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Novel heterozygous NFKB1 mutation in a pediatric
patient with cytopenias, splenomegaly, and
lymphadenopathy
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ABSTRACT
Background: The nuclear factor κ-light-chain enhancer of activated B cells (NF-κB) signaling pathway is a
critical regulator of many important adaptive and innate immune responses. The NF-κB transcription factor
family consists of 5 structurally related core proteins, one of which is NFKB1. Mutations in the NFKB1 gene
has been reported in patients with common variable immune deficiency (CVID) as well as with a large spectrum
of clinical features including recurrent viral, bacterial, and fungal infections, autoimmunity, inflammation, and
malignancy.

Aim: We describe the clinical characteristics of a pediatric patient with a novel mutation in NFKB1.

Methods: Patient informed consent was obtained in accordance with approved protocols from the Research
Ethics Board at the Hospital for Sick Children. Gene panel testing was employed to identify the immune
aberration.

Results: Our patient, a previously well 18-month-old boy of Philippines descent, presented with multi-lineage
cytopenias (thrombocytopenia, hemolytic anemia, neutropenia), splenomegaly, and lymphadenopathy. He did
not have prior history of recurrent infections. Immunological work-up showed normal numbers of T and B cells,
normal quantitative immunoglobulins, and adequate vaccination titres. Gene panel testing revealed a novel
heterozygous missense variant c.425T>C (p. Ile142Thr) in the NFKB1 gene. Due to persistent cytopenias
unresponsive to steroids and IVIG, he was started on Sirolimus with improvement in symptoms.

Conclusion: NFKB1 encodes for p105, which is processed to generate the active p50 transcription factor that
can interact with different proteins to activate or inhibit downstream signaling. Our patient was found to have a
missense mutation in the Rel homology domain (RHD) of p50, which has distinct functions including DNA
binding, protein dimerization, and inhibitory protein binding. The clinical presentation described here broadens
the scope of characteristics associated with heterozygous NFKB1 mutations.

Statement of novelty:We report a novel heterozygous missense variant c.425T>C (p. Ile142Thr) in the NFKB1
gene in a pediatric patient with cytopenias, lymphadenopathy, and splenomegaly. To the best of our knowledge,
this variant has not been previously reported.

Introduction

The nuclear factor κ-light-chain-enhancer of activated
B cells (NF-κB) signaling pathway is a critical regulator
of many important cellular processes including the

innate and adaptive immune responses, cell proliferation
and apoptosis, inflammation, and ectodermal develop-
ment (Karin and Lin 2002; Vallabhapurapu and Karin
2009). Defects in the NF-κB pathway are associated
with a large spectrum of human disease presentations
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manifesting as increased infections, autoimmunity,
inflammation, ectodermal dysplasia, and malignancy
(Zhang et al. 2017; Scott and Roifman 2019).

The NF-κB transcription factor family consists of 5
structurally related core proteins, NFKB1 (the mature
p50 and its precursor p105), NFKB2 (the mature p52
and its precursor p100), RelA, RelB, and c-Rel, which
can bind with each other and dimerize to drive or
inhibit gene expression at a number of different sites
(Siebenlist et al. 1994; Gilmore 2006). Each protein has
a conserved N-terminal Rel homology domain (RHD)
that allows NF-κB proteins to interact with other
proteins (Zhang et al. 2017). In unstimulated cells,
NF-κB largely remains in the cytoplasm because of a
set of inhibitor proteins comprising the inhibitor of κB
(IκB) family (Hayden and Ghosh 2008).

There are 2 well characterized NF-κB signaling
pathways, the canonical and non-canonical pathways.
The canonical NF-κB pathway is triggered by numerous
stimuli including microbial pattern recognition
receptors, inflammatory cytokine receptors, or antigen
receptors, and leads to phosphorylation of IκBα by the
inhibitor of κB kinase (IKK) complex which includes
IKKα, IKKβ, and the regulatory protein NF-κB essential
modulator (NEMO). Phosphorylation leads to the
degradation of IκBα and the subsequent release and
translocation of NF-κB into the nucleus (Zhang et al.
2017). The non-canonical NF-κB pathway is activated
through binding of a more limited number of receptors
including the B-cell activating factor (BAFF) receptor,
lymphotoxin β receptor, or CD40 receptor (Shih et al.
2011). Activation leads of this pathway leads to phos-
phorylation and degradation of different IκB proteins
and release of NF-κB into the nucleus. The 2 cascades
are likely closely interconnected (Oeckinghaus et al.
2011; Scott and Roifman 2019).

The NFKB1 gene encodes for p105, which is proc-
essed to generate the active p50 transcription factor,
and can dimerize with different proteins leading to
different functions. It can heterodimerize with RelA
or c-Rel to activate canonical NF-κB signaling, or form
homodimers to inhibit pro-inflammatory gene expres-
sion (Kaustio et al. 2017). In recent years, loss of
function heterozygous mutations in NFKB1 have been
increasingly reported in patients with a previous
diagnosis of common variable immunodeficiency
(CVID) and others presenting with a wide spectrum of

clinical features including infections, auto-inflammation,
and malignancy.

We report a novel mutation of NFKB1 in a pediatric
patient with cytopenias, lymphadenopathy, and spleno-
megaly. To the best of our knowledge, this variant has
not been reported in previously described NFKB1 cases
(Boztug et al. 2016; Maffucci et al. 2016; Schipp et al.
2016; Kaustio et al. 2017; Lougaris et al. 2017;
Dieli-Crimi et al. 2018; Fliegauf and Grimbacher 2018;
Tuijnenburg et al. 2018).

Methods

Informed consent was obtained in accordance with
requirements of the Research Ethics Board at Hospital
for Sick Children, Toronto, ON, Canada. Data was
gathered both prospectively and retrospectively from
available medical records. Genetic testing was
performed through Blueprint Genetics, a Clinical
Laboratory Improvement Amendments (CLIA)
certified laboratory (#99D2092375). The Primary
Immunodeficiency Plus Panel (test code IM0301),
a 274 gene panel assessing non-coding variants as well
as deletion/duplication analysis, was used.

Case presentation

Patient
Our patient, an 18-month-old male, initially pre-

sented to a community hospital with petechiae and
bruising on his flank, and was found to have thrombo-
cytopenia, DAT+ hemolytic anemia, and neutropenia.
He had a history of a respiratory illness 2 weeks prior
to presentation. The patient was born at term by
spontaneous vaginal delivery to an uncomplicated
pregnancy. There were no maternal illnesses, and
serology and ultrasounds were normal. He had normal
birth length and weight parameters with no dysmorphic
features.

The patient was transferred to the Hospital for
Sick Children, Toronto, ON, Canada, for further inves-
tigations. Following a marrow bone biopsy which was
normal (80% cellularity), he started treatment with
intravenous immunoglobulin (IVIG) and steroids, with
minimal response in his pancytopenia. Abdominal
imaging including an ultrasound and magnetic reso-
nance imaging (MRI) demonstrated splenomegaly and
intra-abdominal lymphadenopathy. He continued to
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have ongoing pancytopenia with pronounced thrombo-
cytopenia, and was started on sirolimus (mammalian
target of rapamycin [mTOR] inhibitor) 3 months follow-
ing initial presentation. Following the start of sirolimus,
he had improvement in his cytopenias, splenomegaly,
and lymphadenopathy. He remained on sirolimus for
about 6 months, at which point he was weaned off but
unfortunately re-developed thrombocytopenia and neu-
tropenia, and required restarting of sirolimus.

The patient did not have a history of recurrent bacte-
rial, viral, fungal, or opportunistic infections. He did not
have any significant atopic disease or skin or nail abnor-
malities, and no arthritis, mouth ulcers, diarrhea, or
change in stool habits. He did not have any constitu-
tional symptoms such as fever, weight loss, or decreased
energy. His vaccinations were up to date and he was
developmentally appropriate for his age. Family history
was significant for systemic lupus erythematosus in his
paternal grandmother, and 2 paternal grandaunts who
both died of renal failure. He had an older sister who
was healthy. His parents were of Philippines descent
with no known consanguinity.

On physical examination, there were no dysmorphic
features. His skin exam was significant for mild bruising
and petechiae on his right abdomen. He did not have
any palpable lymphadenopathy or evidence of organo-
megaly. The remainder of his cardiovascular, respira-
tory, musculoskeletal, and neurological exams were
unremarkable.

General investigations
At initial presentation, the patient’s complete blood

count demonstrated total white blood cell count of
6.9 × 109/L, hemoglobin 90 g/L, platelet count
30 × 109/L, neutrophils 0.21 × 109/L, and lymphocytes
5.72 × 109/L. DAT was positive with reticulocytosis.
Electrolytes, renal function, and liver enzymes were
normal. He had a normal vitamin B12 level and normal
numbers of peripheral double negative T cells.
Extensive infectious disease investigations showed neg-
ative testing for hepatitis A, B, C, HIV, EBV, CMV,
HSV, and HHV6. Metabolic work-up for an underlying
metabolic disorder was unremarkable.

Immunological investigations
The patient’s immunological investigations are sum-

marized in Table 1. Humoral evaluation demonstrated
elevated IgG of 12 g/L with normal IgA, IgM, and IgE.

Vaccination titres demonstrated positive reactivity to
measles, rubella, and tetanus and negative to mumps.
T cell evaluation showed normal numbers of T, B, and
NK cells with low T cell proliferation, however PHA test
was performed while patient was on sirolimus, and
shortly after being on IVIG. The patient has not been
off of sirolimus for a long enough period for repeat of
the PHA to be repeated.

Genetic testing
The patient’s clinical features of multi-lineage cytope-

nias, lymphadenopathy, and splenomegaly was con-
cerning for an underlying immunodeficiency or
immune dysregulation disorder. Initial targeted Sanger
gene sequencing of FAS and PIK3CD genes were nor-
mal. Panel genetic testing was then conducted utilizing
a commercially available Primary Immunodeficiency
panel. He was found to have a novel heterozygous
missense variant in the NFKB1 gene (NM_003998.3),
c.425T>C, resulting in p. Ile142Thr (Figure 1). There
is a strong association between the gene and this
patient’s phenotype, and variant is predicted to be dam-
aging by in silico tools. This genetic variant has not been
observed in the reference population cohorts of the

Table 1: Immunological investigations at time of initial
presentation.

Laboratory parameters Patient Normal range

White blood cell count
(× 109/L)

6.9 5.0–12.0

Hemoglobin (g/L) 90 110–140
Platelets (× 109/L) 30 150–400
Neutrophils (× 109/L) 0.21 1.50–8.50
Lymphocytes (× 109/L) 5.72 2.0–8.0
Lymphocyte subsets (cells/μL)
CD4 1184 900–5500
CD8 1363 400–2300
CD19 1132 600–3100
CD16+56 196 100–1400

PHA stimulation index 171 >200
Quantitative immunoglobulins
IgG (g/L) 12.5 3.2–11.5
IgM (g/L) 0.9 0.0–0.9
IgA (g/L) 0.7 0.4–1.5
IgE (IU/mL) <25 <60

Vaccination titres (IgG)
Measles (mIU/mL) 295.73 positive —

Mumps (IU/mL) 2.91 negative —

Rubella (IU/mL) 43.9 positive —

Varicella Positive —

Tetanus (IU/mL) 0.49 —

Isohemagluttinin anti B 4 —

CH50 (kU/L) >60 >29
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Genome Aggregation Database (gnomAD, n> 120 000
exomes and >15 000 genomes), nor reported in
disease-related variation databases such as ClinVar or
the Human Gene Mutation Database (HGMD).

Discussion

We describe a young pediatric patient who first
presented with severe thrombocytopenia, neutropenia,
splenomegaly, and lymphadenopathy at the age of 18
months. He was found to have a novel missense muta-
tion in the NFKB1 gene that lead to a change from
isoleucine to threonine at the 142 amino acid position
in the Rel homology domain (RHD) of p50. This
variant has not yet been reported in the literature
(Table 2) and likely explains his clinical presentation
and has possible future implications for the develop-
ment of other symptoms in the future.

The RHD is composed of 300 amino acids and has
3 distinct functions including DNA binding, protein
dimerization, and inhibitory protein binding (Hayden
et al. 2012). Mutations in the RHD has been reported
in a number of families with variable clinical phenotype.
In a Dutch-Australian family with CVID, a splice-site
mutation was found to cause in-frame skipping of exon
8 which lead to degradation of the altered protein
(Fliegauf and Grimbacher 2018). Similarly, 2 other
families with heterozygous frameshift mutations in
RHD were found to have decreased expression of p50.
Haploinsufficiency of NFKB1 in these 3 families
presented with a heterogeneous spectrum of illness
including hypogammaglobulinemia, recurrent sino-
pulmonary infections, autoimmunity, skin lesions,
colitis, lymphoproliferation, and malignancy (Fliegauf
and Grimbacher 2018). Interestingly, 1 of the patients
in the New Zealand family with a heterozygous

frameshift mutation (c.465dupA) in exon 7, presented
with similar symptoms as our patient, consisting of
thrombocytopenia, hemolytic anemia, and neutropenia
from the young age of 2 years in the absence of other
symptoms (Fliegauf and Grimbacher 2018).

Multiple recent studies have identified variants in
NFKB1 as a monogenic cause of immunodeficiency/
immune dysregulation (Table 2) (Maffucci et al. 2016;
Schipp et al. 2016; Kaustio et al. 2017; Lougaris
et al. 2017; Dieli-Crimi et al. 2018; Fliegauf and
Grimbacher 2018; Tuijnenburg et al. 2018). Patients
display a wide range of phenotypic heterogeneity
including recurrent sinopulmonary infections, viral
and fungal infections, autoimmunity, lymphoprolifer-
ation, and malignancy. Differences in gene dosage,
modifier genes, and post-transcriptional elements
may account for the wide spectrum of penetrance and
expressivity.

Heterozygous mutations in 3 Finnish families have
been reported in patients with antibody deficiency,
recurrent infections, and auto-inflammation (arthritis,
mouth ulcers, hyper-inflammatory response to surgery)
(Kaustio et al. 2017). Two families had mutations in the
RHD of p50 and 1 had a mutation in the Ankyrin
repeats of p105. The NFKB1 variants were associated
with different changes in downstream signaling includ-
ing reduction in p50 and p105 protein quantity,
enhanced degradation of p105, and reduced nuclear
entry of p50 and decreased transcriptional activity
(Kaustio et al. 2017). There was also increased secretion
of pro-inflammatory cytokines interleukin-1-β (IL-1β)
and tumor necrosis factor (TNF) in 1 of the kindreds
(Kaustio et al. 2017). All patients developed symptoms
in adulthood and no patients had a similar presentation
to our patient from such a young age.

Figure 1: Novel heterozygous mutation targeting the RHD domain of p50/105. Schematic
representation of the p105 precursor protein, composed of the Rel homology domain (RHD),
a glycine rich region (GRR), C-terminal Ankyrin repeats (ANK), and death domain (DD).
Mature p50 comprises the N-terminal portion of p105. The novel heterozygous missense
mutation described in our patient, c.425T>C resulting in p. Ile142Thr in the RHD of p50/105, is
shown in red.
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In a cohort of 846 unrelated patients with primary
immunodeficiency, including 390 patients with CVID,
16 patients were identified to have pathogenic mutations
in NFKB1 (Tuijnenburg et al. 2018). All 16 patients were
within the CVID subgroup, and mutations in NFKB1
accounted for 4% of all patients with CVID, which was
the most common monogenic defect in this group of
patients with CVID. Individual NFKB1 variants were
classified as high-effect variants (large deletion, nonsense,
frameshift, and splice site variants) or moderate effect
(missense substitutions). Interestingly, a large number
of missense NFKB1 variants were identified (52), the
majority of which were predicted to not be associated

with pathogenicity. Three variants were unique in the
cohort of patients with CVID and classified as likely
pathogenic. Consistent with other reports of patients
with mutations in NFKB1, there was a high degree of
variability in both the penetrance and expressivity associ-
ated with NFKB1 mutations (Tuijnenburg et al. 2018).

Although haploinsufficiency of NFKB1 has been
predominantly described as a defect of B cells, there
are reported cases of diminished T cell function, EBV-
associated lymphoproliferation, and viral and fungal
infections, suggesting that it may also affect T cell func-
tion (Boztug et al. 2016; Schipp et al. 2016). One patient

Table 2: Summary of reported NFKB1 variants and main clinical features.

Authors Reported mutation(s) Clinical features

Fliegauf and Grimbacher 2018 • c.730+4A>G
• c.835+2T>G
• c.465dupA

• Recurrent sinopulmonary infections
• Autoimmunity
• Cytopenias
• Colitis
• Lymphoproliferation—lymphadenopathy, splenomegaly
• Malignancy

Boztug et al. 2016 • c.491delG • Recurrent sinopulmonary infections
• Bacterial parapharyngeal abscess
• EBV-associated lymphoproliferative disease

Lougaris et al. 2017 • c.730+4A>G
• c.1517delC

• Recurrent sinopulmonary infections
• Autoimmunity

Schipp et al. 2016 • c.137delA
• c.469C>T

• Recurrent sinopulmonary infections
• Chronic lung disease and bronchiectasis
• Cytopenias
• Lymphoproliferation—lymphadenopathy, splenomegaly

Maffucci et al. 2016 • c.1301-1G>A
• c.259-4A>G
• c.957T>A
• c.1375delT

• Recurrent sinopulmonary infections
• Autoimmunity
• Cytopenias
• Viral and opportunistic infections

Kaustio et al. 2017 • c.667A>G
• c.1659C>G
• c.936C>T

• Recurrent sinopulmonary infections
• Autoimmunity: arthritis
• Mucosal aphthae

Dieli-Crimi et al. 2018 • c.1149delT • Recurrent sinopulmonary infections
• Colitis
• Cytopenias

Tuijnenburg et al. 2018 • c.850C>T
• c.1539_1543del
• c.160-1G>A
• c.1621_1622del
• c.843C>G
• c.293T>A
• c.260T>G
• c.83512T>C
• c.1423del
• c.187delG
• c.830dup
• c.904dup
• c.295C>T
• c.1005delG

• Recurrent sinopulmonary infections
• Lymphoproliferation—lymphadenopathy, splenomegaly
• Autoimmunity
• Cytopenias
• Colitis
• Malignancy
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first presented with autoimmune hemolytic anemia at
14 years of age, then developed lymphadenopathy,
hepatosplenomegaly, and frequent viral, bacterial, and
fungal infections (Schipp et al. 2016). She had hypo-
gammaglobulinemia, decreased class-switched B cells,
naïve CD4 and regulator T cells, and increased double
negative T cells. She was found to have a frameshift
mutation in RHD which lead to decreased protein
expression (Schipp et al. 2016). In our patient, T cell
numbers were normal but the T cell proliferation
response was low, although it was performed while the
patient was on sirolimus and shortly after IVIG treat-
ment. This will need to be repeated in the future,
however at this time, he does not have evidence of any
severe viral, fungal, or opportunistic infections sugges-
tion of aberrant T cell function.

NFKB1 knockout mice have been shown to develop
multi-organ autoimmunity, as well as aberrant immune
responses involving B cell dysfunction and abnormal
maturation of T regulatory cells. Increased production
of pro-inflammatory cytokines including interferon-γ
(IFNγ) and tumor necrosis factor (TNF) has also been
reported. These mice have increased susceptibility to
infection and gut inflammation, which has also been
seen in patients with NFKB1 haploinsufficiency (Stanic
et al. 2004; de Valle et al. 2016; Schipp et al. 2016;
Kaustio et al. 2017; Dieli-Crimi et al. 2018). To further
delineate the biological implications of this novel muta-
tion in our patient, additional functional studies are
warranted to ascertain the degree of p50 protein expres-
sion, activation of downstream signaling elements such
as phosphorylation, and production of cytokines.

Our patient was started on sirolimus for his cytope-
nias, lymphadenopathy, and splenomegaly. He had
improvement in his symptoms following the start of
treatment and recurrence when it was discontinued.
Sirolimus is an mTOR inhibitor which inhibits cytokine
receptor-dependent signal transduction, blocking the
activation of T and B lymphocytes (Sehgal 2003).
It can be taken orally, is safe, and has been used in a pro-
spective trial of patients with refractory multi-lineage
cytopenias from different underlying diagnoses including
autoimmune lymphoproliferative syndrome (ALPS),
CVID, systemic lupus erythematosus (SLE), and single
lineage cytopenias (Bride et al. 2015). Current treatment
options for patients with NFKB1 mutations and CVID
clinical presentation including symptomatic treatment
with immunoglobulin replacement, immunosuppression,

and (or) antibiotics. Better delineation of the pathogenic
mechanisms associated withNFKB1 variants may inform
more targeted treatment strategies.

Conclusion

We report a novel mutation in the RHD domain
of NFKB1 in a pediatric patient with early onset cyto-
penias, splenomegaly, and lymphadenopathy. This case
demonstrates the importance of considering primary
immunodeficiency in patients with unexplained autoim-
mune cytopenias, and further contributes to the growing
clinical phenotype of heterozygous NFKB1 mutations.
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