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Summary. There is evidence that the immune system may 
play a role in the pathogenesis of autonomic neuropathy in 
Type I (insulin-dependent) diabetes mellitus. In the present 
study, we investigated the presence of autoantibodies to sym- 
pathetic and parasympathetic nervous structures and their 
correlation with other conventional autoantibodies in well- 
characterised diabetic populations, with or without diabetic 
neuropathy, and normal subjects. An indirect immunofluo- 
rescem complement-fixation technique was used, with mon- 
key adrenal gland, rabbit cervical ganglia and vagus nerve as 
substrates. Of the patients with symptomatic autonomic 
neuropathy 33 % were positive for at least one autoantibody 
(20% anti-sympathetic ganglia, 10% anti-vagus nerve and 
13 % anti-adrenal medulla). The frequency of having one or 
more antibodies to nervous tissues and the prevalence of 
anti-cervical ganglia antibodies were significantly higher in 
the neuropathic patients than in the diabetic control subjects 

with disease of similar duration and in the normal subjects 
(p<0.05). Of the patients without complications with 
diabetes of shorter duration 33 % were also positive for at 
least one autoantibody (13 % anti-ganglia, 13 % anti-vagus 
nerve and 13 % anti-adrenal medulla). No correlation was 
found with other tissue autoantibodies, including islet cell 
antibodies. Our data indicate that nervous tissue autoanti- 
bodies are associated with symptomatic autonomic neuro- 
pathy. Anti-sympathetic ganglia and anti-vagus nerve anti- 
bodies seem to be more disease-specific. Patients with 
diabetes of shorter duration who were positive for these 
autoantibodies may represent pre-neuropathic patients. 
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The pathogenesis of diabetic autonomic neuropathy is not 
known but there is evidence to suggest that immunologi- 
cal factors play a role in its development. Inflammatory in- 
filtrates composed of lymphocytes, macrophages and oc- 
casional plasma cells are seen in autonomic ganglia and in 
autonomic nerve bundles in post-mortem specimens from 
diabetic patients with severe autonomic neuropathy [1]. 
In a group of similar patients, we documented an in- 
creased level of circulating activated T lymphocytes [2], 
suggesting a role for the cellular immune system ha the pa- 
thogenesis of this complication. Levels of activated T lym- 
phocytes are raised in newly-diagnosed Type 1 (insulin- 
dependent) diabetic patients, but tend to return to normal 
within 2--3 years. Their persistence or, possibly, reappear- 
ance in diabetic neuropathy may represent continuing im- 
mune activation against targets other than the pancreatic 
islet beta cells. We also described the association of severe 
autonomic neuropathy with iritis [3], which is thought to 
be an immune-complex-mediated disorder [4], and with 
elevated levels of circulating immune complexes and corn- 

plement activation products, showing that complement- 
fixing antigen-antibody complexes characterise this 
diabetic complication [5]. Whilst complement activation 
indicates ongoing inflammation tissue damage, the nature 
of the antigen within the complexes is not known. 

In recent studies, autoantibodies to autonomic nervous 
tissue components in sympathetic ganglia, adrenal medul- 
la and vagus nerve were detected in the blood of diabetic 
patients [6], raising the possibility that they have a role in 
the development of neuropathy. In these studies, auto- 
antibodies to autonomic nervous tissues tended to have a 
higher prevalence near to diagnosis of Type 1 diabetes but 
were not clearly related to the presence of neuropathy. In 
one report, a history of neuropathic symptoms was not 
available and, on formal examination, only one abnormal 
cardiovascular test was considered diagnostic of neuro- 
pathy [7], whilst in another study the presence of abnor- 
mal autonomic function was examined retrospectively [8]. 

We have previously studied, and therefore could re- 
cruit, patients with well-documented asymptomatic or 
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Table 1. Clinical details of subjects 

565 

Type I diabetic patients Long-duration Type 1 Short-duration Type 1 Normal control subjects 
with neuropathy diabetic control subjects diabetic control subjects (n = 27) 
(n = 37) (n = 25) (n = 15) 

Age (years) ~ 43.2 i 11.1 41.8 +_ 12.4 28.1 ± 9 

Sex (M:F) 14:23 13:12 10:5 

Duration of diabetes (years)" 29.8 + 10.4 25.6 + 9.1 6.9 ± 3.9 

Subjects with: 

Iritis 8 0 0 
Charcot joints 10 0 0 
History of foot ulcer 24 0 0 
Absent ankle jerks 34 0 0 

Proteinuria: intermittent 11 0 0 
persistent 15 0 0 

Retinopathy: background 5 2 0 
proliferative 28 0 0 

HbA1 a t2.3 ± 2.4 9.8 + 1.8 10 ± 1.8 

44.5 + 11 

14:13 

Data are shown as mean +_ SD 

Table 2. Autonomic symptoms of Type i diabetic patients with 
symptomatic autonomic neuropathy (n = 30) 

Total % 

Gustatory sweating 22 73 
Diarrhoea 16 53 
Gastroparesis 3 10 
Bladder paresis 2 7 
Postural hypotension 9 30 
Respiratory/cardiac arrest 3 10 

s y m p t o m a t i c  a u t o n o m i c  n e u r o p a t h y  [1-3, 5]. T h e  a im  of  
the  p r e s e n t  s tudy  was to exp lo re  the  re la t ionsh ip  b e t w e e n  
a u t o a n t i b o d i e s  to  sympa the t i c  ( a d r e n a l  m e d u l l a  and  cer-  
vical  gangl ia )  and  p a r a s y m p a t h e t i c  (vagus ne rve)  ne rvous  
s t ruc tures  and d i abe t i c  a u t o n o m i c  neuropa thy .  

Subjects, materials and methods 

Subjects 

Sera for the study were drawn from patients with Type i diabetes at- 
tending the Diabetic Clinic at King's College Hospital, after having 
obtained informed consent. Ethical permission for this study was 
obtained from the Ethical Committee of Camberwell Health 
Authority. 

These patients were well characterized clinically and have been 
classified into three groups. Group I comprised 37 Type 1 diabetic 
patients with a long duration of diabetes (mean age 43.1 _+ 11.1 years, 
mean duration of disease 29.8 _+ 10.4 years, range 10-52 years), of 
whom 30 had symptomatic autonomic and somatic neuropathy (sub- 
group A) and 7 were without autonomic symptoms (subgroup B). 
All had abnormal autonomic function tests and other diabetic com- 
plications were similar in subgroup A and B (Table 1). 

The following symptoms of autonomic neuropathy were record- 
ed (Table 2): diabetic diarrhoea, vomiting due to gastroparesis, gus- 
tatory sweating, bladder paresis and postural hypotension, as defi- 
ned previously [3]. Eight of these patients had also had one or more 
episodes of iritis, diagnosed by an ophthalmologist and treated with 
topical steroids; ten had Charcot joints, recorded radiologically; 
three patients with gastroparesis were shown to have grossly delayed 
gastric emptying by radioisotopic studies. 

Group 2 comprised 25 Type i diabetic patients, matched for age 
(41.8 ± 12.4 years) and duration of diabetes (25.6 _+ 9.1 years, range 
1646 years), without evidence of either autonomic or somatic neu- 
ropathy. They had normal cardiovascular tests and normal sensory 
thresholds; only two had very mild background retinopathy but no 
other diabetic complications. 

Group 3 comprised 15 Type 1 diabetic control subjects with a 
shorter duration of disease (6.9 _+ 3.9 years, range 1-12 years) with 
no complications and with normal autonomic function tests. 

A group of 27 healthy, age (445 + 11 years) and sex-matched 
control subjects, were also studied. 

In all groups, the presence of thyroid dysfunction was also evalu- 
ated clinically and, when indicated, with the measurement of thyroid 
stimulating hormone. Metabolic control was assessed by measure- 
ment of HbA~ (REP system; Helena Instruments, Beaumont, Tx,  
USA). HbAz levels were higher in the autonomic neuropathy group 
than those in the uncomplicated Type 1 diabetic patients (Table 1). 

Assessment of neuropathy 

Autonomic neuropathy (small-fibre neuropathy) was assessed by 
performing standard cardiovascular tests on an automated system 
integrated with a personal computer. The tests consist of: heart rate 
variability on six maximal breaths per min (abnormal < 10); heart 
rate increase on standing at 15 s (abnormal < 12); Valsalva ratio, 
(abnormal < 1.2); postural systolic blood pressure decrease on 
standing (abnormal > 30 mm Hg), as defined previously [9]. 

Peripheral somatic neuropathy (large-fibre neuropathy) was as- 
sessed by clinical and neurological examination, including ankle re- 
flexes, presence of neuropathic foot ulcers past or present, together 
with recording the vibration sensory threshold at the tip of the great 
toe, using a biothesiometer (abnormal > 10 V). Thermal sensory 
thresholds (small-fibre neuropathy) were recorded on the dorsum of 
the feet, with a Medelec stimulator (abnormal > 2 °C). 

The presence of other diabetic complications was evaluated with 
the detection of proteinuria on albustix testing, measurement of 
serum creatinine and by ophthalmoscopy. 

Details of tests of autonomic function and peripheral sensory 
thresholds are shown in Table 3. 

Assay for complement-fixing nervous tissue antibodies 

An indirect immun ofluorescent complement-fixation technique was 
used in all three assays, with monkey adrenal gland (INOVA, Bir- 
mingham, UK), rabbit vagus nerve and cervical ganglia as sub- 
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Table 3. Autonomic function and peripheral sensory nerve thresholds 

Type i diabetic patients Long-duration Type t Short-duration Type 1 
with neuropathy diabetic control subjects diabetic control subjects 
(n = 37) (n : 25) (n = 15) 

HRV (abnormal < 10) a 

Valsaiva (abnormal < 1 .2)  a 

Heart rate on standing (abnormal < 12) a 

Vibration threshold (abnormal > 10 V) a 

Subjects with: 
Abnormal thermal thresholds ( > 2°C) 
Systolic blood pressure drop > 30 mm Hg 

3.9±1.7 19.4±5.5 ~.4±5.7 

1.2±0.23 1.7±0.3 2.1±0.3 

7.1±5.2 21.2±6.9 28.4±6.7 

25.5±12.8 7.8±4.5 5.8±2.5 

36/37 0 0 
9/37 0 0 

Data are shown as mean + SD. HRV, Heart rate variability- 

strates. Vagus nerve and sympathetic chain cervical ganglia were iso- 
lated from an adult New Zealand white rabbit, snap frozen and 
stored in liquid nitrogen until use. 

Cryostat sections (5 gm thick) of vagus nerve and ganglia were 
allowed to air dry and then fixed in acetone for 5 min. Sections were 
incubated with 50 gl of undiluted test serum for 30 rain at room tem- 
perature. Slides were then washed in phosphate-buffered saline 
(PBS; 140 mmolfl NaC1, 3 mmol/l KC1, 8 mmolfl Na2HPO4,1 retool/1 
KI-I2PO4 , pH 7.2) for 15 rain and 50 gl of fresh normal human serum 
as a source of complement added at a 1:5 dilution in PBS. Following 
incubation for 30 min at 37 °C, slides were washed again as above and 
50 gl of fluorescein isothiocyanate conjugated (FITC) sheep anti- 
human C3c (Binding Site, Birmingham, UK) diluted 1:20 in PBS, 
was added and incubated for 30 min at room temperature. Slides 
were washed again, mounted in PBS-glycerol and examined under 
an ultraviolet microscope (Polyvar, Vienna, Austria). Slides were 
read independently by two observers (MZ and MP) tmaware of clini- 
cal details. Positivity for all anti-autonomic tissue autoantibodies 
were confirmed by repeated measurement using substrate from a 
different animal and serum drawn on a different occasion. 

Assays for other organ-specific antibodies 

Islet cell antibodies (ICA) were detected by indirect immunofluo- 
rescence on cryostat sections of group 0 human pancreas as pre- 
viously described [10]. 

Anti-thyroglobulin (anti-TG) and anti-thyroid microsomal 
(anti-TM) autoantibodies were detected by gelatin particle aggluti- 
nation, using commercially available kits (Fujirebio, Tokyo, Japan). 
A titre of t/400 or more was considered a positive result. 

Statistical analysis 

The distribution of autoantibodies among the different clinical 
groups was compared using Fisher's exact test, with p value less than 
0.05 considered significant. 

Resul ts  

Vagus nerve immunofluorescence 

A positive pat tern  was defined by staining along nerve 
fibres in both longitudinal and transverse nerve sections 
for complement-f ixing vagus nerve antibodies, as shown 
in Figure 1 A  and B. These antibodies were detected in 
three (10 %)  of the 30 patients with symptomat ic  auto- 
nomic neuropathy, of whom one (also I C A  positive) had a 
higher fluorescence intensity (Table 4). One  of these pa- 

tients has a history of iritis. Vagus nerve autoantibodies 
were also present  in two (13 %)  diabetic control subjects 
with short duration of disease (one I C A  negative, who 
also had antibodies to sympathetic ganglia). The fre- 
quency of vagus nerve antibodies was not statistically dif- 
ferent be tween any of the clinical groups. 

Sympathetic ganglia immunofluorescence 

A positive immunofluorescent  pat tern  was defined by the 
detection of cytoplasmic staining of cell bodies of ganglion 
cells, as shown in Figure 1 C. Six of 30 (20 %) diabetic sub- 
jects with symptomatic  autonomic neuropathy (all but 
one I C A  negative) were positive for complement-fixing 
sympathetic ganglia antibodies, of whom two were also 
positive for anti-vagus nerve antibodies (Table 4). This 
prevalence was significantly higher than in the diabetic 
control subjects with long disease duration (0 of 25) 
(p < 0.05) and normal  control subjects (0 of 27) (p < 0.05) 
and higher, but  not significantly so, than in the diabetic 
control subjects with shorter duration of disease (13 %, 
2 of 15) (one I C A  positive and one I C A  negative). 

Adrenal medulla immunofluorescence 

A positive pat tern  was defined by fluorescence of the 
cytoplasm of adrenal  medullary cells, as shown in Fig- 
ure 1 D. These antibodies were detected in four (13 %)  
patients with symptomatic  autonomic neuropathy (all 
I C A  negative), one of whom also had antibodies to sym- 
pathetic ganglia, in two (8 %)  long-duration diabetic con- 
trol subjects (both I C A  negative), in two (13 % )  short- 
duration control subjects (both I C A  negative) and in one 
normal  control subject (3 %)  (Table 4). The frequency of 
adrenal medulla  antibodies was not statistically different 
be tween any of the clinical groups. 

Of  the patients with symptomat ic  autonomic neuro- 
pathy 33 % were positive for at least one autoantibody. 
This prevalence was significantly higher than in the long- 
duration diabetic patients without complications (8 %)  
(p < 0.05) and normal  control subjects (3 %)  (p < 0.005), 
who were positive for  anti-adrenal medulla  antibodies 
only. Of  the patients without complications with a disease 
of shorter  duration, 33 % were found positive for at least 
one autoantibody. 
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Fig. L A (Original magnifica- 
tion x 10) and B (original magnifi- 
cation x 25) show positive staining 
along longitudinal and transverse 
vagus nerve fibres 
C (original magnification x 40) 
shows c~¢oplasmic staining of cell 
bodies of sympathetic cervical gan- 
glion cells 
D (original magnification x 100) 
shows cytoplasmic staining of adre- 
nal medullary cells, contrasting 
with the unstained adrenal cortex 

Anti-thyroid antibodies 

Eleven (37%) patients with symptomatic autonomic 
neuropathy, of whom six had hypothyroidism and three 
were anti-nervous tissue antibody positive (two with 
hypothyroidism), were positive for anti-TG or anti-TM 
antibodies or both (Table 4). Eight (32 %) long-duration 
diabetic patients without complications (two with hypo- 
thyroidism and one with anti-adrenal medulla anti- 
bodies), six (40 %) diabetic control subjects with shorter 
duration of disease (four with anti-nervous tissue anti- 
bodies) and six (four female and two male) (22 % ) healthy 

control subjects were anti-TG or anti-TM (or both) anti- 
body positive. None of the control subjects from group 3 
or the normal control subjects had thyroid dysfunction. 

Discussion 

We have identified an association between the presence of 
autoantibodies to autonomic nervous tissue and Type 1 
diabetic patients with symptomatic autonomic neuro- 
pathy. Of the autoantibodies studied, anti-sympathetic 
ganglia antibodies were significantly associated with 
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Table 4. Autoantibody screening results 
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Type i diabetic subjects Long-duration Type i Short-duration Type 1 Normal control 
with neuropathy diabetic control diabetic control subjects (n = 27) 
A B subjects subjects 
(n = 30) (n = 7) (n = 25) (n = 15) 

Islet cell antibodies 6 3 4 8 0 
CF-Vagus nerve Ab 3 (10%) 0 0 2 (13%) 0 
CF-Cervical ganglia Ab 6 (20%)" 0 0 2 (13%) 0 
CF-Adrenal medulla Ab 4 (13%) 0 2 (8%) 2 (13%) 1 (3%) 
Anti-TG Ab 2 0 3 2 1 
Anti-TM Ab 11 0 9 5 6 

"p < 0.05 vs long-duration diabetic control subjects and vs normal control subjects. CF, complement fixing; Ab, antibodies; anti-TG, anti- 
thyroglobulin; anti-TM, anti-thyroid microsomal 

symptomatic neuropathy. Both anti-sympathetic ganglia 
and anti-vagus nerve antibodies were absent in diabetic 
control subjects with disease of similar duration and nor- 
mal control subjects. Anti-adrenal medt~a antibodies 
tended to be found in all diabetic groups and in some 
healthy subjects. These autoantibodies are complement- 
fixing and this characteristic, associated with our previous 
report [5] of complement breakdown products in patients 
with neuropathy, implicates complement activation as a 
possible mediator of nervous tissue damage. Whether 
these autoantibodies have a causative role or develop sec- 
ondarily as a consequence of nerve damage due to other 
mechanisms is not known. If their production is induced 
by release of damaged nervous tissue, it remains a possi- 
bility that they may contribute to the progression and per- 
petuation of diabetic neuropathy. 

Until the present study, there was no evidence linking 
autoantibodies to nervous structures and autonomic dys- 
function in patients with Type 1 diabetes. This is the first 
study to analyse the prevalence of these antibodies in well- 
defined populations of patients with symptomatic and 
asymptomatic autonomic neuropathy assessed on formal 
testing. Our findings show that antibodies to sympathetic 
ganglia are present in a subgroup of patients with diabetes 
and symptomatic autonomic dysfunction and absent in 
patients without complications with disease of similar du- 
ration. In agreement with previous reports [11, 12], they 
are also present in some short-term patients without com- 
plications and perhaps - as Rabinowe et al. [12] have sug- 
gested - identify those patients destined to develop neu- 
ropathic symptoms. Whilst the cross-sectional nature of 
our study allows us to speculate about the possibility of 
predicting neuropathy and of a cause-effect relationship 
between these autoantibodies and diabetic neuropathy, 
we cannot exclude the possibility that the detection of 
antibodies to nervous tissue structures in patients with 
short duration of diabetes is due to their general tendency 
to develop immune abnormalities [13]. These questions 
are currently being addressed in a prospective study. 

If indeed these autoantibodies are related to the devel- 
opment of neuropathy, their relatively low prevalence 
may have several explanations. Firstly, it is possible that 
these autoantibodies are bound to their target antigen in 
the nervous tissue, resulting in low or undetectable con- 
centrations in the circulation. Secondly, these autoanti- 
bodies, when present, are found at low titre and the rela- 

tively insensitive technique of immunofluorescence that 
we have used may fail to detect them. Thirdly, these anti- 
bodies might behave like other organ-specific autoanti- 
bodies such as ICA [14] and anti-thyrotropin receptor 
antibody [15], which tend to decline after the target 
antigen has been irrevocably damaged. The notion that 
antibodies might appear early, to disappear when neuro- 
pathy is advanced, is indirectly supported by their being 
found in some patients without complications with short 
disease duration but in none of the diabetic control sub- 
jects with long disease duration. 

Previous cross-sectional studies on antibodies to au- 
tonomic nervous structures indicated a higher prevalence 
of these antibodies in recent-onset Type 1 diabetic pa- 
tients, who were ICA-positive, than in those with long- 
term diabetes. This can be interpreted as suggesting that 
antibodies to nervous tissue and ICA may have target 
antigens in common [16]. A candidate antigen might be 
glutamic acid decarboxylase (GAD) [17], an enzyme ex- 
pressed in pancreatic islets as well as in peripheral nervous 
tissue and brain and target of autoantibodies in up to 75 % 
of patients with recent-onset Type i diabetes [18]. GAD 
autoantibodies have also recently been described in asso- 
ciation with diabetic neuropathy [18]. Thus, while GAD 
autoantibodies precede the development of diabetes and 
typically disappear during the following years, patients in 
whom these antibodies persist or reappear over many 
years (10-48 years after diagnosis) have been found by 
Kaufman et al. [18] to have peripheral and autonomic 
neuropathy. In that study, however, only a small number of 
patients was studied and non-human GAD was used as 
the antigenic target. This preliminary report of an associ- 
ation between GAD autoantibodies and neuropathy sug- 
gests continuing stimulation of the immune system by 
GAD in peripheral neurons and such observations need 
further investigation and confirmation. In our study we 
did not find any significant correlation between anti-ner- 
vous tissue autoantibodies and ICA or other conventional 
tissue autoantibodies, even in patients with short duration 
of diabetes. Our results indicate, therefore, that autoanti- 
bodies to nervous tissue may occur independently of the 
presence of other autoantibodies, notably ICA. This sug- 
gests that the target antigens are tissue-specific and that 
the presence of these autoantibodies does not simply re- 
flect a tendency, seen in patients with Type i diabetes, to 
produce poly-specific autoantibodies [13]. 



M. M. Zanone et al.: Nervous tissue autoantibodies in autonomic neuropathy 

Ev idence  for  a role for  the immune  system in the devel- 
opmen t  of  diabetic neuropathies ,  especially au tonomic  
neuropathy,  is increasing and has come f rom several in- 
dependen t  sources. Larger  cross-sectional studies and, 
above  all, longitudinal  studies need  to be conduc ted  to 
clarif 3, the role o f  these autoant ibodies  as markers  of  
diabetic au tonomic  neuropathy,  and  in t ime the potent ia l  
for immunosuppress ion,  which has already been  at- 
t empted  [19], may  need  to be fur ther  examined.  
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