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17 Abstract Celiac disease is an enteropathy occurring in
18 genetically predisposed individuals due to a dietary in-
19 tolerance to gluten. Patients with celiac disease may devel-
20 op a neurological disorder of unknown cause, although
21 autoimmune mechanisms are suspected. We report on a 56-
22 year-old man with celiac disease, who became refractory to
23 a gluten-free diet and died of a rapidly progressive en-
24 cephalopathy. Magnetic resonance imaging indicated focal
25 lesions of the cerebellum and brainstem, and electrodiag-
26 nostic studies suggested an axonal neuropathy. Autopsy
27 revealed a flattened small-bowel mucosa with intraepithe-
28 lial lymphocytosis, a spectrum of degenerative changes of
29 the intra-abdominal and mediastinal lymph nodes, includ-
30 ing cavitary degeneration, and splenomegaly. Histologi-
31 cally, the lymph nodes showed pseudocyst formation and
32 lymphocytic vasculitis with fibrinoid necrosis, and sec-
33 tions of the brain exhibited fibrinoid degeneration of small

34blood vessels, sparse perivascular lymphocytic infiltrates,
35and perivascular ischemic lesions. Identical T-cell clones
36were identified in the duodenum, stomach, lymph nodes,
37and spleen. This patient had an unusual neurological dis-
38order related to a vasculopathy, probably mediated by a
39circulating neoplastic clone of activated T cells.
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42Introduction

43Celiac disease is an immune-mediated, small intestinal
44enteropathy triggered by ingestion of gluten, the storage
45protein of wheat and related grains [30]. The disease is
46occasionally associated with disorders of the nervous sys-
47tem, including cerebellar ataxia, seizures, migraine head-
48aches, and peripheral neuropathy [5, 27]. Little is known
49about the pathogenesis of these neurological disorders as
50autopsies are rarely performed in such individuals [4, 11,
5113, 17, 22, 26, 28]. We describe an unusual case of fatal
52subacute encephalopathy due to a small vessel angiopathy
53in a patient with refractory celiac disease complicated by
54mediastinal and mesenteric lymph node cavitation (MLNC).

55Clinical history

56A 56-year-old man presented with a history of diminished
57appetite, diarrhea, and profound weight loss (70 lbs). He
58had been diagnosed with celiac disease 2.5 years earlier
59based on positive endomysial antibodies, a duodenal biop-
60sy that revealed total villous atrophy with intraepithelial
61lymphocytosis, and response to a gluten-free diet. A strict
62gluten-free diet led to a diminution of symptoms and
63weight gain (58 lbs), and he returned to his usual state of
64health. He did well for more than a year, but became
65symptomatic again despite strict adherence to a gluten-free
66diet. On admission to the hospital, he complained of de-
67creased appetite, nausea, diarrhea, weight loss, and mental
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68 confusion. Examination revealed a cachectic man with bi-
69 temporal wasting, hypotension, tachycardia, and a fever of
70 101.9°F (38.8°C). Routine blood tests, including serum
71 iron, folate, vitamin B12, and vitamin E levels, were nor-
72 mal. He had a low serum sodium level (128 mM/l) and
73 elevations of total bilirubin (3.1 mg/dl), alkaline phos-
74 phatase (550 U/l), and serum ferritin (854 ng/ml). Anti-
75 gliadin, anti-endomysial, and antinuclear antibodies were
76 negative as was a serologic test for HIV. Urine, blood, and
77 stool cultures were negative. An upper gastrointestinal se-
78 ries revealed dilatation of the small intestine, while an
79 abdominal ultrasound and computerized tomography (CT)
80 scan were normal. A repeat duodenal biopsy exhibited total
81 villous atrophy and persistent intraepithelial lymphocyto-
82 sis without morphologic evidence of collagenous sprue,
83 lymphoma, or infection; gastric biopsies demonstrated lym-
84 phocytic gastritis. The patient received total parenteral
85 nutrition, intravenous steroids, and azathioprine. Neurolo-
86 gical examination showed diffuse muscle wasting and
87 weakness (3/5 in the legs and 4/5 in the arms). He had
88 diminished pain sensation in a glove–stocking distribution
89 and areflexia with evidence of an axonal neuropathy on
90 electrodiagnostic studies. Dysmetria and ataxia were de-
91 tected. A CT scan of the brain was normal except for an ill-
92 defined lucency in the left medial occipital lobe, attributed
93 to focal atrophy. Lumbar cerebrospinal fluid (CSF) had a
94 glucose level of 59 mg/dl, protein 244 mg/dl and one white
95 blood cell. A venereal disease research laboratory test was
96 nonreactive, and cultures for viruses, fungi, and bacteria
97 were negative as were the results of polymerase chain
98 reaction (PCR) for mycobacteria and herpes simplex virus.
99 The patient deteriorated neurologically with onset of
100 brainstem dysfunction, progression of the peripheral neu-
101 ropathy, and seizures. He received intravenous immuno-
102 globulin (30 g daily for 3 days) with minimal improvement.
103 On the 14th hospital day, magnetic resonance (MR) im-
104 aging demonstrated an area of T2 hyperintensity involving
105 the right cerebellar hemisphere, pons, midbrain, and thal-
106 amus (Fig. 1a). Contrast enhancement was observed along

107the periphery of the lesions (Fig. 1b). Repeat CSF exam-
108ination showed 15 cells (lymphocytes and monocytes).
109Despite aggressive treatment, including intravenous anti-
110biotics, intravenous steroids, and infusions of gamma glob-
111ulin, the disorder progressed, and the patient died 6 weeks
112after the onset of his neurological disorder.

113Materials and methods

114Morphologic assessment was performed using hematoxy-
115lin and eosin stained, formalin-fixed, paraffin-embedded
116tissue sections (3 μ). Sections of the brain were also stained
117with Bielschowsky, Gomori methenamine silver, periodic
118acid Schiff with and without diastase digestion, Ziehl–
119Neelsen (acid test bacteria), Gram, Giemsa, and Warthin–
120Starry stains. The following primary antibodies were used
121for immunohistochemical staining: CD2 (dilution 1:100;
122Novocastra, Burlingame, CA, USA), CD3 (dilution 1:800;
123Dako, Carpinteria, CA,USA), CD4 (dilution 1:50; Novocastra),
124CD5 (dilution 1:50; Novocastra), CD7 (dilution 1:200;
125Novocastra), CD8 (dilution 1:40; Dako), TIA-1 (dilution
1261:1000; Dako), granzyme B (dilution 1:20; Chemicon,
127Temecula, CA, USA), perforin (dilution 1:50; Novocastra),
128CD30 (dilution 1:50; Dako), and C4d (dilution 1:100;
129ALPCO, Windham, NH, USA). The Envision plus system
130(Dako) was used for detection. Immunofluorescent (IF)
131staining was performed after pronase (Streptomyces griseus,
13250,000 units; Calbiochem, La Jolla, CA, USA) pretreat-
133ment (0.03 g/ml for 10 min in TRIS buffer at 37°C) of
134paraffin-embedded tissue sections using the following
135fluorescein isothiocyanate–labeled antibodies: IgM, IgG,
136IgA, C3, C1q, fibrinogen, and albumin (Dako). PCR for
137T-cell receptor-γ (TCR-γ) gene rearrangement followed
138by polyacrylamide gel electrophoresis and heteroduplex
139analysis was performed according to the method of
140Bottaro et al. [3].

141Results

142A premortem right cerebellar hemisphere biopsy (per-
143formed on hospital day 15) demonstrated small vessel
144angiopathy, rare occlusive fibrin thrombi, and confluent
145areas of perivascular ischemic injury. Fibrinoid material
146was present in the vessel walls and perivascular areas
147accompanied by edema and an infiltrate of macrophages.
148Only sparse perivascular lymphocytes were noted in the
149neural tissue and leptomeninges. Histochemical stains and
150electron microscopy did not reveal any microorganisms.
151Postmortem examination was significant for cachexia,
152hepatomegaly (2,750 g), and mild splenomegaly (210 g);
153no distinct mass lesions were identified in any organ.
154Sections of the duodenum and jejunum showed total vil-
155lous atrophy (Fig. 2a) and a moderate intraepithelial
156lymphocytosis (Fig. 2a, insert). Although the intraepithelial
157lymphocytes lacked morphological atypia, they had an
158abnormal phenotype: CD2+, CD3+, CD5−, CD7+, CD4−,
159CD8−, CD30−, TIA-1+, granzyme B+, and perforin+.

Fig. 1 Axial brain MR images. a T2-weighted image shows in-
creased signal in the right pons, brachium pontis, and cerebellum
(arrows). b Postcontrast T1-weighted image demonstrates enhance-
ment along the lateral aspect of the signal abnormality (arrows)

JrnlID 428_ArtID 60_Proof# 1 - 03/09/2005



UNCORRECTED P
ROOF

160 Mesenteric, para-aortic, and hilar lymph nodes showed a
161 spectrum of histologic alterations from multifocal para-
162 cortical histiocytic aggregates to lymphocyte depletion and
163 chylous pseudocyst formation to fibrosis and atrophy. In
164 addition, numerous lymph nodes showed lymphocytic vas-
165 culitis of small-sized vessels with fibrinoid necrosis
166 (Fig. 3a). The lymphocytes surrounding and infiltrating the
167 vessel walls had the same immunophenotype as the in-
168 traepithelial lymphocytes, and there was no evidence of
169 immune-complex deposition on staining for the different
170 immunoglobulin heavy chains and complement components
171 C1q, C3, and C4d. The amorphous fluid in the cavitary
172 lymph nodes showed scattered clumps of fibrinogen by IF
173 staining (Fig. 3c) that stained bright red with a trichrome
174 stain (Fig. 3b). Apoptotic paracortical lymphocytes were
175 also seen in the areas infiltrated by the atypical lymphocytes.
176 Sections of the spleen showed marked white pulp depletion
177 and a sparse red pulp infiltrate of small lymphocytes. PCR
178 analysis for TCR-γ gene rearrangement demonstrated clonal
179 T-cell products of similar molecular weight with the V10/11
180 family primers in the small intestine, stomach, lymph nodes,
181 and spleen (Fig. 4).
182 Sections of the cerebellum revealed widespread loss of
183 Purkinje cells and neurons of the dentate nucleus and
184 astrocytosis, in addition to the histologic changes observed
185 in the premortem biopsy. Microscopic lesions similar to the
186 premortem cerebellar biopsy were also detected in the right
187 pons (Fig. 2b,c), midbrain, thalamus, and basal ganglia.
188 The spinal cord exhibited mild degeneration of the pyra-
189 midal tracts and the posterior columns with loss of mye-

190linated nerve fibers in the nerve roots. No peripheral nerves
191were examined. Nearly all the perivascular lymphocytes
192were Tcells, but no inflammatory cell infiltrates were noted
193within the blood vessel walls. Due to the paucity of the
194lymphocytic infiltrate, the immunophenotype of these cells

Fig. 2 Duodenum (a) and transverse sections of the pons (b and c).
a Total villous atrophy and crypt hyperplasia. Hematoxylin & eosin,
bar=500 μm. Inset: intraepithelial lymphocytosis. Hematoxylin &
eosin. b The basis pontis exhibits small perivascular areas of is-
chemic injury (arrows) as reflected by loss of myelin. Luxol fast
blue–periodic acid Schiff, bar=500 μm. c Fibrinoid material is
present in the vessel wall (arrow) and the surrounding neural tissue
accompanied by macrophages. Hematoxylin & eosin, bar=50 μm

Fig. 4 Results of PCR heteroduplex analysis for TCR-γ gene
rearrangement from patient’s spleen and para-aortic lymph node
(arrows indicate monoclonal products of similar molecular weight
with the V10/11 primers). The first lane of every primer type was
loaded with half of the PCR product run directly and the second lane
with the remaining PCR product after heat denaturation and
reannealing (heteroduplex analysis). MW Molecular weight, IFNR
interferon receptor (control for DNA quality)

Fig. 3 Lymph node paracortex (a) and lymph node pseudocyst
(a and b). a Small caliber blood vessel with an “onion-skin”
appearance, infiltrating lymphocytes, and fibrin extravasate in the
vessel wall (arrows). Hematoxylin & eosin, bar=100 μm. Inset:
Lendrum stain highlights fibrin deposits. b Lymph node pseudocyst
containing amorphous, granular, and flocculent material (chyle).
Trichrome stain, bar=100 μm. c IF stain for fibrinogen
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195 could not be determined reliably, and PCR for TCR-γ gene
196 rearrangement of the brain tissue yielded unamplifiable
197 DNA, possibly due to prolonged formalin fixation (1 week).

198 Discussion

199 Our patient had refractory celiac disease, based on an initial
200 response to gluten-free diet with subsequent loss of re-
201 sponsiveness to the diet [29]. He subsequently developed a
202 rapidly evolving fatal encephalopathy caused by an acute
203 small-vessel angiopathy, superimposed on a subacute de-
204 generation of the cerebellum and a peripheral neuropathy.
205 The patient was receiving corticosteroids and antimicrobial
206 treatment when he developed neurological symptoms, but
207 cultures, PCR analysis, histologic exam, and electron mi-
208 croscopy ruled out an opportunistic infection. Autopsy
209 revealed mild splenomegaly and a spectrum of destructive
210 changes of the intra-abdominal andmediastinal lymph nodes,
211 including chylous pseudocyst formation in numerous mes-
212 enteric lymph nodes, the latter consistent with MLNC [20,
213 25]. The small-bowel mucosa was flattened, and a clonal
214 expansion of intraepithelial lymphocytes was observed.
215 These lymphocytes lacked morphologic atypia but had an
216 aberrant phenotype (CD4-CD8-). Generalized gastrointes-
217 tinal mucosal and extraintestinal spread of clonal T cells to
218 the blood and other organs, in the absence of a morphol-
219 ogically overt lymphoma, has been described in patients
220 with refractory celiac disease [9, 10, 31], and many of these
221 patients are believed to have a cryptic enteropathy-asso-
222 ciated T-cell lymphoma (EATL) [8, 9].
223 The pathogenesis of MLNC is unclear; the two extant
224 theories have proposed lymph node damage either due to
225 chronic immune stimulation [18] or the consequence of
226 complement-mediated endothelial damage due to vascular
227 immune complex deposition [23]. Moreover, none of the
228 reported cases of MLNC have documented extra-abdom-
229 inal lymph node involvement or the presence of a clonal
230 T-cell population within the lymph nodes. Our findings
231 suggest that vascular damage and lymphocyte depletion of
232 secondary lymphoid organs in our case could have been
233 mediated by circulating activated T cells that originated
234 from the small-bowel epithelial compartment. It remains
235 unclear, however, whether cytokines or a contact-mediated
236 mechanism (or both) were responsible for endothelial dam-
237 age and bystander killing of lymphocytes.
238 Numerous neurological disorders have been associated
239 with celiac disease [6, 11, 16], and patients with refractory
240 sprue are at the greatest risk for developing these com-
241 plications [26]. However, the prevalence of these disorders
242 is not known, and an etiologic link with celiac disease
243 remains controversial. Holmes [19] estimated that 6% of
244 patients with celiac disease have neurological disorders.
245 The most common neurological syndromes include cere-
246 bellar ataxia and peripheral neuropathy [17, 27]. Of all
247 patients with ataxia, 50% or more have a coexisting neu-
248 ropathy, usually caused by axonal degeneration [5, 17].
249 Both disorders often progress slowly [5, 7, 17], although,
250 occasionally, the encephalopathy is rapid and fatal within a

251few weeks of onset as in our patient [24]. The cause of
252neurologic dysfunction remains unknown, but a link with
253HLA-DQ2 in a large percent of patients with gluten sen-
254sitivity and cerebellar ataxia suggests an underlying genetic
255predisposition [5, 7]. The presence of anti-ganglioside
256antibodies in a high proportion of patients who have pe-
257ripheral neuropathies is also supportive of an autoimmune
258etiology [1].
259A wide spectrum of histologic changes of the central
260nervous system (CNS) have been reported in patients with
261celiac-disease-associated neurological disorders [4, 11, 13,
26217, 22, 26], but Purkinje cell loss and astrocytosis with or
263without a coexistent neuropathy are the most common
264finding. Less frequent pathologic features include perivas-
265cular lymphocytic infiltrates and reactive changes in en-
266dothelial cells of small vessels. Isolated CNS vasculitis has
267only been reported in one instance [28]. Our patient showed
268histologic signs of small blood vessel injury of the brain
269with marked perivascular edema, exudation of fibrin, and
270ischemic injury of the neural tissue. These findings are
271similar to those reported in a minority of patients who die
272due to a cerebral disorder associated with systemic lupus
273erythematosus [12, 21]. CNS vasculopathy mediated by a
274clonal circulating T-cell population has not been reported in
275any of the 21 published studies of celiac disease, where
276autopsy data was provided.
277There are no standardized treatment regimens for celiac-
278disease-associated CNS complications or neuropathies, and
279gluten-free diet, the mainstay therapy, often fails to prevent
280or ameliorate neurological complications [26, 27]. A ben-
281eficial response to early dietary intervention, after the onset
282of neurological complications, has been reported in some
283patients with neuropathies [15]. Since the vast majority of
284patients with neurological symptoms do not have a de-
285tectable hypovitaminosis, treatment with vitamins (i.e. vi-
286tamin B12, folic acid, or vitamin D) is deemed to be of little
287value [26, 27]. An improvement in symptoms was reported
288for a patient with cerebral vasculitis, treated with predni-
289sone and cyclophosphamide [28], and for a patient with a
290brainstem–cerebellar syndrome, who was treated with pre-
291dnisone alone [14]. Similar immunosuppressive regimens,
292however, have failed to halt or revert the neurological
293manifestations of other patients [2, 24, 26].
294In summary, we describe a patient with refractory celiac
295disease who had a CNS disorder due to a small vessel
296vasculitis in association with MLNC, both possibly linked
297to the presence of a circulating clone of activated T cells,
298conceivably representing a cryptic EATL.
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