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Abstract

Background/objectives: CD40 ligand (CD40L) deficiency is an X-linked form of hyper Immuno-
globulin M syndrome (XHIGM), which is caused by mutations of CD4(0Lgene. The aim of the pres-
ent study was to investigate the clinical and molecular basis of this disorder with a long period of
follow-up on an Iranian patients group.

Methods: Totally, 21 patients diagnosed with X-HIGM, who were referred to at Children’s Medical
Center (Pediatrics Center of Excellence affiliated to Tehran University of Medical Sciences, Tehran,
Iran), and then were followed up, were enrolled in this retrospective cohort study. The medical and
immunologic evaluations of patients were followed by mutation analysis to confirm the diagnosis.
Results: The median age of all participants was 7.50 (4.87-16.25) years old. The median age at the
time of disease onset was 8.00 (6.00-13.50) months. Also, majority of patients showed their first man-
ifestation before the age of 4 years old. The median age of diagnosis was 23.00 (12.50-48.00) months,
with a median diagnostic delay of 9.00 (1.50-28.00) months.

Anemia was the most frequent hematologic manifestation, which was occurred in 71.4% of the pa-
tients. The median serum IgM concentration was 206 (82-335) mg/dL. Six patients had normal IgM
levels, however, elevated IgM levels were observed in fifteen patients based on age-references. The
mutation analysis among patients with the CD4(0L mutations revealed 15 missense, 5 frame shift-non-
sense, and 1 splice-site mutation. Eight patients (38%) died in this study duration period. Respiratory
infection such as pneumonia were the main cause of death in 5 patients.
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Conclusions: Earlier diagnosis of X-HIGM may provide effective management and lead to patients’
survival, and consequently better quality of life. Moreover, using whole-exome sequencing for de-
tecting those patients with HIGM phenotype is strongly recommended in order to differentiate it from
intrinsic humoral immunity defects and also to initiating the appropriate therapeutic procedures and
management.
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Introduction

Hyper Immunoglobulin M syndrome (HIGM)
is identified as a unique group of primary im-
munodeficiency disorders (PID) character-
ized by decreased or absent levels of serum
switched immunoglobulins (Igs) and normal or
increased levels of serum IgM (1). Mutations
in several genes that are responsible for B cell
signaling, class switch recombination (CSR),
somatic hypermutation (SHM) and DNA repair
mechanism are found to be involved in HIGM
phenotype development, including cluster
of differentiation 40 ligand (CD40L), CD40,
nuclear factor-kappa-B essential modulator
(NEMO), and activation-induced cytidine de-

aminase (AICDA) (2).
The most common form of HIGM syndrome

is the X-linked HIGM(X-HIGM), with respect
to mutations of the CD40L located at Xq26.3
and accounting for approximately 65—-70% of all
cases in Western cohorts (3). The frequency of
this disorder occurrence among male subjects
is estimated to be approximately 2:1,000,000 in
the general population (4). In recent cohort study
conducted on Iranian patient with HIGM, CD40L
deficiency was accounted for 68% of the geneti-
cally diagnosed HIGM patients (5).

The CD40L protein is a type II integral trans-
membrane glycoprotein that is mainly presented
by activated CD4"T lymphocytes and is a mem-
ber of tumor necrosis factor (TNF) family, which
contains three main functional domains: intracel-
lular, transmembrane and extracellular (6). Up to
now, more than 120 unique mutations have been
reported among X-HIGM patients mostly affect-
ing the extracellular domain (http://structure.bmc.
lu.se/idbase/CD40Lbas. Interactions between
CD40L and CD40 [expressed by antigen-pre-
senting cells (APCs) including B lymphocytes,

monocytes, macrophages, and dendritic cells] is
the first step for B cell growth and also CSR and
SHM stimulation. This process results in the var-
ious Ig isotypes formation along with maturation
of APCs, stimulating effector activities of mac-
rophages, and antigen priming of T cells (7-9).
Therefore, those patients with CD40L-deficiency
have combined T- (cellular) and B- cell (humor-
al) immunodeficiency (10).

These patients were often present with respi-
ratory and gastrointestinal tract infections and
complications, increased susceptibility to oppor-
tunistic infections, and less commonly presented
with autoimmune and inflammatory disorders
along with malignancies (11, 12).
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Due to the predominance of CD40L deficien-
cy among diverse etiologies of HIGM syndrome,
the purpose of this study was to determine the
clinical outcomes of Iranian patients with CD40L
deficiency.

Materials and methods

Study population

From 2001 to 2018, a total number of 21 patients
diagnosed with X-HIGM, who were referred to
at Children’s Medical Center (Pediatrics Center
of Excellence affiliated to Tehran University of
Medical Sciences, Tehran, Iran) and then were
followed up, were included in the current retro-
spective cohort study (13, 14). The diagnosis of
X-HIGM was made in terms of the newest criteria
defined by the European Society of Immune De-
ficiencies (ESID) including low serum IgG (2 SD
under age-related normal values in at least twice
measurement) and normal or elevated serum
IgM, exclusion of other hypogammaglobulin-
emia, also no evidence of Ataxia-telangiectasia,
no evidence of profound T-cell deficiency, detect-
ing mutation in CD40L gene along with at least
one of the followings: increased susceptibility to
infections, immune dysregulation, cytopenias,
malignancy and affected family member (https://

esid.org/Working-Parties/Registry-Working Par-
ty/Diagnosis-criteria).

The ethics committee of Tehran University of
Medical Science approved all of this study pro-
cesses, and written informed consents were ob-
tained from all participants or their parents or
their legal guardians, before the study enrolment.
Data collection
A designed questionnaire was filled in order to
retrospectively collect all information from the
patients’ medical records. These data consisted of
demographic data, age at symptoms onset, age at
diagnosis time, delay in diagnosis, the course of
the disease, consanguinity, familial history, clini-
cal manifestations, laboratory data and mortality
information. Accordingly, diagnostic delay was

considered as the time between the symptoms
onset and the diagnosis time. The course of the
disease (follow up) was determined as the time
period between diagnosis of the underlying PID
and the date of either the patient’s last visit or
demise.

Genetic analysis

Genomic DNA was extracted from whole blood
of the available patients for molecular diagnosis
of the patients, and after that targeted Sanger se-
quencing for the CD40Lgene was carried out in
the patients, as described in earlier studies (15-
17).

Statistical analysis

Statistical analysis was conducted using SPSS 21
software (SPSS Inc., Chicago, IL, USA). Kolm-
ogorov-Smirnov and Shapiro-Wilk tests were
also applied to test the normality of data. Regard-
ing quantitative data, central and descriptive sta-
tistics were reported. For variables with skewed
distribution, median and interquartile ranges
(IQR) were reported as data dispersion index.
Analytical analyses were performed by the use
of Mann-Whitney, and Chi-square or Fisher’s ex-
act tests. Moreover, P value<0.05 was considered
statistically significant.

Results

Characteristics of studied patients

Totally, 21 male patients with a median age of
7.50 (4.87-16.25) years old, were included in
this study. Complementary data for demographic
characteristics and clinical presentations of pa-
tients are displayed in Table 1.

Out of 21 patients, 12 of them (57.1%) had a
history of consanguineous marriages. The me-
dian age at the time of disease onset was 8.00
(6.00-13.50) months. The first manifestations
of the majority of patients were presented be-
fore the age of 4 years old. The median age
of diagnosis was 23.00 (12.50-48.00) months,
with a median diagnostic delay of 9.00 (1.50-
28.00) months.
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Laboratory and genetic findings

Neutropenia was found in 13 patients (61.9%)
as shown in Table 1. Anemia was the most
frequent hematologic manifestation, which
was occurred in 71.4% (15 patients) of the
total cohort. The median serum IgM concen-
tration was 206 (82-335) mg/dL. Elevated
IgM levels were observed in fifteen patients
in terms of age, and also it is notable that six
patients had normal IgM levels. Both serum
IgG and IgA were uniformly decreased, and
the median IgG and IgA levels were 76 (13-

180) mg/dL and 9 (3-26) mg/dL, respective-
ly. Other laboratory findings are summarized
in Table 2.

Among patients with the CD40L mutations, we
confirmed the mutations as followings: 15 indi-
viduals carry missense, 5 cases frame shift-non-
sense, and 1 patient splice-site mutations. Among
21 patients with a molecular diagnosis, IgM lev-
els were increased over the reference range of
age-sex matched healthy controls in 15 of them
(71.4%), and also normal one decreased in 6
(28.5 %) patients (Table 1).

Table 1. Descriptive of patients with CD40 ligand deficiency

= £ B Immunoglobulin E &
S o~ -~ & 2 3 levels = g _
< 5 & £ g =) A = = ) °
i 5 ¥ EE z &8 % E 2 g 2
& £ =2 0o a & =z = E 2= =
g e 5 8 0o = = = = Lo o
& O £ g = E bt 2 =
5 R R g £ B (an sn = 2 =
O gn @ = e e ;24” 5y [
= = (=
(=
Pt M 35 0 53 53 D + 00 0.0 84.0 Splice-site Ivs1+2T>C  Targeted Sanger
P2 M 16 4 30 26 A - 900 00 245.0 Frameshift-nonsense p.T29fsX36  Targeted Sanger
P3 M 12 6 12 6 D - 1550 119.0 327.0 Frameshift-nonsense p.D62fsX79  Targeted Sanger
P4 M 6 11 13 2 A + 00 450 158.0 Frameshift-nonsense p.S89TfsX6  Targeted Sanger
Ps M 6 6 15 9 A - 150.0 22.0 152.0 Frameshift-nonsense p.S89TfsX6  Targeted Sanger
P6 M 5 12 12 0 A + 00 0.0 65.0  Frameshift-nonsense  p.S89TfsX6  Targeted Sanger
P7 M 23 8 76 68 A - 2250 27.0 278.0 Missense p.-T254M Targeted Sanger
P8 M 5 6 30 24 D + 2400 100 75.0 Missense p-Q186X Targeted Sanger
P9 M 9 7 12 5 A + 3160 6.0 34.0 Missense p.G167R Targeted Sanger
P10 M 12 84 84 0 D + 1140 169.0 344.0 Missense p-M360T Targeted Sanger
P11 M - 8 15 7 D - 76.0 6.0 217.0 Missense p-G252D Targeted Sanger
P12 M 6 1 18 17 A + 420 40 1640 Missense p-G167R Targeted Sanger
P13 M 3 7 7 0 A + 17.0 15.0 80.0 Missense p-Q186X Targeted Sanger
P14 M 3 7 7 0 A+ 220 9.0 157.0 Missense p-Q186X Targeted Sanger
P15 M - 12 23 8 A - 270 3.0 206.0 Missense p.L81X NGS-panel
Pl6 M 45 30 42 12 D + 140.0 8.0 12.0 Missense p-Q186X Targeted Sanger
P17 M 4 8 43 35 D - 2060 260 763.0 Missense p.G144V NGS-panel
P18 M - 15 16 1 A - 76.0 6.0 217.0 Missense p-G252A Targeted Sanger
P19 M 40 84 300 216 D - 550.0 70.0 650.0 Missense p-G219R Targeted Sanger
P20 M 17 59 69 10 A+ 9.0 22.0 850.0 Missense p-G167R Targeted Sanger
P21 M 14 6 36 30 A - 2.0 3.0 360.0 Missense p.L161P Targeted Sanger

Abbreviation: D; dead, A; alive, DOO; date of onset, DOD; date of diagnosis, NGS; next generation sequencing
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Table 2. Demographic and laboratory features of 21 CD40lignad deficient patients

Parameter

Results

Age at the time of the study, years, median (IQR)

Age at the onset of symptoms, months, median (IQR)

Age at diagnosis, months, median (IQR)
Delay in diagnosis, months, median (IQR)
Consanguinity, n (%)
Dead/alive/unknown, n (%)

Family history, n (%)

White blood count, cells/mL, median (IQR)
Lymphocytes, cells/mL, median (IQR)
Lymphocytes, %, median(IQR)
Neutrophil, cells/mL, median (IQR)
Neutrophil, %, median (IQR)

CD3, cells/mm3, median (IQR)

CD3, %, median (IQR)

CD4, cells/mm3 (IQR)

CD4, % (IQR)

CD8, cells/mm3, median (IQR)

CDS, %, median (IQR)

CD56, %, median (IQR)

CD16, %, median (IQR)

CD19, cells/mm3, median (IQR)

CD19, %, median (IQR)

CD20, %, median (IQR)

IgG, mg/dL, median (IQR)

IgA, mg/dL, median (IQR)

IgM, mg/dL, median (IQR)

IgE, IU/mL, median (IQR)

7.50 (4.87-16.25)
8.00 (6.00-13.50)
23.00 (12.50-48.00)
9.00 (1.50-28.00)

12 (57.1)

7/13/1 (33.3/61.9/4.7)
11 (52.4)

13700 (7800-24265)
8816 (4666-16279)
66 (52-75)

1836 (898-4900)

17.5 (9.2-29.2)

5715 (1880-9848)

63 (61.2-76)

4093 (823-5253)
38.0 (31.7-48.5)
2141.7 (898.9-3275.4)
24 (15-33)

5(5-5)

6.1 (3.5-8.5)

1469.9 (564.8-2808.9)
18.0 (13.2-24.2)

16.5 (8.2-27.7)

76 (13-180)

9 (3-26)

206 (82-335)

3 (1-7)

Abbreviation: IQR; inter quartile range, Ig; Immunoglobulins, CD; Cluster of Differentiation, n; count

Clinical presentations

All of the patients presented various forms of
clinical manifestations of predominantly re-
spiratory and gastrointestinal tracts, as their
initial clinical presentation (Table 3). Sixteen
patients (76.2%) indicated some signs of infec-
tion before their diagnosis. Lower respiratory
tract infection was the most common present-
ing feature that was occurred in 17 patients
(81%). Bronchiectasis was detected in 2 pa-
tients (9.5%), due to CT scan findings (P1, P6).
Pneumonia was detected in 14 patients (66.7%).
Pneumocystis Carinii pneumonia was isolated
from two patients (P1, P7). Also, BCGosis oc-
curred in one patient (P5), and the autoimmune

disease was detected in 4 patients (P1, P3, P15,
and P19). In patient 1, marked splenomegaly
was detected at time of diagnosis and was ac-
companied with oral candidiasis, osteomyelitis
and cholecystitis. Nine patients (42.9%) were
found to have failure to thrive. Eleven patients
(52.4%) experienced recurrent diarrhea during
their disease course. In one patient with severe
diarrhea, Cryptosporidium parvum was the iso-
lated pathogen (P8). In another patient (P19),
chronic prolonged diarrhea was caused by
Giardia lamblia. Moreover, Tonsilar hypertro-
phy was recorded in three patients (P4, P11 and
P21). Finally, no case of malignancy was observed
among our patient population.
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Table 3. The frequency of different organ involvement of

21 CDA40 lignad deficient patients

Organs Results, n (%)
Respiratory tract 18 (85.7)
Hematologic 17 (80.9)
Gastrointestinal 12 (57.1)
Neurodevelopmental 8 (38)
Urinary tract 5(23.8)
Rheumatoid 5(23.8)
Endocrine 2(9.9)
Musculoskeletal 4(19)
Cardiovascular 2(9.5)
Ophthalmologic 3(14.2)

Follow-up and survival analysis

Patients were followed-up for a median period of
70 months (range, 12-189 months). Eight patients
(38%) died during this study period. Respiratory
infections such as pneumonia were identified as
the main cause of death in 5 patients. The Kaplan
Meier survival curve for all patients is indicated
in Figure 1.

Figure 1. The survivals function of patients after diagnosis
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Discussion

The present study purpose was to provide the
clinical, immunological, and molecular profiles
of 21 Iranian patients diagnosed with CD40L de-
ficiency. The genetic analysis provides an exten-
sive variety of CD40L gene mutations described
in the present series. Generally, the diagnostic de-
lay was relatively lower in our series in compari-
son with previous studies and this may be caused

by recent significant improvement in diagnostic
techniques and obtaining greater understanding
of PIDs among physicians in the country (18, 19).

Normal levels of serum IgM was detected in 6
patients, while serum IgA and IgG were normal
for age in 3 and 3 patients, respectively. Interest-
ingly, normal levels of serum IgA were also iden-
tified among patients with CD40L mutation.

This finding may propose the involvement of un-
derlying molecular mechanisms instead of CD40L
in the regulation of class switching (20, 21).

In the majority of our HIGM patients, clinical
manifestations were developed within the first 2
years of life. Complications including recurrent
respiratory infections, hematologic and gastroin-
testinal manifestations were observed in almost
all of the patients with the ages under 10 years
old. After the initiation of the IVIG replacement
therapy, these infections rate was significantly
decreased. However, chronic pulmonary compli-
cations including bronchiectasis had developed
in two patients. The delay in diagnosis and late
administration of IVIG therapy may be associat-
ed to these complications developing (22).

It should be noted that lower respiratory tract
infection was the most common pulmonary man-
ifestations found in the majority of these patients.
Also, the most frequent etiology of pneumonia
in HIGM patients is caused by an opportunistic
infection known as Pneumocystis jiroveci, how-
ever, P. jiroveci was found in two patients.

Although identifying the pathogenic microor-
ganisms responsible for infections should be per-
formed for any patients with recurrent infectious
manifestation, this was not feasible in our study
partly because of patients lost to follow-up along
with lack of precision and cost-effectiveness of
conventional microbiologic methods as well as
empirical antibiotic treatment that could lead to
false-negative results.

Neutropenia was identified as the most common
presenting feature of hematological manifesta-
tions reported in 21 patients of our study popula-
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tion. Most of these cases had concomitant gastro-
intestinal mucosal involvement like oral, rectal,
and esophageal ulcers along with neutropenia.
The interactions between CD40:CD40L plays a
crucial role in production of granulopoiesis-pro-
moting factors (23). Therefore, a defect exhibited
in CD40L signaling pathway may be associated
with impaired neutropenia, and also displayed le-
sions among CD40Ldeficient HIGM cases (24).
It should be noted that identifying neutropenia in
a patient with HIGM phenotype, should prompt
the evaluation for CD40L mutation analysis.

In regard with gastrointestinal manifestation in
CDA40L deficiency, the role of opportunistic in-
fection responsible for chronic diarrhea includ-
ing cryptosporidium infection should take into
account.

Although this microorganism was isolated in
only one patient, its incidence rate could be ac-
curately measured in our survey. The reason for
this low number of diagnosed patients with these
organisms may be caused by lack of systematic
evaluation for such infection. On the other hand,
the rate of gastrointestinal manifestation was ob-
served only in half of the CD40L deficient cas-
es, suggesting a sufficient defensive mechanism
owing to the presence of IgM antibodies, even in
absence of the somatic hypermutations.

The most common etiology for mortality was
with respect to the pneumonia in our series,
which is consistent with earlier reported surveys
(21, 25). The main reason for these severe ad-
verse outcomes and higher mortality rate in our
patients may be partly due to socio-economic
and environmental factors, also along with inad-
equate awareness of physicians of its importance
of earlier detection and management of such dis-
orders to minimize irreversible complication.

Conclusion

Earlier diagnosis of this disorder may provide
effective management and enable physicians for
performing hematopoietic stem cell transplan-

tation in those individuals with cellular immu-
nodeficiency, collectively resulted in patients’
survival, and consequently better quality of life.
Moreover, using whole-exome sequencing for
detecting those patients with HIGM phenotype
is strongly recommended for initiating the appro-
priate therapeutic procedures and management.
Conflict of interest: The authors declare no con-
flicts of interest in regard with this study.
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