, Reichenbach J, Remus N, von
Bernuth H, et al. From idiopathic infectious diseases to novel primary
immunodeficiencies. J Allergy Clin Immunol 2005;116:426-30.

Liossis SN, Tsokos GC. Monoclonal antibodies and fusion proteins in
medicine. J Allergy Clin Immunol 2005;116:721-9.

Presta LG. Selection, design, and engineering of therapeutic antibodies.
J Allergy Clin Immunol 2005;116:731-6.

Lee SJ, Kavanaugh A. Adverse reactions to biologic agents: focus on
autoimmune disease therapies. J Allergy Clin Immunol 2005;116:900-5.
Kroczek R, Hamelmann E. T-cell costimulatory molecules: optimal
targets for the treatment of allergic airway disease with monoclonal
antibodies. J Allergy Clin Immunol 2005;116:906-9.

Geha RS, Charles A. Janeway and Fred S. Rosen: the discovery of gamma
globulin therapy and primary immunodeficiency diseases at Boston Chil-
dren’s Hospital. J Allergy Clin Immunol 2005;116:937-40.

Mazer BD, Al-Tamemi S, Yu JW, Hamid Q. Immune supplementation
and immune modulation with intravenous immunoglobulin. J Allergy
Clin Immunol 2005;116:941-4.

Chatila TA. Role of regulatory T cells in human diseases. J Allergy Clin
Immunol 2005;116:949-59.

Akdis M, Blaser K, Akdis CA. T regulatory cells in allergy: novel con-
cepts in the pathogenesis, prevention, and treatment of allergic diseases.
J Allergy Clin Immunol 2005;116:961-8.

Seroogy CM, Gern JE. The role of T regulatory cells in asthma. J Allergy
Clin Immunol 2005;116:996-9.

Goleva E, Cardona ID, Ou LS, Leung DY. Factors that regulate naturally
occurring T regulatory cell-mediated suppression. J Allergy Clin Immu-
nol 2005;116:1094-100.

Cohen S. Jacques Miller on the thymus. J Allergy Clin Immunol 2005;
116:1170-1.

Cohen SG. How the immunologic function of the thymus was discov-
ered. J Allergy Clin Immunol 2005;116:1171-4.

Ochs M, Thrasher AJ. Wiskott-Aldrich syndrome. J Allergy Clin Immu-
nol 2006;117:725-38.

Snapper SB, Meelu P, Nguyen D, Stockton BM, Bozza P, Alt FW, et al.
WASP deficiency leads to global defects of directed leukocyte migration
in vitro and in vivo. J Leukoc Biol 2005;77:993-8.

de Noronha S, Hardy S, Sinclair J, Blundell MP, Strid J, Schulz O, et al.
Impaired dendritic-cell homing in vivo in the absence of Wiskott-Aldrich
syndrome protein. Blood 2005;105:1590-7.

Gallego MD, de la Fuente MA, Anton IM, Snapper S, Fuhlbrigge R,
Geha RS. WIP and WASP play complementary roles in T cell homing
and chemotaxis to SDF-1a. Int Immunol. In press 2006.

Westerberg L, Larsson M, Hardy SJ, Fernandez C, Thrasher AJ, Sever-
inson E. Wiskott-Aldrich syndrome protein deficiency leads to reduced
B-cell adhesion, migration, and homing, and a delayed humoral immune
response. Blood 2005;105:1144-52.

. Charrier S, Stockholm D, Seye K, Opolon P, Taveau M, Gross DA, et al.

A lentiviral vector encoding the human Wiskott-Aldrich syndrome
protein corrects immune and cytoskeletal defects in WASP knockout
mice. Gene Ther 2005;12:597-606.

Hacein-Bey-Abina S, Le Deist F, Carlier F, Bouneaud C, Hue C,
De Villartay JP, et al. Sustained correction of X-linked severe combined
immunodeficiency by ex vivo gene therapy. N Engl J Med 2002;346:
1185-93.

("]
T 0
52
25
2L
>
S%o
L




e
o
g
c
<
)
2
3
O
o
("]

PUD SM3IAY

752 Shearer and Fischer

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

Hacein-Bey-Abina S, Von Kalle C, Schmidt M, McCormack MP, Wulf-
fraat N, Leboulch P, et al. LMO2-associated clonal T cell proliferation in
two patients after gene therapy for SCID-X1. Science 2003;302:415-9.

Hacein-Bey-Abina S, von Kalle C, Schmidt M, Le Deist F, Wulffraat N,
Mclntyre E, et al. A serious adverse event after successful gene therapy
for X-linked severe combined immunodeficiency. N Engl J Med 2003;
348:255-6.

Emery DW, Yannaki E, Tubb J, Stamatoyannopoulos G. A chromatin
insulator protects retrovirus vectors from chromosomal position effects.
Proc Natl Acad Sci U S A 2000;97:9150-5.

Urnov FD, Miller JC, Lee YL, Beausejour CM, Rock JM, Augustus S,
et al. Highly efficient endogenous human gene correction using designed
zinc-finger nucleases. Nature 2005;435:646-51.

Castigli E, Geha RS. Molecular basis of common variable immunodefi-
ciency (CVID). J Allergy Clin Immunol 2006;117:740-6.

Castigli E, Wilson SA, Scott S, Dedeoglu F, Xu S, Lam KP, et al. TACI
and BAFF-R mediate isotype switching in B cells. J Exp Med 2005;201:
35-9.

Litinskiy MB, Nardelli B, Hilbert DM, He B, Schaffer A, Casali P, et al.
DCs induce CD40-independent immunoglobulin class switching through
BLyS and APRIL. Nat Immunol 2002;3:822-9.

Castigli E, Wilson SA, Garibyan L, Rachid R, Bonilla F, Schneider L,
et al. TACI is mutant in common variable immunodeficiency and IgA
deficiency. Nat Genet 2005;37:829-34.

Salzer U, Chapel HM, Webster AD, Pan-Hammarstrom Q, Schmitt-Graeff
A, Schlesier M, et al. Mutations in TNFRSF13B encoding TACI are
associated with common variable immunodeficiency in humans. Nat
Genet 2005;37:820-8.

Cunningham-Rundles C, Bodian C. Common variable immunodefi-
ciency: clinical and immunological features of 248 patients. Clin Immu-
nol 1999;92:34-48.

Grimbacher B, Hutloff A, Schlesier M, Glocker E, Warnatz K, Drager R,
et al. Homozygous loss of ICOS is associated with adult-onset common
variable immunodeficiency. Nat Immunol 2003;4:261-8.

Berglund LJ, Jones GJ, Murali R, Fulcher DA. TACI mutation with in-
vasive polyclonal CD8+ T-cell lymphoproliferation in a patient with
common variable immunodeficiency. J Allergy Clin Immunol 2006;
117:870-7.

Lin J, Stiechm ER, Liebhaber M, Roberts RL, Dyer Z. Use of etanercept
for treatment of cutaneous granuloma in common variable immunodefi-
ciency. J Allergy Clin Immunol 2006;117:878-82.

Roifman CM, Gu Y, Cohen A. Mutations in the RNA component of
RNase MRP may cause Omenn syndrome. J Allergy Clin Immunol
2006;117:897-903.

Villa A, Santagata S, Bozzi F, Giliani S, Frattini A, Imberti L, et al.
Partial V(D)J recombination activity leads to Omenn syndrome. Cell
1998;93:885-96.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

J ALLERGY CLIN IMMUNOL
APRIL 2006

Villa A, Sobacchi C, Notarangelo LD, Bozzi F, Abinun M, Abrahamsen
TG, et al. V(D)J recombination defects in lymphocytes due to RAG
mutations: severe immunodeficiency with a spectrum of clinical presen-
tations. Blood 2001;97:81-8.

Corneo B, Moshous D, Gungor T, Wulffraat N, Philippet P, Le Deist FL,
et al. Identical mutations in RAG1 or RAG2 genes leading to defective
V(D)J recombinase activity can cause either T-B-severe combined
immune deficiency or Omenn syndrome. Blood 2001;97:2772-6.

Ege M, Ma Y, Manfras B, Kalwak K, Lu H, Lieber MR, et al. Omenn
syndrome due to ARTEMIS mutations. Blood 2005;105:4179-86.
Aleman K, Noordzij JG, de Groot R, van Dongen JJ, Hartwig NG.
Reviewing Omenn syndrome. Eur J Pediatr 2001;160:718-25.
Ridanpaa M, van Eenennaam H, Pelin K, Chadwick R, Johnson C, Yuan
B, et al. Mutations in the RNA component of RNase MRP cause a
pleiotropic human disease, cartilage-hair hypoplasia. Cell 2001;104:
195-203.

Schofer O, Blaha I, Mannhardt W, Zepp F, Stallmach T, Spranger J.
Omenn phenotype with short-limbed dwarfism. J Pediatr 1991;118:86-9.
Saitoh A, Singh K, Sharsti S, Powell CA, Fenton T, Fletcher CV, et al.
Maintenance of CD4+ T-lymphocyte counts in HIV-infected children is
associated with new thymic emigrants before and during successful anti-
retroviral therapy. J Allergy Clin Immunol 2006;117:909-15.
Gortmaker SL, Hughes M, Cervia J, Brady M, Johnson GM, Seage GR
3rd, et al Effect of combination therapy including protease inhibitors on
mortality among children and adolescents infected with HIV-1. N Engl J
Med 2001;345:1522-8.

Saitoh A, Hsia K, Fenton T, Powell CA, Christopherson C, Fletcher CV,
et al. Persistence of human immunodeficiency virus (HIV) type 1 DNA
in peripheral blood despite prolonged suppression of plasma HIV-1 RNA
in children. J Infect Dis 2002;185:1409-16.

Antas PR, Ding L, Hackman J, Reeves-Hammock L, Shintani AK,
Schiffer J, et al. Decreased CD4+ lymphocytes and innate immune
responses in adults with prior extrapulmonary tuberculosis. J Allergy
Clin Immunol 2006;117:916-23.

Bonilla FA, Geha RS. Are you immunodeficient? J Allergy Clin Immu-
nol 2005;116:423-5.

Levi M, Choi G, Picavet C, Hack E. Self-administration of C1-inhibitor
concentrate in patients with hereditary or acquired angio-edema due to
Cl-inhibitor deficiency. J Allergy Clin Immunol 2006;117:904-8.
Buckley RH. Primary immunodeficiency or not? Making the correct
diagnosis. J Allergy Clin Immunol 2006;117:756-8.

Notarangelo L, Casanova JL, Conley ME, Fischer A, Puck JN, Roifman
CM, et al. Primary immunodeficiency diseases: an update. J Allergy Clin
Immunol 2006;117:883-96.

Kirkpatrick C, Dreskin S, Marrack P, Henry N. Claman, MD: identifica-
tion of cellular cooperation in antibody production. J Allergy Clin Immu-
nol 2006;117:959-64.



	Outline placeholder
	The last 80 years in primary immunodeficiency: How far have we come, how far need we go?
	References


