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Chulalongkorn Allergy and Clinical Immunology Research GroupFollow
HyperIgM syndrome (HIGM) is caused by defects in immunoglobulin class switching which results in an inability to produce other immunoglobulin classes besides IgM. This document discusses the pathogenesis and clinical presentations of HIGM. Mutations in genes involved in the CD40-CD40L pathway, activation-induced cytidine deaminase, uracil-DNA glycosylase, and the PI3K-Akt-mTOR pathway can all cause HIGM by disrupting B cell class switching and somatic hypermutation. Patients present with recurrent bacterial infections, especially of the sinopulmonary tract, as well as opportunistic infections.Read less
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	1. HyperIgM syndrome
Suravat Homvises,  MD.
 


	2. Introduction
• Hyper-immunoglobulin M  syndrome (HIGM) was first described in 1961 and
molecularly was defined in 1992 with a report of a mutation in the CD40
ligand (CD40L) gene
• This syndrome is also known as immunoglobulin class switch recombination
(Ig-CSR) deficiencies
• Patients with HIGM syndrome could have distinct clinical infectious complications
based on the genetic characteristic and exact type of the syndrome
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	3. Epidemiology
• Multicenter report  on PID by Jeffrey Modell Foundation (JMF)
• 880 HIGM patients were identified (2.3% of 37,532 antibody deficient patients
and 1.2% of all 77,193 PID patients)
• CD40L deficiency ranked as 28th frequent type of PID
(372 patients, 42.2% of all HIGM patients, 272 patients from US)
Modell V, et al. Immunol Res 2014;60:132-44.
 


	4. Modell V, et  al. Immunol Res 2014;60:132-44.
 


	5. • 67 medical  records of all patients diagnosed and
treated for PIDs in the past 18 years at Siriraj
Hospital were reviewed
Epidemiology in Thailand
Benjasupattananan P, et al. J Clin Immunol 2009;29:357-64.
 


	6. • Medical records  of PIDs patients at Ramathibodi Pediatric AIR clinic since 1991-
2011 were reviewed
• 72 PIDs patients were identified
Epidemiology in Thailand
O. Luecha, et al. J Allergy Clin Immonol 2012.
 


	7. Humoral immune responses
•  Specific B cell recognizes antigen in secondary lymphoid organ
• Antigen and other stimuli, including helper T cells, stimulate the proliferation and
differentiation of the specific B cell clone
• Specific B cells differentiate into plasma cells that produce IgM or other Ig isotypes,
undergo affinity maturation, or persist as memory cells
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	8. Humoral immune responses
Abbas,  Cellular and Molecular Immunology (Tenth Edition).
 


	9. Humoral immune responses
•  Antibody responses depend on nature of antigen and the involvement of helper T cells
• T cell dependent
• Responses to protein antigens require T cell help
• Mainly mediated by follicular B cells
• Result in isotype switching, affinity maturation, long-lived plasma cells, memory B cells
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	10. Humoral immune responses
•  T cell independent
• Response to multivalent antigens with repeating determinants, such as
polysaccharides antigens without T cell help
• Mainly mediated by marginal zone B cells in the spleen and B-1 cells in mucosal sites
• Result in mainly IgM, no affinity maturation, short-lived plasma cells, no memory
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	11. • B cells  activated by helper T cell
signals (CD40L, cytokines) undergo
switching to different Ig isotypes
• Antibodies perform distinct effector
functions and are involved in
defense against different types of
infectious agents
Heavy Chain Isotype (Class) Switching
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	12. • CD40 engagement  induces the expression of the
enzyme AID (activation-induced deaminase)
• Ig heavy chain DNA in B cells is cut and recombined
• Formed VDJ exon that encodes the V domain is
placed adjacent to a downstream C region and the
intervening DNA is deleted
Isotype (Class) Switching
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	13. • Activation-induced deaminase  (AID) enzyme converts cytosine
(C) residues to deaminated uracil (U) residues
• Uracil N-glycosylase (UNG) enzyme removes the U residues,
leaving abasic sites
• Ape1 endonuclease cleaves these abasic sites, generating a nick
• Double-stranded breaks in the two switch regions are joined
• Rearranged V region DNA is fused to a new constant region
Isotype (Class) Switching
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	14. Affinity Maturation: Somatic  hypermutation
• Affinity maturation generates antibodies with an increased
ability to bind antigens and more efficiently neutralize and
eliminate microbes and their toxins
• Helper T cells and CD40:CD40L interactions are required
• In proliferating germinal center B cells, rearranged Ig V
genes undergo point mutations at extremely high rate
• Mutation in rearranged Ig V genes is also called “Somatic
hypermutation”
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	15. • Mutations are  clustered in the V
regions, mostly in the antigen binding
complementarity-determining regions
(CDRs)
• Presence of mutations correlates with
increasing affinities of the antibodies
• AID enzyme are found all over the
genome but are targeted primarily in
rearranged V regions
Affinity Maturation: Somatic hypermutation
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	16. • MSH2 and  MSH6 are important participants in somatic hypermutation
• involved normally in the process of DNA mismatch repair
• can recruit nucleases that remove unnatural uridine nucleotide and adjacent
nucleotides
Affinity Maturation: Somatic hypermutation
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	17. • Binding of  the B cells to antigen displayed
on follicular dendritic cells is necessary to
rescue B cells from programmed cell death
• B cells with the highest affinity for antigen
have a selective advantage for survival
Affinity Maturation
Abbas, Cellular and Molecular Immunology (Tenth Edition).
 


	18. Humoral immune responses
Abbas,  Cellular and Molecular Immunology (Tenth Edition).
 


	19. Pathogenesis
Yazdani R, et  al. Clin Immunol 2019;198:19-30.
 


	20. Defective interaction of  CD40L-CD40 between CD4+ T cells and antigen presenting
cells (APCs)
• CD40L and CD40 mutations
• AICDA and UNG mutations
• PI3KR1 and PI3KCD mutations
• NEMO and IKBA mutations
• DNA repair genes mutations
• Other mutations
Pathogenesis
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	21. Pathogenesis
Etzioni A, Ochs  HD. Pediatr Res 2004;56:519-25.
 


	22. CD40L mutations
• Most  prevalent type of HIGM is the X-linked CD40L deficiency accounting for
almost 65–70 % of all cases
• CD40L gene is located at X chromosome which encodes CD40L (CD154), a
member of tumor necrosis factor (TNF) family
• Mutation mostly affect the extracellular domain, resulting in a defective geometrical
folding of CD40L or preventing the CD40L/CD40 binding
• Defective T cell co-stimulation in CD40L-deficiency leads to combined T- (cellular)
and B-cell (humoral) immunodeficiency
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	23. • CD40, a  unique receptor of CD40L, is a member of the TNF receptor family that is
expressed on APCs (B cells, monocytes, macrophages and dendritic cells)
• CD40 deficiency is rare and inherited in autosomal recessive (AR) manner
• Clinical and immunological phenotype of impaired CSR and SHM is similar to
CD40L deficiency
• B cells from CD40 deficient patients are unable to undergo class switching in vitro
upon activation with agonists and cytokines (different from CD40L deficiency)
CD40 mutations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	24. Presentations
• Infant onset
•  Recurrent sinopulmonary infections, and opportunistic infections, such as
Pneumocystis jirovecii pneumonia (PJP), or Cryptosporidium-induced diarrhea and
sclerosing cholangitis
• Predispose to tumors of the liver, pancreas or biliary tree
CD40L and CD40 mutations
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	25. • AID and  UNG enzymes have a crucial role in class switching recombination and
somatic hypermutation processes
• AID generates deoxyuracils by deaminating deoxycytosine in the switch regions of
the immunoglobulin heavy chain genes
• UNG removes deoxyuracils from DNA, generates double-strand breaks, initiating
DNA repair pathway
AICDA and UNG mutations
- Yazdani R, et al. Clin Immunol 2019;198:19-30.
- Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	26. • Most identified  cause of AR-HIGM is AICDA mutation, which encodes AID
• AICDA heterozygous null mutations that act in a dominant negative way have
been associated with autosomal dominant (AD) forms of CSR/HIGM syndromes
• Preserve SHM and present with a milder clinical phenotype
• Biallelic mutations in the C terminal region of AICDA that do not exert a dominant
negative effect have been described with impaired CSR but normal SHM
AICDA mutations
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	27. • Defects in  UNG cause AR-HIGM syndrome
• Very few cases of UNG deficiency have been reported
UNG mutations
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	28. Presentations
• Primarily limited  in antibody production deficiency
• Recurrent sinopulmonary infections, mainly caused by encapsulated bacteria
• Opportunistic infections and neutropenia are rarely seen
• Lymph node hyperplasia and autoimmunity are prominent findings
• AID deficiency have been reported to exhibit gastrointestinal infections, central
nervous system infections and arthritis
Jhamnani RD, et al. Front Immunol 2018;9:2172.
AICDA and UNG mutations
 


	29. • Activated phosphoinositide  3-kinase δ syndrome (APDS) is caused by
heterozygous GOF mutations in PIK3CD (APDS1) or PIK3R1 (APDS2) that induce
hyperactivation of the enzyme PI3Kδ
• Phosphoinositide 3-kinases (PI3Ks) family catalyzes the phosphorylation of PIP2 to
generate PIP3 at the plasma membrane and lead to downstream Akt-mTOR
signaling
PI3KR1 and PI3KCD mutations
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	30. • Akt-mTOR pathway  is essential for lymphocyte
differentiation, function, and maturation
• Akt promotes the activation of mTOR and
activates RAG, IKAROS, CD62L, AICDA genes,
which are critical for B-cell development
• Increased PI3K-Akt-mTOR signaling leads to
immune dysregulation and immunodeficiency
- Jhamnani RD, et al. Front Immunol 2018;9:2172.
- Lucas CL, et al. Nat Rev Immunol. 2016 Nov;16(11):702-714.
PI3KR1 and PI3KCD mutations
 


	31. Presentations
• Recurrent sinopulmonary  bacterial infections complicated by bronchiectasis
• Most reported pathogens are H.influenzae, S.aureus, M.catarrhalis, P.aeruginosa, and
Klebsiella species
• Recurrent episodes of otitis media, sometimes resulting in hearing loss
• Recurrent and severe viral infections from herpes viruses
• Lymphadenopathy, mucosal lymphoid hyperplasia, hepatosplenomegaly
• Autoimmune features: cytopenias, glomerulonephritis, and thyroid disease
• EBV-positive lymphoma, diffuse large B cell lymphoma, Hodgkin lymphoma
PI3KCD mutations (APDS1)
- Jhamnani RD, et al. Front Immunol 2018;9:2172.
- Angulo Iet al. Science 2013;342:866-71.
 


	32. PI3KCD mutations (APDS1)
Angulo  Iet al. Science 2013;342:866-71.
 


	33. Presentations
• Similar to  patients with mutations in PIK3CD patients
• Recurrent bacterial sinopulmonary infections
• EBV/CMV viremia
• Chronic lymphoproliferation, and increased risk of lymphoid malignancy
• Erythema nodosum
• Arthritis
PI3KR1 mutations (APDS2)
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	34. Lucas CL, et  al. J Exp Med 2014;211:2537-47.
PI3KR1 mutations
 


	35. • NF-kB is  expressed widely and involved in multiple cell lineages signaling pathways,
including signaling pathway downstream of CD40
• X-linked NF-kB essential modulator (NEMO) disease in males can result in CSR
deficiency
Jhamnani RD, et al. Front Immunol 2018;9:2172.
NEMO and IkBα defects
 


	36. • IKK complex  (NEMO, IKKα and IKKβ) can be activated by stimuli
• Extracellular receptors bind to their ligands and signal via TRAF/RIP/NIK molecules
leading to phosphorylation of IKK subunits, which subsequently phosphorylate IKBα
and lead to proteosome degradation
• NF-kB is released into the nucleus and acts as a transcription factor
Tilstra JS, et al. Aging Dis 2011;2:449-65.
 


	37. - Hanson EP,  et al. J Allergy Clin Immunol 2008;122:1169-77 e16.
- Jhamnani RD, et al. Front Immunol 2018;9:2172.
Presentations
• Only about 15% of patients with defects in
NF-kB have a HIGM phenotype
• Ectodermal dysplasia
• Increased susceptibility to viral and
bacterial diseases (mainly S.pneumoniae)
• Osteopetrosis, lymphedema, and
mycobacterial infections
 


	38. • Heterozygous NFKBIA  mutations, encoding IkBα and located downstream of
NEMO in the NF-kB signaling pathway, have been associated to HIGM syndrome in
more than 40% of the patients reported
Presentations:
• Multiple characteristics with NEMO mutations (ectodermal dysplasia, viral, bacterial
and mycobacterial infection susceptibility)
• Some unique features as dysfunctional T cells, very low proportions of memory T
cells, and lack of γ/δ T cells in some affected individuals
NEMO and IkBα defects
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	39. DNA repair genes  mutations
• PMS2, MSH2, MSH6 and INO80 are a component of mismatch repair machinery
involved in CSR-induced generation of double strand DNA breaks in switch regions
• MRE11 and NBN encode proteins which make a complex for detection and
recruitment of DNA repair
• Nijmegen breakage syndrome (NBS) - AR chromosomal instability syndrome
accompanied by immunodeficiency in the result of NBN deficiency
• MRE11 deficiency and ATM deficiency present as a syndromic PID, Ataxia–
telangiectasia (A-T), which is a neurodegenerative disease associated occasionally
with HIGM
- Yazdani R, et al. Clin Immunol 2019;198:19-30.
- Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	40. Yazdani R, et  al. Clin Immunol 2019;198:19-30.
 


	41. Infections
• Caused by  bacteria, viruses, fungi and parasites
• Most frequent clinical manifestations are sinopulmonary infections
(pneumonia, upper respiratory infections, otitis media and sinusitis)
• Opportunistic infections
• Pneumocystis (carinii) jiroveci, Cryptosporidium parvum (in exposure to
contaminated drinking water), Bartonella, Herpes family viruses, Histoplasma,
Mycobacterium avium , Salmonella dublin, Cryptococcus neoformans,
Leishmania and Candida albicans
Clinical presentations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	42. Infections
• Infectious gastrointestinal  manifestations are the second most common feature
• Recurrent or protracted diarrhea due to organisms such as C.parvum, Giardia
lamblia, Salmonella spp. and E.histolytica
• Proctitis, oral ulcers, stomatitis, gingivitis and perianal ulcers
• Sclerosing cholangitis occur in association with C.parvum infection
• Could lead to cirrhosis with a risk of cholangiocarcinoma and liver, pancreas or
biliary tree tumors
• Chronic hepatitis (due to HBV, HCV and CMV) and liver cirrhosis with hepatic
failure or severe cholestasis
Clinical presentations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	43. Autoimmunity and inflammatory  disorders
• Variable presentations based on the underlying genetic defect
• Inflammatory bowel disease: Crohn’s disease
• Autoimmune hepatitis
• Diabetes mellitus
• Polyarthritis
• Hemolytic anemia, immune thrombocytopenia
• Chronic uveitis
Clinical presentations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	44. Lymphoproliferation and malignancies
•  Lymphadenopathy in mesenteric lymph nodes, mediastinal lymph nodes, spleen,
liver and tonsils
• Adenocarcinoma of the GI tract
• Liver malignancies such as hepatocellular carcinoma, bile duct carcinoma and
biliary tree tumors are common complications presented in adolescent and
young adults
• Neuroendocrine carcinoma (CD40L/CD40 deficiency)
Clinical presentations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	45. Other complications
• Osteopenia
•  Spontaneous rib fracture
Clinical presentations
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	46. Clinical presentations
Jhamnani RD,  et al. Front Immunol 2018;9:2172.
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	51. ESID registry Working  Definitions
At least one of the following:
• increased susceptibility to infections (recurrent and/or opportunistic, including cryptosporidium)
• immune dysregulation (autoimmunity, lymphoproliferation, sclerosing cholangitis)
• cytopenia (neutropenia or autoimmune)
• malignancy (lymphoma)
• affected family member
AND marked decrease of IgG (measured at least twice)
AND normal or elevated IgM (measured at least twice)
AND defined causes of hypogammaglobulinemia have been excluded
AND no evidence of profound T-cell deficiency, defined as 2/3 of the following
Seidel MG, et al. J Allergy Clin Immunol Pract 2019;7:1763-70.
 


	52. AND no evidence  of profound T-cell
deficiency, defined as 2/3 of the following
• CD4 numbers:
• 0-6 months <1000
• 6 months - 1 year <800
• 1-2 years <500
• 2-6 years <300
• 6-12 years <250
• >12 years <200
• % naïve CD4:
• 0-2 years <30%
• 2-6 years <25%
• 6-16 years<20%
• >16 years <10%
• T cell proliferation absent
ESID registry Working Definitions
Seidel MG, et al. J Allergy Clin Immunol Pract 2019;7:1763-70.
 


	53. Detailed immunologic diagnosis
CD40L/CD40  deficiency
• Reduced numbers of memory B cells and normal counts of B cells
AID- and UNG-deficiency
• Normal numbers of CD27+ memory B cells
• Normal peripheral blood T cells, CD4+ and CD8+ T cell subsets and T cell
proliferation
Elevated serum level of alpha-fetoprotein in ATM deficiency
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	54. • Immunoglobulin replacement  therapy
• Antibiotics
• Immunosuppressive therapy
• G-CSF (Granulocyte-colony stimulating factor)
• HSCT
• Gene therapy
• CD40 agonist therapy
Treatments
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	55. • Intravenous or  subcutaneous immunoglobulin replacement therapy should be
started at the time of diagnosis
• Regular infusion of 400–600 mg/kg/month of preparations
• Decreased severity and frequency of infections
• Reduced antibiotic usage
• Decreased frequency of hospitalization
• Improved pulmonary function
• Improved growth and quality of life
Immunoglobulin replacement
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	56. Immunoglobulin replacement
Perez EE,  et al. J Allergy Clin Immunol 2017;139:S1-S46.
 


	57. • Prolonged courses  of antibiotics and antifungal agents may be required for severe
conditions
• P.carinii (jirovecii) prophylaxis
• Trimethoprim-sulfamethoxazole
• Pentamidine
Antibiotics
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	58. Treatment of PI3K  GOF Defects (APDS)
• Immunosuppressive therapy aims to control lymphoproliferation and/or autoimmunity
• Rapamycin was frequently used in the ESID-APDS registry cohort
• Positive results in controlling benign lymphoproliferation, but not as effective for
gastrointestinal manifestations and cytopenia
• Rituximab has been successfully used in cytopenia and lymphoproliferation treatment
• Persistent B-cell lymphopenia can be common outcome
Immunosuppressive therapy
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	59. Treatment of PI3K  GOF Defects (APDS)
• Treatment of leukemia and lymphoma, such as idelalisib, duvelisib, or ibrutinib block
PI3Kδ either directly or indirectly
Immunosuppressive therapy
Jhamnani RD, et al. Front Immunol 2018;9:2172.
 


	60. • G-CSF could  effectively treat neutropenia in X-linked HIGM
• Careful avoidance of cryptosporidium exposure is important
Treatments
- Yazdani R, et al. Clin Immunol 2019;198:19-30.
- Davies EG, Thrasher AJ. Br J Haematol 2010;149:167-80.
 


	61. Hematopoietic stem cell  transplantation
• HSCT is believed to be the mainstay of therapy
• Less effective for autosomal recessive CD40-deficient patients, since it
restores CD40 expression only for hematopoietic stem cell–derived cell lineages
and not for other CD40-expressing cell types
• Retrospective data for 130 patients with CD40L deficiency undergoing transplantation
in 36 centers in 18 countries over 4 continents between 1993 and 2015
- Yazdani R, et al. Clin Immunol 2019;198:19-30.
- Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	62. • Median age  at diagnosis was 11 months
• 47 patients received a diagnosis in the first 6 months of life
• 11 at birth because of a positive family history
• CD40L protein expression on activated CD41 T lymphocytes was absent in the
majority 81.6% of 87 evaluated patients
• Median age at first transplantation was 4.0 years
• Median time interval between diagnosis and HSCT was 2.0 years
Hematopoietic stem cell transplantation
Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	63. Ferrua F, et  al. J Allergy Clin Immunol 2019;143:2238-53.
 


	64. • Before 2000,  myeloablative conditioning (MAC) was mostly used conditioning regimen (92%)
• After 2000, reduced intensity conditioning and MAC low tox regimens has increased
• Graft-versus-host disease (GVHD) prophylaxis was used in most procedures (92%), mainly
based on cyclosporine
Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	65. • Overall survival  (OS), event-free survival (EFS), and disease-free survival (DFS)
were 78.2%, 58.1%, and 72.3% 5 years after HSCT
• Patients undergoing transplantation at <5 years of age reached nearly 90% OS at
2 and 5 years after HSCT
• Patients older than 10 years at treatment had a 37.8% OS at 5 years
Hematopoietic stem cell transplantation
Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	66. Ferrua F, et  al. J Allergy Clin Immunol 2019;143:2238-53.
 


	67. • Significantly better  survival for undergoing transplantation within 2 years from diagnosis
• Results were better in transplantations performed in 2000 or later and in children less
than 10 years old at the time of HSCT
• Pre-existing organ damage negatively influenced outcome
• Sclerosing cholangitis was the most important risk factor (OS of 46.9% at 5 years)
Hematopoietic stem cell transplantation
Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	68. Ferrua F, et  al. J Allergy Clin Immunol 2019;143:2238-53.
 


	69. Cause of death  after HSCT
Ferrua F, et al. J Allergy Clin Immunol 2019;143:2238-53.
 


	70. Ferrua F, et  al. J Allergy Clin Immunol 2019;143:2238-53.
 


	71. Gene therapy
• Gene  therapy of XHM is more complicated than X-linked severe combined immune
deficiency because expression of the CD40 ligand gene is highly regulated
• Homology-directed repair (HDR) editing of the CD40LG locus in primary human T
cells using a combination of transcription activator-like effector nuclease–induced
double-strand break and a donor template delivered by recombinant adeno-
associated virus
Hubbard N, et al. Blood 2016;127:2513-22.
 


	72. • Restored normal  expression of
CD40L and CD40–murine IgG Fc
fusion protein (CD40-muIg) binding
• Rescued IgG class switching of naive
B cells in vitro
Gene therapy
Hubbard N, et al. Blood 2016;127:2513-22.
 


	73. • Human CD40  agonist monoclonal antibody (CP-870,893) was used to treat 2 XHM
patients with biliary cryptosporidiosis
• CP-870,893 infusions showed significant activity in vivo
• Primed T cells to secrete IFN-γ and suppressed oocyst shedding in the stool
• Failed to cure the disease or induce specific antibody synthesis
• Relapse occurred after discontinuation of therapy
CD40 agonist therapy
Fan X, et al. Clin Immunol 2012;143:152-61.
 


	74. • 3 children  with XHM were administered recombinant CD40 ligand subcutaneously 3
times per week at 0.03 mg/kg for 22 weeks
• After a 12-week drug-free interval, the dose was increased to 0.05 mg/kg for an
additional 22 weeks of treatment
Recombinant CD40 ligand therapy
Jain A, et al. Blood 2011;118:3811-7.
 


	75. • Patient T  cells developed a new capacity to respond to T-cell mitogens with
synthesis of IFN-γ and TNF-α
Recombinant CD40 ligand therapy
Jain A, et al. Blood 2011;118:3811-7.
 


	76. • Mean survival  times for mice treated with CD40L are significantly greater than control
Recombinant CD40 ligand therapy
Jain A, et al. Blood 2011;118:3811-7.
 


	77. Prognosis
• Earlier management  with Ig replacement therapy and antibiotic prophylaxis
• Improve the quality of life by reducing life-threatening infections
• Not effective in prevention of hepatic and hematologic complications, including
cancers
• End-organ damage reduces possibility of successful HSCT
• Severe infections and liver damage lead to poor prognosis of CD40L/CD40 deficiency
• Other forms of HIGM syndromes have better prognosis than CD40L/CD40
deficiency with defective cellular and humoral immunity, as a result of intact cellular
immunity and better protection against the infections
Yazdani R, et al. Clin Immunol 2019;198:19-30.
 


	78. Thank you
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