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Abstract
Neuroendocrine, metabolic and autonomic nervous system dysfunctions are prevalent
among patients with Huntington’s disease (HD) and may underlie symptoms such as
depression, weight loss and autonomic failure. Using post-mortem paraffin-embedded
tissue, we assessed the integrity of the major neuropeptide populations in the paraventricular
nucleus (PVN)—the hypothalamic neuroendocrine and autonomic integration center—in
HD patients. The number corticotropin-releasing hormone, cocaine- and amphetamine-
regulated transcript, arginine vasopressin and oxytocin immunoreactive (ir) neurons did not
differ between HD patients and control subjects. However, the significant positive correla-
tion between arginine vasopressin and oxytocin ir neurons in control subjects (P = 0.036)
was absent in patients. Corticotropin-releasing hormone mRNA levels were 68% higher in
HD patients (P = 0.046). Thyrotropin-releasing hormone mRNA levels did not differ
between HD patients and control subjects, although a negative correlation with disease
duration was present in the former (P = 0.036). These findings indicate that the PVN is
largely unaffected in HD patients. However, our findings suggest that hypothalamic-
pituitary-thyroid axis activity may alter during the course of the disease and that autonomic
nervous system dysfunction might partly arise from an imbalance between arginine vaso-
pressin and oxytocin neurons in the PVN.
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INTRODUCTION
In Huntington’s disease (HD), an autosomal dominant neurode-
generative disorder caused by an expanded CAG repeat sequence
in the HTT gene, neuroendocrine and autonomic disturbances are
prevalent (8, 20, 23, 24). In both HD patients and transgenic mouse
models of this disease disturbances of the hypothalamic-pituitary-
adrenal (HPA) and hypothalamic-pituitary-thyroid (HPT) axes
have been reported (6, 8, 22, 29). Autonomic nervous system
(ANS) disturbances, such as gastrointestinal complaints, urinary
incontinence and cardiovascular disturbances, have also repeatedly
been reported in HD patients (5, 11, 21, 30). With its extensive
projections throughout the central nervous system and to the pitu-
itary, the hypothalamic paraventricular nucleus (PVN) is one of
the major structures involved in central ANS and neuroendocrine
functioning (31).

Elucidation of the mechanisms underlying neuroendocrine and
autonomic alterations in HD patients is of great importance as
these alterations might underlie potentially treatable and prevalent
symptoms such as depression, weight loss and ANS dysfunction (3,
33). As the PVN serves as a major hypothalamic neuroendocrine
and autonomic integration center (31) and has so far only been
studied once at neuropeptide level in HD patients (15), we aimed to
assess its functional integrity. Therefore, we determined the expres-

sion of its major regulatory neuropeptides, that is, corticotropin-
releasing hormone and thyrotropin-releasing hormone (CRH and
TRH, respectively), arginine vasopressin (AVP), oxytocin (OXT)
and cocaine- and amphetamine-regulated transcript (CART).

METHODS

Post-mortem material

Paraffin-embedded hypothalamic tissue of nine HD patients and
nine control subjects matched for sex, age, clock time and month of
death; post-mortem delay and fixation time (Table 1) were obtained
through the Netherlands Brain Bank (NBB). Written informed
consent for brain autopsy, use of brain material and use of medical
records for research purposes was acquired by the NBB from
patients or their next of kin.

The diagnosis of HD was clinically and neuropathologically
confirmed in all patients. Additionally, the diagnosis was geneti-
cally confirmed (CAG repeat � 39) in all but one patient (NBB
92-105). The latter patient, however, had a positive family history
and the clinical features of HD, and a confirmed Vonsattel grade II
HD neuropathology with neuronal intranuclear and cytoplasmic
inclusions (36). Vonsattel grading (Table 1) was conducted by neu-
ropathologists at the Leiden University Medical Center, which has
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extensive experience on HD, as it serves as the Dutch center of
reference for this disease. Exclusion criteria for control subjects
were primary neurological and/or psychiatric disorders; and for
both HD patients and control subjects, glucocorticoid therapy
during the last 2 months prior to death.

Immunocytochemistry

Every 100th, 6 mm thick, section of the PVN was mounted in four
series, one each for CRH, AVP, OXT and CART, on Superfrost Plus
slides (Menzel, Germany) and dried for 2 days at 37°C. Sections
were deparaffinized in xylene, rehydrated in graded ethanol
and incubated in a rat-anti-human-CRH antibody (PFU 83,
Netherlands Institute for Neuroscience) 1:100 000, or a rabbit-
anti-human-AVP antibody (Truus, Netherlands Institute for
Neuroscience) 1:800 or a rabbit-anti-human-OXT antibody (O2T,
Netherlands Institute for Neuroscience) 1:1000 or a mouse-anti-
human-CART antibody (Santa Cruz, sc-73764, Santa Cruz, CA,
USA) 1:5000 in SUMI (0.25% gelatin, 0.5% TritonX-100, 0.05 M
Tris and 0.15 M NaCl; pH 7.6). After overnight incubation, sec-
tions were further incubated in biotinylated goat-anti-rat IgG, goat-
anti-rabbit IgG or goat-anti-mouse IgG (Vector Laboratories Inc.,
Burlingame, CA, USA) 1:400 in SUMI, respectively, and after-
wards in ABC-complex (Vector Laboratories Inc.) 1:800 in TBS
(0.05 M Tris and 0.15 M NaCl; pH 7.6). Visualization of the

immunoreaction product (ir) was achieved by incubation in 3,3′-
diaminobenzidine (Sigma, St. Louis, MO, USA) 0.5 mg/mL TBS,
containing 0.23% (w/v) nickel ammonium sulfate (Merck,
Rahway, NJ, USA) and 0.01% (v/v) H2O2 (Merck).

Antibody specificity

Specificity of the CRH, AVP and OXT antibodies has been
described before (7, 28, 34, 38). In addition, none of the latter
antibodies nor the CART antibody showed reactivity with
spot-blots of the following peptides (20 pmol), formalin-fixed
onto 0.2% gelatin-coated nitrocellulose paper (32), using
an identical staining procedure as used for the hypothalamic
sections as described in the immunocytochemistry section:
porcine neuropeptide Y [1–36], agouti-related peptide [83–132],
a-melanocyte stimulating hormone (MSH), b-MSH, g-MSH,
galanin, adrenocorticotropic hormone (ACTH) [1–39], luteiniz-
ing hormone releasing hormone, somatostatin-14 and -28 and
melanin concentrating hormone (MCH). Moreover, the CRH
antibody showed no reactivity with CART [106–129], OXT and
AVP peptide; the AVP antibody had no reactivity with CART
[106–129], OXT and CRH peptide; the OXT antibody did not
react with CART [106–129], CRH or AVP peptide. The CART
antibody also showed no reactivity with CRH, AVP and OXT
peptide.

Table 1. Clinicopathological characteristics of patients with Huntington’s disease and control subjects. Abbreviations: NBB = Netherlands Brain
Bank number; M = male; F = female; CTD = clock time of death; MD = month of death; PMD = post-mortem delay; FIX = fixation time (in days);
CAG = mutant Huntingtin CAG repeat length; HD = Huntington’s disease; NA = not assessed; SEM = standard error of mean; Vonsattel = HD disease
staging according to Vonsattel et al’s criteria (36).

NBB Sex Age Onset CTD MD PMD Fix CAG CSF pH Vonsattel Cause of death

Patients 99-108 HD-1 M 49 40 9:15 8 5:45 49 51 6.30 3 Cachexia
03-047 HD-2 F 50 35 18:25 6 5:40 55 47 6.46 2 Pneumonia
92-105 HD-3 M 54 41 9:55 12 3:50 80 ND ND 2 Sudden death
95-060 HD-4 M 57 42 3:30 6 7:30 53 46 6.46 3 Cachexia
08-044 HD-5 M 59 50 18:10 5 5:05 52 44 6.90 1 Legal euthanasia
01-128 HD-6 M 61 39 10:55 11 10:25 48 43 6.57 2 Pneumonia
98-047 HD-7 F 67 56 10:10 4 6:05 41 45 6.70 1 Legal euthanasia
99-120 HD-8 M 79 54 19:00 10 6:15 34 44 6.45 4 Pneumonia
00-109 HD-9 F 80 58 7:15 10 22:30 49 41 6.54 2 Pneumonia

Mean 62 46 11:50 8 8:07 51 45 6.55 2
SEM 4 3 1:49 1 1:53 4 1 0.06 0.3
Controls 99-080 C-1 M 56 — 20:40 3 12:20 112 — ND — Heart failure

97-127 C-2 F 49 — 3:30 4 13:30 165 — ND — Cervix carcinoma
98-027 C-3 M 54 — 9:00 12 8:00 59 — ND — Hepatocellular carcinoma
99-141 C-4 M 44 — 10:00 7 7:00 149 — ND — Cardiac infarction
98-127 C-5 M 56 — 15:45 8 5:25 35 — 6.55 — Cardiac infarction
92-042 C-6 M 61 — 21:00 4 13:50 52 — 7.20 — Esophageal carcinoma
98-161 C-7 F 61 — 8:06 8 8:54 87 — ND — Ovarium carcinoma
93-060 C-8 M 79 — 14:00 2 3:00 53 — ND — Leaking aorta prosthesis
00-022 C-9 F 83 — 7:45 2 21:00 34 — 6.52 — Cardiac infarction

Mean 60 — 12:11 6 10:19 83 — 6.76 —
SEM 4 — 2:00 1 1:48 16 — 0.13 —
Level of

significance
0.73* — 0.88† 0.71† 0.08* 0.14* — — —

†Mardia–Watson test.
*Mann–Whitney U-test.
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CRH in situ hybridization (ISH)

Methods used for CRH ISH were identical to what has been
described by others (17). Briefly, a 48-bp oligonucleotide probe
complementary to bp 1853–1900 of the human prepro-CRH gene
(GenBank V00571) was used. The probe was end labeled with [35S]
dATP (PerkinElmer, Waltham, MA, USA) by means of terminal
transferase (Roche, Indianapolis, IN, USA) and was dissolved in
hybridization buffer (HBF: 0.5 M NaCl, 1 ¥ Denhardt’s solution,
10 mM Tris-HCl, 1 mM EDTA, 10% dextran sulphate, 0.5 mg/mL
yeast tRNA, 50% Formamide and 800 mM DTT). Following
deparaffinization in xylene, rehydration via a descending series of
ethanol and brief rinses in phosphate-buffered saline (PBS), sec-
tions were autoclaved at 120°C under a pressure of 1 bar in 0.01 M
citrate buffer (pH 6.0). Each section was incubated with approxi-
mately 1.0 ¥ 106 cpm, coverslipped and hybridized overnight at
42°C. The following day, coverslips were gently removed and sec-
tions sequentially washed in 0.3 M sodium chloride solution with
0.015 M sodium citrate (SSC) at 46°C. Finally, sections were dehy-
drated in graded mixtures of 300 mM ammonium acetate (pH 5.5)
and absolute ethanol and exposed to autoradiographic film
(Eastman Kodak Company, Rochester, NY, USA) for 5 days. Sub-
sequently, films were developed for 5 minutes in Kodak D-19
developer (Eastman Kodak Company) and fixed in Kodak Maxfix
for 5 minutes.

TRH ISH

Methods used for TRH ISH and probe specificity have been exten-
sively described by others (1). Briefly, an oligonucleotide probe
complementary to bp 330–549 of the human prepro-TRH gene was
used. The probe was end labeled with [35S] dCTP (PerkinElmer) by
means of terminal transferase (Roche) and dissolved in HBF to a
final concentration of 0.8 ¥ 106 cpm per section. Consecutively,
sections were coverslipped and hybridized overnight at 66°C. The
following day, coverslips were gently removed and sections were
sequentially washed at 60°C in SSC. Finally, sections were dehy-
drated in graded mixtures of 300 mM ammonium acetate (pH 5.5)
and absolute ethanol and exposed to autoradiographic film
(Eastman Kodak Company) for 1 day. Subsequently, the film was
developed for five min in Kodak D-19 developer (Eastman Kodak
Company) and fixed in Kodak Maxfix for 5 minutes.

Quantification

For an estimation of the total number of PVN neurons immunore-
active (ir) for each respective neuropeptide, every 100th (6 mm
thick) section throughout the PVN in rostro-caudal direction of
each subject was used for analysis. All analyses were performed on
the PVN in the left half of the hypothalamus for all subjects. Esti-
mates were made using an image analysis system (ImagePro
version 4.5, Media Cybernetics, Silver Spring, MD, USA) con-
nected to a camera (JVC KY-F553CCD) and plain objective micro-
scope (Zeiss Axioskop with Plan-NEOFLUAR Zeiss objectives,
Carl Zeiss GmbH, Jena, Germany). Analysis consisted of two
steps: (i) area selection of the PVN and determining the number of
ir neurons with a visible nucleolus, serving as a unique marker
for individual neurons; and (ii) determination of the number of
neuropeptide-ir neurons. Area selection and sampling were per-

formed at 2.5 objective and the image was loaded into the image
analysis system and displayed on the monitor. Position and scan-
ning stage using x and y coordinates were stored. In this image, the
area covered by the PVN was manually outlined and over this
outlined area a grid was superimposed. From the respective grid
fields, x and y coordinates were stored and all individual images
were retrieved at 40¥ objective on the image analysis monitor. In
these images, the manually outlined borders of the PVN area were
visible and within these borders each neuropeptide-ir neuron
containing a nucleolus was counted. The number of neurons per
section was multiplied by the sampling frequency to obtain an
estimation of the total number of ir neurons in the PVN. This
method has been described before (16, 37). The number of neurons
was taken to reflect peptide contents, as, for example, the number
of ir hypothalamic neurons decreases with peptide contents mea-
sured by radioimmunoassay (26). The mean (�SD) number of
sections quantified were as follows (HD patients and control sub-
jects, respectively): CRH 10 � 2 and 9 � 1; AVP 12 � 2 and
10 � 2; OXT 14 � 2 and 11 � 2; CART 11 � 2 and 11 � 2.

Gray values of individual autoradiograms for CRH and TRH
were related to existing standard curves for each neuropeptide. The
outcome was multiplied by the area covered by the respective neu-
ropeptide signal and subsequently by the sample frequency to
obtain an estimate for the total amount of CRH- and TRH-mRNA
in the PVN in arbitrary units (AU). These procedures have been
described elsewhere (25). Densitysignal / Densitybackground ratio has
been shown to be on average 2 in previous studies from our insti-
tute, and likewise in the present study, and these ratios were inde-
pendent of confounding factors such as fixation time, post-mortem
delay and storage time, indicating compatibility of routinely pro-
cessed paraffin tissue with signal quantification (25). The mean
(�SD) number of sections quantified were as follows (HD patients
and control subjects, respectively): CRH 6 � 2 and 7 � 2; TRH
6 � 2 and 8 � 3. The number of sections used for ISH analyses
were different from those used for the immunocytochemical analy-
ses as the latter technique is relatively more accurate in detecting
small numbers of neurons in a given section. As it was possible to
discern even a single neuron on a given section with immunocy-
tochemistry techniques in both the beginning and the end of the
PVN, as opposed to the ISH technique, fewer positive sections
from the rostral and caudal ends of the PVN were required for the
ISH analyses.

All analyses for all neuropeptides were conducted by two
observers independently of each other and blinded for the groups.
For inter-rater reliability, Cronbach’s alpha was used as a measure
and was 0.960–0.974 for all analyses. The results in this study
represent the mean of their observations.

Statistical analysis

All data are presented as mean � SEM unless otherwise specified.
Differences between groups were statistically evaluated by the non-
parametric Mann–Whitney U-test (two-tailed). Intergroup differ-
ences in clock time and month of death were evaluated using the
Mardia–Watson test. Spearman’s r was used to assess all correla-
tions. P < 0.05 was considered to be significant. All statistical
analyses were performed using SPSS Statistics 17.0 (SPSS Inc.,
Chicago, IL, USA).

Paraventricular Nucleus in Huntington’s Disease van Wamelen et al

656 Brain Pathology 22 (2012) 654–661

© 2012 The Authors; Brain Pathology © 2012 International Society of Neuropathology



RESULTS

Patient characteristics

Control subjects did not differ from HD patients for any of the
putative confounders, including sex (P = 1.00), age (P = 0.73),
clock time and month of death (P = 0.88 and P = 0.71, respec-
tively), post-mortem delay (P = 0.08), and fixation time (P = 0.14)
(Table 1).

Immunocytochemistry

Representative immunocytochemical stainings for all analyses are
provided in Figure 1. The number of CRH-ir neurons in the PVN of
HD patients (14678 � 1790; n = 9) was not different with control
subjects (17340 � 2617; n = 9) (P = 0.51) (Figure 2). There were
trends toward a negative correlation between disease duration
in HD patients and the number of CRH-ir neurons (r = -0.63,
P = 0.07) and between L-histidine decarboxylase mRNA levels in
the tuberomamillary nucleus (34) and the number of CRH-ir
neurons (r = -0.67, P = 0.07). No correlation was observed
between mutant HTT CAG repeat number and the number of
CRH-ir neurons (P = 0.84).

Figure 1. Representative
immunocytochemical stainings in the
paraventricular nucleus. In Huntington’s
disease (HD) patients (A), the number of
corticotropin-releasing hormone
(CRH)-immunoreactive (ir) neurons was not
different compared with matched control
subjects (B). The number of cocaine- and
amphetamine-regulated transcript-ir neurons
tended to be lower in HD patients (C)
compared with controls (D) (P = 0.08). The
numbers of arginine vasopressin-ir [HD
patients (E), control subjects (F)] and
oxytocin-ir neurons [HD patients (G), control
subjects (H)] were unchanged (P � 0.10).
Bars represent 250 mm.

Figure 2. Total numbers of corticotropin-releasing hormone (CRH),
cocaine- and amphetamine-regulated transcript (CART), arginine vaso-
pressin (AVP) and oxytocin (OXT) immunoreactive (ir) neurons in the
paraventricular nucleus. The number of CRH-, AVP- and OXT-ir in Hun-
tington’s disease (HD) patients (n = 9) did not differ from that in control
subjects (n = 9) (P � 0.10). The number of cocaine- and amphetamine-
regulated transcript (CART)-ir neurons tended to be lower in HD patients
(P = 0.08) (n = 8 and 8, respectively). Bars represent the mean.
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The number of AVP-ir neurons was similar in HD patients
(50657 � 3874; n = 9) and control subjects (49148 � 4477; n = 9)
(P = 0.63) (Figure 2). A negative correlation between the number
of AVP-ir neurons and L-histidine decarboxylase mRNA levels in
the tuberomamillary nucleus (34) was observed in HD patients
(r = -0.68, P = 0.042) and a negative trend between the number of
AVP-ir neurons and age at onset of disease (r = -0.63, P = 0.07).
CAG repeat length in HD patients and the number of AVP-ir
neurons were not correlated (r = 0.46, P = 0.26).

The number of OXT-ir neurons in HD patients (41259 � 996;
n = 9) was also not different compared with control subjects
(36394 � 3217; n = 9) (P = 0.10) (Figure 2). In control subjects,
the numbers of AVP and OXT expressing neurons correlated sig-
nificantly (r = 0.70, P = 0.036). However, this association was
absent in HD patients (r = 0.08, P = 0.83). In HD patients, no
significant correlations existed between either age at onset or CAG
repeat length and the number of OXT neurons (P � 0.43).

Because of the lack of sufficient amounts of tissue, one HD
patient (NBB 00-109) and her matched control (NBB 00-022),
who were used in all other analyses, had to be excluded from the
analysis for CART. In HD patients (17428 � 2183; n = 8) the
number of CART-ir neurons was lower than in control subjects
(38255 � 8303; n = 8), yet this difference did not reach statistical
significance (P = 0.08) (Figure 2). In HD patients, the number of
CART-ir neurons did not correlate with either disease duration
or mutant HTT CAG repeat length (P = 0.58 and P = 0.12,
respectively).

In situ hybridization

Representative autoradiograms for CRH and TRH are provided in
Figure 3. Due to lack of sufficient tissue amounts of tissue one HD
patient (NBB 03-047) and her matched control subject (NBB
97-127) had to be excluded from analysis. CRH mRNA levels were
68% higher in HD patients (10.89 � 1.45) (n = 8) compared with
control subjects (6.51 � 1.38) (n = 8) (P = 0.046) (Figure 4). TRH
mRNA levels, on the other hand, were similar in both groups
(11.76 � 3.11 and 12.36 � 1.69, respectively) (n = 8 and 8,
respectively) (P = 0.23) (Figure 4). There was a significant nega-
tive correlation between TRH mRNA levels and disease duration in
HD patients (r = -0.76, P = 0.03), but not between CRH mRNA
levels and disease duration (P = 0.79). CRH or TRH mRNA
levels were not associated with mutant HTT CAG repeat length
(P � 0.50).

None of the immunocytochemistry or ISH results were signifi-
cantly correlated to post-mortem delay or fixation duration in
neither HD patients (P � 0.41) nor control subjects (P � 0.15).
This was also true for cerebrospinal fluid pH in HD patients
(P � 0.18).

It had been observed in a previous study on eight HD patients in
the present cohort (except NBB 08-044) that in the PVN of five of
these patients, cytoplasmic inclusions of mutant huntingtin were
present in dystrophic neuritis. In none of the patients were intra-
nuclear inclusion present in PVN neurons (4). No differences in the
number of neurons expressing the studied neuropeptides were

Figure 3. Representative in situ hybridization
autoradiograms in the paraventricular
nucleus. Corticotropin-releasing hormone
(CRH) mRNA levels in Huntington’s disease
(HD) patients (A) were increased compared
with control subjects (B) (P = 0.046). mRNA
levels of thyrotropin-releasing hormone
(TRH), however, were unchanged (P = 0.23)
[HD patient (C), control subject (D)].
Autoradiograms of sections incubated with
either a CRH (E) or TRH (F) sense probe did
not produce hybridization signal. Bars
represent 250 mm.
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discerned between patients with and without these inclusions
(P � 0.12).

DISCUSSION
To our knowledge, this report represents the first detailed study
specifically addressing the expression of major neuropeptide popu-
lations in the PVN of HD patients compared with matched control
subjects. The number of CRH neurons did not differ between HD
patients and control subjects, whereas CRH mRNA levels were
significantly increased in the former. These findings are suggestive
for a posttranscriptional defect in CRH synthesis. In HD patients,
the number of CART neurons tended to be lower than in control
subjects. Furthermore, no changes were observed in TRH mRNA
levels or the number of AVP and OXT neurons. However, disease
duration and TRH expression levels in the PVN were significantly
associated in HD patients.

In contrast to our findings concerning CRH, in the R6/2 trans-
genic mouse model of HD a 62% decrease in hypothalamic CRH
mRNA levels was found. Moreover, changes in the adrenal cortex
fitting with ACTH-overexpression were observed (8), suggesting
that CRH is not the driving factor behind ACTH production in the
R6/2 mice. Instead, ACTH overproduction may be due to a con-
firmed reduction in D2-receptors in the pituitary in these mice, as
dopamine is known to repress ACTH expression (8). In HD
patients, data on ACTH levels are inconsistent, yet the evidence so
far mainly suggests unchanged levels (20, 29). This, together with
the observed stable expression of CRH in the PVN, suggests dys-
function of hypothalamic nuclei, other than the PVN, which are
involved in the modulation of HPA activity and might account for
increased cortisol levels in HD patients (20, 23, 24, 29). For
example, in rodents the suprachiasmatic nucleus is capable of light-
induced, circadian inhibition of cortisol levels through a polysyn-
aptic suprachiasmatic nucleus-adrenal pathway, independent of
ACTH (9). In humans, too, sympathetic innervation from the
suprachiasmatic nucleus to the adrenal cortex seems to modulate
adrenal responsiveness to ACTH (13). Therefore, pathology of the

suprachiasmatic nucleus in HD patients (3) might account for a
change in adrenal responsiveness to ACTH, resulting in an increase
of cortisol secretion and disruption of its circadian rhythmicity. The
observed discrepancy between CRH mRNA and protein levels in
HD patients may be due to a decrease in prohormone convertase
which is abundantly expressed in the rodent PVN and colocalizes
with CRH expressing neurons (12). Although other reasons for a
discrepancy between protein and mRNA levels could still be con-
sidered, including, for example, an increased amount of protein per
remaining neuron, we have recently gathered additional data sup-
porting the view that the discrepancy between the amount of CRH
mRNA expression and the number of CRH neurons may indeed be
due to a posttranscriptional defect. These data indicate a significant
decrease in the protein levels of prohormone convertase 2 in the
PVN of HD patients (van Wamelen et al, in preparation), which is
crucially involved in the conversion of proCRH to CRH (12).

The unchanged expression of TRH in HD patients described in
the present study contradicts findings in human huntingtin exon 1
transgenic mice in which a decrease in prepro-TRH was observed
(22). Our data, however, confirm previous findings in early- to
midstage HD patients in whom there were no significant changes in
free T4 (fT4) levels (29). On the other hand, T3 and T4 thyroid
hormones have been found to be significantly increased in early-
stage HD patients, suggesting that in these patients the HPT-axis
may be mildly hyperactive (6). This would support our finding of a
negative correlation between disease duration and TRH mRNA
levels, in that the activity of the HPT-axis in HD patients may
change with disease progression. Whether the activity of the HPT-
axis changes during the course of the disease and at what stage have
so far not been established in clinical studies. It has, however, been
shown that HPT-axis activity was negatively associated with motor
impairment and functional capacity in early-stage HD patients (6,
29). No correlation has so far been shown between TRH mRNA
expression in the PVN and ante-mortem thyroid hormone (T3/T4)
levels. Our findings may, however, partly explain the unintended
weight loss which has frequently been observed in HD patients (3).
Possibly, CART expressed in the PVN, which tended to be lower in
HD patients, may also play a role as it is involved in the “fine
tuning” of TSH release in the pituitary (14). Further evidence for a
role of CART at the level of the pituitary comes from the observa-
tion that lactotropic axis regulation in HD patients is disturbed (6)
as CART is also believed to inhibit prolactin release in the pituitary
(14). Alternatively, a decrease in neuropeptide Y expression in the
hypothalamic infundibular nucleus (van Wamelen et al, submitted)
may bear a part as neuropeptide Y is known to be involved in
providing a set point for the thyroid axis through extensive projec-
tions onto the TRH/CART expressing neuronal population (27).

Several PVN neuronal populations, including the CRH, AVP and
OXT expressing neurons, have projections to autonomic nuclei in
the brainstem and spinal cord, including the ventrolateral medulla,
nucleus of the solitary tract, dorsal motor nucleus of the vagus,
intermediolateral cell column and sacral preganglionic parasympa-
thetic nucleus (10, 18, 19). These projections have been implicated
in, among others, cardiovascular control. Stimulation of the PVN
in rats causes an increase in blood pressure, heart rate and renal
sympathetic nerve activity (10). Indeed, in HD patients, impaired
modulation of cardiovagal activity and other autonomic cardiovas-
cular abnormalities have been reported (2, 5). Considering the
pivotal role of the AVP and OXT expressing neuronal populations

Figure 4. mRNA expression levels of corticotropin-releasing hormone
(CRH) and thyrotropin-releasing hormone (TRH) in the paraventricular
nucleus. In Huntington’s disease (HD) patients (n = 8), TRH mRNA
levels were unchanged compared with matched control subjects (n = 8)
(P = 0.23). CRH mRNA levels, on the other hand, were significantly
increased in HD patients (P = 0.046) (n = 8 and 8, respectively). Bars
represent the mean.
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of the PVN in ANS functioning (31), an alteration in the interaction
between these two neuropeptides, suggested by the absence of a
correlation between the number of neurons expressing these neu-
ropeptides in HD patients, could partly explain ANS dysfunction in
HD patients. As we did not observe any changes in the actual
numbers of AVP and OXT expressing neurons in the PVN, pathol-
ogy of other ANS structures located in the brainstem and other
brain areas most likely also contribute to ANS dysfunction in HD
patients (2, 5). Pathology of the peripheral nervous system, on the
other hand, appears very unlikely as a potential explanation for
ANS dysfunction (2, 21, 30).

In conclusion, our findings suggest a posttranscriptional defect
in CRH synthesis in HD patients as CRH mRNA levels were
increased without a change in the number of CRH immunoreactive
neurons in the PVN. TRH mRNA levels, as well as CART, AVP and
OXT expression, were not different in HD patients compared with
control subjects. These findings suggest that the PVN in HD
patients is largely functionally intact.
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