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Abbreviations used

APECED: Autoimmunity, polyendocrinopathy, candidiasis, and

ectodermal dystrophy

C1INH: C1 inhibitor

CVID: Combined variable immunodeficiency

FOXP3: Forkhead box protein 3

GC: Germinal center

HAV: Hepatitis A virus

HHV: Human herpes virus

HSCT: Hematopoietic stem cell transplantation

IPEX: Immunodeficiency, polyendocrinopathy, X-linked

IVIG: Intravenous immunoglobulin

NEMO: Nuclear factor kB essential modulator

NLRP3: NACHT, LRR, and PYD domains-containing protein 3

pDC: Plasmacytoid dendritic cell

SCID: Severe combined immunodeficiency

SMX: Sulfamethoxazole

STAT3: Signal transducer and activator of transcription 3

TACI: Transmembrane activator and calcium modulator and

cyclophilin ligand interactor

TCR: T-cell receptor

TLR: Toll-like receptor

WAS: Wiskott-Aldrich syndrome

WASP: Wiskott-Aldrich syndrome protein

ZAP70: z Chain–associated protein, 70 kd
Reports in basic and clinical immunology in 2010 reflected the use
of state-of-the-art genetic and immunologic tools to characterize
the pathogenesis of immunologic diseases and the development of
novel therapiesdirected to these conditions.B-cell biologyhasbeen
explained in greater detail, significantly with lessons from the
genetic defects found in the humoral immunodeficiencies.
Therapeutic mAbs are given for an increasing number of
indications, such as anti-CD20 antibodies or rituximab, whichwas
initially developed for non-Hodgkin lymphomas and is currently
used in diverse autoimmune and inflammatory disorders. The
report of an infant with severe combined immunodeficiency
(SCID) inMassachusetts detected bymeans of newborn screening
and successfully treated with hematopoietic stem cell
transplantationvalidated recent efforts towardnewborn screening
for SCID. Improvement of survival outcomes for patients with
primary immunodeficiencies treated with hematopoietic stem cell
transplantation was demonstrated in a large European cohort,
with significant appreciation of the type of donor graft,
particularly the use of HLA-matched unrelated donors for
patients with non-SCID. Progress in cellular mechanisms of drug
hypersensitivity included the characterization of nitroso-modified
drug metabolites as potent T-cell activators and the identification
of the relocation of plasmacytoid dendritic cells from blood to
skin as a potential risk factor for reactivation of viral disease.
(J Allergy Clin Immunol 2011;127:336-41.)
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This article reviews the progress in the fields of basic and
clinical immunology that was reported in the Journal of Allergy
and Clinical Immunology in 2010 (Table I). We are now witness-
ing an increased proportion of clinical observations and therapeu-
tic options that incorporate the powerful advances in immunology
and genetics that have occurred in the last 2 decades. These
advances have resulted in an improvement in the survival and
quality of life of patients with immune-mediated diseases.
ADVANCES IN B-CELL BIOLOGY
Vale and Schroeder1 provided a comprehensive review of the

current knowledge of human B-cell development and maturation
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and pointed out the steps that, when abnormal, are known to have
clinical consequences as a result of immune dysfunction.
Althoughmuch has been discovered, there are still gaps of knowl-
edge in human B-cell biology, such as the control of early B-cell
development, the physiology ofmucosal B-cell responses, and the
identification of what mechanisms are defective in patients with
common variable immunodeficiency (CVID) and other antibody
deficiencies. Defective expression of a few genes are associated
with a small proportion of patients with CVID; however, the
mechanisms of pathogenesis attributed to these genes are still
not entirely clear. For example, it is not known what factors deter-
mine that patients with heterozygous mutations in the transmem-
brane activator and calcium modulator and cyclophilin ligand
interactor gene (TACI or TNFRSF13B) will have CVID. By test-
ing mice bearing the murine equivalent of the particularly com-
mon TACI mutation C104R, Lee et al2 demonstrated that TACI
function is impaired, at least in part, by haploinsufficiency. Gatto
and Brink3 reviewed the role of the germinal center (GC) in B-cell
activation, terminal maturation, and antibody production, includ-
ing theGC structure’s associationwith the control of B-cell differ-
entiation and the affinity process and peripheral B-cell selection.
Disturbance of GC formation is observed in several primary
immunodeficiencies, and the dysregulation of GC processes are
involved in the development of autoimmunity and B-cell lympho-
mas. Mucosal immunity mechanisms were reviewed by Puga
et al,4 who analyzed the evidence for molecular signals that in-
duce IgA switching in the mucosa. This class switching of immu-
noglobulins is thought to be largely initiated by intestinal bacteria
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TABLE I. Selected key advances in basic and clinic immunology in 2010

Primary immunodeficiencies

d The TACI mutation C104R impairs B-cell function by means of haploinsufficiency.

d Increasing the IVIG dose might be considered in the treatment of patients with CVID who have persistent infections.

d Viral respiratory tract infections cause significant morbidity in patients with CVID.

d Newborn screening for SCID was shown to effectively detect patients with this condition.

d Patients with ZAP70 deficiency have a well-represented diversity of T-cell receptor Vb repertoire in both CD4 and CD8 T cells.

d Omenn syndrome immune dysregulation can be explained by a decrease in regulatory T-cell numbers.

d IPEX syndrome has been successfully treated with bone marrow transplantation.

d Impaired TH17 responses lead to increased risk of chronic Candida species infections.

d Simplified criteria to predict STAT3 mutations were developed for the diagnosis of autosomal dominant hyper-IgE syndrome.

d Full donor chimerism was reported in a patient with autosomal recessive hyper-IgE syndrome who received a bone marrow transplantation of a

matched sibling donor.

d Expansion of mutation-revertant T cells were reported in a patient with WAS.

d An NLRP3 activating mutation was found in a patient with Schnitzler syndrome.

d NEMO gene defects can occur in regulatory sequences that are not commonly analyzed.

d TLR stimulation is needed to fully activate T cells after antigen recognition.

Cellular immunity and allergy

d SMX modification with nitroso groups might result in potent T-cell stimulators that mediate drug hypersensitivity reactions.

d Decreased pDC numbers in the circulation might contribute to systemic viral reactivation in patients with drug hypersensitivity syndrome to

anticonvulsants.

d The frequency of Fel d 1–specific CD4 T cells was estimated at between 1 in 7,000 and 1 in 300,000 cells.

Other advances

d Lymphocyte subset values of healthy Malawi and Thai children exhibit significant differences from children in Western populations, emphasizing

the importance of including country-specific control subjects.

d HIV-infected children without AIDS-related illnesses can present with low CD4 T-cell counts.

d Atopic dermatitis is associated with increased risk of invasive pneumococcal disease.

d Anti-pneumococcal polysaccharide vaccine can elicit protective antibody titers in infants at 12 months of age.

d There is a significant reduction in anti-HAV antibody titers and neutralization capacity in American IVIG products, although titers remain at protective

levels.
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through interactions with epithelia, stroma, and dendritic cells.
Toll-like receptors (TLRs), B-cell activating factor, and a prolifer-
ation inducing ligand (APRIL) are themost studiedmolecular sig-
nals that mediate IgA switch and production.
CHARACTERIZATION OF LYMPHOCYTE SUBSETS
Two articles assessed the value of studying established control

ranges for lymphocyte measurements to determine levels of
immunocompetence in children of different communities around
theworld.Mandala et al5 noted inMalawi children that therewere
some expected similarities with reported lymphocyte count
ranges in children inWestern countries, such as the peak lympho-
cyte counts that occur by 2 years of age with a subsequent de-
creasing trend; however, Malawi children had higher absolute
B- and T-cell counts than children from Western countries. Of
particular interest was the steady CD4 T-cell percentage during
the first 5 years of life. In developed countries the median CD4
T-cell percentage decreased from 46% to 38%, but in Malawi it
remains relatively constant at between 35% and 39%. This differ-
ence is of significance for the management of HIV infections and
the assessment of immunodeficiency.
Similarly, Ananworanich et al6 examined lymphocyte subsets

in 222 HIV-positive Thai children with no AIDS-related illnesses
and 15% to 24% CD4 T cells, with healthy Thai children as the
reference. As expected, the authors found lower CD4 T-cell per-
centages in HIV-positive children than in healthy children, with
corresponding increased percentages of CD8 T cells. However,
the subset of long-term nonprogressor children had more
expression of lymphocyte activation markers than the overall
HIV-infected population.
These 2 publications make a strong recommendation for the

inclusion of country-specific healthy children as control subjects
for the assessment of immune alterations induced by HIV
infections.
Progress in the characterization of lymphocyte subsets in-

cluded the development of techniques to measure single epitope-
specific CD4 T cells. Kwok et al7 studied subjects with cat allergy
and defined peptides specific for 6 common HLA class II DRB
molecules. Using tetramer technology, they were able to estimate
the frequency of Fel d 1–specific CD4 T cells between 1 in 7,000
and 1 in 300,000. In addition, they were able to confirm the TH2
memory phenotype of these allergen-specific cells.
PNEUMOCOCCAL DISEASE AND IMMUNIZATION
In an interesting epidemiologic study addressing factors that

predispose to invasive pneumococcal disease, Jung et al8 pro-
posed that the presence of atopic dermatitis might confer in-
creased risk of pneumonia. They identified 174 cases of
invasive pneumococcal disease from a total of 3,941 medical rec-
ords and analyzed for selected risk factors using age-matched
control subjects. Allergic rhinitis was found in 3.7% of both the
infected and control groups; however, asthma and atopic derma-
titis were found in at least twice as many of those with pneumo-
coccal infection than in control subjects. The authors suggested
that immune mechanisms might in part explain this increased



FIG 1. Therapeutic mAbs targeting different steps of the humoral immune response. Reproduced with

permission from Lee and Ballow.11 BCMA, B cell maturation factor; BCR, B cell receptor; Blimp-1, B lympho-

cyte inducedmaturation protein 1;Blys, B lymphocyte stimulator, IRF-4, interferon regulatory factor 4;MITF,
microphtalmia associated transcription factor; Pax-5, paired box 5; XBP, X-box binding protein-1.
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susceptibility and recommended the administration of pneumo-
coccal vaccine in subjects with atopic dermatitis.
Regarding this vaccine, a significant observation reported by

Balloch et al9 might result in cost savings in underdeveloped com-
munities. They immunized infants at 12 months of age with the
anti-pneumococcal polysaccharide vaccine Pneumovax (Merck
&Co,Whitehouse Station, NJ) and showed that 98%of the infants
achieved either postimmunization titers with a 4-fold increase or
greater than 1.3 mg/mL (protective specific antibody level). Pneu-
movax is currently licensed to be given after 2 years of age for con-
cerns of efficacy in younger children; however, it is less expensive
than the newer conjugated anti-pneumococcal vaccines.
USE OF IMMUNOGLOBULINS
Marodi and Casanova10 wrote an essay highlighting the conse-

quences of the ever-increasing clinical use of therapeutic anti-
bodies that are directed to molecules involved in immune
responses. Well-studied primary immunodeficiencies are known
to show the expected effect of some of these therapeutic anti-
bodies. The authors propose to examine the clinical course of
children with these congenital diseases to predict possible com-
plications of the therapies. Perhaps the most representative exam-
ple is rituximab (anti-CD20 mAb), which depletes B cells and
might cause iatrogenic hypogammaglobulinemia similar to that
seen in patients with primary humoral immune defects. Other
molecules discussed by the authors are anti–IL-12 p40 antibody
(ustekinumab), which might increase susceptibility to salmonel-
losis and mycobacterial infections; anti-integrin VL4 antibody
(natalizumab); and anti–IFN-g antibody (fontolizumab). Lee
and Ballow11 provided an in-depth review of the therapeutic
mAbs directed to B cells with application in the control of auto-
immune diseases, specifically rheumatoid arthritis and systemic
lupus erythematosus (Fig 1). Other targets for biological agents
currently available and in development include CD20, B-cell ac-
tivating factor, APRIL, and the IL-6 receptor. Monoclonal anti-
body structures vary, and the most preferred design is a
humanized antibody. Soluble receptor fusion proteins have also
been engineered. The most widely used of these biological agents
is rituximab, which was approved for the treatment of B-cell non-
Hodgkin lymphoma in 2006. It has shown promise in a number of
conditions with an autoimmune basis, such as rheumatoid arthri-
tis, systemic lupus erythematosus, immune thrombocytopenia,
multiple sclerosis, and vasculitis.
Farcet et al12 measured anti–hepatitis A virus (HAV) antibody

titers and neutralization capacity in more than 1,000 plasma pools
from the United States and Europe that were used to prepare in-
travenous immunoglobulins (IVIGs) and also in the IVIG final
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products. They found significant reductions in antibody titers in
the American products compared with those from Europe, mainly
from donors from the Czech Republic, Austria, andGermany. The
authors hypothesized that the observed reduced titers in American
IVIG products is explained by the decreasing incidence of HAV
infection, which is in part due to the introduction of mandatory
anti-HAV vaccine in children. Nevertheless, these reduced anti-
body levels remain at a titer of 14.6 IU/mL, about 1,000 times
what is considered protective to prevent HAV infection.

CVID
Lucas et al13 reported a retrospective review of 90 patients with

a diagnosis of CVID who were followed in 1 center to test the hy-
pothesis that a reduction in breakthrough of infections can be
achieved by increasing trough IgG levels. Their policy was to in-
crease the IVIG dose by 0.15 g/kg per month when patients pre-
sent with a serious infection or 3 or moremoderate infections over
a year. This recommendation could be an alternative to patients
who have persistent infections, although other factors contribut-
ing to infections, such as airway inflammation, might need to
be assessed before these increased doses are made permanent
for a specific patient. Approximately 86% of infections affected
the respiratory tract and were attributed to a bacterial cause. Kai-
nulainen et al14 reported a contrasting observation regarding the
microbial cause of infection. Their patients with hypogamma-
globulinemia (10 with CVID diagnoses and 2 with X-linked
agammaglobulinemia) who had been receiving immunoglobulin
supplementation had respiratory tract infections of viral cause
in about half of the episodes reported, with a median of 5 or
more respiratory tract infections over a 12-month period. Rhino-
virus shedding was persistent after acute infection symptoms re-
solved. The authors alerted clinicians that the association of
respiratory tract viral infections with predominantly cellular im-
munity defects might not be exclusive, and these infections might
significantly affect patients with antibody defects.

SEVERE COMBINED IMMUNODEFICIENCY
Progress in developing universal newborn screening for severe

combined immunodeficiency (SCID) was reported with the first
case of SCID detected in Massachusetts of 100,597 infants
tested.15 Validation of this screening test for SCID has previously
been reported in Wisconsin.16 This finding is consistent with the
previousminimum estimate of the incidence of SCID, namely 1 in
100,000 live births. The reported patient was found to have Janus
kinase 3 protein deficiency, and the infant was immediately iso-
lated, thus reducing the risk of opportunistic infections and in-
creasing his chances of an optimal treatment outcome. In this
report 78 (0.08%) other infants had the newborn screening test
suggesting SCID and required confirmatory testing. After lym-
phocyte phenotyping was performed in blood samples of these
children, the results indicated that only 29 (0.03%) infants re-
quired a clinical evaluation, among whom the patient with
SCID was discovered. This low rate of false-positive results con-
tributes to support the favorable cost/benefit ratio of the proposed
screening protocol.
Roifman et al17 studied 3 patients with z chain–associated pro-

tein, 70 kd (ZAP70), immunodeficiency and found peripheral
blood T cells with more matured stages of T-cell development
compared with those seen in patients with X-linked SCID. The
authors described a well-represented diversity of T-cell receptor
(TCR) Vb repertoire in both CD4 T-cell and CD8 T-cell popula-
tions. The investigators attributed the ‘‘leakiness’’ of the ZAP70
defect to the ability of Syk, another tyrosine kinase, to function
as a replacement for ZAP70.
The mechanisms of tolerance breakage that contribute to the

phenotype of Omenn syndrome were further studied by Cassani
et al18 in 8 patients with recombination-activating gene 1/2 defi-
ciency. Cells expressing forkhead box protein 3 (FOXP3) were
present at normal ranges, although with markers of activated
memory T cells, and failed to suppress CD4 T cells in 2 of the pa-
tients whowere studied. This cell phenotype did not correspond to
regulatory T cells, suggesting that Omenn syndrome dysregula-
tion can be explained by a decrease in numbers of these cells.
Buckley19 reviewed the B-cell function of patients with SCID

after hematopoietic stem cell transplantation (HSCT) or gene
therapy. The author concluded that the use of myeloablative con-
ditioning in HSCT for SCID did not ensure B-cell function and
compromised the overall survival rate. Gennery et al20 reviewed
the European experience of HSCT for primary immunodefi-
ciencies treated between 1968 and 2005. The investigators re-
ported a significant improvement in survival outcomes,
reaching 90% for patients with SCID, when HLA-matched sib-
ling donors were used. Survival was also associated to the B(1)
phenotype and absence of respiratory tract disease or viral infec-
tions. For patients with non-SCID primary immunodeficiencies,
the survival rate with HLA-matched unrelated donors approached
the survival rate with HLA-matched siblings as donors (ie, 76%).
The large size of this cohort provides reassurance of the improve-
ment in survival outcomes achieved over the last 2 decades.
IMMUNE REGULATION DISORDERS WITH
IMMUNODEFICIENCY

McMurchy et al21 investigated the molecular mechanisms of
FOXP3 deficiency to induce the development of immunodefi-
ciency polyendocrinopathy, X-linked (IPEX) syndrome. Three
different amino acid mutations of FOXP3were found in the stud-
ied patients. Two of the mutations that affected the forkhead do-
main resulted in a low upregulation of CD25 and different degrees
of suppressive activity compared with wild-type FOXP3. The in-
vestigators were not able to demonstrate any functional defect
with the third mutated protein, which was outside the forkhead
domain. The authors concluded that factors other than generation
of regulatory T cells were likely involved in the pathophysiology
of IPEX syndrome.
Although we are still trying to understand the molecular

mechanisms of FOXP3 function, treatment with HSCT for
IPEX syndrome has fortunately been met with success, as
reported by Burroughs et al.22 This group presented the experi-
ence of 2 patients with significant pretransplantation morbidity
who received HSCTwith a modified myeloablative conditioning
regimen, including fludarabine and total-body irradiation, fol-
lowed by graft-versus-host disease prophylaxis with mycopheno-
late and cyclosporine. This treatment resulted in persistent donor
engraftment, immunoreconstitution, and resolution of previous
morbidity, except for diabetes.
Another primary immunodeficiency of immune regulation,

autoimmunity, polyendocrinopathy, candidiasis, and ectodermal
dystrophy (APECED) syndrome, was studied by Ng et al.23 They
reviewed 18 patients with a diagnosis of chronic mucocutaneous
candidiasis with and without concomitant APECED syndrome
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and assessed TH17 responses to Candida species antigen. Patients
withoutAPECEDsyndromehaddecreased invitroTH17 responses,
whereas those with APECED syndrome required the addition of
their own plasma in these experiments to demonstrate this same de-
creasedTH17 responses. These results suggested a variability of im-
mune mechanisms that impair TH17 responses and lead to the
increased susceptibility to Candida species infections.

Woellner et al24 presented clinical and immunologic features of
a cohort of 100 patients with diagnosis of autosomal dominant
hyper-IgE syndrome, another condition characterized by severe
reduction in TH17 cell numbers and susceptibility toCandida spe-
cies infections. Sixty-four patients were found to have a signal
transducer and activator of transcription 3 (STAT3)mutation. Us-
ing logistic regression analysis, they reported that 5 clinical fea-
tures (pneumonias, pathological bone fracture, characteristic
facies, newborn rash, and high palate) predicted the presence of
STAT3 mutations with 85% accuracy. The authors recommended
using these criteria before ordering genetic analysis for STAT3. Of
interest, 11 of 13 patients without STAT3 mutations had a low
frequency of TH17 cells.
Other advances included the experience of using HSCT in a

patient with autosomal recessive hyper-IgE syndrome,25 with a
matched sibling as a donor and with myeloablative conditioning.
Full chimerism was detected in T cells and neutrophils with
emerging naive CD4 T cells by day 37, even though patient was
receiving cyclosporine for graft-versus-host disease prophylaxis.
Unfortunately, on day 58 after transplantation, the patient died
after fulminant sepsis caused by Klebsiella species infection.
WISKOTT-ALDRICH SYNDROME
Trifari et al26 studied a 28-year-old patient with Wiskott-

Aldrich syndrome (WAS) in whom a second mutation in the
Wiskott-Aldrich syndrome protein gene (WASP) permitted the ex-
pression ofWASP in about 50% of his T cells. The firstWASPmu-
tation resulted in a premature stop codon, and the secondmutation
restored the reading frame with a single amino acid change. The
expressed protein localized to the immunologic synapse, as ex-
pected. Likely because of selective advantage, these corrected
cells increased in proportion from 10% to 70% over 8 years of
life, developed a diversity of the TCR repertoire, and showed nor-
mal proliferative responses to TCR stimulation. These mutation-
revertant T cells were also found to be predominant in his spleen
and lymph nodes taken at 10 years of age, indicating that organs
become populated with corrected cells before appearing in the pe-
ripheral blood. However, it was disappointing that this expansion
of corrected T cells was not associated with clinical improvement,
and the patient continued to present with frequent infections.
INNATE IMMUNITY DEFECTS: LESSONS FROM
CASE STUDIES

Loock et al27 provided suggestive evidence of the cause of
Schnitzler syndrome, a condition characterized by increased
serum IgM levels and chronic urticaria, mostly occurring in adults.
Because of the inflammatory features of this syndrome, the authors
sequenced theNACHT,LRR, andPYDdomains-containing protein
3 (NLRP3) gene in 1 patient and found an activationmutation that is
known to cause the cryopyrin-associated periodic syndromes. Inter-
estingly, the patient and any of her relatives carrying the mutation
had not presented with periodic syndromes. An excessive secretion
of IL-1b, but not IL-1a, was demonstrated when her PBMCs were
activated in vitro. In addition, administration of anakinra, an inhib-
itor of IL-1 binding, produced a therapeutic response. It remains to
be demonstrated whether NLRP3 activating mutations cause
Schnitzler syndrome or are an associated clinical feature.
Mooster et al28 reported a patient who presented with recurrent

sinopulmonary infections, no evidence of ectodermal dysplasia,
and a family history of a cousin with severe mycobacterial infec-
tion. Nuclear factor kB essential modulator (NEMO) deficiency
was suspected in this case; however, deleterious mutations were
not found in the gene coding sequence. The investigators further
pursued a potential defect in the nuclear factor kB pathway and
found that cytokine responses to TLR stimulation were defective.
NEMOmRNA and protein expression were decreased, which led
to the examination of noncoding regions of this gene and the de-
tection of a mutation in the 59 untranslated region of the gene.
This report reminds us that gene defects can occur in regulatory
regions that are not commonly examined and that the clinical
diagnosis might not be ruled out by initial genetic testing.
McDonald et al29 studied a patient with IL-1 receptor–associ-

ated kinase 4 deficiency to illustrate the importance of TLR stim-
ulation in T-cell activation. Compared with cells from a healthy
donor, the expression of the activation markers CD25 and
CD69 by this patient’s T cells were both decreased by half
when activating with anti-CD3 and anti-CD28 antibodies, which
target the TCR, but were normal when stimulation with phorbol
12-myristate 13-acetate and ionomycin was used. IL-6 and
IFN-g secretion were also impaired if stimulated through TCRs
but not reduced if stimulated with phorbol 12-myristate 13-ace-
tate and ionomycin. These results suggest that TLR stimulation
is needed to fully activate T cells after antigen recognition.
CELLULAR IMMUNE MECHANISMS OF DRUG
ALLERGY

Cell-mediated hypersensitivity to drugs was explored by 2
groups. Castrejon et al30 studied the interaction of sulfamethoxa-
zole (SMX)–derivedmetabolites with T cells in patients with drug
hypersensitivity to SMX. They focused on the role of nitroso-
modified SMX metabolites and found that T-cell clones obtained
from patients with SMX hypersensitivity had 3 different patterns
of reactivity, which depend on the individual antigen processing:
SMX specific (14%), SMX-nitroso modified metabolite specific
(44%), or cross-reactive (43%). The authors concluded that mol-
ecules resulting from drugmodification with nitroso groupsmight
constitute potent T-cell stimulators that mediate severe drug
hypersensitivity reactions.
Sugita et al31 studied the skin of patients with drug hypersensi-

tivity syndrome to anticonvulsants to improve our understanding
of the association of this condition with reactivation of human
herpes virus (HHV), such as HHV-6. An excess of plasmacytoid
dendritic cells (pDCs) was found infiltrated in the skin dermis of
patients with drug reactions compared with that seen in healthy
control subjects or patients with other maculopapular eruptions.
In contrast, blood circulating pDC numbers were decreased. Be-
cause HHV-6 is detected in the skin of patients with this hypersen-
sitivity syndrome and pDCs have antiviral activity, the
investigators suggested that the decreased pDC numbers in the
circulation might contribute to the immune dysfunction observed
in these patients, resulting in systemic viral reactivation.
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HEREDITARY ANGIOEDEMA
The mechanisms of hereditary angioedema were reviewed by

Kaplan.32 Mutations of the complement C1 inhibitor (C1INH)
gene result in hereditary angioedema types I and II, whereas
type III results from activation-inducing changes of Factor XII
that render C1INH ineffective. Understanding of the mechanisms
of the disease has led to novel therapies focused on inhibiting the
bradykinin cascade, including a kallikrein inhibitor and a brady-
kinin receptor inhibitor.
Lopez-Lera et al33 reported a severe case of angioedema caused

by a homozygous missense mutation in C1INH, R378C, and an-
alyzed the capacity of the protein to bind complement C1s and
kallikrein, as well as their conformational activity. Using specific
antibodies that recognized specific structural states, the authors
were able to determine that the mutated C1INH was in a cleaved
inactivated form, providing evidence that explains the functional
consequences of this mutation.
CONCLUSIONS
Significant progress in the field of clinical immunology has

been achieved with the use of current genetic and immunologic
tools, and this has provided us with an explanation of the disease
manifestations that might eventually result in novel therapies.
Outcomes of HSCT for primary immunodeficiencies have im-
proved over the last decades for patients with SCID and non-
SCID, although the factors that determine B-cell reconstitution
are still not clear. The role of TH17 cells in diseases of immuno-
regulation are being explored, clearly determining susceptibility
to Candida species infection.
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