Iran ] Pediatr. 2019 June; 29(3):e68683. doi: 10.5812/ijp.68683.

Published online 2019 March 2. Case Report

Mutation of the CD40L Gene in X-Linked Hyper-IgM Syndrome: Two
Case Reports in Sibling Chinese Patients and a Literature Review

Zhenlan Du"?3 and Peng Chen*"

'Department of Hematology and Oncology, Affiliated Bayi-Children’s Hospital, PLA Army General Hospital, Beijing, China
2National Engineering Labortory for Birth Defects Prevention and Control of Key Technology, Beijing, China

?Beijing Key Laboratory of of Pediatric Organ-Failure, Beijing, China

“Department of Hematology, PLA Army General Hospital, Beijing, China

"Corresponding author: Department of Hematology, PLA Army General Hospital, No.5 Nanmencang, Dongcheng District, Beijing, China. Tel: +86-1084008264, Email:
158625810@qqg.com

Received 2018 March 15; Revised 2018 September 30; Accepted 2018 October 23.

Abstract

We report a novel mutation of the CD40L gene in X-linked hyper-IgM syndrome (XHIGM) in two sibling Chinese patients, about
which we made a literature review. The two sibling boys were born to un-consanguineous parents and the proband was presented
at six months of age with pneumonia, infectious diarrhea, abdominal pain, perianal abscess, anemia, and thrush alternately de-
spite regularly intravenous immunoglobulin and anti-infection treatment. The proband died at age two due to pneumonia and his
brother died at one-year-old due to perianal abscess. The proband had a less detectable expression of CD40L on the surface of pe-
ripheral blood leucocyte and granulocytes, whereas his mother had a drop of CD40L expression compared to a control group made
up of healthy test subjects. Mutation analysis revealed the two sibling patients had a missense mutation within Exon 5 of CD40L
gene at nucleotide position 448 (488T>G), which made a valine code (GTT) changing to a glycine code (GGT) at position 168 (V163G)
of CD40L protein expression. The same heterozygous form (Vi63G, T>G) was also found in their mother, but the mother was not sick.
There was no similar mutation former found in the father. In summary, it is the first time to report the two sibling Chinese boys of
a novel missense mutation (V163G) in exon 5 in the CD40L gene.
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1. Introduction 2. Case Presentation

A two-year-old Chinese boy (proband), born to non-
consanguineous parents, was diagnosed to be X-link HIGM.
He suffered pneumonia and perianal abscess after wean-
ing when he was six months of age. He had recurrent pneu-
monia, infectious diarrhea, abdominal pain, perianal ab-
scess, anemia, and thrush despite regular intravenous im-
munoglobulin and anti-infection treatment. He had devel-
oped chronic cough one year ago. He got a high fever and
pneumonia when admitted to the hospital at his two-years-
old. The highest temperature was 40.3°C, with frequent
coughing and rapid breathing. On admission, the diagno-
sis of typical pneumonia was made. His chest CT scan re-

Hyper-IgM syndrome (HIGM) features the maintaining
or upgrading the level of serum IgM and a slide of IgG,
IgE, and IgA levels, with normal numbers of peripheral
B cells (1, 2). This immunological phenotype mainly re-
sults from the failure of B cells to complete their muta-
tion through immunoglobulin-isotype class switch recom-
bination (CSR) and somatic hypermutation (SHM), which
is originated from mutations occurred in CD40, CD40-
ligand, activation-induced deaminase, a uracil-DNA glyco-
sylase, and nuclear factor kappa B essential modifier (3).

XHIGM is a rare primary immunodeficiency disorder,
and is the most frequent subtype of HIGM (65% - 70%),
which is due to mutations in the CD40 ligand molecule ex-
pressed transiently on the surface of activated T cells, re-
garded as a combined T and Bimmunodeficiency (4, 5).

vealed the combination of patch shadow in the right lung
and in the back segment of the left lung; the transmittance
decreased in the bilateral lower lung, with a dense shadow
atthearmpitindicating calcification (Figure1). His parents
refused to accept the hematopoietic stem cell transplan-
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tation (HSCT) because they could not afford the treatment
costs and even refused the common treatment. Finally, he
was died at his 2.5-years-old due to serious pneumonia.

Another patient was the proband’s young brother, who
was only one-year-old, suffering from a serious giant pe-
rianal abscess at the last admission time. He also had a
history of recurrent episodes of abdominal pain, infec-
tious diarrhea, thrush, and perianal abscess since baby-
hood leading to frequent hospitalization. Because there
was not enough money for HSCT after diagnosis, their par-
ents decided to give up treatment and rejected all inspec-
tion. Then, the young boy patient died at his 1.2-years-old.

The family history of the two sibling patients was unre-
markable and they were born to non-consanguineous par-
ents (Figure 2). The mother’s sisters and brother, even their
children, were healthy. There were no similar patients in
the history of the family. The grandparents of the sibling
boys refused to do any gene test. Therefore, we could not
find out the earlier source of the mutation.

Immunologic evaluation of the two sibling patients
was done (Table 1). Both patients had low levels of white
blood cell counts, neutrophils, and anemia, but with high
levels of stab form granulocyte and blood platelet counts,
which may be due to the infection. CD3* T cells, CD19* B
cells, and CD (16 + 56)" NK-cell were normal. The level of
serum 1gG was less than the normal standard, the level
of IgA was normal in the proband but less than the nor-
mal in the younger brother, and the serum IgM levels in
both patients were dramatically over the normal range.
The proband had a less detectable expression of CD40L on
the surface of peripheral blood lymphocyte, whereas his
mother had adrop of CD40L expression compared to a con-
trol group made up of healthy test subjects. Nevertheless,
the parents refused to do the same test for the second sick
boy because of the test cost. By flow cytometry, CD40L ex-
pression was 6.7% in the proband, compared to 45.7% in his
mother and 83.7% in a healthy control (Figure 3).

The siblings were also tested for the liver function and
renal function, all of which were at the normal levels.
Cytomegalovirus (CMV), Epstein-Barr virus (EBV), human
immunodeficiency virus (HIV), Pneumocystis jirovecii (PJP),
and syphilis were tested negatively. The proband’s chest
CT scan revealed the combination of patch shadow in the
right lung and in the back segment of the left lung; the
transmittance decreased in the bilateral lower lung, with
a dense shadow at the armpit indicating calcification.

With the permission of the parents, DNA from both pa-
tients and their parents was analyzed to identify the ge-
netic defect. Polymerase chain reaction (PCR) amplifica-

tion and sequencing of the CD40 ligand (CD40L), AICDA,
CD40, and UNG genes were performed as previously de-
scribed (6). Table 2 mainly presents the primers used for
the PCR assays and sequencing. There was no mutation in
AICDA, CD40, and UNG genes in the family. A missense mu-
tation (488T>G) in Exon 5 of the CD40L gene was identi-
fied in the proband and his brother. This mutation sub-
stitutes valine for glycine at codon 163 (V163G) and may
produce some undesirous effects. The same heterozygous
form (V163G, T>G) was also found in their mother (Table 3
and Figure 4), but no mutation of the CD40L gene in the
father. At present, we did not see the same mutation re-
ported yet.

3. Discussion

We reported the cases of two sibling young boys with
the X-linked hyper-IgM syndrome, who were afflicted with
repeated infections in the lungs, crissum skin, and the res-
piratory and intestinal tract. The two patients had the
characteristics of HIGM, such as immunodeficiency, nor-
mal or high levels of serum IgM, and low levels of serum
IgG and IgA (1, 2). The proband had a less detectable ex-
pression of CD40L on the surface of peripheral blood lym-
phocyte, whereas his mother had a drop of CD40L expres-
sion compared to a control group made up of healthy test
subjects. Mutation analysis revealed the two sibling pa-
tients had a missense mutation within Exon 5 of the CD40L
gene at nucleotide position 448 (488T>G), which made a
valine code (GTT) changing to a glycine code (GGT) at po-
sition 168 (V163G) of CD40L protein expression. The same
heterozygous form (V163G, T>G) was also found in their
mother, but the mother was not sick. Though the parents
refused to test for the CD40L expression on the lympho-
cyte of the young boy due to the cost burden, the mutation
of the CD40L gene was enough to demonstrate the disease
the boy had. The most important feature was the gene de-
ficiency in CD40L, AICDA, CD40, and UNG genes, but not all
the patients can present the mutations. With the gene test,
the two sibling boys were found out to have a novel mis-
sense mutation in the CD40L gene and their mother was
with a heterozygous mutation. It was clear that the mother
transferred the mutation gene to the two sibling boys with
male disease characteristics of X genetic linkage.

XHIGM is clinically one of the rare immune-
deficiencies carried with increasing susceptibility to
recurrent severe opportunistic infections, accompanied
by low or absent IgG, IgA, and IgE, but normal or elevated
IgM levels (1, 2). Nevertheless, with approximately 6.4%
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Figure 1. The proband’s chest CT scan. Patches of the left lower lung dorsal patch (A), Transthoracic lower dorsal translucency of the lower double lung (B); Reduced double-
lower lung permeability, visible patchy patches (C).
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Figure 2. Pedigree of three generations of the family with XHIGM syndrome. The two boys got sick, and their mother was the carrier. But we could not know the gene
phenotypes of the mother’ sisters, though her children were not sick.

low and 42.4% normal IgM serum levels being reported in ~ normal levels of IgG (8) or IgA (9) have been reported in
the literature, the name X-linked “hyper”-IgM syndrome is the literature, as well. Therefore, it may be hard to make
rather misleading (6, 7). Moreover, X-HIGM patients with ~ a diagnosis and repeated infections and gene mutation
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Table 1. Inmunologic Profile

Proband Young Brother Reference Value

Blood text

White blood cell counts, X 10°|L 276 197 4-10

Neutrophils, x 10°/L 0.25 oa1 2-7

Lymphocytes, X 10°[L 155 1.02 0.8-4

Monocytes, X 10°|L 0.91 0.78 0.12-0.8

Stab form granulocyte, x 10°[L 0.07 0.06 -

Hemoglobin, g/L 56 72 120-160

Blood platelet counts, X10°[L 506 318 100-300
Lymphocyte counts (%)

CD3+ 66.5 60.3 61.1-77.0

CD3+CD4+ 332 40.7 25.8-41.6

CD3+CD8+ 271 23.8 18.1-29.6

CD4+/CD8+ ratio 123 171 0.98-1.94

CD19+ 16.2 10.6 7.3-18.2

CD (16 +56)+ 3.8 1.96 8.1-25.6

CD40L (CD154)+ 0.067 - -
Immunoglobulins

IgM, g/L 7.97 9.05 0.4-25

1gG, g/L 035 1.96 6.0-16.0

IgA, g|L 0.77 037 0.4-33

sCD40L (ELISA) 0.12 0.17 0.53-4.23

C-reaction protein mg/mL 186 293 <8
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Figure 3. The CD40L expression on peripheral blood lymphocyte. CD40L expression was 6.74% in the proband (A), compared to 45.68% in his mother (B) and 83.65% in a

healthy control (C).

testing should be a gold line in the diagnosis.

The most frequent subtype of HIGM (65% -70%) is an X-

linked variant of the hyper-IgM syndrome (XHIGM) stem-

ming from defects in the CD40L gene, which locates at
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Table 2. Primers Used for Polymerase Chain Reaction (PCR) Sequencing

Name Sequence Size of PCR Products
CD40LG-1-F AGAGAAGACTACGAAGCACATT 484
CD40LG-1-R CAAGATCCTAACCAGAGACAAGA

CD40LG-2-F AAGTCCTCCTCTTGTTGATGC 636
CD40LG-2-R TGTTGACGGCTATTGCTTCC

CD40LG-3-F GGTTGTTGGCTCATCTGTCA

CD40LG-3-R GCTGTATGGTTGCTTCTATTAAGG >3
CD40LG-4-F TTAGGAGAATGAGACCGATGGAA s
CD40LG-4-R AAGGGAATAGGAGAAGTGTAGGG

CD40LG-5-F CCTAGATTGGAACATGGCTCTG 606
CD40LG-5R ACCGCTGTGCTGTATTATGAAG

AICDA-1-F CTGTGTGACTCTGCCTATGACA 542
AICDA-1-R CATGGTACAAATCTCAGGACGAA

AICDA-2-F AATTGTAATCCCAAGTCATCAGCAT 524
AICDA-2-R CATCAGCAGGTGGCTCTAAAAGCA

AICDA-3-F AGTTGCTTAGCCTCTCTGTAACAC 1601
AICDA3-R CCTGCAGTTCTGTTATTCCCAGTAGG

CD40-1-F CCCCCGATAGGTGGACCGCGATT 355
CD40-1-R GAGGCAGCCCACCCCATTCAGC

CD40-2-F CAAATATCATGCAGGTTCCACT 304
CD40-2-R AGTTTACAGTTAACATATGGGGTC

CD40-3-F TTGAATCCCCTACCCTAAAGCCT 15
CD40-3R GCAGATGCTTCACAAGTACATGAGT

CD40-4-F CGTGTTGTGTGCTCAGTGAACCT 124
CD40-4R ACTAAGGAAGTGCTGTTATCATCCCA

CD40-5-F AAAGACATCTGCCAGCCACATTTCC 43
CD40-5-R TGTTTCTGCATCCAGTGCCAGGTCTC

UNG-1-F GCGCCAATTGCTGACCGCCACA 488
UNG-1-R CCCTCTGATTGGACAGCGCACCGA

UNG-2-F CTGTTCCACAAATGGGCGTCT 1099
UNG-2R CCAAACCTCGGGATTTCAGTGTT

UNG-3-F AGTTTAAAATACGCTTAGCCTTTGACC

UNG-3-R TTCTTAACCAGGGGTGATTTTACGC 7
UNG-4-F GGGCTGGCTGTAACTTCTAACCTT 1083
UNG-4-R ACAACTCATCACCCCTATAATTTGTCCA

UNG-5-F TTAAAGTGCAACAGCCACAGTCC 28
UNG-5-R TCCCCTGTTTCACCATAAAGGCAAG

Table 3. Patients and Their Family Gene Text Results

Mutation Site Gene Mutation Amino Acid Mutation Chromosomal Location Encode Proteins

Sibling patients  The coding region of CD40L gene T-G V163G Xq26 CD40 ligand
488th

The mother The coding region of CD40L gene Heterozygous mutation, T-G V163G Xq26 CD40 ligand
488th

The father The coding region of CD40L gene Normal Xq26 CD4o0 ligand

488th

chromosome Xq24 - 27 and encodes a 261 amino-acid pro-
tein for the CD40 ligand (CD154) molecule expressed tran-
siently on the surface of activated T cells (4, 5). CD40L is
a 39kD glycoprotein that is a member of the TNF family,
composed of four structural domains: An N-terminal intra-
cellular tail (amino acids 1-22), a transmembrane domain
(amino acids 23 - 46), a portion that makes up the extracel-
lular unique domain (amino acids 47 - 122), and the extra-
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cellular C-terminal TNF homology (TNFH) domain (amino
acids123-261)(10). Defective immunoglobulin class-switch
recombination (CSR)and somatic hypermutation (SHM)in
HIGM can attribute to the molecular defects in the CD40
ligand/CD40-signaling pathway or to the defects related to
the enzymes as the prerequisite of CSR and SHM. Most of
the CD40L gene mutations, encoded by Exon 5 and part of
Exon 4, are exotic single nucleotide substitutions mainly in
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Figure 4. Proband’s family gene sequence results. The CD40L gene mutation at nucleotide position 488 found in the patients (A) and the mother (B), but not in the father
(C). The patient codon 163 changed from GTT to GGT in the patients and their mother. Mutation analysis showed mutations in patients and a heterozygous mutation in the

mother. CD40L gene in the father was normal.

the extracellular TNFH domain. Tsai et al. (11) summarized
13 XHIG cases, most of which were mutations at the Exon 5
and the other mutations at the Exon 4. The genetic muta-
tion (488T>G) at the Exon 5 was the observation in our two
cases that has never been reported in the past.

Autoimmune diseases are common cases, ranging
from thrombocytopenia and seronegative arthritis to in-
flammatory bowel disease (12). Patients with chronic par-
vovirus B19 infection 13 also have such manifestations (13).
Among all types of HIGM patients, despite the fact that
CD27+ isotype-switched memory B cells are notably re-
duced, patients with a mutation of CD40L do have a nor-
mal number of circulating B cells. While central B-cell tol-
erance relates to B-cell receptor signaling pathways, it is
not well characterized for the mechanisms involved in pe-
ripheral B-cell tolerance (4, 14, 15). Therefore, we tested the
expression of CD40L on the surface of peripheral blood
lymphocyte. The CD40L expression in the proband was
barely detectable, and the expression in the mother was
less than that in the normal person.

HIGM with CD40 and CD40L mutation has roughly
fallen into combined T and B immunodeficiency, not pre-
dominantly antibody deficiency. 80% of X-linked HIGM
patients fail to survive over 25 years of age (1). The chief
culprits of high mortality are PJP early and liver disease
later in life. It may be beneficial to use trimethoprim-
sulfamethoxazole for prophylaxis of PJP and infusions of
intravenous immunoglobulin on a monthly basis to help
diminish the frequency and severity of infections. Al-

though long-term IVIG treatment will bring IgG levels up,
it is less likely to totally suppress IgM levels or prevent all
long-term complications such as bronchiectasis and scle-
rosing cholangitis (16). It was reported that 68% of XHIGM
patients were with neutropenia, with 45% of them being
chronic. If neutropenia is severe, it may respond to granu-
locyte colony-stimulating factor (G-CSF) (12). The two boys
were severe neutropenia, but their infections were fre-
quent and repeated even when using G-CSF.

The long-term prognosis of XHIGM is guarded. The
death can be ascribed to many contributors, covering
early-life infections, liver disease, and malignancies. For
the reasons, bone marrow transplantation if performed
early in life may cure XHIGM, selecting HLA-identical sib-
lings, matched unrelated donors, or partially matched um-
bilical cord blood (17, 18). Among patients treated with
HSCT, treatment at an early age is associated with im-
proved survival (1, 19, 20). It was reported in the litera-
ture two XHIGM patients; regular IVIG supplement was ul-
timately fatal in the first case while the second case under-
went hematopoietic stem cell transplantation in the early
stage when there was no significant organ damage, as the
only cure for XHIGM (11). Gene therapy will be more com-
plicated than for X-linked severe combined immunodefi-
ciency. A dominantly unpleasant response may occur and
overexpression may be detrimental, since the expression
of the CD40L gene is highly regulated. As a result, strate-
gies for developing gene therapy for the condition will re-
quire employing transduction not only of the structural
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gene but also of the elements for regulating its expression,
or adopting methods of utilizing DNA or RNA repair (19,
20).

The parents had the first sick boy when they born the
second boy without any prenatal screening for this sick-
ness. If the prenatal screening for this sickness could be
done, there should not be the second sick boy. Therefore,
prenatal screening is very important for some parents of
the kind. As HIGM is a hardly curable disorder, molecu-
lar genetic analyses and prenatal diagnoses are expected
to possess tremendous value as a screening procedure to
identify permutations in HIGM families and to cut the rate
of giving birth to HIGM infants.

3.1. Conclusions

In conclusion, if immunodeficiency is diagnosed in a
male child, particularly when there is an indistinct death
of a male relative, it is suggested taking X-linked diseases
as XHIGM into account. It may be hard to make a diag-
nosis of XHIGM in the normal or low IgM level patients,
however, repeated infections and gene mutation testing
should be a gold line of the diagnosis. IVIG treatment may
be an effective way to make the patients suffer less infec-
tion without complete suppressing of IgM levels or to pre-
vent all long-term complications. Bone marrow transplan-
tation and gene therapy should become the best way for
XHIGM treatment. Potential families if have mutational
analysis may benefit from since it can help disclose carri-
ers and provide appropriate genetic counseling. Upon the
diagnosis, prenatal screening may be necessary if the par-
ents want to have the second or more babies.

Acknowledgments

We would like to thank Joy Orient Translational
Medicine Research Center Co., Ltd. China, for helping us
with synthesizing the primer.

Footnotes

Conflict of Interests: None.

Funding/Support: It is not declared by the authors.

References

1. Notarangelo LD, Hayward AR. X-linked immunodeficiency with
hyper-IgM (XHIM). Clin Exp Immunol. 2000;120(3):399-405. doi:
10.1046/j.1365-2249.2000.01142.x. [PubMed:  10844515]. [PubMed

Central: PMC1905564].
2. Fuleihan RL. Hyper IgM syndrome: The other side of the coin. Curr

Opin Pediatr. 2001;13(6):528-32. doi: 10.1097/00008480-200112000-
00006. [PubMed: 11753101].

Iran ] Pediatr. 2019; 29(3):e68683.

10.

11.

12.

15.

. Lougaris V, Badolato R, Ferrari S, Plebani A. Hyper immunoglobulin M

syndrome due to CD40 deficiency: Clinical, molecular, and immuno-
logical features. Immunol Rev. 2005;203:48-66. doi: 10.1111/j.0105-
2896.2005.00229.X. [PubMed: 15661021].

. Herve M, Isnardi I, Ng YS, Bussel |B, Ochs HD, Cunningham-Rundles

C, et al. CD40 ligand and MHC class II expression are essential for
human peripheral B cell tolerance. | Exp Med. 2007;204(7):1583-93.
doi: 10.1084/jem.20062287. [PubMed: 17562816]. [PubMed Central:
PMC2118633].

. Etzioni A, Ochs HD. The hyper IgM syndrome-an evolving story. Pedi-

atr Res. 2004;56(4):519-25. doi: 10.1203/01.PDR.0000139318.65842.4A.
[PubMed: 15319456].

. Aghamohammadi A, Parvaneh N, Rezaei N, Moazzami K, Kashef

S, Abolhassani H, et al. Clinical and laboratory findings in hyper-
IgM syndrome with novel CD40L and AICDA mutations. | Clin Im-
munol. 2009;29(6):769-76. doi: 10.1007/s10875-009-9315-7. [PubMed:
19575287].

. Heinold A, Hanebeck B, Daniel V, Heyder ], Tran TH, Dohler B, et al. Pit-

falls of "hyper"-IgM syndrome: A new CD40 ligand mutation in the
presence of low IgM levels. A case report and a critical review of the
literature. Infection. 2010;38(6):491-6. doi: 10.1007/s15010-010-0061-9.
[PubMed: 20981468].

. Leone V, Tommasini A, Andolina M, Runti G, De Vonderweid U,

Campello C, et al. Elective bone marrow transplantation in a child
with X-linked hyper-IgM syndrome presenting with acute respira-
tory distress syndrome. Bone Marrow Transplant. 2002;30(1):49-52.
doi: 10.1038/sj.bmt.1703581. [PubMed: 12105778].

. Pienaar S, Eley BS, Hughes ], Henderson HE. X-linked hyper IgM

(HIGM1) in an African kindred: The first report from South Africa.
BMC Pediatr. 2003;3:12. doi: 10.1186/1471-2431-3-12. [PubMed: 14641931].
[PubMed Central: PMC317313].

Karpusas M, Hsu YM, Wang JH, Thompson |, Lederman S, Chess L, et
al. 2 A crystal structure of an extracellular fragment of human CD40
ligand. Structure. 1995;3(10):1031-9. doi: 10.1016/S0969-2126(01)00239-
8. [PubMed: 8589998|.

Tsai HY, Yu HH, Chien YH, Chu KH, Lau YL, Lee JH, et al. X-linked
hyper-IgM syndrome with CD40LG mutation: Two case reports and
literature review in Taiwanese patients. | Microbiol Immunol Infect.
2015;48(1):113-8. doi: 10.1016/j.jmii.2012.07.004. [PubMed: 23010537].
Levy ], Espanol-Boren T, Thomas C, Fischer A, Tovo P, Bordigoni P,
et al. Clinical spectrum of X-linked hyper-IgM syndrome. | Pediatr.
1997;131(1 Pt 1):47-54. [PubMed: 9255191].

. Seyama K, Kobayashi R, Hasle H, Apter AJ, Rutledge ]JC, Rosen D, et

al. Parvovirus B19-induced anemia as the presenting manifestation
of X-linked hyper-IgM syndrome. J Infect Dis. 1998;178(2):318-24. doi:
10.1086/515633. [PubMed: 9697710].

. Rathmell JC, Townsend SE, Xu JC, Flavell RA, Goodnow CC. Expansion

or elimination of B cells in vivo: Dual roles for CD40- and Fas (CD95)-
ligands modulated by the B cell antigen receptor. Cell. 1996;87(2):319-
29. doi: 10.1016/S0092-8674(00)81349-5. [PubMed: 8861915].

Jesus AA, Duarte A], Oliveira JB. Autoimmunity in hyper-IgM syn-
drome. | ClinImmunol.2008;28 Suppl1:562-6. doi: 10.1007/510875-008-
9171x. [PubMed: 18246414].

. Lin SC, Shyur SD, Lee WI, Ma YC, Huang LH. X-linked hyper-

immunoglobulin M syndrome: Molecular genetic study and
long-time follow-up of three generations of a Chinese family. Int Arch
Allergy Immunol. 2006;140(1):1-8. doi: 10.1159/000091744. [PubMed:
16508335].

. Knutsen AP, Steffen M, Wassmer K, Wall DA. Umbilical cord

blood transplantation in Wiskott Aldrich syndrome. | Pediatr.
2003;142(5):519-23. doi: 10.1067/mpd.2003.155. [PubMed: 12756384].


http://dx.doi.org/10.1046/j.1365-2249.2000.01142.x
http://www.ncbi.nlm.nih.gov/pubmed/10844515
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1905564
http://dx.doi.org/10.1097/00008480-200112000-00006
http://dx.doi.org/10.1097/00008480-200112000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11753101
http://dx.doi.org/10.1111/j.0105-2896.2005.00229.x
http://dx.doi.org/10.1111/j.0105-2896.2005.00229.x
http://www.ncbi.nlm.nih.gov/pubmed/15661021
http://dx.doi.org/10.1084/jem.20062287
http://www.ncbi.nlm.nih.gov/pubmed/17562816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2118633
http://dx.doi.org/10.1203/01.PDR.0000139318.65842.4A
http://www.ncbi.nlm.nih.gov/pubmed/15319456
http://dx.doi.org/10.1007/s10875-009-9315-7
http://www.ncbi.nlm.nih.gov/pubmed/19575287
http://dx.doi.org/10.1007/s15010-010-0061-9
http://www.ncbi.nlm.nih.gov/pubmed/20981468
http://dx.doi.org/10.1038/sj.bmt.1703581
http://www.ncbi.nlm.nih.gov/pubmed/12105778
http://dx.doi.org/10.1186/1471-2431-3-12
http://www.ncbi.nlm.nih.gov/pubmed/14641931
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC317313
http://dx.doi.org/10.1016/S0969-2126(01)00239-8
http://dx.doi.org/10.1016/S0969-2126(01)00239-8
http://www.ncbi.nlm.nih.gov/pubmed/8589998
http://dx.doi.org/10.1016/j.jmii.2012.07.004
http://www.ncbi.nlm.nih.gov/pubmed/23010537
http://www.ncbi.nlm.nih.gov/pubmed/9255191
http://dx.doi.org/10.1086/515633
http://www.ncbi.nlm.nih.gov/pubmed/9697710
http://dx.doi.org/10.1016/S0092-8674(00)81349-5
http://www.ncbi.nlm.nih.gov/pubmed/8861915
http://dx.doi.org/10.1007/s10875-008-9171-x
http://dx.doi.org/10.1007/s10875-008-9171-x
http://www.ncbi.nlm.nih.gov/pubmed/18246414
http://dx.doi.org/10.1159/000091744
http://www.ncbi.nlm.nih.gov/pubmed/16508335
http://dx.doi.org/10.1067/mpd.2003.155
http://www.ncbi.nlm.nih.gov/pubmed/12756384
http://ijp.tums.pub

Du Z and Chen P

18. Fagioli F, Biasin E, Berger M, Nesi F, Saroglia EH, Miniero R, et al.

Successful unrelated cord blood transplantation in two children
with severe combined immunodeficiency syndrome. Bone Marrow
Transplant. 2003;31(2):133-6. doi: 10.1038/sj.bmt.1703800. [PubMed:
12621496).

19. Tahara N, Kai H, Niiyama H, Mori T, Sugi Y, Takayama N, et al. Repeated

gene transfer of naked prostacyclin synthase plasmid into skele-

20.

tal muscles attenuates monocrotaline-induced pulmonary hyperten-
sion and prolongs survival in rats. Hum Gene Ther. 2004;15(12):1270-8.
doi: 10.1089/hum.2004.15.1270. [PubMed: 15684702].

Davies EG, Thrasher A]. Update on the hyper immunoglobulin M
syndromes. Br | Haematol. 2010;149(2):167-80. doi: 10.1111/j.1365-
2141.2010.08077.x. [PubMed: 20180797]. [PubMed Central:
PM(C2855828].

Iran | Pediatr. 2019; 29(3):e68683.


http://dx.doi.org/10.1038/sj.bmt.1703800
http://www.ncbi.nlm.nih.gov/pubmed/12621496
http://dx.doi.org/10.1089/hum.2004.15.1270
http://www.ncbi.nlm.nih.gov/pubmed/15684702
http://dx.doi.org/10.1111/j.1365-2141.2010.08077.x
http://dx.doi.org/10.1111/j.1365-2141.2010.08077.x
http://www.ncbi.nlm.nih.gov/pubmed/20180797
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855828
http://ijp.tums.pub

	Abstract
	1. Introduction
	2. Case Presentation
	Figure 1
	Figure 2
	Table 1
	Figure 3
	Table 2
	Table 3
	Figure 4

	3. Discussion
	3.1. Conclusions

	Acknowledgments
	Footnotes
	Conflict of Interests
	Funding/Support: 

	References

