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Abstract—Objective: To characterize humoral response to cerebellum in patients with gluten ataxia. Background: Gluten
ataxia is a common neurologic manifestation of gluten sensitivity. Methods: The authors assessed the reactivity of sera
from patients with gluten ataxia (13), newly diagnosed patients with celiac disease without neurologic dysfunction (24),
patients with other causes of cerebellar degeneration (11), and healthy control subjects (17) using indirect immunocyto-
chemistry on human cerebellar and rat CNS tissue. Cross-reactivity of a commercial IgG antigliadin antibody with human
cerebellar tissue also was studied. Results: Sera from 12 of 13 patients with gluten ataxia stained Purkinje cells strongly.
Less intense staining was seen in some but not all sera from patients with newly diagnosed celiac disease without
neurologic dysfunction. At high dilutions (1:800) staining was seen only with sera from patients with gluten ataxia but not
in control subjects. Sera from patients with gluten ataxia also stained some brainstem and cortical neurons in rat CNS
tissue. Commercial anti-gliadin antibody stained human Purkinje cells in a similar manner. Adsorption of the antigliadin
antibodies using crude gliadin abolished the staining in patients with celiac disease without neurologic dysfunction, but
not in those with gluten ataxia. Conclusions: Patients with gluten ataxia have antibodies against Purkinje cells. Antiglia-

din antibodies cross-react with epitopes on Purkinje cells.
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Gluten sensitivity is an immune-mediated disease
triggered by the ingestion of gluten in genetically
susceptible individuals.! Genetic susceptibility in
gluten sensitivity is apparent by the fact that up to
90% of patients with celiac disease (CD) express the
HLA class II molecules DQ2. The remaining 10%
express HLA DQ8.

Gastrointestinal symptoms because of involvement
of the small bowel (CD or gluten sensitive enteropathy)
are a common presenting feature. However clinical
manifestations can be diverse, for example, the pru-
ritic vesicular rash of dermatitis herpetiformis.?
Neurologic manifestations were first reported in 16
patients with established CD who had gait ataxia,
with involvement of other areas of the central and
peripheral nervous systems.? We have suggested
that gluten sensitivity can be presented solely with
neurologic dysfunction,* with ataxia (gluten ataxia)
being the most frequent presentation.’ Up to 90% of
patients with dermatitis herpetiformis and 33% of
patients presenting with neurologic dysfunction as-
sociated with gluten sensitivity also have CD.* The
remaining patients have no histologic evidence of
small bowel involvement but have serologic markers
(serum anti-gliadin antibodies) and genetic suscepti-
bility (HLA DQ2) consistent with gluten sensitivity.

Based on a large epidemiologic study (>200 pa-
tients), gluten ataxia was found to account for 40% of
cases with idiopathic sporadic cerebellar degenera-
tion.® This figure was lower in two smaller studies.”®
Another study® found similarly high prevalence, but
in both sporadic and familial ataxias. The number of
patients (26 sporadic and 24 familial) was too small
to derive any meaningful conclusions about the prev-
alence of gluten ataxia among familial ataxias. A
larger study (117 sporadic and 55 familial)® found
the prevalence of gluten sensitivity among familial
ataxias to be the same as healthy control subjects.
Possible reasons for these differences include that
the prevalence of antigliadin antibodies in the popu-
lation varies depending on the antigliadin assays
used (5%*® to 13%°) and that there is a possible geo-
graphic variability in the prevalence of gluten ataxia
as there is in the prevalence of CD.

Neuropathologic findings found in patients with
gluten ataxia when autopsied showed perivascular
cuffing with inflammatory cells, predominantly af-
fecting the cerebellum, and resulting in loss of Pur-
kinje cells implying that the neurologic insult may be
immune mediated. It is yet unknown whether such
immune-mediated damage is primarily cellular or
antibody driven. This article presents a study of the
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Table Summary of immunocytochemistry results using human and rat cerebellum

Dilutions and percentage of strong positive staining

Tissue substrate Group sera (n) 1:200 1:400 1:800 1:100 1:300 1:600
Human cerebellum Gluten ataxia (5) 100% 100% 60%
Celiac disease no neurology (5) 40% 40% 0%
Other ataxias (5) 20% 0% 0%
Healthy control subjects (5) 20% 0% 0%
Rat cerebellum Gluten ataxia (10) 90% 90% 90%
Celiac disease no neurology (19) 26% 26% 0%
Other ataxias (6) 0% 0% 0%
Normal control subjects (12) 0% 0% 0%

humoral response that may be implicated in such
damage.

Methods. Patient and control sera. This was a dual
center study carried out in Sheffield, UK, and Trieste,
Italy. Sera from gluten ataxia and ataxia control patients
were collected in Sheffield and used by both groups. Sera
from healthy control subjects and patients with CD with-
out neurologic dysfunction were collected at each center
after informed consent was obtained. The South Sheffield
Research Ethics Committee approved the study protocol.
Sera were collected from 13 patients upon diagnosis with
gluten ataxia (defined by the presence of IgG antigliadin
antibodies and the absence of any other cause of ataxia
including paraneoplastic cerebellar degeneration) attend-
ing the gluten sensitivity/neurology clinic at the Depart-
ment of Clinical Neurology, The Royal Hallamshire
Hospital, Sheffield. Sera from 24 patients with newly diag-
nosed CD but no evidence of neurologic dysfunction and 11
patients with other causes of cerebellar degeneration (2
Friedreich ataxia, 5 autosomal dominant ataxia, 3 sporadic
ataxia, 1 ataxia postcerebellitis) were used as disease con-
trol patients. Finally, samples from 17 healthy individuals
were used as healthy control subjects. All samples were
stored at —70 °C immediately after collection.

CNS tissue. Immunocytochemistry using human cere-
bellum was performed in Sheffield, UK. Immunocytochem-
istry using rat cerebellum was performed in Trieste, Italy.
Human cerebellar tissue from a patient with motor neuron
disease was obtained at autopsy after consent from rela-
tives. The tissue was snap-frozen in liquid nitrogen and
stored in an airtight container at —70 °C. It was then
sectioned in a cryostat (Bright Instruments, UK), and 10-
pm-thick sections were collected on Polysine-coated slides
(BDH, UK).

Rat CNS tissue was obtained from adult Sprague-
Dawley rats. Procedures involving animals and their hus-
bandry were performed in accordance with European
Community directives. Rat brains were fresh-frozen on dry
ice, sectioned in a cryostat (Leica), and 10-pm sagittal
sections were collected on gelatin-coated slides (Sigma,
UK). The slides were dried overnight at room temperature
and stored at —80 °C until required.

Immunocytochemistry on rat and human CNS tissue.
On human CNS tissue, sera from 5 patients from each
group were used at dilutions of 1:100, 1:200, 1:400, 1:800,
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1:1,600, and 1:3,200. Anti-calbindin D28k antibody (Sig-
ma) diluted 1:200 with phosphate buffered saline/0.05%
Tween 20 (PBST) was used as a positive control for Pur-
kinje cell staining; negative controls included sections in-
cubated without either serum or antihuman IgG secondary
antibody.

On rat CNS tissue, sera from 11 patients with gluten
ataxia, 19 patients with CD but no neurologic illness, 6
patients with other causes of ataxia, and 12 healthy con-
trol subjects were analyzed. All sera were used at dilutions
of 1:100, 1:300, and 1:600. In addition, a subset of 3 sera
from patients with gluten ataxia also was tested at 1:1,200
and 1:1,500.

CNS sections were warmed to room temperature and
then washed in PBST for 10 minutes at room temperature.
Sections were incubated for 1 hour at room temperature
with either patient or healthy control sera. After incuba-
tion with sera, sections were washed in PBST and incubated
for 30 minutes at room temperature with a horseradish
peroxidase-conjugated goat anti-human IgG antibody (Jack-
son Immunoresearch Laboratories) diluted 1:200 (for rat tis-
sue) or 1:500 (for human tissue) with PBST. After a second
wash in PBST, sections were developed for 20 minutes at
room temperature using a peroxidase substrate solution of
0.4 mg/mL 3,3'-diaminobenzidine tetrahydrochloride (DAB)
with 0.0135% hydrogen peroxide (Sigma). Sections were de-
hydrated in methanol, cleared in methanol/xylene (1:1) fol-
lowed by xylene, and then mounted.

Semiquantitative evaluation of the signal intensity of
the rat and human CNS sections was performed indepen-
dently by two blinded observers. Weak or strong positive
staining was recorded if Purkinje cell staining went above
background levels, and negative staining was recorded if
Purkinje cell staining did not exceed background levels.
Patient and control samples were run simultaneously with
a concordance rate of 75% between the observers.

Based on the optimal serum dilution for rat CNS tissue,
1:600, reactivity with other rat brain structures using sera
from 10 patients with gluten ataxia (and also 6 patients
with CD but no neurologic dysfunction and 12 healthy
control subjects) was investigated using the above method.

Immunocytochemistry on human CNS tissue using anti-
gliadin antibody and patient sera before and after adsorp-
tion with crude gliadin. Sera (four patients with gluten
ataxia, three patients with CD without neurologic dysfunc-
tion, and two healthy control subjects) were diluted to



1:200 and 1:800 in PBST or in a saturated crude gliadin
(Sigma) solution (~20 mg/mL) made up in PBST. Commer-
cial rabbit polyclonal peroxidase-conjugated predominantly
IgG anti-gliadin antibody (Sigma) was diluted from 1:100
to 1:256,000 in either PBST or a saturated crude gliadin
(Sigma) solution (~20 mg/mL) in PBST. Once diluted, sera
and commercial anti-gliadin antibody were incubated for 1
hour at room temperature to allow adsorption of anti-
gliadin antibodies by the crude gliadin. The effectiveness
of blocking of antigliadin antibodies was tested by an anti-
gliadin ELISA assay on the sera after adsorption. Immu-
nocytochemistry was performed as above with adsorbed
and nonadsorbed samples.

Results. Characteristics of patients with gluten ataxia.
The mean age of the 13 patients with gluten ataxia was 61
years (range 46—79). The mean duration of the ataxia was
11 years (range 3-25). Ten patients had the HLA DQ2, one
had DQS8, and two had DQ1. All patients were by definition
positive for IgG antigliadin antibodies; four also had IgA
antigliadin antibodies. Screening for antiendomysium
(AEA) immunoreactivity and reaction with purified human
tissue transglutaminase!® (tT'G) revealed only one patient
with gluten ataxia that was strongly positive for AEA and
tTG. Duodenal biopsies revealed CD in five patients, re-
sults were normal in six patients, and the procedure was
not performed in two patients.

Immunocytochemistry on human CNS tissue. Consis-
tently strong staining of Purkinje cells was seen using
anti-calbindin D,gK (figure 1A) as a positive control. Sec-

Figure 1. Immunohistochemical stain-
ing of human cerebellar Purkinje cells
using anti-calbindin DygK antibody (A,
positive control), anti-human IgG only
(B, negative control), and sera at differ-
ent dilutions from a patient with gluten
ataxia (C-E), a healthy blood donor (F-
H), and a patient with celiac disease
without neurologic dysfunction (I-K).
Dilutions used were 1:200 (C,F,1), 1:400
(D,G,J) and 1:800 (E,H,K). Calibration
bar = 65 um. g = granular layer; p =
Purkinje cell layer; m = molecular
layer.

tions incubated either without primary or without second-
ary antibody showed consistently absent Purkinje cell
staining (see figure 1B).

In the 5 patients with gluten ataxia, positive staining of
Purkinje cells was seen at all dilutions up to 1:800 (see
figure 1, C, D, and E) with strong staining up to 1:400. The
staining persisted at higher dilutions in three patients. At
dilutions of 1:800, sera from the control groups showed no
staining (see figure 1, H and K). However, at dilutions of
1:200, staining was seen in 2 of 5 patients with CD but no
neurologic illness (see figure 1I), in 1 of 5 patients with
ataxia of a different cause, and in 1 of 5 healthy control
subjects (see figure 1F).

Immunocytochemistry on rat CNS tissue. Sera from 12
of 13 patients with gluten ataxia showed strong staining of
Purkinje cells at 1:100, 1:300, and 1:600 dilutions (figure 2,
A through C), with marked staining particularly of cell
somas and dendritic processes even at dilutions of 1:600.
None of the subset of sera from three patients with gluten
ataxia tested at 1:1,200 dilution showed any recognizable
staining. In contrast, sera from 4 of 12 healthy control
subjects showed only weak staining at 1:100 dilution (see
figure 2D), with no further staining detected at higher
dilutions (see figure 2, E and F). No staining was seen
using serum from six control patients with ataxia. The
sera from 5 of 19 patients with CD without neurologic
dysfunction showed strong staining of Purkinje cells at
1:100 and 1:300 dilutions (see figure 2, G and H) but only
weak staining at a dilution of 1:600 (see figure 2I). Weak
staining was seen in nine patients and no staining was
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seen in six. Sera from 10 patients with gluten ataxia
showed weak or absent staining of the striatum, corpus
callosum, hippocampus, brain blood vessels, choroid
plexus, and ependyma. The more consistently stained cells
in the cortex were large stellate-like cells (not pyramidal
neurons) in cortical layers IV and V (figure 3A) and small
polymorphic cells in the layer VI (see figure 3B), especially
in the frontal cortex. Large neurons of the deep cerebellar
nuclei (see figure 3C) and neurons of the reticular forma-
tion and pontine gray in the brainstem (see figure 3D) also
stained. Sera from two of six patients with CD but no
neurologic illness showed staining of cortical layer VI but
no staining of any other structures. The sera from healthy
control subjects did not stain cells in any brain area except
for one case with weak staining in cortical layer VI.

Reactivity of sera and anti-gliadin antibody with human
cerebellar tissue after adsorption with crude gliadin. Com-
mercial rabbit anti-gliadin antibody stained human cerebel-
lar Purkinje cells, at an optimal dilution of 1:800, with a
pattern identical to that seen using sera from patients with
gluten ataxia.

Staining with commercial anti-gliadin antibody at a di-
lution of 1:1,600 (figure 4A) was abolished after adsorption
of the antibody for 1 hour at room temperature with crude
gliadin (see figure 4B). Comparative adsorption experi-
ments were performed using sera (dilution 1:200) from
patients with gluten ataxia (see figure 4, C and D) and
patients with CD but no neurologic dysfunction (see figure
4, E and F). The staining persisted but was weaker even
after adsorption with gliadin when using sera from pa-
tients with gluten ataxia. The staining was eliminated
when using sera from patients with CD and no neurologic
dysfunction. None of the postadsorption sera tested posi-
tive for the presence of antigliadin antibodies.

A summary of all immunocytochemistry results can be
seen in the table.

Discussion. These results suggest that patients
with gluten ataxia have circulating antibodies di-
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Figure 2. Immunohistochemical stain-
ing of rat cerebellar Purkinje cells using
sera at different dilutions from a pa-
tient with gluten ataxia (A-C), a healthy
blood donor (D-F), and a patient with

. celiac disease without neurologic dys-

: function (G-I). Dilutions used were

1:100 (A,D,G), 1:300 (B,E,H) or 1:600
(C,F.,1). Calibration bar = 65 um.

rected against cerebellar Purkinje cells, with some
reactivity seen with deep cerebellar nuclei brainstem
and cortical neurons. Some weak staining with both
rat and human cerebellum was seen using sera from
other patient groups. At low dilutions some sera
from normal control subjects also showed weak
staining. Such staining of Purkinje cells at low dilu-
tions is thought to be nonspecific and has been de-
scribed before.'* Strong and persistent staining at
higher dilutions was only seen when using sera from
patients with gluten ataxia. The absence of staining
using sera from the group of patients with other
causes of ataxia suggests that this is not just an
epiphenomenon of Purkinje cell loss. However, the
presence of similar although weaker staining with
sera from only some patients with CD without neu-
rologic dysfunction implies that these antibodies are
not necessarily neurotoxic. The demonstration of re-
activity of commercial IgG antigliadin antibody with
human Purkinje cells may be the reason why sera
from patients with CD but no neurologic dysfunction
stain Purkinje cells. However, patients with gluten
ataxia possess additional antibodies against Pur-
kinje cells as demonstrated by the adsorption exper-
iments. These antibodies are different to antigliadin
antibodies and appear to be present exclusively in
patients with gluten ataxia. Antigliadin antibodies
are present in almost all patients with celiac disease
with gastrointestinal symptoms. Yet only 6% to 10%
of patients with established CD develop neurologic
dysfunction. One hypothesis may be that antigliadin
antibodies only become neurotoxic if they gain access
to the CNS. Antigliadin antibodies have been found
in the CSF in patients with gluten sensitivity and
neurologic dysfunction.’? The mechanism by which
and reason why antigliadin antibodies may gain ac-
cess to the CNS remains obscure. The presence of
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Figure 3. Immunohistochemical staining obtained using
serum from a newly diagnosed untreated patient with glu-
ten ataxia in different brain areas (dilution 1:600). Pur-
kinje cell staining is shown in figure 2A. The approximate
position of the high magnification photographs is indi-
cated by the letters marked on the camera lucida drawing
of a sagittal section of rat brain (top panel). In the cortex,
only a subset of cells was stained, comprising principally
horizontal or polymorphic cells in layers V (A) and VI (B).
The deep cerebellar nuclei stained strongly at the level of
neuronal cell somas and processes (C), as did the pontine
gray nuclei (D). Calibration bar = 65 um. wm = white
matter.

lymphocytic infiltration of the perivascular space
and the neuropil by CD4 and CD8 T cells'? in cases
of gluten ataxia suggests cell-mediated responses
may also play a part. Cell-mediated inflammation
may compromise the blood—brain barrier allowing
for the entry of antigliadin antibodies into the CNS.

It remains unclear why some patients with gluten
sensitivity present solely with neurologic dysfunction
whereas others have gastrointestinal symptoms or a
pruritic rash. Genetic susceptibility may have a
small role. Although 70% of patients with gluten
ataxia have the HLA DQ2 (found in 90% of patients
with CD) and 10% have the HLA DQ8 (usually found
in the remaining 10% of patients with CD), 20% have
the HLA DQ1. HLA DQ1 has not yet been reported
in association with celiac disease but may be an im-
portant difference in genetic susceptibility to gluten
ataxia compared with CD.

Figure 4. Immunohistochemical staining of human Pur-
kinje cells using a commercial rabbit anti-gliadin anti-
body at a dilution of 1:1600 (A), serum from a patient
with gluten ataxia at dilution 1:200 (C), and serum from
a patient with celiac disease without neurologic dysfunc-
tion at dilution 1:200 (E), both before (A,C,E) and after
adsorption (B,D,F) of antigliadin antibodies by incubation
with crude gliadin. Calibration bar = 65 um.

The staining of Purkinje cells using sera from pa-
tients with gluten ataxia agrees with the neuro-
pathologic findings from postmortem examination of
patients with gluten ataxia.®*® The most consistent
finding is the loss of Purkinje cells. Although the
cerebellum and in particular the Purkinje cells ap-
pear to be most susceptible to damage in patients
with gluten ataxia, other areas of the brain are not
spared. Our results demonstrate that sera from pa-
tients with gluten ataxia react with both brainstem
and cortical neurones in rat CNS tissue. Such in-
volvement has been reported both clinically and neu-
ropathologically: patients with gluten ataxia may
exhibit myoclonus (possibly cortical in origin'4), de-
mentia,’ and brainstem signs.'¢

The cross-reactivity of anti-gliadin antibodies with
cerebellar Purkinje cells suggests that gliadin pro-
teins and cerebellar Purkinje cells share common
epitopes. Such common epitopes also have been dem-
onstrated to exist between gliadin proteins and en-
terocytes.’” A recent study investigating human
genome search in CD using gliadin ¢cDNA as probe
demonstrated that several genes have partial gliadin
homology.'® The nature of the antigens recognized by
sera from patients with gluten ataxia is still un-
known. A specific large scale screening approach of
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human brain expression libraries is envisaged to
achieve the identification of antigens recognized by
the gluten ataxia antibodies. Characterization of
these antibodies by immunoblotting may provide a
useful marker for the diagnosis of gluten ataxia in a
manner analogous to the use of specific antibodies as
markers of paraneoplastic cerebellar degeneration.

References

1. Marsh MN. The natural history of gluten sensitivity: defining,
refining and re-defining. Q J Med 1995;85:9-13.

2. Marks J, Shuster S, Watson AJ. Small bowel changes in der-
matitis herpetiformis. Lancet 1966;ii:1280—-1282.

3. Cooke WT, Thomas-Smith W. Neurological disorders associ-
ated with adult coeliac disease. Brain 1966;89:683—-722.

4. Hadjivassiliou M, Gibson A, Davies-Jones GAB, et al. Is cryp-
tic gluten sensitivity an important cause of neurological ill-
ness? Lancet 1996;347:369-371.

5. Hadjivassiliou M, Griinewald RA, Chattopadhyay AK, et al.
Clinical, radiological, neurophysiological and neuropathologi-
cal characteristics of gluten ataxia. Lancet 1998;352:1582—
1585.

6. Hadjivassiliou M, Griinewald RA, Davies-Jones GAB. Causes
of cerebellar degeneration: gluten ataxia in perspective.
J Neurol Sci 2001;187(suppl 1):S520.

7. Pellecchia MT, Scala R, Filla A, De Michele G, Ciacci C, Bar-
one P. Idiopathic cerebellar ataxia associated with celiac dis-
ease: lack of distinctive neurological features. J Neurol
Neurosurg Psychiatry 1999;66:32-35.

1226 NEUROLOGY 58 April (2 of 2) 2002

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Biirk K, Bosch S, Miiller CA, et al. Sporadic cerebellar ataxia

associated with gluten sensitivity. Brain 2001;124:1013-1019.

. Bushara KO, Goebel SU, Shill H, Godfarb LG, Hallett M.

Gluten sensitivity in sporadic and hereditary cerebellar
ataxia. Ann Neurol 2001;49:540-543.

Sblattero D, Berti I, Trevisiol C, et al. Human recombinant
tissue transglutaminase ELISA: an innovative diagnostic assay
for coeliac disease. Am J Gastroenterol 2000;95:1253-1257.

KA Jaeckle, Graus F, Houghton A, C Cardon-Cardo, Nielsen
SL, Posner JB. Autoimmune response of patients with para-
neoplastic cerebellar degeneration to a Purkinje cell cytoplas-
mic protein antigen. Ann Neurol 1985;18:592—-600.

Chinnery PF, Reading PJ, Milne D, et al. CSF antibodies and
the Ramsay Hunt syndrome. Neurology 1997;49:1131-1133.
Hadjivassiliou M, Griinewald RA, Davies Jones et al. Gluten
ataxia —insights into the pathophysiology. J Neurol Neurosurg
Psychiatry 1999;67:262.

Bhatia KP, Brown P, Gregory R, et al. Progressive myoclonic
ataxia associated with coeliac disease. The myoclonus is of
cortical origin, but the pathology is in the cerebellum. Brain
1995;118:1087-1093.

Collin P, Pirtila T, Nurmikko T, et al. Celiac disease, brain
atrophy, and dementia. Neurology 1991;41:372-375.

Ghezzi A, Filippi M, Falini. A et al. Cerebral involvement in
celiac disease: a serial MRI study in a patient with brainstem
and cerebellar symptoms. Neurolgy 1997;49:1447-1450.
Krupickova S, Tuckova L, Flegelova Z, et al. Identification of
commonepitopes on gliadin enterocytes and calreticulin recog-
nised by antigliadin antibodies of patients with coeliac dis-
ease. Gut 1999;44:168-173.

Kumar R, Lumsden A, Ciclitira PJ, et al. Human genome
search in celiac disease using gliadin ¢cDNA as probe. J Mol
Biol 2000;300:1155-1167.



