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ABSTRACT
Background: The Forkhead box protein N1 (FOXN1) is a key regulator of thymic epithelial development, and its
complete deficiency leads to a nude-severe combined immunodeficiency (SCID) phenotype. More recently,
heterozygous mutations in FOXN1 have been linked with a syndrome of congenital lymphopenia and a wide
clinical spectrum, with most cases being caused by missense mutations.

Aim: To broaden the genotypic and phenotypic spectrum of heterozygous FOXN1 deficiency.

Methods: Case report of a patient with FOXN1 haploinsufficiency due to a novel splice-site mutation.

Results: Our patient was identified at 3 weeks of life given an abnormal newborn screen (NBS) for SCID, and
was found to have congenital lymphopenia preferentially affecting CD8+ T-cells. Her cellular and humoral
function were both excellent, and she has remained entirely asymptomatic and thriving for the first 3 years of
her life. The patient was found on whole exome sequencing to carry a heterozygous splice-site mutation in the
FOXN1 gene, affecting the Forkhead domain. The mutation was also identified in her asymptomatic mother.

Conclusion: Heterozygous FOXN1mutations are an increasingly-recognized cause of congenital lymphopenia.
Our experience suggests most patients remain clinically well, with main manifestation including T-lymphopenia,
mostly affecting CD8+ cells. Identification of the same variant in an asymptomatic parent suggests age-depen-
dent improvement in T-cell counts and an overall benign course, while provides impetus for diligent conservative
management with regular follow-up.

Statement of novelty: Heterozygous FOXN1 deficiency is a relatively new entity, attributed in most cases to
missense mutations in FOXN1. To further expand the knowledge basis regarding this emerging disorder, as well
as its genotypic repertoire, we herein report a case of heterozygous FOXN1 deficiency caused by a splice site
mutation.

Introduction

The Forkhead box (FOX) superfamily comprises of
transcription factors with key roles in tissue development
and homeostasis (Lam et al. 2013). Within the FOX
family, FOX protein N1 (FOXN1) is a key regulator of
thymic epithelium and skin development. FOXN1

dictates gene expression involved in thymic epithelial cell
(TEC) differentiation, lymphoid progenitor migration
from the bone marrow, antigen processing and thymo-
cyte selection (Nowell et al. 2011; Romano et al. 2013;
Žuklys et al. 2016). Complete FOXN1 deficiency was first
identified in mice displaying the nude/severe combined
immunodeficiency (SCID) phenotype, consisting of
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congenital alopecia totalis, nail dystrophy and thymic
aplasia (Flanagan 1966). An equivalent phenotype was
later described in humans harbouring biallelic loss-of-
function (LOF) mutations in the FOXN1 gene (Pignata
et al. 1996; Frank et al. 1999). In contrast to the well-
established phenotype seen with complete FOXN1 LOF,
the role of heterozygous FOXN1 mutations in human
immunity has been slower to emerge. In a recent
case-series, Bosticardo et al. (2019) described for the first
time a cohort of children with heterozygous FOXN1
mutations, who were found to have low T-cell receptor
excision circles (TREC) levels and (or) lymphopenia.

Functional and clinical presentation

Clinical case
An asymptomatic female newborn was referred to

our Immunology clinic at the age of 3 weeks by the
Ontario newborn screening (NBS) program. The reason
for referral was a finding of low T-cell receptor excision
circles (TREC) levels from a dried blood spot, repre-
senting an abnormal screening test for severe combined
immunodeficiency (SCID). On review of history, the
girl was the product of spontaneous pregnancy with
adequate prenatal follow-up and no known pregnancy
complications. She was born at 39+ 2 weeks via sponta-
neous vaginal delivery with no resuscitation required,
and had an uneventful neonatal course. Family history
identified non-consanguineous parents of mixed
English, Dutch, and African-American ancestry. Father
had required a tonsillectomy and adenoidectomy as a
child for recurrent tonsillitis, and had a number of acute
otitis media infections until the age of 4 years, for which
he did not require any surgical intervention. Mother
was healthy with no history of recurrent infections.
Two maternal half siblings were healthy as well. There
was no extended family history of immunodeficiency,
autoimmunity, inflammation, or early-onset malig-
nancy. When seen at our clinic at the age of 3 weeks,
the girl had been growing and feeding well and had no
notable concerns for infection, autoimmunity, or
inflammation. Her physical exam was within normal
limits, including normal growth parameters, presence
of normal lymph nodes and tonsillar tissue, no adenop-
athy, hepatosplenomegaly, or skin rashes; in particular,
she has not demonstrated any alopecia or dermatitis.

Investigations
TREC levels were low, both on initial testing (48 copies/

3 μL; cutoff: ≥75), and on repeat testing 1 month later

(41.3 copies/3 μL). TREC measurement has not been
repeated since. Adenosine deaminase and purine nucleo-
side phosphorylase metabolite profiles were normal.
Complete blood count and differential were normal,
including a normal absolute lymphocyte count of
2.55× 109/L (normal: 2–17× 109/L). Lymphocyte immu-
nophenotyping, however was abnormal, with low
CD3+CD4+ (837 cells/μL; normal: 1700–5300 cells/μL)
and CD3+CD8+ (178 cells/μL; normal: 400–1700 cells/
μL) counts. CD19+ cells were normal (903 cells/μL;
normal: 600–1900 cells/μL), as were CD16+CD56+ cells
(438 cells/μL; normal: 186–724 cells/μL). Total immuno-
globulin levels, PHA stimulation index, T-cell receptor
Vβ repertoire, and analysis of naïve/memory T-cells
(CD45RA/RO) were all within normal limits. On sub-
sequent evaluations over the following 3 years, the she
continued to have evidence of T-cell lymphopenia prefer-
entially affecting CD3+CD8+, though this has remained
in the moderate range. Her B and NK cells remain unaf-
fected, and her functional assessment continues to be
excellent for both the humoral and cellular arms.
Following administration of killed immunizations, nor-
mal specific antibody titres were noted to both diphtheria
and tetanus toxoid.

Genetic analysis began with normal karyotype and
fluorescent in-situ hybridization for 22q11.2. Further
analysis involved a primary immunodeficiency panel,
which did not reveal the cause of the patient’s presenta-
tion. Whole exome sequencing was finally performed,
revealing a novel heterozygous intronic variant of
unknown significance in the FOXN1 gene:
NM_003593 c.927+1G>C. The variant has not been
reported in large population databases, and is predicted
to eliminate an obligatory donor splice site in the
Forkhead domain resulting in a deleterious effect. The
variant was also detected in the girl’s mother, and not
in her father (Figure 1). On further testing, mother
demonstrated a normal complete blood count and
differential.

Outcome
Over the following 3 years, the patient has continued

to be well with no recurrent or unusual infections,
growth retardation, or immune dysregulation. She con-
tinues to have T-lymphopenia preferentially affecting
CD8+ T-cells, although this has remained in the mod-
erate range, with excellent T-cell stimulation responses.
She is soon due to begin her live viral immunization
series.
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Discussion

The implementation of NBS in Ontario, as well as in
various provinces across Canada, has led to an
increased detection rate of patients with non-SCID lym-
phopenia who display low TREC levels shortly after
birth. In this regard, heterozygous FOXN1 mutations
have been recently identified as a genetic etiology in a
subset of children with abnormal NBS and (or) lympho-
penia. The current report contributes to the expanding
spectrum of heterozygous FOXN1 deficiency, both
genotypically and phenotypically. Clinically, our patient
has always been well, and would likely have not pre-
sented to Immunology had it not been for her abnormal
NBS result. She has had persistent moderate CD8+ lym-
phopenia and mild and improving CD4+ lymphopenia,
with normal T-cell function and no humoral abnormal-
ities. The patient was found to carry a heterozygous
splice-site mutation in FOXN1, likely resulting in a loss
of function. Interestingly, her mother who is clinically
well and had a normal absolute lymphocyte count as
an adult, was found to carry the same mutation. This
may be attributed to the age-dependent function of
FOXN1, which undergoes extensive methylation

changes over time and its contribution to T-cell devel-
opment likely wanes.

A recent case series has outlined a multi-centre expe-
rience caring for 25 children and 22 adults with hetero-
zygous FOXN1 mutations (Bosticardo et al. 2019). Of
the children, 21 were identified following an abnormal
NBS result, while 4 others were investigated for persis-
tent severe lymphopenia and (or) recurrent infections.
Most were clinically well except for viral respiratory
infections, and were managed conservatively. Common
non-infectious manifestations included eczema and nail
dystrophy (not seen in our patient). Five patients dis-
played evidence of more profound lymphopenia and
(or) severe infections, and 3 received a hematopoietic
stem cell transplant for a clinical diagnosis of SCID,
before their FOXN1 mutations had been identified.
Unfortunately, transplant outcome has included persis-
tent lymphopenia despite engraftment in 2 children,
and mortality of infection in the third patient. With
respect to adults included in the report, the majority
did not report on any substantial recurrent infectious
history; however, it is possible that individuals impacted
by severe infections would not have survived into adult-
hood, thus de-facto excluding persons with more pro-
found disease manifestations from the adult cohort. In
terms of laboratory evaluation, the most common and
consistent manifestation in infants and children was
T-lymphopenia impacting both CD4+ and CD8+ popu-
lations, with improvement in CD4+ noted toward the
second year of life. Among adult participants, CD8+

lymphopenia was the only persistent disease abnormal-
ity identified in some.

The spectrum of clinical manifestations and severity
hitherto reported among children with heterozygous
FOXN1 mutations has been broad, with no clear geno-
type-phenotype correlation with respect to location
and nature of the mutations. Indeed, mutations
reported by Bosticardo et al. (2019) spanned all gene
domains, and included substitutions, insertions and
deletions, in both exonic and intronic regions.
However, the majority of cases involved missense muta-
tions, while a splice site mutation was only reported in
1 child. It therefore remains to be determined whether
splice-site variants result in a unique phenotype com-
pared with other FOXN1 mutations. Importantly, while
splice site mutations may be identified on whole exome
sequencing given their proximity to exonic regions,
deep intronic mutations would not be identified using

Figure 1: Electropherogram demonstrating the
FOXN1 heterozygous mutation NM_003593 c.927
+1G>C, identified in our patient and her mother,
but not in the girl’s father.
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this method, and would require either targeted sequenc-
ing of the FOXN1 gene in its entirety, or whole genome
sequencing. Of note, deep intronic mutations have
never been identified as causing heterozygous FOXN1
deficiency, but as whole genome sequencing becomes
more prominently embedded in clinical practice, this
observation may very well change.

In regards to management of children with heterozy-
gous FOXN1 mutations, our centre has practiced
conservative, yet diligent follow-up of any patient with
abnormal lymphocyte counts and (or) function. In
regards to live vaccines, our experience suggests that in
children with FOXN1 mutations and normal T-cell
function, whose T-lymphopenia is mild and improving
or fully resolved, live viral vaccinations may be adminis-
tered safely. However, a case-by-case discussion should
be held with families, identified the potential risks and
benefits of such an approach. Finally, genetic testing
and counselling may be considered for asymptomatic
first-degree family members as well.
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