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ABSTRACT
Introduction: Heterozygous mutations in signal transducer and activator of transcription 1 (STAT1) have been
associated with selective deficiencies to mycobacterial or fungal infections. Recent reports revealed that patients
found to carry de novo heterozygous mutations in STAT1 encoding specific amino acid substitutions can go on to
develop progressive combined immunodeficiency, distinct from the limited susceptibilities to infection previously
reported for heterozygous STAT1 mutations.

Objectives: We present a case of a mother and her son with chronic mucocutaneous candidiasis and T-cell dys-
function, both of whom lived longer than projected life expectancy with a heterozygous STAT1 mutation. The son
lived to the age of 20 years and the mother to the age of 32 years.

Methods: The son's blood sequencing of STAT1 was performed on a pure T-cell lineage at The Hospital for Sick
Children and the Canadian Center for Primary Immunodeficiency, Toronto, Ontario.

Results: STAT1 analysis revealed a heterozygous DNA binding domain mutation at Thr385Met. The patient pro-
ceeded to develop fulminant progressive multifocal leukoencephalopathy that ultimately led to his death. The
patient's mother, although never confirmed to have STAT1 mutation with formal blood sequencing, had multiple
comorbidities including progressive lymphopenia, hypogammaglobulinemia, recurrent Pseudomonas pneumo-
nias with associated bronchiectasis, end-stage kidney disease requiring hemodialysis, and ultimately death
due to multiple end organ failure associated sepsis.

Conclusion: This is the first autosomal dominant transmission of the STAT1 DNA binding domain Thr385Met
mutation with an extended lifespan.

Statement of Novelty: Previous patients found to have heterozygous mutations of STAT1 that were associated
with progressive combined immunodeficiency, arose de novo in each case. Presumed autosomal dominant trans-
mission of a heterozygous STAT1 DNA binding domain Thr385Met mutation has not been reported.

Introduction

Signal transducer and activator of transcription
(STAT1) is a critical signaling modulator downstream
of a wide number of receptors. This transcription factor
gets phosphorylated by Janus kinases upon ligation
of these receptors (O'Shea et al. 2013). Following

phosphorylation on tyrosine residues, STAT1 dimerizes
and translocates to the nucleus to bind specific DNA
sequences (Zakharova et al. 2003).

Mutations in STAT1 have been identified in a vast
variety of clinical phenotypes (Dupuis et al. 2001, 2003;
Chapgier et al. 2006a, 2006b, 2009; Boisson-Dupuis
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et al. 2012; Sillevis Smitt and Kuijpers 2013). Recently
heterozygous mutations in STAT1, mainly in the
coiled-coil domain, were found to be associated with
chronic mucocutaneous candidiasis (CMC) (Liu et al.
2011; van de Veerdonk et al. 2011; Nahum and Dalal
2014; Roifman 2014).

Mutations in the DNA binding domain have been
identified in patients with progressive combined immu-
nodeficiency (Sharfe et al. 2014). These patients suffer
fatal virus infections usually before or during adoles-
cence (Roifman 2014; Sharfe et al. 2014). The Th385Met
mutation in the DNA binding domain has so far been
reported as a de novo mutation in patients who die of
viral infections early in life (Takezaki et al. 2012; Roif-
man 2014; Sharfe et al. 2014). We describe a case of het-
erozygous STAT1 mutation associated with autosomal
dominant transmission, loss of lymphocyte function,
autoimmune features, and diagnosis of severe infections
and subsequent demise from progressive multifocal
leukoencephalopathy (PML).

Progressive multifocal leukoencephalopathy is a
demyelinating disease of the central nervous system
caused by reactivation of John Cunningham virus
(JCV) in a setting of cellular immunosuppression.
Most often primary infection occurs asymptomatically
in childhood, and the virus remains latent until reactiva-
tion. Traditionally, PML was observed in patients with
advanced HIV infection and lymphoproliferative disor-
ders and in transplant recipients. However, the wide-
spread use of HIV antiretroviral drugs and the new
selective immunomodulatory and immunosuppressive
medications, such as Rituximab and Natalizumab, has
modified the epidemiology (Lima 2013).

Functional and clinical presentation

A 19-year-old male presented with the previously
established diagnosis of CMC. His previous medical his-
tory included failure to thrive from the age of 2 years,
recurrent stomatitis, shingles, pneumonias, and bronch-
iectasis evident on chest computed tomography (CT).
He was never followed consistently by a clinical immu-
nologist at any point in his life. He was hospitalized
for treatment of a pulmonary empyema and a cold
immune-mediated hemolytic anemia resistant to
many therapies, for which he subsequently received
Rituximab prior to presentation. He was physically
well at the visit.

In addition to the described medical history, he was
also previously diagnosed with hypothyroidism, for
which he received inconsistent medical therapy. His
mother had been diagnosed with CMC and a T-cell dys-
function in early childhood. She had spent much of her
early life hospitalized for intravenous anti-fungal ther-
apy. She had evidence of bronchiectasis on chest CT.
She had end-stage renal disease secondary to amyloido-
sis and hypothyroidism. She ultimately developed
hypogammaglobulinemia in addition to her T-cell dys-
function as evidenced by abnormal mitogen–antigen
testing. She died at the age 32 years of end organ failures
and associated recurrent Pseudomonas and Aspergillus
pneumonias and sepsis.

Upon presentation, his previous labs (Table 1)
revealed low IgA, initial abnormal pneumococcal titers
with normal vaccine response, and abnormal response
to Candida and Tetanus lymphocyte antigen stimula-
tion. His chest CT demonstrated clear bronchiectatic
changes and mucus plugging.

Based on the patient's clinical history, diagnostic test-
ing for STAT1 mutation was completed at the initial
visit. His blood sample was sent to The Hospital for
Sick Children and the Canadian Center for Primary
Immunodeficiency in Toronto, Ontario. STAT1 analysis
revealed a heterozygous DNA binding domain mutation
at Thr385Met. (Figure 1) Primary Epstein–Barr virus
cell lines were used for the mutation analysis of the
STAT1 mutation discovered in this patient.

The following month, clear physical and neurological
deterioration had progressed in the patient. He reported
right-sided weakness for which he presented to an area
hospital. Magnetic resonance imaging (MRI) of the
brain was completed showing multiple foci of abnormal
hyperintensity signals. He was admitted to the tertiary
care hospital for further evaluation. This was based on
the known STAT1 mutation and abnormal brain MRI
in conjunction with progressing physical deterioration
specifically on the right side of his face and arm, leg
muscle weakness, and dysarthria–dysphagia. Positive
JCV DNA was isolated and reported in the cerebral
spinal fluid (CSF), and brain MRI was interpreted to
be consistent with progressive multifocal leukoence-
phalopathy (PML).

The JCV continued to cause rapidly progressive neu-
romuscular deficits. He was transferred to the National
Institutes of Health, Bethesda, Maryland, for initiation
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of interferon alpha (IFN-α) therapy. After a few weeks
of IFN-α treatment 3 times per week, his viral load
decreased in the CSF and his rate of neuromuscular pro-
gression declined. These gains were proven temporary,
his deficits subsequently progressed, and he died during
treatment.

This patient synopsis demonstrates an autosomal domi-
nant transmission of heterozygous STAT1 Thr385Met
mutation, opposed to the cases previously described (Sharfe
et al. 2014) in which the varying STAT1 heterozygous
mutations arose de novo. The patient's mother was the

oldest living patient with this presumed specific STAT1
mutation, and our patient represented the oldest patient
with this specific monoallelic mutation verified, living until
20 years of age. His development of PML suggests that this
risk must be considered in the management of STAT1
mutation cases.

Discussion

Patients with mono-allelic mutations in the DNA
binding domain appear to present with deteriorating
cellular as well as humoral immunity, leading to fatal
viral infections (Sharfe et al. 2014). In particular, the
T385M mutation has been shown to be associated
with catastrophic outcome during childhood or adoles-
cence. It was therefore assumed that because of its sever-
ity this mutant can only appear de novo.

Similar to others carrying the same mutation, we
showed that our patient suffered repeated infections
and chronic bronchiectasis. He also had lower than
normal lymphocyte counts as well as CD4+ T cells.

Table 1: Lab results of 20-year-old male patient.

Lab test/radiology Interpretation/result

Complete blood count Hgb 13.7 g/dL WBC 5.0 × 10E9/L
Neut 2.66 × 10E9/L
Lymph 1.35 × 10E9/L
Plt 244 × 10E9/L

Serum immunoglobulins IgG 1030mg/dL
IgA 28mg/dL
IgM 49mg/dL
IgE 6 IU/mL

Lymphocyte subpopulations CD3+ 1.053 × 10E9/L
CD4+ 0.473 × 10E9/L
CD8+ 0.527 × 10E9/L
CD56/16+ 0.054 × 10E9/L
CD19+ 0.243 × 10E9/L

Lymphocyte antigen proliferation Absent lymphocyte response to candida and tetanus:
candida 1:200 (cpm 246)
tetanus 1:1000 (cpm 988)

Lymphocyte mitogen proliferation Normal lymphocyte response to PHA, Con A, and PWM:
PHA 1:50 (cpm 188 610)
Con A 1:400 (cpm 103 617)
PWM 1:200 (cpm 43 458)

Pneumococcal titers Pre-vaccine abnormal: <0.6 µg/mL all titers
Post-vaccine normal: >2.0 µg/mL on 10 of 14 titers

Neutrophil oxidative burst Normal

Complement total Normal: 57 U/mL

TSH Abnormal:
Ranged: (7.58–132.008 IU/mL)

Chest CT Mild progression of bronchiectatic changes and mucus plugging in bilateral lower lobes and
lingula

Note: cpm, counts per minute; PHA, phytohemagglutinin; Con A, concanavalin A; PWM, pokeweed mitogen.

Figure 1: STAT 1 mutation loci (Sharfe et al. 2014).
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Eventually he died of JCV encephalitis. This infection
followed the use of Rituximab he received for treatment
of hemolytic anemia. It is therefore possible that Ritax-
imab may have contributed to the susceptibility of JCV.
Although this possibility cannot be excluded, another
patient with a mutation in the DNA binding domain
also died of JCV encephalitis without the use of immu-
nosuppression, suggesting the combined immunodefi-
ciency developed in these patients may be sufficient to
predispose them to an overwhelming JCV infection
(Sharfe et al. 2014).

In contrast with other patients with the T385M muta-
tion, this patient survived until the age of 20 years.
Moreover, his mother likely had the same mutation,
and she survived until the age of 32 years. She was diag-
nosed in early childhood with chronic candidiasis and
T-cell dysfunction, and she subsequently developed
hypogammaglobulinemia.

These cases indicate that patients with T385M muta-
tions may survive into adulthood and have children.
This variability in clinical course should not be surpris-
ing as many other mono-allelic disorders appear widely
diverse.

In conclusion, we reported on the first documented
case of survival into adulthood of a patient with the
T385M mutation in STAT1.
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