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Abstract

Background: Signal Transducer and Activator of Transcription 3 (STAT3) gain-of-function
germline mutations are associated with diverse clinical manifestations, including autoimmune
cytopenia, lymphadenopathy, immunodeficiency, endocrinopathy, and enteropathy. We describe a
new feature: raised intracranial pressure with papilledema.

Materials and Methods: Report of two cases.

Results: The first patient had a de novo heterozygous ¢.2144C>T (p.Pro715Leu) mutation in the
STAT3gene. At age 1 she had papilledema with marked sheathing of the proximal vessels on the
optic discs. Follow-up 8 years later showed chronic papilledema, cystoid macular edema, and
vision loss. The second patient had a de novo heterozygous ¢.2147C>T (p.Thr716Met) mutation.
At age 12 he developed papilledema, which recurred despite treatment. In both patients, repeated
sampling of the cerebrospinal fluid demonstrated a lymphocytic pleocytosis.

Conclusions: Papilledema can occur as a manifestation of S7TA73 gain-of-function mutation,
sometimes accompanied by prominent vascular sheathing and cystoid macular edema. The
mechanism may be chronic meningeal infiltration by white blood cells, impairing cerebrospinal
fluid absorption.
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Introduction

Signal Transducer and Activator of Transcription (STAT) proteins constitute a seven member
family involved in the regulation of DNA transcription (1). Through activation by Janus
kinases (Jak), STAT molecules serve as classic transcription factors by engaging DNA
regulatory elements (2). The discovery of the JAK-STAT pathway has enhanced the
understanding of a multitude of human diseases, by yielding new insights into the
mechanisms that control cellular proliferation, differentiation, and apoptosis (3,4).
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STAT3 (OMIM *102582) has the highest mutation frequency among the STAT transcription
factors (2). Germline S7TAT73loss-of-function mutations are associated with hyper-IgE
syndrome (OMIM #147060), formerly known as Job’s syndrome, manifested by eczema,
chronic skin abscesses, and recurrent bouts of pneumonia (5). Germline STAT.3 gene gain-
of-function mutations cause early onset autoimmune and lymphoproliferative disease
(OMIM #615952). The mechanism is not fully understood, but involves aberrant cytokine
signaling (6). Findings include autoimmune hemolytic anemia, thrombocytopenia,
neutropenia, hypogammaglobulinemia, hepatosplenomegaly, lymphadenopathy,
immunodeficiency, inflammatory bowel disease, interstitial lung disease, endocrinopathy,
arthritis, eczema, alopecia, hepatitis, and short stature (7,8).

Although STAT73 mutations are associated with pervasive systemic manifestations, ocular
signs have been recognized in only a single case, reported twice (9,10). A 17-year-old
female with STA73 gain-of-function mutation ¢.1974G>C (p.Lys658Asn) was diagnosed
with bilateral posterior uveitis and cystic macular edema leading to severe visual
impairment. Here we broaden the phenotype associated with S7A73 gain-of-function by
describing two patients with different mutations who each developed papilledema.

Methods -- Case Studies

Patient 1:

A 20-month-old girl was referred to our pediatric neuro-ophthalmology service for
evaluation of an esotropia which had developed at age 4 months. She was born at 34 weeks
gestation and hospitalized for 10 days to treat jaundice, bradycardia, and failure to thrive.
There was spasticity of the lower extremities, suggesting the possibility of cerebral palsy. At
age 4 months a helmet was prescribed for right occipital plagiocephaly. MR imaging at age 9
months showed a serpentine course of the optic nerves in both orbits with dilation of the
nerve sheaths. The ventricles were normal in size. The pituitary gland was small, but anterior
and posterior lobes were present. Signal characteristics of the gray and white matter were
unremarkable.

On examination, the child could not yet walk. She fixated and tracked small targets with
each eye. Pupils were normal. The extraocular eye movements appeared full, but
cooperation was limited. There were 25-30 prism-diopters of alternating esotropia,
measured by the relative position of the corneal light reflexes. Cycloplegic refraction was
plano OU. Fundus examination showed chronic optic disc swelling with gliotic sheathing of
the proximal arterioles and venules (Figure 1). The findings were more severe in the left eye.

Opening pressure on lumbar puncture under general anesthesia was initially 30 cm of water,
but declined after several minutes to 19 cm of water. There were 14 white cells/ml (21%
neutrophils, 78% lymphocytes), with a normal protein and glucose. The diagnosis of
papilledema was made and a ventriculoperitoneal shunt was recommended. However, the
ambiguous opening pressure reading and presence of white cells fostered uncertainty. The
parents declined shunting and the child was subsequently lost to follow up.
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At age 9 the child was referred back to our clinic. She had been chronically ill during the
intervening 7 years. At age 2 she had developed autoimmune hemolytic anemia and
thrombocytopenia. She also had hepatosplenomegaly and hypogammaglobulinemia, leading
to the diagnosis of Evans Syndrome. Treatment was initiated with corticosteroids and
rituximab. She remained on chronic immunosuppression with oral prednisolone and periodic
infusions of IVIG. Multiple infections occurred, including Clostridium difficile colitis,
Escherichia coli urosepsis with respiratory failure, and Pseudomonas aeruginosa pneumonia.
She had chronic diarrhea associated with norovirus infection, adenovirus infection, and
bowel inflammation requiring periodic total parenteral nutrition.

At age 6 she was examined by an ophthalmologist who reported persistent optic disc
swelling. A lumbar puncture was repeated, yielding an opening pressure of 31 cm of water.
There were 7 white cells/ml with a normal protein and glucose. Treatment was commenced
with a low dose of acetazolamide. At age 7 whole exome sequencing revealed a germline
STAT3de novo heterozygous gain-of-function mutation ¢.2144C>T (p.Pro715Leu).
Treatment was initiated with tocilizumab, which was later replaced with tofacitinib.

At the time of her second visit to our clinic she was being treated with acetazolamide,
prednisone, trimethoprim/sulfamethoxazole, ceftazidime, caspofungin, ursodiol,
fluconazole, mirtazapine, IVIG, and tofacitinib. The height was 111 cm and the weight was
30.3 kg, yielding a BMI of 24.6 kg/mZ2. She had a Cushingoid appearance. The best
corrected visual acuity was 20/60 in the right eye and 20/200 in the left eye. There was no
afferent pupillary defect. The extraocular eye movements were full. Ocular alignment
seemed orthotropic but stereopsis could not be demonstrated. Slit lamp examination showed
no iritis. Humphrey threshold testing revealed enlarged blindspots, with visual field defects
extending to fixation (Figure 2). There was no vitritis. Both fundi showed chronic
papilledema, marked gliosis, vascular sheathing, hemorrhage, and cystoid macular edema
(Figure 3), confirmed by optical coherence tomography. MR imaging supported the
diagnosis of papilledema, with flattening of the posterior globes, protrusion of the optic
discs into the vitreous, and dilation of the optic nerve sheaths (Figure 4A). The pituitary was
hypoplastic (Figure 4B). The aqueduct of Sylvius was patent with normal ventricles. An MR
venogram showed no thrombosis or focal narrowing. A CT scan showed a short segment of
synostosis involving the right lambdoid suture. Again, a ventriculoperitoneal shunt was
recommended and declined.

A 12-year-old boy was hospitalized for malaise, headaches, blurred vision,
hepatosplenomegaly and lymphadenopathy. He was born at term by Caesarian section,
weighing 4.51 kg. Meconium aspiration required a short stay in the neonatal intensive care
unit. At age 3 he underwent tonsillectomy and adenoidectomy. He was generally healthy
during his childhood, although he received treatment periodically for allergic rhinitis,
asthma, and eczema.

Evaluation revealed anemia, neutropenia, and idiopathic thrombocytopenia. Fundus
examination showed marked bilateral optic disc swelling. A lumbar puncture was performed
under sedation, yielding an opening pressure of 45 cm of water. There were 14 white
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cells/ml (97% lymphocytes, 3% monocytes), with a normal protein and glucose. He was
thought to have an autoimmune lymphoproliferative syndrome and was treated with
acetazolamide, prednisone, and mycophenolate mofetil. Over the subsequent year the
papilledema resolved completely and nerve fiber layer thickness measurements returned to
normal. Treatment with acetazolamide and prednisone was halted but he continued to
receive mycophenolate mofetil and monthly infusions of IVIG. Other medications included
cetirizine, diphenhydramine, montelukast, fluticasone nasal spray, loratadine, and
ondansetron.

Seven months later the patient returned to the eye clinic reporting transient visual
obscurations. The height was 161 cm and the weight was 62.1 kg, for a BMI of 23.8 kg/m?2.
The visual acuity was 20/20 in each eye without correction. There was no afferent pupillary
defect. The extraocular eye movements were full. Ocular alignment was orthotropic. Slit
lamp examination was normal. Humphrey 30-2 threshold tests revealed slightly enlarged
blindspots. There was symmetrical optic disc swelling (Figure 5), without vitritis, vascular
sheathing, or macular edema. Brain MR imaging was normal. A lumbar puncture under
sedation yielded an opening pressure of 36 cm of water with 10 white cells/ml (3%
neutrophils, 91% lymphocytes, 6% monocytes), with a normal protein and glucose.
Treatment was restarted with acetazolamide 500 mg bid. The papilledema gradually
resolved and acetazolamide treatment was discontinued after one year. Over a follow up
period of two years the papilledema has not recurred. His condition remains stable on a
regimen of IVIG infusion every 6 weeks and mycophenolate mofetil 500 mg bid.

At age 15 whole exome sequencing revealed a germline S7TA73 heterozygous de novo gain-
of-function mutation ¢.2147C>T (p.Thr716Met).

Discussion

These two cases demonstrate that papilledema can be among the clinical findings
encountered in patients harboring mutations causing STAT3 gain of function. In both
patients a raised lumbar opening pressure was measured by spinal puncture in the lateral
decubitus position. In Patient 1 the initial lumbar puncture yielded an ambiguous result
because the pressure reading declined to normal during the procedure. However, the
diagnosis of papilledema was supported strongly by MR imaging, which showed bulging of
the optic nerve sheaths. It was also confirmed by a second lumbar puncture years later.

In 1951 Evans and colleagues described a cohort of 29 patients with a spectrum of acquired
hemolytic anemia and primary thrombocytopenic purpura (11). Patients with Evans
Syndrome also manifest neutropenia, hepatosplenomegaly, immunodeficiency, recurrent
infections, interstitial lung disease, and eczema (12,13). Autoimmune lymphoproliferative
syndrome has been included as a feature of Evans Syndrome (14). Before genetic testing
revealed STAT3 mutations, our first patient received a diagnosis of Evans Syndrome and our
second patient received a diagnosis of autoimmune lymphoproliferative syndrome.

In a recent study of 181 patients with Evans Syndrome, two were reported to have raised
intracranial pressure (15). Both patients had lymphocytosis of the cerebrospinal fluid and
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vasculitic brain lesions visible on MR imaging. In these patients, STA73testing was not
performed and fundus appearance was not described. It is noteworthy, however, that raised
intracranial pressure was present with cerebrospinal pleocytosis, as in both our patients.

Evans Syndrome is a descriptive entity, encompassing a variety of presentations and genetic
causes. Genetic testing of 18 children with Evans Syndrome yielded two with STA7.3 gain-
of-function mutations (16). One patient had keratoconjunctivitis, but neither had
papilledema. Patients with autoimmune lymphoproliferative syndrome were excluded from
this cohort. Broader inclusion criteria for Evans Syndrome might have increased the
percentage of patients harboring STA73 mutations.

A total of 25 cases of STAT.3 gain-of-function mutation has been reported, including our 2
cases (6,9,10,16,17). As mentioned earlier, one patient reported twice had severe vision loss
from bilateral uveitis and cystoid macular edema (9,10). Therefore, we estimate that vision
threatening eye disease occurs in about 12% (3/25) of germline STAT:3 gain-of-function
patients, with papilledema in 8% (2/25). Care of these patients is complex, and often focused
on other medical issues, so the prevalence of eye findings may be under recognized.

Data are too fragmentary to conclude that any particular germline STA73 gain-of-function
mutation is more likely to result in papilledema. One other patient with a ¢.2144C>T
(p.Pro715Leu) mutation has been reported, without papilledema (16). Five other cases with
a c.2147C>T (p.Thr716Met) mutation have been reported, all without papilledema (6,9,16).
It is striking that the two patients we encountered had very different ocular findings. Patient
1 had marked gliotic sheathing of the retinal vessels, as they emerged from the optic discs,
giving rise to a highly unusual, distinctive fundus appearance. She eventually developed
cystoid macular edema, an uncommon feature in papilledema. Her clinical course was
unrelenting, eventually resulting in serious vision loss. In contrast, the papilledema in Patient
2 had a typical appearance. Although it recurred once it eventually resolved, for unexplained
reasons. As more cases of papilledema from S7A7.3 gain-of-function are discovered, perhaps
certain mutations will become associated with characteristic fundus findings.

Peripapillary glial proliferation and vascular sheathing occur in post-papilledema atrophy
(18), but they were present in Patient 1 on initial examination, when she had intact visual
function and no optic disc pallor. After central nervous system damage, STAT3 is activated
in microglia and endothelial cells, and it promotes the migration of reactive astrocytes to
injury sites (19-22). STAT3 signaling mediates astrocyte reaction in optic nerve injury
(23,24). We speculate that in the ¢.2144C>T (p.Pro715Leu) gain-of-function mutation,
STAT3 causes exuberant astrogliosis when the optic discs are subjected to raised intracranial
pressure

The mechanism of papilledema in our two patients is obscure. Neither had hydrocephalus,
dural venous sinus thrombosis, or brain lesions. Patient 1 had a short segment of occipital
craniosynostosis, but it was insignificant. Both were overweight, but neither fit the typical
profile of pseudotumor cerebri. In patient 1, papilledema was present at a very young age,
suggesting that it was a primary finding produced by S7TA7 3 mutation, not a secondary
effect of a subsequent infection, a medication side effect, or anemia. The only feature
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common to both our patients was the presence in the cerebrospinal fluid of a lymphocytic
pleocytosis, a finding also reported in patients with Evans syndrome and raised intracranial
pressure. It is possible that papilledema was caused by chronic meningeal lymphocytic
infiltration impeding the absorption of cerebrospinal fluid.

These two cases illustrate that papilledema and raised intracranial pressure are potential
manifestations of mutations causing S7A7.3 gain of function. Ophthalmological screening of
patients with STA73 mutations may be useful because papilledema can be asymptomatic and
hence remain occult.
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Figurel.
Patient 1, fundi at age 20 months. A. Right eye shows a blurred, elevated optic disc with

trace vascular sheathing. B. Left eye shows more swelling, with pronounced sheathing of
arterioles and venules. The macula and periphery were normal in both eyes.
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Figure 2.
Patient 1, Humphrey 24-2 threshold visual fields. There is enlargement of the blind spots

and depression of foveal sensitivity, more marked in the left eye than the right eye.
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Figure 3.
Patient 1, fundi at age 9 years. A. Right fundus shows chronic papilledema, with an

extensive peripapillary ring of fluid. There is a fresh splinter hemorrhage inferotemporally
and a cluster of fine preretinal hemorrhages just above the optic disc. All the arterioles and
venules show extensive sheathing proximally. B. Left fundus shows similar findings, but
more severe. There is macular wrinkling and cystoid edema.
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Figure 4.
Patient 1, MR imaging. A. Axial T2-weighted image showing flattening of globes, swelling

of optic discs into the vitreous, and dilation of the nerve sheaths. There is chronic ethmoid
sinusitis. B. Sagittal T1-weighted image with gadolinium enhancement showing a small
pituitary gland but anterior and posterior lobes with normal signal characteristics. The
ventricles, craniocervical junction, and meninges were normal.
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Figureb.
Patient 2, fundus images. A. Right eye and B. Left eye show papilledema. The reddish hue

of the left fundus image is a digital file artifact.
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