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Abstract: BackgroundBackground: To date, 10 patients with GTPase Regulator Associated with Focal Adhesion Kinase 1/
Rho GTPase Activating Protein 26-Immunoglobulin (GRAF1/ARHGAP26-IgG) associated neurological disorders
have been described, most with ataxia.
ObjectiveObjective: To report the clinical, oncological, and radiological associations of GRAF1 autoantibodies.
MethodsMethods: We identified 17 patients whose serum and/or cerebrospinal fluid IgG was confirmed to target GRAF1/
ARHGAP26-IgG by both tissue-based immunofluorescence and transfected cell-based assay. Clinical
information was available on 14 patients.
ResultsResults: The median age at neurological symptom onset was 51 years, and 8 (47%) were men. The predominant
clinical features were subacute progressive cerebellar ataxia (13) or peripheral neuropathy (2). Magnetic
resonance imaging brain (7 available) showed cerebellar atrophy (4, 1 also cerebrum and brainstem atrophy). Of
7 cerebrospinal fluids available for testing, 5 showed pleocytosis with oligoclonal bands in 3. Squamous cell
carcinoma was observed in 3 patients (head and neck [2], lung [1]).
ConclusionConclusion: GTPase Regulator Associated with Focal Adhesion Kinase 1 autoimmunity manifests commonly with
subacute ataxia and cerebellar degeneration with a potential association with squamous cell carcinoma.
Peripheral neuropathy may also be encountered. Cases in this series responded poorly to immunotherapy.

Immunoglobulin-G (IgG) autoantibodies specific for ρ GTPase acti-
vating protein 26 (ARHGAP26, also known as GTPase regulator
associated with focal adhesion kinase [GRAF1]) have been reported
in 10 patients to date.1–6 Neurological manifestations in decreasing
order of frequency included the following: gait ataxia (gait, 7, limb
4), dysarthria (5), nystagmus (5), dizziness (3), cognitive impairment
(3), depression (3), hyperkplexia (2), ocular flutter (1), oscillopsia (1),
and recurrent psychoses (1). Half of the patients had a tumor,
including ovarian cancer (1), breast cancer (1), melanoma (1), B cell
lymphoma (1) prostate adenocarcinoma (1), and gastric adenocarci-
noma (1), suggesting that this is a paraneoplastic antibody
biomarker.1–6 Here we describe the clinical and oncological associa-
tions of an additional 14 GRAF1–IgG-seropositive patients.

Methods
The Mayo Clinic institutional review board approved this study (08–
06647). This is a retrospective, clinical-serological cohort study
approved by the institutional review board of Mayo Clinic, with a
waiver of consent for clinical data obtained as part of serologic test
validation (study 08-00647). All Mayo Clinic patients whose medical
records were analyzed provided written consent for medical research.

Patients
Archived specimens from 119 patients referred to the Mayo
Clinic Neuroimmunology Laboratory (2011–2019) immuno-
labeled murine brain synapses in a pattern potentially compatible
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with GRAF1–IgG (Fig. 1). Of these patients, 17 tested positive
for GRAF1–IgG by cell based assay (CBA). Clinical information
(limited in some) was available in 14 patients and was obtained
by physician telephone interview and case record review.

Serological Testing
Specimens were evaluated by indirect immunofluorescence assay
(IFA) on a composite substrate of mouse hippocampus, cerebral
cortex, cerebellum, basal ganglia, thalamus, kidney, and stomach.
GRAF1-specific IgG was identified by the characteristic indirect
IFA cytoplasmic staining pattern (Fig. 1).

GRAF1–IgG specificity was confirmed (in all patients) molec-
ularly by cell-based assay (CBA) on human embryonic kidney
293 cells that were transfected with GRAF1 complementary
DNA fixed with 1% formalin and stored at 4�C (Euroimmun
AG, Lubeck, Germany). Controls were tested on
GRAF1-transfected CBA and nontransfected cells using sera
from healthy adults (100), healthy children (50), patients with

other antineuronal antibodies (Purkinje cell antibody type 1; 5),
patients with Purkinje cell antibody type 2 (10),
hypergammaglobulinemia (25), patients with multiple sclerosis
(9), and patients with Sjogrens/lupus (30). Controls were also
tested using cerebrospinal fluid (CSF) from healthy adults
(25) and healthy children (25). Interrater agreement was 100%.
Positive serum samples were titrated in doubling dilutions to
ascertain the end dilution that remained positive by IFA.

All specimens underwent comprehensive paraneoplastic neural
autoantibody evaluation that includes testing for cation channel
antibodies (voltage-gated calcium channels [P/Q-type and N-
type], voltage-gated potassium channels, and nicotinic acetylcho-
line receptors [muscle type and ganglionic type]); skeletal muscle
striational antibodies; antineuronal nuclear autoantibodies types
1, 2 (anti-Ri), and 3; Purkinje-cell cytoplasmic autoantibodies
types 1 (anti-Yo), 2, and Tr (DNER, delta/notch-like epidermal
growth factor–related receptor); antiglial/neuronal nuclear anti-
body type 1; collapsin response-mediator protein-5 IgG;
amphiphysin-IgG; and glutamic acid decarboxylase, NMDA-R

FIG. 1. Examples of “medusa-head” immunostaining pattern and IgG reactivity with ARHGAP26 (GRAF)-transfected cells. (A) IgG in serum
of patient 5 bound to neural elements in fixed cryosectioned mouse tissues. (A1) Staining is prominent in the molecular layer (ML) of the
cerebellar cortex in purkinje neuronal dendritic arbors and (A2) in the gastric smooth muscle myenteric ganglia (arrow) and nerve fibers
(small arrow). (A3) Hippocampus was not immunoreactive. (A4) human embryonic kidney 293 (HEK293) cells transfected with ARHGAP26/
GRAF were highly reactive with patient’s serum IgG; interspersed nontransfected cells were not stained. (B, C) The medusa head–like
pattern of staining observed in 104 cases lacking ARHGAP26-IgG specificity and excluded from this report: IgG in 2 such patients’ sera
yielded a medusa-head pattern of staining that shares some similarities with ARHGAP26-IgG, but does not bind to HEK293 cells
transfected with ARHGAP26/GRAF (B4, C4). Unlike ARHGAP26-IgG, these patients’ serum IgG stains hippocampus brightly (B3, C3).
Patient C serum does not stain myenteric ganglia or nerve fibers in the stomach smooth muscle (C2).
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(N-methyl-D-aspartate receptor), GABAB-R (Gamma-
aminobutyric acid B receptor), and AMPA-R (α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor)
antibodies.

Results
A total of 17 specimens (11 sera and 6 CSF) from 17 patients
were confirmed by CBA to be GRAF1–IgG positive. All
17 specimens had an identical characteristic indirect IFA cyto-
plasmic staining (Fig. 1). Only 1 of the control specimens tested
positive for GFAP1–IgG, but by CBA only (seropositivity
requires antibody detection by both IFA and CBA). GRAF1–
IgG end point titers by IFA in serum ranged from
1:7680–1:61440 and CSF from 1:64–1:1024.

Of the patients, 8 (53%) were men, median onset age was
51 years (range 14–76), and median follow-up was 23 months
(range 0–63). A total of 4 patients had evidence of cancer (33%),
with squamous cell carcinoma being confirmed in 3.

Among the 17 patients, clinical histories were available in
14 (Table 1). Of the patients, 12 had a subacute/progressive
pancerebellar syndrome (isolated in 8; patient 12) with associated
large fiber neuropathy (2), autonomic neuropathy with severe
gastroparesis (1), pseudobulbar affect (2), cognitive dysfunction
(1), long tract signs (2), and parkinsonism (static in nature and
without dysautonomia on autonomic reflex testing [making mul-
tisystem atrophy–C unlikely]) (Table 1). The 2 patients without
cerebellar signs/symptoms had a small fiber neuropathy and large
fiber neuropathy, respectively (patients 3 and 4). All the patients
with cerebellar ataxia had a subacute onset and were progressive
despite immunotherapy, except patient 8 who stabilized to
premorbid function.

Cerebral magnetic resonance imaging (available in 11) showed
cerebellar atrophy in 5 (patients 2, 5, 6, and 10), brainstem atro-
phy in 2 (patients 5 and 10), and cerebrum atrophy 2 (patients
2 and 6). Brain magnetic resonance imaging in 5 patients were
normal (with a coincidental pituitary microadenoma in patient
3). CSF analysis (7 available) was inflammatory in 6: pleocytosis
(5), supernumerary oligoclonal bands in 3, and a raised IgG index
in 1 (Table 1).

Frequency of GRAF1–IgG
Autoantibody Detection
During a 12-month period, the Mayo Clinic Neuroimmunology
laboratory detected GRAF1–IgG (IFA and confirmed by CBA)
in 0.004% of neurological sera submitted for paraneoplastic auto-
antibody evaluation (2/52,000). In comparison, approximate
detection frequencies in the same period for other neuronal
autoantibodies were antineuronal nuclear antibody type 1, 0.2%;
Purkinje cell cytoplasmic antibody type 1 (anti-Yo), 0.08%; ant-
ineuronal nuclear autoantibodies 2/anti-Ri, 0.03%; and Purkinje
cell antibody–Tr/DNER, 0.001%.

Comparison with Previously
Described GRAF1–IgG Cases
There are now 24 described cases of GRAF1–IgG autoimmunity,
including the 14 cases from this study. Of these, 20 (83%) had cer-
ebellar ataxia and 8 of 18 (44%) with MRI data available had cere-
bellar atrophy (Table 2). Neurocognitive symptoms in 9 patients
included depression, flat affect, pseudobular affect, psychosis,
reduce verbal fluency, and cognitive impairment (Tables 1 and 2).
Of the 24 cases, 10 had a history of malignancy (various types).

Discussion
Our observations extend the neurological spectrum of GRAF autoim-
munity beyond cerebellar ataxia and provide insights into potential
cancer associations. Close to one-third of patients had peripheral
somatic or autonomic neuropathy (isolated or with cerebellar ataxia).
The course of cerebellar ataxia was progressive and led to wheelchair
dependence in all but 1 patient. Immunotherapy did not reverse the
neurological disability, but stabilization was observed; however, detailed
information about the timing of immunotherapy with respect to symp-
tom onset was lacking for many patients, making it unclear whether
early initiation of treatment might have reduced neurological disability.

GRAF1 binds to focal adhesion kinase, a component of the
integrin signaling pathway. GRAF1 is an intracellular cytosolic
protein that is expressed in a wide variety of normal tissues,
including the brain, lung, gastrointestinal tract, nasopharynx, and
breast. GRAF1 attenuates GTPase-mediated cellular response to
integrin–extracellular matrix interaction, which include cytoskel-
eton organization7,8 The finding of squamous cell carcinoma of
the head and neck in 2 patients and the lung in 1 accords with
the known expression of GRAF1 in epithelial tissues.9 Further-
more, GRAF1 protein expression has been reported in head and
neck cancers and ovarian cancers.

Because GRAF1–IgG is specific for an intracellular cytosolic
antigen, it does not exert cell-specific cytotoxicity, but serves as a
surrogate biomarker for CD8+ cytotoxic T cells targeting neural
cells displaying Major Histocompatibility Complex (MHC)
1-complexed GRAF1 peptides on their surface membranes.10

As a result of this clinical association, we recommend
investigation for head and neck tumors (with attention to the
nasopharynx) and lung cancer in patients who are found to be
GRAF–IgG positive, ideally with a whole-body positron emission
tomography–computed tomography, which identified malignancy
in 4 of our cases that had negative conventional computed tomog-
raphy.11 Testing for this antibody should be considered in patients
presenting with a subacute onset ataxia, especially if a paraneoplastic
etiology is on the differential diagnosis.
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