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Abstract

Glial cell line-derived neurotrophic factor (GDNF) is a neurotrophic factor from the transforming growth factor 3 family, which plays a role
in the development and function of hippocampal cells. Preclinical studies suggest that changes in neurotrophic growth factor systems might be
involved in the pathophysiology of mood disorders including bipolar disorder (BD) [E.J. Nestler, M. Barrot, R.J. DiLeone, A.J. Eisch, S.J. Gold,
L.M. Monteggia, Neurobiology of depression, Neuron 34 (2002) 13-25]. This is the first study to analyze GDNF immunocontent in BD subjects
across different mood states, including mania, depression, and remission (euthymia). Fourty-four bipolar patients (14 depressed, 15 manic, and 15
euthymic) and 14 healthy controls, diagnosed according to the Structural Clinical Interview for DSM-IV were studied. Serum GDNF immunocontent
was measured using Western blotting. Serum GDNF immunocontent was increased in manic (F =42.31; p=0.001; one-way ANOVA) and depressed
(F=42.31; p=0.004; one-way ANOVA) bipolar patients, but not in euthymic patients as compared with controls. Our results indicate that changes
in GDNF immunocontent occur during acute major affective episodes in bipolar subjects. These results further support the role of neurotrophins
in the pathophysiology of bipolar disorder. Whether the observed increase in GDNF immunocontent correspond to a pathological or an adaptive
response remains to be determined.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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Bipolar disorder (BD) is a prevalent, chronic, and life-
threatening illness characterized by alternating episodes of
mania and depression [41]. Postmortem studies showed abnor-
mal density and size of neuronal and glial cells in several subre-
gions of the prefrontal cortex, such as subgenual, orbitofrontal
and dorsolateral prefrontal cortex in BD [10,26,33]. It has been
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postulated that such morphological changes suggest impairment
in cellular plasticity and resilience rather than a neurodegen-
erative pattern [32]. In addition, there is increasing evidence
suggesting that neurotrophic signaling systems, which regulate
cellular plasticity and survival, may be altered in bipolar dis-
order [16,25,36]. We have recently demonstrated that serum
brain-derived neurotrophic factor (BDNF) is decreased in bipo-
lar patients during acute manic and depressive episodes [11].
A recent study showed that glial cell line-derived neurotrophic
factor (GDNF) is decreased in the whole blood of bipolar and
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unipolar subjects during “partial or full remission state” [38].
Further, preclinical studies demonstrated that the first-line mood
stabilizers lithium and valproate increase BDNF and GDNF lev-
els in vivo and in vitro [4,7,13].

GDNF is a neurotrophic factor belonging to the transforming
growth factor B family, and was initially isolated based on its
ability to induce dopamine uptake and cell survival in embryonic
ventral midbrain cultures [22]. Although considered one of the
most potent neurotrophic factors for dopaminergic neurons [6],
GDNF is widely expressed throughout the brain [29], and exerts
neuroprotective effects in several central and peripheral neu-
ronal populations [1,6]. For instance, it has been demonstrated
that GDNF regulates noradrenergic locus ceruleus-hippocampal
pathway [30], and protects against kainate-induced oxidative
stress in rat hippocampus [9]. Moreover, GDNF*/~ mutant mice
present abnormal hippocampal synaptic transmission [24] and
poorer spatial learning performance [14]. Considering recent
reports that GDNF may play a role in the pathophysiology of
BD [38] and in the effects of mood stabilizers, we investigated
for the first time the serum GDNF immunocontent in BD patients
across all mood states, including mania, depression, and remis-
sion (euthymia) as compared with matched healthy controls.

The sample consisted of 44 BD type I patients (14 depressed,
15 manic, and 15 euthymic) and 14 age- and gender-matched
healthy volunteers. All patients were recruited from the Bipolar
Disorders Program — Federal University of Rio Grande do Sul,
Porto Alegre, Brazil, and the Inpatient Psychiatric Unit — Hos-
pital Universitario de Santa Maria, Santa Maria, Brazil. Patients
were 18 years or older (range 30-51 years), non-smokers, did not
present active medical conditions and were not on any medica-
tion other from those prescribed for their psychiatric illness. BD
diagnosis was carried out using the Structured Clinical Interview
for DSM-IV—Axis I (SCID-I) [12], and manic and depres-
sive symptoms were assessed using the Young Mania Rating
Scale (YMRS) [42] and the 17-item Hamilton Depression Rating
Scale (HDRS) [15], respectively. Bipolar subjects were consid-
ered manic, depressed or euthymic if they fulfilled criteria for
current manic episode, current major depressive episode, or cur-
rent in remission according to the SCID-I. The control group
consisted of healthy individuals who manifested interest in par-
ticipating in the study. Controls were 18 years or older (range
30-52 years), did not have history of major psychiatric disor-
ders, as assessed by the SCID-I non-patient version, or history
of dementia, mental retardation, cancer or tumor in their first-
degree relatives. Control subjects were non-smokers and were
not on medication. Five controls, six manic, and three depressed
subjects overlap with the sample of our previous study [11]. This
study was approved by the local ethics committee (Hospital de
Clinicas de Porto Alegre, Porto Alegre, Brazil), and all subjects
signed the informed consent before entering in the study. This
study was conducted in accordance with the principles of Good
Clinical Practice and the Declaration of Helsinki and its subse-
quent revisions.

Five milliliters of blood sample was collected by venipunc-
ture without anticoagulants, and serum was obtained by cen-
trifugation at 3000g for Smin and kept frozen at —80°C
until the biochemical assay. Western blot analysis was per-

formed according to the following protocol: samples were
diluted (1:4) with phosphate-buffered saline and then were dis-
solved (90 ng of protein/lane) in stopping solution (100 mM
Tris—HCI, pH 8.8, 0.5 mM EDTA, 4% SDS, 4% glycerol, and
2% beta-mercaptoethanol). Protein samples were separated on
10% SDS-PAGE at 120V and then electrotransferred at 15V
to PVDF membrane. Membranes were blocked with 5% albu-
min overnight at room temperature and then incubated for 1 h at
room temperature with anti-human GDNF polyclonal (1:1000,
Promega, Madison, USA). Blots were washed three times with
tris-buffered saline (containing 0.5% Tween) and incubated with
biotin-conjugated anti-chicken IgG (1:1000, Promega, Madison,
USA) for 1 h atroom temperature. Then blots were washed three
times for 10 min each with 0.5% Tween-TBS and incubated with
streptavidin (1:1000, Dako, Corporation A/S, Denmark) for 1 h
at room temperature. The signal was detected by an enhanced
chemiluminescence method (ECL kit, Amersham) and regis-
tered in a Kodak X-OMAT film. The intensity of the selected
bands was analyzed using Optiquant program. Protein levels
were quantified by Lowry’s method, using bovine serum albumin
as standard. Because peripheral GDNF levels are known to be
altered in subjects with renal insufficiency [27,35] we assessed
urea and creatinine levels in all subjects. Serum urea lev-
els were assayed by urease-Berthelot reaction (Biodiagnostica,
Paran, Brazil) and measured at 600 nm. Serum creatinine levels
were assayed by Jaffe reaction-picrate alkaline (Biodiagnostica,
Paran4, Brazil) and measured at 490 nm. Statistical analysis was
performed using SPSS for Windows—yversion 12.0 (SPSS Inc.,
Chicago, USA). GDNF immunocontent of four groups (manic,
depressed, euthymic, and controls) were compared using one-
way ANOVA, and the individual differences were tested using
Tukey HSD test if ANOVA was significant. Demographic char-
acteristics between groups were compared using Chi-square and
one-way ANOVA, and statistical significance was set at p <0.05.
Data are presented as percentage of control group.

Patients and controls did not differ in terms of age, gender,
or education (all p>0.05; see Table 1). Age of first episode
and years of illness were not significantly different between
depressed, manic, and euthymic bipolar patients. Serum GDNF
immunocontent was higher in manic (F=42.31; p=0.001) and
depressed (F=42.31; p=0.004) BD patients, as compared with
euthymic patients and controls (see Fig. 1). All subjects had urea
and creatinine levels within normal limits, and no differences
in urea or creatinine levels were observed between groups (all
p>0.05), indicating that GDNF immunocontent was not altered
by renal insufficiency.

Serum GDNF immunocontent was increased in bipolar
patients during manic and depressive episodes and there was
no difference between euthymic patients and healthy controls.
This finding suggests that peripheral GDNF synthesis or release
is increased during acute episodes in BD. Whether it represents a
pathological or a compensatory mechanism remains to be deter-
mined. This result is in contrast to a recent report of lower whole
blood GDNF levels assessed with ELISA in remitted bipolar and
unipolar subjects [38]. Differences in sampling and immunoas-
say may account for this discrepancy. In addition, Takebayashi
et al. [38] studied older subjects and did not control for possi-
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Table 1

Demographics and clinical characteristics
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Control group (N=14) Bipolar patients p-value
Euthymic (N=15) Manic (N=15) Depressed (N=14)

Gender

Male 31.2% 37.5% 56.3% 28.6% 0.123"

Female 68.8% 62.5% 43.8% 71.4%
Age (years) 41.1(11.1) 40.4 (10.3) 40.1 (9.3) 42.1(8.2) 0.695"
Schooling (years) 7.9 (2.9) 9.6 (4.8) 8.3 (3.6) 8.5 (1.7) 0.101"
Age of first mood episode - 21.3(11.2) 27.1(9.9) 22.0 (11.3) 0.410™
Years of illness - 16.4 (12.0) 13.1 (8.3) 18.0 (14.1) 0.210™
HDRS - 4.1(2.1) 5.6 (2.9) 21.9 (2.36) 0.001*
YMRS - 33(3.4) 33.1 (4.1) 5.6 (3.1) 0.001™"
Creatinine mg/dL?*

Male 0.90 (0.21) 1.10 (0.32) 1.13 (0.21) 1.24 (0.19) 0.233™

Female 0.78 (0.31) 0.81 (0.37) 1.19 (0.23) 0.99 (0.24) 0.455™
Urea mg/dLP 16.45 (1.24) 18.33 (2.55) 20.1 (1.44) 19.5 (1.44) 0.566""

(*) Chi-square test; (**) one-way ANOVA test; YMRS: Young Mania Rating Scale; HDRS: Hamilton Depression Rating Scale.

% Serum reference levels — male: 0.6—1.5 mg/dL; female: 0.5-1.3 mg/dL.
b Serum reference levels — 10-52 mg/dL.

ble effects of renal impairment, which is more common with
increased age.

It has been demonstrated that bipolar patients have significant
enlargement in the size of glial cells in specific cortical lay-
ers [33,40]. Moreover, it has been reported that manic patients
have increased serum S100[, an astrocytic neuroprotective pro-
tein [23]. It is known that neuronal injury may stimulate glial
activity, and separation of astroglial cells from cortical neurons
was shown to promote neuronal death [31]. GDNF supports
the survival of dopaminergic [21] and noradrenergic [5] brain
cells in vivo, as well as peripheral motor [17] and sensory
neurons [39]. In peripheral blood, studies showed that bipo-
lar patients have increased malondialdehyde (a marker of lipid
peroxidation) [20,28], and decreased catalase [28,34], indicat-
ing an increased oxidative stress status. Using single cell gel
electrophoresis assay, we recently found increased DNA frag-
mentation in peripheral blood in BD, possible due to increased
oxidative stress [3]. Chao and Lee [8] demonstrated that sub-
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Fig. 1. Serum GDNF content in BD patients and controls. Serum content of
GDNF was measured by immunoblotting applying 90 pg of protein per lane.
Values of the GDNF were expressed in percentages assuming control sample as
being 100% (mean £ S.E.M.). Inset is a representative immunoblot from one of
the subjects.

chronic infusion of recombinant human GDNF increased super-
oxide dismutase, catalase, and glutathione peroxidase activity
in rat striatum, suggesting that GDNF may exert antioxidant
properties. Interestingly, Sawada et al. [36] showed that prein-
cubation with GDNF blocked the DNA cleavage induced by
bleomycin sulphate and L-buthionine-[S,R]-sulfoximine expo-
sure in cultured mesencephalic neurons. Although speculative,
it is possible that the increment in GDNF immunocontent dur-
ing acute manic and depressive episodes might be an adaptative
response against oxidative stress.

Some limitations must be taken in consideration. In the
present study, all bipolar patients were on medication, thus
we cannot exclude that the GDNF immunocontent may be
influenced by the treatment. Although a previous study found
no differences in GDNF levels between bipolar patients
with or without lithium/antidepressant therapy [38], preclin-
ical studies demonstrated that GDNF levels may be altered
by antidepressants [18], antipsychotics [37], and mood sta-
bilizers [4,7]. Studies conducted in medication-free subjects
are warranted to further clarify this issue. Second, because
we measured GDNF immunocontent in the serum, we can-
not determine whether these peripheral changes reflect actual
changes in the central nervous system. Previous data indicate
that GDNF penetrates very poorly across the brain blood barrier
[2,19].

In conclusion, serum GDNF immunocontent is increased in
bipolar patients during acute manic and depressive episodes.
Whether it represents a pathological or a compensatory response
remains to be determined. This finding further supports that
bipolar disorder is associated with multiple changes in neu-
rotrophic signaling systems.
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