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To the Editor,

CD40 Ligand (CD40L; CD154; Tumor Necrosis Factor Ligand Super-
family, member 5, TNFSF5) is expressed on activated CD4+ T cells and
interacts with CD40 constitutively expressed on B cells leading to im-
munoglobulin class switch, somatic hypermutation and B cell matura-
tion [1]. Mutations in the gene encoding for CD40L leading to
defective CD40 Ligand expression/function were identified to be re-
sponsible for X-linked Hyper-IgM syndrome (OMIM 308230) [2–5]. Af-
fected patients are typically male (X-recessive inheritance) and present
with hypogammaglobulinemia with normal or elevated IgM serum
levels, defects in switched memory B cells, increased susceptibility to
opportunistic infections (Pneumocystis jiroveci pneumonia, cryptospo-
ridium sclerosing colangitis) and in some cases neutropenia [6]. Consid-
ering the severity of this disorder [6], the curative option of HSCT
(Hematopoietic Stem Cell Transplantation) has been largely applied
[7]. In untransplanted patients, clinical long-term follow-up suggests
that overall survival probability decreases after the 2nd-3rd decade of
life, with large anticipation of death in case of establishment of liver dis-
ease [7]. No data are available on the long term immunological derange-
ment occurring in untransplanted patients with CD40L deficiency. We
report on a 33 years-old adult patient affected with CD40L deficiency
that presented over time a progressive severe loss of B cells and NK
cells accompanied by T cell senescence.

The indexmale patient, born to non-consanguineous Italian parents,
presented at childhood a history of recurrent pneumonias and upper re-
spiratory tract infections, as well as recurrent oral herpes infections. At
the age of 10, he presented an episode of orbital cellulitis. Immunologi-
cal evaluation showed hypogammaglobulinemia (data not available)
and a diagnosis of common variable immunodeficiency (CVID) was
made. He was thus put on immunoglobulin replacement treatment.
Since neutropenia was also present (data not available), treatment
with Granulocyte colony stimulating factor (G-CSF)was initiated in par-
allel (at the age of 10). At the age of 22, the patient presented
Hystoplasmosis lung infection with diffuse mediastinic adenopathies,
treated with amphotericin B and then fluconazole endovenously, with
good clinical response. At the age of 28, the patient presented diarrhea
with isolation of Campylobacter jejuni that responded promptly to
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oral treatment with ciprofloxacin. At the age of 32, he presented a skin
abscess on the 5th finger of the right hand, treated with oral
amoxicilline+clavulanate. Since the age of 33, the index patient has de-
veloped diffuse skin manifestations diagnosed as atopic dermatitis. Fi-
nally, regular annual screening for HIV, Hepatitis B and C, EBV and
CMV infection has always resulted negative. The index patient was ad-
dressed to our clinic for an immunological investigation at the age of
22. Considering the immunoglobulin serum levels, the neutropenia
and the severe clinical history not typical of CVID,we decided to exclude
a HIGM type-1 syndrome. Patients' activated T CD4+ cells showed ab-
sent expression of CD40L on the cell surface (Fig. 1A). Sanger sequenc-
ing of the gene encoding for CD40L revealed an insertion of a Thymine
in position 242 leading to a frameshift with a premature stop-codon at
aminoacid 86 of the CD40L protein (c.[242_243insT]; p.[L81Ffs*5])
(Fig. 1B), previously reported in CD40L deficiency [8]. Peripheral lym-
phocyte evaluation showed a slight reduction of CD4+ T cells with
mild inversion of the CD4:CD8 ratio, with normal percentages of B and
NK cells (Supplemental Table 1). Proliferative responses to mitogens
(anti-CD3, anti-CD3 + Interleukin-2 (IL-2), Phorbol myristate acetate
(PMA) + Ionomycin (I), Phytohemagglutinin (PHA)) were normal
(data not shown). The patient, who resides in a different region, was
re-evaluated after 10 years (Supplemental Table 1). The index patient
presented a progressive severe reduction of peripheral CD4+ T cells
with a parallel expansion of CD8+ T cells (Supplemental Table 1). The
maturation pattern within the CD4+ and the CD8+ subsets revealed a
combined reduction of naive CD45RA+CCR7+CD4+ and CD45RA+-

CCR7+CD8+ T cells with a concomitant expansion of the central mem-
ory CD45RA−CCR7+CD4+ T cells and the effector memory CD45RA−

CCR7−CD8+ T cells (Fig. 1C). Interestingly, patient's CD8+ T cells pre-
sented a senescent phenotype as identified by the expression of CD57
[9] (Fig. 1C), a finding that has not been reported yet in human CD40L
deficiency. Functional evaluation of patient's T cells revealed defective
proliferative responses to mitogens (anti-CD3 and PHA stimulation)
(Fig. 1D), compatible with the senescent/exhausted T cell phenotype
observed as previously described [9]. Unexpectedly, an almost complete
loss of peripheral B and NK cells was also observed, a finding that has
not been previously reported in patients affectedwith CD40L deficiency
(Supplemental Table 1). The few peripheral B cells of the index patient
presented a reduction of the CD10−IgD−IgM−CD27+CD38lo/dim

switched memory B cells and CD10−CD38hiCD27hiCD20−IgM+/− im-
munoglobulin secreting cells (ISCs), as expected in CD40L deficiency
(Fig. 1E). Of interest, the index patient presented an expansion of
CD10+IgM+CD38hiCD21+/-CD27− Recent Bone Marrow Emigrants
(RBE) with combined reduction of CD10−CD20+CD38lo/dimCD21hi ma-
ture B cells and CD10−IgD+IgM+CD27+CD38lo/dim IgM memory B
cells, a rather unusual finding in CD40L deficiency (Fig. 1E).

Taken together, our data reveal for the first time unexpected and
novel immunological findings in human CD40L deficiency in adulthood.
Usually, patients affected with CD40L deficiency present normal values
of peripheral T, B and NK cells, although CD4+ T cells may decline with
time in some cases [6]. The index patient showed a progressive severe
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loss of peripheral B and NK cells by the forth decade of his life. In paral-
lel, CD4+ T cells declined but most importantly patient's CD8+ T cells
acquired an exhausted senescent phenotype confirmed also at the
functional level. CD40L has been shown to be expressed in both acti-
vated NK cells as well as CD8+ T cells [10,11], raising thus the hypothe-
sis that the lack of CD40L in the above mentioned subsets may be
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responsible, at least partially, for the immunological alterations ob-
served in the index patient. While HSCT is known to be curative for
this disorder [12], some affected patients may not undergo HSCT and
may reach adulthood. The findings here described suggest that the im-
munological phenotype of adult patients with CD40L deficiency that
do not undergoHSCTmay change over time leading to an evenmore se-
vere immunological defect, thus rendering affectedpatientsmore at risk
for possible infectious complications. Collectively, our novel data in
adult CD40L deficiency suggest that immunological assessment should
be periodically performed in affected adult patients that have not un-
dergone HSCT; furthermore, evaluation of additional aging CD40L pa-
tients may confirm and even broaden the age-related immunological
derangement in this disorder, possibly also influenced by genotype
and infectious history. Finally, clinicians should be aware that deteriora-
tion of the immunological status may occur in adult CD40L deficiency,
with evident implications for patients' management and prognosis.
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