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Abstract
Although the positive clinical benefits of levodopa have fostered the concept of an abnormality in
the dopaminergic system in Restless Legs Syndrome (RLS), research into the nigro–striatal (PET/
SPECT studies) or tubero-infundibular (i.e., prolactin secretion) dopaminergic pathways has shown
limited positive results. Some research groups have focused on the A11 dopaminergic system in the
hypothalamus as this is the primary source of descending dopaminergic input into the spinal cord,
an area of the nervous system believed by some investigators to be involved in RLS symptom
development. Some investigators have now proposed lesioning or toxin-inhibiting the A11 system
as a model of RLS, even though there has been no clear clinical or autopsy data to suggest that RLS
is a neurodegenerative disorder. In this study, the A11 cell bodies were identified in 6 RLS and 6
aged-matched control autopsy cases. Cells were stained for tyrosine hydroxylase (TH), and
stereological measure of the individual TH (+) cell volume was made. Regional assessment of gliosis
as assessed by immunostaining for glial fibrillary acidic protein (GFAP) was made in the surrounding
tissue. General histological staining was also performed on the tissue. This study found no significant
difference between RLS or control cases on any measure used: TH (+) cell volume, fractional GFAP
staining, or general histological examination. Nor was there histological indication of any significant
inflammation or concurrent ongoing pathology in these RLS cases. The findings do not support the
concept of dramatic cell loss or of a neurodegenerative process in the A11 hypothalamic region of
patients with RLS. However, that does not exclude the possibility that the A11 system is involved
in RLS symptoms. Changes at the cellular level in dopaminergic metabolism or at the distal synapse
with changes in receptors or transporters were not evaluated in this study.
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1. Introduction
Several pathologies have been advanced as the most fundamental for the common sensory-
motor disorder, Restless Legs Syndrome (RLS). The effectiveness of dopaminergic agents for
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treating RLS symptoms has been seen as indicating involvement of a primary dopaminergic
pathology [1]. But any such pathology has not been clearly demonstrated. PET/SPECT studies
of striatal dopamine-2 receptor have not shown consistent findings: 3 studies report decrease,
2 studies found no change and 1 study showed an increase [1,3]. There have been two SPECT
studies of striatal DAT which found no change [1]. One hypothesis, which has evolved from
RLS dopamine research, is that a non-nigro–striatal pathway may be involved. Pathology in
the A11 dopaminergic system whose cell bodies are located in the hypothalamus and whose
axons, in part, project to the spinal cord, has been proposed as the basis for RLS symptoms
[11]. It is argued that leg movements seen in sleep in patients with RLS are driven at the level
of the spinal cord [4]. If that is true and if the dopaminergic system is involved, then the A11,
as the only significant spinal dopamine system, is likely to play a critical role. Animal models
involving the A11 dopaminergic system involved mostly lesions of the A11 system in rodents
[9,10]. But careful evaluation of RLS autopsy brains has failed to find any indication of either
neurodegeneration or gliosis on general neuropathic assessments of the nigro–striatal
dopamine system or of any loss of TH-staining neurons [5,6]. This does not, however, exclude
the possibility of a neurodegenerative process or decrease in dopaminergic neurons selectively
involving the A11 system.

The current study was undertaken to ask two basic questions: (1) Is the volume of tyrosine
hydroxylase (TH) immunoreactive neurons in the A11 region altered in RLS compared to aged-
matched controls? (2) Is there a reactive astrogliosis of the A11 in RLS?

2. Methods
Tissues from patients with primary RLS were obtained from the McLean/Harvard Brain Bank
as described previously [5]. The cases of RLS had been screened prior to their death as part of
the brain donation project supported by the RLS Foundation in concert with the Harvard Brain
Bank. All RLS cases met the 4 basic criteria for RLS [2] and all had symptom onset before 45
years of age. Six cases with no known neurological condition nor any significant pathological
findings were used as control cases [5]. Two of the 6 control cases had prior screening for RLS
that indicated they did not have RLS (currently or in the past); the other 4 controls had no
information about RLS. We received formalin-fixed tissue samples and paraffin-embedded
tissue blocks of the posterior hypothalamus. Fixed tissues were processed and embedded in
paraffin. The A11 cells make up a well-defined nuclear group in rodents, but in humans, the
TH (+) neurons of the A11 system do not form well demarcated nuclei. Therefore, specific
anatomical markings had to be standardized to locate these cells. The A11 region (see Fig. 1)
was identified in the posterior hypothalamus dorsal to the mammillary bodies, immediately
lateral to the third ventricle, and medial to the mammillotegmental tract [7,8]. Also the
inhomogeneity in the rostal-caudal distribution of TH (+) cells in the tissue meant millimeter
differences in a tissue slice could dramatically change the number of TH (+) cell present in
that slice. Therefore, actual counting of total number of TH (+) cells present in the A11 area
would not be possible. However, the region of interest (i.e., A11) could be identified and all
of the TH (+) cells in the region evaluated for volume, and markers of gliosis measured within
that area. Following sectioning and examination of scout tissue sections, we determined that
the A11 region was present and could be examined in the tissue samples from 6 RLS and 6
control cases.

2.1. Immunostaining
TH immunoreactivity was assessed using a polyclonal antibody (1:250; Pel-Freez). Astrocytes
were evaluated using a polyclonal antibody against glial fibrillary acidic protein (GFAP)
(1:400; DAKO). Immunoreactivity was detected with the ABC kit (Vector Laboratories).
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2.2. Volume of TH (+) neurons
Stereological measurements were made with a Zeiss light microscope equipped and interfaced
with a StereoInvestigator system (MBF Bioscience, Williston, Vermont). The images were
captured with a microFire video camera (Optronics, Goleta, California). We used an isotropic
nucleator, an unbiased stereological probe, to measure the volume of all TH (+) in a 10-μm
section (Fig. 1) with a 40× objective.

2.3. Measurement of the fractional area of glial fibrillary acidic protein (GFAP)
immunostaining

We examined the exact same region in which we measured the volumes of TH (+) neurons.
This was achieved by copying the contour of the TH-stained slide onto the GFAP-stained
section. Fractional areas were measured with the “area fraction fractionator” software using a
100× oil objective.

2.4. General microscopic examination
In addition to the stereological studies, all sections were screened for microscopic changes on
H&E and TH, GFAP, and α-synuclein immunostains.

3. Results
The RLS and control cases were well matched for age but the control cases were a majority of
male (4/2) cases, while the RLS cases were all female (see Table 1). There is a suggestion of
a possible gender effect only for the number of cells counted, with the females showing greater
variance on this issue, but completely overlapping male cases. More importantly, the number
of cells counted per case in the RLS and control groups are nearly identical. The gender
differences between the samples would, therefore, be unlikely to obscure differences based on
diagnosis.

The TH antibody yielded good staining of neuronal cell bodies and axons (Fig. 2). For each
RLS case, we measured from 8 to 58 neurons; for controls between 16 and 53 neurons. The
mean volume in cases of RLS was 2841 μm3 (SEM = 420.7), and in controls it was 3014
μm3 (490.7), a non-significant difference (p = 0.79) (see Table 1).

The mean fractional area of GFAP–immunoreactivity was 6.1% in RLS and 7.5% in controls.
These differences were not significant (p = 0.132, Mann–Whitney).

On general microscopic examination, the RLS tissues did not reveal obvious loss of neurons
or neurites, axonal swellings, spongiform changes or rarefaction of the neuropil, neuronal
inclusions, vascular abnormalities, or inflammation.

4. Conclusion
The A11 region in the posterior hypothalamus shows no evidence of changes in the volume of
TH (+) neurons, neither atrophy nor hypertrophy, for RLS compared with age-matched control
cases. Moreover, there was no gliosis, a nonspecific marker of pathologic change. Thus, the
region examined does not reveal the type of changes that characterize neurodegenerative,
metabolic, vascular or infectious disorders. It could be argued that the number of cases used
in this study were too small to appreciate real changes in the neurons. However, one of the
purposes of this study was to ascertain whether the dopaminergic cells in the A11 region
showed the same degree of cell loss typically seen in Parkinson’s disease and thus justify the
lesioning of the A11 as a model for RLS as proposed by some investigators [9,10]. If taken in
the context of other known neurodegenerative conditions like Parkinson’s or Alzheimer’s
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Diseases, half the number of cases would have been adequate to appreciate the severe pathology
underlying those conditions. Therefore, these findings do not support the concept of cell loss
or neurodegeneration in the A11 region of patients with RLS, at least not to the degree seen in
other neurodegenerative diseases. Animal models of RLS, which utilize lesioning of the A11
cell bodies, may not be representative of the neurological status of the RLS patient.

Although our observations do not support an overt pathological change in the A11 region, the
possibility that the A11 system plays a role in RLS should not be excluded. The clinical
manifestations of RLS may be attributed to a small subset of TH neurons or neurons not
expressing TH. Our measurements could miss changes in these hypothetical neuronal
populations. Also the manifestations of RLS may be secondary to cellular changes in dopamine
metabolism or changes in the distal A11 synapses, i.e., up- or down-regulation of receptors or
transporters, which would not be as detectable as structural changes in the cell body.
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Fig. 1.
Representative coronal section of the brain at the level of the posterior hypothalamus. The
anatomical landmarks for defining the A11 region are indicated along with the area which was
subsequently evaluated as A11 in this study.
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Fig. 2.
Neurons, dendrites, and axons immunopositive (dark maroon-colored) for TH in the A11
region. Note also the presence of unstained neurons. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this paper.)
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