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KEYWORDS Abstract CD40 ligand deficiency (CD40L), currently classified as an inborn error of immunity
Immunologic affecting cellular and humoral immunity, prevalently emerges in boys within the first two years
deficiency of life. It manifests itself as a decrease in serum IgG, IgA and IgE, with normal or high IgM,
syndromes; defects in T cell proliferation, and decrease in soluble CD40L. These accompany sinopulmonary
CD40 ligand; and/or gastrointestinal infections, and there may be infections caused by pyogenic bacteria,
Hyper-IgM opportunistic infections, autoimmune diseases, and neoplasms. Mild and moderate cases of
immunodeficiency this deficiency may respond well to prophylactic antibiotic therapy or to human immunoglob-
syndrome; ulin replacement therapy, in addition to the early treatment of infections. Severe cases can
Immune system be treated with hematopoietic stem cell transplantation, which allows the healing of such
diseases; patients, rather than sequelae and a poor progression. Thus, its differential diagnosis with

Immunoglobulins

other inborn errors of immunity is essential, especially CD40 deficiency and variable common

immunodeficiency; the reason why we have proposed the present literature review.
© 2019 SEICAP. Published by Elsevier Espana, S.L.U. All rights reserved.

Introduction

The term Primary Immunodeficiency is currently being
replaced by Inborn Errors of Immunity, in analogy to the
term Inborn Errors of Metabolism.” This new classifica-
tion divides the immunodeficiencies into large groups:
immunodeficiencies affecting cellular and humoral immu-
nity, Primary Immunodeficiencies associated to genetic
syndromes, predominantly antibody deficiencies, diseases
of immune dysregulation, defects of phagocytes, innate
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immune defects, autoinflammatory diseases, complement
deficiencies, phenocopies of Primary Immunodeficiencies.'
CD40 ligand deficiency (CD40L), formerly referred to
as X-linked hyper-lgM syndrome, is characterized by an
immunoglobulin class-switch recombination defect. The
result is 1gG, IgA and IgE deficiencies, with preserved or
elevated IgM values. The disease predominantly affects the
male gender, from childhood. It manifests itself mainly due
to repeat infections of the respiratory and digestive systems,
especially recurrent pneumonias and chronic diarrhea.?>
CD40L deficiency may initially exhibit some similarities
with CD40 deficiency and hyper-IgM syndrome. This syn-
drome was first described by Rosen and Burtin in 1961;
its incidence is estimated at 1/500,000 births.*-¢ Genetic
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alterations in CD40L deficiency may result from mutations
that determine defects restricted to the functionality of
B lymphocytes or mutations that, in addition to B cells,
also affect T cells, monocytes, macrophages, dendritic cells
and neutrophils.” In addition to genetic causes, immunod-
eficiencies with an increase in IgM and a decrease in other
immunoglobulins were described as secondary to congeni-
tal rubella, B-cell leukemia, lymphomas, phenytoin use, and
splenectomy.”

CD40L deficiency accounts for about 70 % of all cases of
immunodeficiencies with increased IgM.® Deficiencies with
an increase in IgM and decrease in other immunoglobulins
may result from changes in different genes encoding: CD40L,
CD40, activation-induced cytidine deaminase (AID), NF-«B
essential modulator (NEMO), uracil nucleoside glycosylase
(UNG — an enzyme involved in nucleic acid coding).? Cur-
rently CD40L and CD40 deficiencies are classified as Inborn
Errors of Immunity that affect cellular and humoral immu-
nity (since they affect the interaction between T and B
lymphocytes), whereas the others are predominantly anti-
body deficiencies (impairment of B functionality).’

Following the mutation of CD40L, the most described
mutations of these deficiencies are those in the AID-
encoding genes: in B-cells, there is a disorder genetic
in the recombination encoding IgG, IgA and IgE the
heavy chains.®'* Next there is a mutation in the NEMO
gene, encoder NF-«kB (B-cell nuclear factor kappa), which
upon activation by CD40 participates in the signaling for
immunoglobulin class switch. In such cases, in addition to
repetitive infections, there may be ectodermal dysplasia,
conical teeth and alopecia.®'®'*"> Immunodeficiencies with
increased IgM caused by mutations in the CD40 molecule
are rare and prevent B cells from receiving the coopera-
tion of T cells for class switch. It may result from somatic
hypermutations without a perfect definition of molecular
alteration.>©210,16.17

Defects in recombination of class-switch, especially
those arising from mutations in AID and UNG, respond well to
human immunoglobulin replacement therapy.'"'®' On the
other hand, CD40L deficiency, in moderate to severe cases,
does not respond to treatment involving prophylactic antibi-
otic therapy or human immunoglobulin, sometimes requiring
hematopoietic stem cell transplantation. This is one of the
main reasons underlying the need to diagnose CD40L defi-
ciency, which assists one to differentiate it from other forms
of hyper-1gM syndromes and Inborn Errors of Immunity.

Purpose

The present study aims to review the CD40 ligand deficiency
for its inclusion in the differential diagnosis of other inborn
errors of immunity.

Methods

Bibliographic review in the PubMed, LILACS and SCIELO
database entries up to 2019 using the terms: Immunologic
Deficiency Syndromes; CD40 Ligand; Hyper-IgM; Immune Sys-
tem Diseases; Immunoglobulins.

Review results

Pathogeny

The gene responsible for X-linked hyper-IgM syndrome
was mapped to the X chromosome (Xq26-27) and subse-
quently identified as CD40L, expressed on activated CD4*
T lymphocytes.'29-24 CD40L, also referred to as TNFSF5 or
CD154, is a Type Il transmembrane protein, expressed on the
cell surface as a trimer. It acts as a co-stimulatory molecule,
influencing the function of CD40-expressing cells: B lym-
phocytes, macrophages, dendritic cells, activated CD8* T
lymphocytes, and other cells not directly related to immune
response.?’

CD40L-CD40 binding in B cells causes immunoglobulin
class switch: there is a genetic rearrangement of the VDJ
segments (variable - V; diversity - D; joining - J) that encode
the heavy chains of the immunoglobulin molecule, resulting
in class switch from IgM to IgG or IgA or IgE, depending on the
type of cytokine produced by the CD4* T lymphocyte. With-
out the CD40L-CD40 binding, B lymphocytes cannot undergo
class switch and will produce only class M (IgM) antibodies,
with a consequent decrease in serum IgG, IgA and IgE.?%?’
In addition to this somatic rearrangement, there is a hyper-
mutation, especially in the variable segments, which results
in a great diversity of antibodies. B lymphocyte develop-
ment and antibody diversity generation are said to occur
independently of the antigen interacting with lymphocyte
CD40L binding to T. The interaction between T and B lym-
phocytes is based on the direct contact between cells and
the presence of soluble factors, such as cytokines, and plays
a key role in antibody response maturation. Among the inter-
actions involving cell membranes, CD40L-CD40 binding is
critical for class switching, for the survival of differenti-
ated B lymphocytes in plasma cells and memory cells, and
for suppressing apoptosis in these cells.®?° The CD40L-CD40
interaction can also affect other cells, increasing cytokine
and chemokine synthesis, the expression of other costim-
ulatory molecules and adhesion molecules involved in the
inflammatory response and clonal expansion of B, thereby
preventing B apoptosis in germinal centers.?’

For these reasons, the explanation for the increased
susceptibility of CD40L deficiency to infections, in addi-
tion to reduced immunoglobulin synthesis, is given by the
pleiotropic role of the CD40L-CD40 interaction in the regu-
lation of the immune response.

Transient and/or chronic neutropenia, abnormalities of
cell differentiation, T cell abnormalities and decreased
interferon-gamma synthesis (IFN-y) may also be present in
the CD40L deficiency.'*17,28.29

Clinical presentation

In the classic clinical of CD40L deficiency, the manifesta-
tions almost always appear in boys during the first two years
of life, with infectious processes dependent on exposure to
pathogens and local epidemiology.'* ">

The clinical diagnosis of CD40L deficiency is based on at
least one of the following criteria: an increased suscepti-
bility to infections (repeat and/or opportunistic infections,
including Cryptosporidium parvum); immune dysregulation
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(autoimmune diseases, lymphoproliferative or sclerosing
cholangitis); cytopenia (neutropenia or autoimmune throm-
bocytopenia); malignancy (lymphoma); family history of
affected limb. Such criteria need to be associated with:
a marked decrease in IgG levels (assessed at least twice);
normal or increased IgM levels (assessed at least twice);
absence of secondary causes of hypogammaglobulinemia;
no evidence of profound T cell deficiency (TCD4 defined
as 2/3 of the reference values); absence of T cell prolif-
eration; no evidence of ataxia-telangiectasia (coffee brown
spots, ataxia, telangiectasia, increased alpha-fetoprotein
levels).*°

Patients with CD40 or CD40L disorders, due to the
defective interaction between T and B, are more suscep-
tible to infections that depend on IgA, IgG and IgE, with
repetitive episodes of sinusitis, otitis, tonsillitis, cutaneous
infections, giardiasis, helminthiasis, enterovirus meningi-
tis, pneumonia, in addition to impairment of weight and
height gain, and a tendency to autoimmune diseases and
neoplasms. As in most cases, serum IgM is normal or
increased, and the patient generally responds well to infec-
tions caused by Gram-negative bacteria. In addition to the
resulting T-B interaction, patients with CD40L deficiency
may consequently present with neutropenia, with a ten-
dency to infections caused by Staphylococcus aureus and
Aspergillus fumigatus. There may be specific disorders of
TCD8 cells, such as an increased susceptibility to opportunis-
tic infections by Pneumocystis jirovecci, Toxoplasma gondii,
Cryptosporidium spp. and Cryptococcus spp. There is an
even greater tendency for the development of autoimmune
diseases and neoplasms. There may be chronic diarrhea and
liver disease.'"31-33

Some presentations of CD40L deficiency progress with
milder phenotypes, late onset of signs and symptoms, few
complications, and a rapid response to treatment.'# 52134
Mild phenotypes are associated with hypomorphic mutations
that do not completely alter the expression and func-
tion of the CD40L protein, which makes diagnosis more
difficult.?"34-3¢ Patients with mild phenotypes of CD40L defi-
ciency are often initially diagnosed with variable common
immunodeficiency (CIVD), characterized by 1gG and IgA defi-
ciency, which may or may not include IgM deficiency, after
other causes of hypogammaglobulinemia have been ruled
out. These patients usually present with late clinical mani-
festations, normal IgM dosages and decreased IgG, IgA and
IE levels, which calls for genetic tests before a correct
diagnosis can be reached.?%3*37

Complementary tests and differential diagnoses

Complementary laboratory tests for diagnosing CD40L defi-
ciency initially include determining serum immunoglobulin
levels and showing decreased serum IgG, IgA and IgE, with
either normal or increased IgM levels. The in vitro analysis
of lymphocyte function shows impaired T-cell proliferation,
as well as an intrinsic defect in B-cell differentiation.’?
Other Inborn Errors of Immunity should also be included
when differentially diagnosing class-switch recombination
defects, which requires complementary tests: quantification
of CD19 or CD20 (away from BtK deficiency or Bruton’s syn-
drome), assessment of CD3 and CD16/56 (away from severe

combined immunodeficiency).?®3 In order to confirm the
diagnosis, it is necessary to analyze the expression of sol-
uble CD40 and CD40L (CD154) proteins, which can be done
by flow cytometry. In CD40L deficiency, memory B lympho-
cytes (CD27) may be decreased. Genetic studies contribute
to confirming the diagnosis of CD40L deficiency and to the
differential diagnosis with CD40 and CIVD deficiency, and
may show a 6-nucleotide insertion mutation in the CD40L
exon-1, confirming the diagnosis of CD40L deficiency and
ruling out CIVD.**

Treatment

Treatment for class-switch recombination defects depends
on the type of deficiency involved. Treatment for CD40 defi-
ciency is antibiotic prophylaxis or human immunoglobulin
replacement therapy, in addition to an early diagnosis of
infections, so that antibiotics or antifungals can be admin-
istered whenever needed. >3840

The cure treatment for CD40L deficiency is the transplan-
tation of hematopoietic stem cell transplantation, such as
bone marrow transplantation, after a risk-benefit approach
has been considered in each case, with such a procedure
being usually reserved for severe cases and infections that
are difficult to control. In the absence of transplantation,
the treatment involves human immunoglobulin replace-
ment, in addition to early treatment of infections.3¢40-%

There are also efficacy and safety studies on treat-
ing CD40L deficiency with recombinant CD40L cells
(rCD40L).>"“647 Umbilical cord blood-derived mesenchymal
cell transplantation has been studied, but there is no con-
solidated data yet.*

In cases of severe and persistent neutropenia, ther-
apy with granulocyte growth-stimulating factor (G-CSF) may
be required."***® Trimethoprim/sulfamethoxazole prophy-
laxis may be required to avoid P. jirovecii infections and
environmental precautions needs to be taken to reduce
the risk of infection by Cryptococcus neoformans."3* Some
studies suggest a non-redundant role of the CD40L-CD40
interaction in neutrophil development and function, which
could be improved in vitro by recombinant human IFN-v,
indicating a potential new therapeutic application for this
cytokine.*

The follow-up of patients with CD40L deficiency should be
continuous and geared to searching for autoimmune diseases
or neoplasms. It is also necessary for the patient to con-
stantly improve their personal hygiene and dietary habits,
avoiding the intake of raw foods when they are not home-
prepared, due to IgA deficiency.***

There is indication for antipneumococcal immunization
in CD40L deficiency, although neutralizing antibodies in
immunocompromised patients may decrease the response
to vaccination in patients undergoing immunoglobulin
replacement therapy. Such patients may benefit from immu-
nization, since vaccine titers required to be considered
protective vaccine are low. There are guidelines setting
forth that the vaccine should be administered a few days
prior to administering human immunoglobulin. Vaccines with
attenuated pathogens are contraindicated in patients with
severe CD40L deficiency and may be prescribed in mild and
moderate deficiencies.®5051
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CD40L deficiency is a nosological entity with special
and often severe clinical manifestations, requiring specific
treatment and follow-up, which makes it essential to dif-
ferentiate between the other Inborn Errors of Metabolism,
especially CD40 and CVD deficiency.

Conclusion

CD40L deficiency is currently classified as an inborn error
of immunity affecting cellular and humoral immunity,
manifesting itself as class-switch recombination defect.
Immunodeficiencies having high or normal IgM levels while
the other immunoglobulins are decreased may be cases of
Inborn Errors of Metabolism affecting cellular and humoral
immunity (CD40L and CD40 deficiency) or predominantly
antibody (AID, UNG and NEMO deficiencies).

In CD40L deficiency, there is a decrease in serum IgG,
IgA and IgE levels, but with normal or high IgM levels, as
a consequence of a disorder in the cooperation between T
and B lymphocytes. This prevents IgM from class-switching
and leads to sinopulmonary and gastrointestinal conditions,
infectious diseases, autoimmune diseases, neoplasms and
impairment of weight and height gain. Neutropenia may also
be present, with accompanying pyogenic bacterial infec-
tions. The function of T cells is defective, which in turn
is responsible for predisposing the patient to opportunistic
infections and neoplasms.

It is therefore necessary for CD40L deficiency to be
considered when differentially diagnosing Inborn Errors of
Immunity, especially CD40 and CIVD deficiencies, whenever
the patient presents with low serum IgG, IgA and IgE lev-
els in combination with either normal or high serum IgM
levels. The differential diagnosis between CD40L and CD40
deficiencies requires that soluble CD40 and CD40L proteins
be determined. The genetic study contributes to the diag-
nosis. Severe cases of CD40L deficiency progress to cure
when treated with hematopoietic stem cell transplantation.
Milder cases and CD40 deficiency usually respond to pro-
phylactic antibiotic therapy or to human immunoglobulin
replacement therapy.

The differential diagnosis of CD40L deficiency among
other Inborn Errors of Immunity is important, especially
when one considers the specific treatment for patients with
severe conditions, since therapy allows the condition to
progress to cure, which in turn prevents sequelae and a poor
progression.
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