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ABSTRACT
Background: Cytotoxic T lymphocyte-associated antigen-4 (CTLA4) haploinsufficiency is characterized by a
variety of phenotypes, ranging from autoimmune disorders, enteropathy, fatal combined immunodeficiency, as
well as lymphoproliferation and malignancy.

Aim: To broaden the genotypic spectrum and clinical presentations of patients with CTLA4 variants.

Methods: We evaluated a female patient with autoimmunity and lymphopenia. Immune workup and whole
exome sequencing (WES) were performed.

Results: The proband presented at 11 years of age with hypothyroidism and later developed Evans syndrome,
alopecia, eczema, and lymphocytic interstitial pneumonia. Immune evaluation revealed T, B, and NK lymphope-
nia with normal humoral immunity. Following a negative genetic panel for autoimmune lymphoproliferative
syndrome (ALPS), WES analysis identified a novel heterozygous intronic variant predicted in-silico to cause skip-
ping of exon 2 of the CTLA4 gene.

Conclusion: A novel heterozygous mutation in CTLA4 caused variable presentations of immune dysregulation,
one of the hallmarks of CTLA4 haploinsufficiency.

Statement of Novelty:We herein report a novel mutation in CTLA4 resulting in various features of autoimmunity.

Background

Cytotoxic T lymphocyte-associated antigen-4
(CTLA4) is a transmembrane receptor that acts as a
checkpoint to dampen T cell-mediated responses and
maintain immune self-tolerance. It serves as the oppos-
ing face of the CD28 signaling pathway, the latter of
which drives T cell activation, differentiation and effec-
tor responses, as well as T follicular helper cell and regu-
latory T cell (Treg) generation and survival. CTLA4 is
localized to the plasma membrane and various intracel-
lular compartments in Tregs, and can be upregulated by
conventional T cells. Binding of CTLA4 with the shared
CD28 costimulatory receptor ligands, CD80 and CD86,
found on antigen presenting cells, leads to ligand

internalization/degradation and subsequent
impairment of archetypal CD28-dependent signaling
and T cell responses. Importantly, the ability to capture
these ligands is dependent on sufficient CTLA4 cell
surface expression. Defects in CTLA4 expression or
internalization pathways result in immune dysregula-
tion (Tivol et al. 1995; Lo et al. 2015).

The critical role of CTLA4 in maintaining immune
tolerance is supported by findings in murine models
showing fatal autoimmunity, including lymphoprolifer-
ation and multiorgan tissue damage, within the first few
weeks of life (Tivol et al. 1995; Waterhouse et al. 1995).
In humans, heterozygous (autosomal dominant) patho-
genic mutations in the CTLA4 gene were shown to
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cause quantitative reductions in CTLA4 expression,
leading to loss of peripheral tolerance, infiltrative auto-
immune disease, enteropathy, immune dysregulation,
as well as immunodeficiency and malignancy such as
lymphoma and gastric cancer (Kuehn et al. 2014;
Schubert et al. 2014; Hayakawa et al. 2016; Schwab et al.
2018). Interestingly, the presentation of CTLA4 defi-
ciency varies widely, even within kindreds bearing the
same mutation. Schubert et al (2014) described a family
with 11 members carrying the same heterozygous muta-
tion in CTLA4; 5 suffered from hypogammaglobuline-
mia, autoimmune cytopenia, recurrent respiratory
infections and lung disease, while the other 6 remained
asymptomatic.

Treatment of CTLA4 haploinsufficiency includes
immunosuppressants, immunomodulatory drugs such
as Rapamycin, biologics including Rituximab, immuno-
globulin replacement therapy, splenectomy, and
hematopoietic stem cell transplantation (HSCT) in rare
cases. Therapy is mostly based on clinicians’ judgement
and takes into consideration specific organ involvement
and immunological assessment (Schwab et al. 2018).
Importantly, treatment with Abatacept, a CTLA4 fusion
protein, was reported to be beneficial in CTLA4 hap-
loinsufficiency patients with autoimmune cytopenias,
as well as lung, gut, and central nervous system involve-
ment (Schwab et al. 2018; Egg et al. 2021).

There are currently 45 known genes associated with
immune dysregulation. For patients with common vari-
able immunodeficiency (CVID; diagnosis based on
clinical picture and immune laboratory values) or auto-
immune lymphoproliferative syndrome (ALPS), pursu-
ing a genetic diagnosis of CTLA4 haploinsufficiency
has a direct impact on affected individuals due to avail-
able treatment with Abatacept.

Here, we describe a novel splice site CTLA4mutation,
resulting in a phenotype of various autoimmune mani-
festations and lymphocytic interstitial pneumonia with
almost no history of infections.

Case Presentation

Clinical case
The proband is a 24-year-old female, born to non-

consanguineous parents of East Asian descent. Family
history was significant for the patient’s father who
passed away from metastatic adrenal carcinoma;

however, there is no other family history suggestive of
immune deficiency, immune dysregulation, nor other
malignancies.

She first presented with Hashimoto’s thyroiditis at
11 years, followed byCoombs positive autoimmune hemo-
lytic anemia (AIHA) and thrombocytopenia over the next
two years. She required blood transfusions and was treated
with a single infusion of intravenous immunoglobulins as
well as a course of Prednisone. With regards to infections,
four years after her initial presentation she developed
Salmonella bacteremia and osteomyelitis of the left distal
femur while being on Prednisone, with no other bacterial,
viral or opportunistic infections since then. At 17 years of
age, she was admitted for fever and diffuse lymphadenopa-
thy. Her work up revealed multiple pulmonary nodules on
MRI, later diagnosed as lymphocytic interstitial pneumo-
nia and follicular bronchiolitis. Other immune dysregula-
tion features included alopecia areata, mild eczema
managed topically, and photosensitive skin rash.

Over the years she received the diagnosis of ALPS-
like syndrome until genetic investigation revealed her
diagnosis. For the cytopenias, she continued treatment
with steroids and Mycophenolate Mofetil with partial
response to this date.

Immune evaluation
The patient’s immune work up (Table 1) was remark-

able for leukopenia 3−3.2 (normal: 4.37−9.68 × 109/L),
neutropenia 0.78−1.6 (normal: 2.00−7.15 × 109/L),
persistent lymphopenia 0.8−1.14 (normal: 1.16−
3.18× 109/L), hemoglobin 80−140 (normal: 106−135 g/L),
and platelets 9−220 (normal: 186−353 × 109/L).
Immunoglobulins were within the normal range and
specific vaccine titers were protective. Lymphocyte
subsets showed CD4, CD8, B cell, and NK cell lympho-
penia. T cell function was normal, including normal
PHA stimulation index and robust response to antigen
stimulation to Candida, varicella-zoster, herpes simplex
and CMV. CD45 RA/RO showed increased amount of
memory T cells compared to control (not shown).
Autoantibodies including RF, anti-dsDNA, anti-ENA,
and ANCA were negative although ANA was briefly
positive (1:160) with normal C3 and C4.

Genetic investigations
Initial genetic analysis with an ALPS panel

was returned negative. Research whole exome sequenc-
ing (WES) analysis subsequently revealed a novel
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heterozygous variant in CTLA4 (NM_005214.5),
c.457+5delG, which was not previously found in large
population databases including gnomAD nor dbSNP.
The variant is an intronic change located 5 bases distal
to the exon in a splice site, predicted in-silico to
cause skipping of exon 2 of the CTLA4 gene and loss-
of-function. The variant was subsequently confirmed
with a clinical PID panel (Prevention Genetics).

Discussion

CTLA4 haploinsufficiency, first described in 2014, is
caused by heterozygous variants in CTLA4 and charac-
terized by a variety of clinical manifestations including
hypogammaglobulinemia, T cell lymphopenia, autoim-
mune cytopenias, and lymphocytic infiltration of non-
lymphoid organs as well as malignancy. Mutations
described have thus far included nonsense, missense,
frame-shift and splice site mutations and were shown
to cause reduction in CTLA4 mRNA and protein
expression (Schubert et al. 2014; Sun et al. 2014;
Hayakawa et al. 2016; Mahat et al. 2021). Importantly,
human biallelic CTLA4 deficiency has not yet been
described, and likely indicates incompatibility with life.

The CTLA4 gene contains 4 exons encoding the sig-
nal peptide (exon 1), ligand binding and dimerization
domains (exon 2), transmembrane domain (exon 3),
and cytoplasmic tail (exon 4). Genetic aberrations tar-
geting the signal peptide have been shown to abolish
CTLA4 protein expression (Schubert et al. 2014), while
those affecting exon 2 impair protein dimerization and
interactions with the CD80 and CD86 co-stimulatory
ligands (Schubert et al. 2014; Schwab et al. 2018).
Mutations in exon 3 impair ligand binding and uptake

through the CTLA4 transendocytosis pathway
(Schubert et al. 2014; Schwab et al. 2018).

Although protein and mRNA expression of CTLA4
in Treg cells were not performed in our patient, in-silico
predictions indicate that the c.457+5delG variant most
probably leads to a splice anomaly and reduced
CTLA4 expression. The clinical presentation of this
patient was relatively similar to previously reported
cases of autosomal dominant CTLA4 haploinsuffi-
ciency. Furthermore, CTLA4 was the only candidate
gene identified on WES to explain this patient’s clinical
manifestations. In addition, this variant was not
reported in large population databases, increasing our
confidence in this variant as accountable for the
immune dysregulation seen in our patient.

In most of the reported cases, patients were diagnosed
initially with CVID, while further genetic analysis
showed variants in CTLA4 (Schubert et al. 2014; Sun
et al. 2014; Mahat et al. 2021). Clinically, our patient
was followed for years with a diagnosis of ALPS-like
syndrome and treated empirically with immunosuppres-
sion and immune modulators according to symptoms.
ALPS is a rare condition, characterized by lymphoprolif-
eration, autoimmune manifestations, and susceptibility
to malignancy. ALPS and CVID may overlap in some
of the clinical and immunological features such as
autoimmunity, lymphoproliferation, and susceptibility
to malignancy. Often times patients receive a diagnosis
of ALPS or CVID without additional genetic investiga-
tion due to low yield of genetic testing, furthermore,
requesting genetic testing as part of the immunological
workup was not recommended in previous years,
especially in cases without a clear family history of

Table 1: Laboratory evaluation of proband between 14-20 years.

Patient’s results Normal Range

WBC (×109/L) 3–3.2 4.37–9.68
Neutrophils (×109/L) 0.78–1.6 2.00–7.15
Lymphocytes (×109/L) 0.8–1.14 1.16–3.18
Hemoglobin (g/L) 80–140 106–135
Platelets (×109/L) 9–220 186–353
CD4 (cells/mL) 400–500 610–1446
CD8 (cells/mL) 250–350 282–749
NK cells (cells/mL) 65 87–504
CD19 (cells/mL) 52–78 173–685
Double negative T cells 2.4–3.9% 0.2%–2%
PHA Stimulation Index 595 >50% of control or>300
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immunodeficiency (Cunningham-Rundles 2010;
Rosenzweig et al. 2016). In this case, further genetic
analysis was able to elucidate the underlying diagnosis
and provide specific treatment option with Abatacept.
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