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non-depressed GAD patients: Preliminary data
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Carla Ghelardini?

YUC Davis Department of Psychiatry and Behavioral Sciences, Sacramento, CA, USA, *Departient of
Neurosciences, Psychology, Drug Research and Child Health Neurofarba, Pharmacology and Toxicology
Section, and Psychiatric Section, University of Florence, Florence, Italy, and’ Department of Psychiatry and
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Abstract

Objective. While the role of neuronal and glial plasticity are well established in the pathophysiolo-
gy of mood disorders, the pattern and measures of neuronal and glial cell line-derived neurotrophic
factors are unknown in generalized anxiety disorder (GAD). The present study evaluates brain-derived
neurotrophic factor (BDNF) and Artemin (ARTN) plasma levels in GAD patients. Methods. Fourteen
drug-naive GAD patients without major depression were enrolled and plasmatic levels of BDNF and
ARTN mRNA were measured by RT-PCR, and compared to matched healthy controls. Resz/fs. The results
showed an unexpected increase in mRNA levels of both BDNF and ARTN in patients with GAD, that
appeared almost doubled when compared to healthy controls. In comparison, both BDNF and ARTN are
reduced in patients with major depressive disorder. Further, the results are intriguing and might involve
distinguishing pathophysiological pathways. Cornciusions. This is the first report of increased levels of a
neurotrophic factor and of a glial cell line-derived neurotrophic factor family member in GAD patients.
While further studies to confirm these results and the functional meaning in terms of pathophysiology of

GAD are needed, the potential conceptual and clinical meanings are discussed.

Key words: GAD, major depression, BDNE artemin, drug-naive

(Received 11 November 2013; accepted 15 April 2014)

Introduction

Generalized anxiety disorder (GAD) is a psychiatric disor-
der, characterized by pervasive anxiety, dysfunctional wor-
ries, nervous and motor strain, autonomic hyperactivity
and hyper arousal (DSM 5.0, APA 2013). These symptoms
largely overlap with major depressive disorder (MDD). Fur-
thermore, at least seventy per cent of patients with a history
of anxiety also presented a history of depression and at least
half of the subjects with a history of depression also pre-
sented an anxiety disorder in their life. In most cases, anxiety
comes before depression or at the same time (Moffitt et al.
2007). Despite these common symptoms, GAD and MDD
are two clinically distinguishable disorders so that DSM 5.0
(APA 2013) have decided, based on clinical evidences, to
keep them distinguished.

Although neuroplasticity-based studies have quite clearly
elucidated the role of both neural and glial factors in depres-
sion, studies in anxiety disorders are still lacking.

In fact, in depressed patients, a reduction of brain-derived
neurotrophic factor (BDNF) plasma levels in MDD, in com-
parison to healthy controls, has been consistently reported,

Correspondence: Stefano Pallanti, Department of Neuroscience, Psy-
chology, Drug Research and Child Health - Neurofarba. Psychiatry
Section, University of Florence, via delle Gore 2 H, 50100 Florence,
Italy. Tel: +390554298459. E-mail: stefanopallanti@yahoo.it

while effective pharmacological treatment correlates with a
normalization (Lee and Yong 2008; Sen et al. 2008). Con-
sistent with these clinical pharmacological studies, animal
models have shown that knock-out mice for BDNF receptor
had impaired neurogenesis, showing symptoms of depres-
sion and anxiety with no response to antidepressant treat-
ment, while response to treatment has been correlated with
BDNF receptor on neuronal progenitor cells (NPCs) in mice,
indicating an increase in neurogenesis (Ruan et al. 2014).

All these converging evidences suggest that BDNF might
be at the center of many synaptic changes in the brain before,
during, and after a depressive episode and that selective
serotonin reuptake inhibitors (SSRIs) promote neurogenesis
(Gonul et al. 2011).

Evidence of glial modulation in mood disorders has also
been reported in post-mortem and imaging studies, where a
reduction of glial elements in different brain areas has been
evidenced in mood disorders (Schwarz and Bilbo 2012), with
a significant decrease of glial cell line-derived neurotrophic
factor (GDNF) during depressive episodes when compared
to healthy controls, and a normalization after effective anti-
depressant treatment (Zhang et al. 2008). Furthermore, a
reduction in GDNF levels in whole blood concentration has
been noticed in patients with MDD or bipolar disorder (BD),
in a partial or total remissive state as well (Takebayashi et al.
2006).
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Using quantitative real/time PCR method in peripheral
blood cells, reduced expression levels of GDNF, artemin
(ARTN), and neurotrophic factor 3 (NT-3) mRNAs were
found in patients with major depressive disorder in a current
depressive state, but not in a remissive state: this has been
interpreted as a phase-related phenomenon. Altered expres-
sions of these mRNAs were not found in bipolar disorder
patients. Changes in the expression levels of GDNFE, ARTN,
and NT-3 mRNAs have been interpreted as state-dependent
and associated with the pathophysiology of major depression
(Otsuki et al. 2008).

Both GDNF and ARTN can link the GDNF family recep-
tor o1 (GFRal), and a change in the action of this receptor,
in subjects with MDD, has been hypothesized to be corre-
lated to a depressive episode (Otsuki et al. 2008). Moreover,
a recent preclinical study described the antidepressant-like
effect of ARTN when injected by the intracerebroventricular
route in mice (Di Cesare Mannelli et al. 2011).

While the reduction of neurotrophin levels during a
depressive episode has been consistently reported as well as
an increase of these in response to treatments, studies con-
ducted in a population under chronic or acute stress or anxi-
ety disorders show split results.

Circulating nerve growth factor (NGF) is modified after
exposure to stressful acute or chronic events (Alleva et al.
1996a, 1996b; Aloe et al. 1994), and an increase in blood
NGF levels during an acute stressful event such as parachute
jumping has been reported (Aloe et al. 1994).

In a study comparing 15 elderly caregivers experiencing
chronic stress, assessed by the Perceived Stress Scale, and
depressive symptoms assessed by Beck Depression Inven-
tory Symptoms, in 15 healthy controls, doubled levels of
NGF have been found in the caregivers (Hadjiconstantinou
et al. 2001).

In the anxiety-stress area, the results are split; acute
stress might reduce BDNF in patients with post-traumatic
stress disorder (PTSD); in a study conducted on 18 patients
with PTSD compared to 18 healthy subjects, BDNF levels
appeared significantly reduced compared to the controls,
while the number and temporal distance of the traumatic
events had no influence (Dell'Osso et al. 2009). The lowest
BDNF levels seem to be correlated with the greater treatment
response to escitalopram, the most selective SSRI agent with
putative neurotrophic effects, as seen in another PTSD study
conducted on a sample group of 16 chronic PTSD patients
(Berger et al. 2010).

In a large sample of 393 (66.7% females) non-depressed,
unmedicated patients with social anxiety disorder, panic dis-
order, agoraphobia, and GAD, BDNF levels were determined
in comparison to 382 healthy controls (62.0% females). No dif-
ferences in BDNF levels were reported between the patients
and the controls, regardless of the type of anxiety disorder,
but analyses stratified by gender revealed that female patients
had lower levels of BDNF compared to female controls. This
reduction appeared stronger in female patients with more than
one anxiety disorder. In contrast, the BDNF levels were simi-
lar between male patients and controls, and unrelated to the
clinical characteristics of anxiety (Molendijk et al. 2012). These
results, if confirmed, might involve a gender-specific pattern.

Int J Psychiatry Clin Pract 2014;18:255-260

To the best of our knowledge, there are no specific studies
on glial cell-line derived neurotrophic factor family mem-
bers in subjects with GAD.

The purpose of this study is to investigate ARTN and
BDNF in drug-naive patients presenting with episodes of
generalized anxiety disorder (GAD), and without a history
or current condition of depression, in comparison to healthy
controls.

Materials and methods

At the Department of Neurosciences, Psychology, Drug
Research and Child Health of the University of Florence,
we studied 14 drug-naive patients with generalized anxi-
ety disorder (DSM IV-TR), comparing them to 10 age-
and gender-matched healthy subjects. The subjects were
excluded if under 18 or over 65 years old. Also, subjects
with comorbidity, present or past history for another Axis
I psychiatric disorder, as well as substance abuse, chronic
diseases, inflammatory bowel diseases (IBD), atrophic
gastritis, interstitial cystitis or neoplasia were excluded
(Johansson et al. 2008; Kang et al. 2009; Liu et al. 2009;
Shieh et al. 2010; Von Boyen et al. 2006). All subjects
enrolled were drug-naive. Use of psychopharmacological
treatments including benzodiazepine or steroid therapy
was excluded for the control sample as well. The study was
accepted by the department IRB and the informed consent
was obtained from all subjects.

All patients and healthy controls were subjected to a
psychiatric interview following the SCID Clinician Ver-
sion Interview: the patients’ edition (First et al. 2002a) for
the first and the non- patients’ edition for the second (First
et al. 2002b). All patients were administered the Hamilton
Depression Rating Scale (HDRS) (Hamilton 1960) test and
GAD - 7 (Spitzer et al. 2006) to assess the severity of depres-
sion and anxiety.

Blood samples

About 15-20 ml of venous blood was withdrawn from all
24 subjects between 8:00 a.m. and 9:00 a.m., treated with
sodium heparin (500 UI heparin/ml blood), and conserved
at 4°C for a maximum of 48 h. Within that period of time,
the isolation of lymphocytes was performed.

Isolation of lymphocytes

The blood samples were diluted 1:1 with PBS solution, mono-
nuclear leukocytes were isolated by a gradient of centrifuga-
tion created according to Béyum’s method using Separation
Medium®(MP Biomedicals, LLC) (Béyum 1968). The pellet
obtained was stored at — 80°C.

MRNA level analysis

Mononuclear leukocyte mRNA was extracted using TRI
- Reagent® (Sigma). The cDNA was obtained by using the
iScript ¢cDNA Synthesis Kit® (Bio Rad) according to the
manufacturer’s protocol. The mRNA for ARTN, BDNF and
B-actin (ACTB) were amplified by GoTaq® Flexi DNA Poly-
merase 2,500u (Promega). The following human gene spe-
cific primers were used: BDNF (GenBank accession number:
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NM_001143816.1), forward: 5° TGGCTGACACTTTC-
GAACAC 3, reverse 5° AGAAGAGGAGGCTCCAAAGG
3, ARTN (GenBank accession number NM_001136215.1),
forward 5 GCGGATCCCAGCCTAAAAG 3, reverse 5
CCAGTGCCAGAGTCTGTGAGA 3" and ACTB (Gen-
Bank accession number: NM_001101.3), forward 5’
GCGGGAAATCGTGCGTGACATT 3, reverse 5" GATG-
GAGTTGAAGGTAGTTTCGTG 3"

The samples were subjected to 30 cycles of PCR performed
using the following annealing temperatures: ARTN: 57°C;
BDNF: 56°C; ACTB: 56°C. The amplicons were separated by
electrophoresis on a 1.5% agarose gel. Densitometric analysis
was performed using the “Image]” analysis software and the
results were normalized using ACTB as internal control. The
mean expression levels of control subjects were arbitrarily
fixed to 100%.

Statistic analysis

The results were expressed as mean +* S.E.M. and the
analysis of variance was performed by ANOVA. A
Bonferroni’s significant difference procedure was used
as post-hoc comparison. 2 values of less than 0.05 were
considered as significant. Data were analyzed using the
“Origin 8.1” software.

Results

Main results: The PCR analysis showed that measures of
both BDNF and ARTN levels are increased in the peripheral
white blood cells of GAD patients compared to the normal
control; mRNA BDNF expression levels in peripheral white
blood cells of patients with GAD significantly increased
in GAD patients (186.74% * 23.71%) in respect of healthy
subjects fixed to 100% (Figure 1), and the same increase,
even more evident, was observed for mRNA ARTN levels

BDNF
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Figure 1. mRNA levels of BDNF in the two populations. The PCR
analysis shows a significant increase of this factor in GAD compared to
the controls. Densitometric analysis was performed and the results were
normalized using [3-actin as an internal control. The mean of BNDF
expression level of control subjects is arbitrarily fixed to 100%. Mean *
S.E.M. is reported. *£<0.05.
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(229.18% * 28.63%) (Figure 2), where the ARTN level was
more than double that in the healthy controls. Table T shows
demographic and clinical characteristics of the subjects. The
mean levels of HDRS and GAD - 7 in two groups of patients
are well differentiated. The HDRS mean value in the GAD
group was (9.00 + 0.47), while the mean value for GAD -
7 was (19.64 £ 0.70) in GAD, showing no comorbidity with
a depressive spectrum disorder. The SCID clinical version
interview verified that no other psychiatric disorder had
occurred in the past.

The mean levels of HDRS for the controls were
(2.20 £ 0.39) and (2.80 * 0.44) for the GAD - 7 scale at the
time of sampling. No psychiatric disorders had occurred in
the past.

No subject was under medication at the time of sampling
or presented a chronic inflammatory disease, neoplasia or
drug or alcohol abuse.

A difference must be reported between the mean ages of
the two groups: GAD (42.29 = 2.74) versus (34.00 = 3.10) in
the control group.

Conclusion

The results show, unexpectedly, substantial doubling in the
levels of both BDNF and ARTN in the GAD subjects com-
pared to the healthy controls.

This is the first study measuring BDNF and ARTN
peripheral blood levels in GAD drug-naive patients without
depression.

No correlation has been proved between the severity of
GAD assessed with the GAD-7 scale and the level of neu-
rotrophins.

Several antidepressant and anxiolytic treatments have
been reported modulating neurotrophins in depression.
To our knowledge, the only study in GAD patients was a
double blind duloxetine versus placebo regulatory study
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Figure 2. mRNA levels of ARTN in the two populations. The PCR
analysis shows a significant increase of this factor in GAD compared
with healthy controls. Densitometric analysis was performed and the
results were normalized using 3-actin as an internal control. The mean
of ARTN expression level of control subjects is arbitrarily fixed to 100%.
Mean * S.E.M. is reported. * < 0.05.
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Table I. Demographic and clinical characteristics of GAD patients.

Patients Sex Age of onset HAM - D GAD -7
GAD 1 M 26 11 20
GAD 2 F 24 12 21
GAD 3 F 30 9 19
GAD 4 M 32 8 19
GAD 5 M 40 8 21
GAD 6 F 38 8 21
GAD 7 F 32 8§ 21
GAD 8 M 30 9 21
GAD 9 F 32 11 19
GAD 10 F 30 11 20
GAD 11 F 17 10 21
GAD 12 F 36 8 21
GAD 13 M 40 7 20
GAD 14 M 45 6 11

on 210 GAD patients, in which the treatment response to
duloxetine (60 mg) and BDNF plasma levels were stud-
ied before the randomization and after 15 weeks of treat-
ment (Ball et al. 2013). After 7 weeks, subjects who did
not respond to duloxetine had an augmentation of the
daily dose (from 60 to 150 mg). At the end of the 15 weeks
of therapy, the responders showed an increase of BDNF
levels, while no significant difference in baseline levels
were observed in the non-responders and placebo groups
(Ball et al. 2013). Unfortunately, the study does not report
comparison with healthy controls either at the baseline or
in the follow up, therefore these results cannot be easily
interpreted.

Our sample comprised drug-naive subjects and therefore
present or past treatment could not be involved. Since the first
line treatment for GAD includes treatment which is also used
for the treatment of depression (Baldwin et al. 2012), follow
up data about treatment response and correlation with neu-
rotrophin levels would be of great interest. Follow up data are
not vet available but further studies will report them. While
presence of a history of comorbid depression in our sample
was an exclusion criterion, in the regulatory study above, this
feature was not considered. Furthermore, the sample consid-
ered in the Ball study (Ball et al. 2013) comprised only Chi-
nese subjects, therefore ethnic differences might explain our
different results in a Caucasian sample.

To the best of our knowledge, there are no other stud-
ies on GAD involving neurotrophins. A broader study was
done in which BDNF levels in the entire spectrum of anxiety
disorders show a difference in serum levels between female
patients and the same gender controls, with the neurotrophic
factor appearing decreased in the first group, while no change
could be appreciated between male patients versus male con-
trols, leading the authors to suggest that this difference may
play a role in the physiopathology of anxiety (Molendjik
etal. 2012). A gender based stratification is therefore recom-
mended.

In our small sample, we did not find significant gender-
related differences in the population considered. The dif-
ference in age between the group with the GAD average
greater than the control might have some influences, even
it evidence about the impact of age on the BDNF levels are

Int J Psychiatry Clin Pract 2014;18:255-260

puzzling (Bus et al. 2011), but in any case, the difference of
age in our sample could not account for such a relevant dif-
ference in the results; a further larger study should consider
not only age but smoking status, alcohol consumption and
more generally the lifestyle, as well as perceived stress and
stressful events (Hadjicostantinou et al. 2001).

BDNF is not only considered to be a neurotrophin but
also an immunotrophin, epitheliotrophin and metabotro-
phin (Chaldakov et al. 2007) as well as glia belonging to a
complex network regulated by neurotransmitters and cytok-
ines that intervene in neurotrophic processes. In particular,
interleukins (IL) appear interesting since many studies have
shown a consistent role of inflammatory mediators in psy-
chiatric diseases (Barres 2003).

Variations in the levels of pro-inflammatory interleukins
have been noticed in chronic states of anxiety (Gill et al.
2008; Hoge et al. 2009) as well. These variations involve,
in patients with GAD, increased levels of tumor necrosis
factor-or (TNF-ot) and IL-17, and a reduction in IL-4 and
IL-10 (Vieira et al. 2010) and increased vulnerability to viral
diseases have been reported (Arranz et al. 2007; Takkouche
et al. 2001); further studies would consider peripheral levels
of several pro-inflammatory and anti-inflammatory cytok-
ines (IL-2, IL-6 e IL-10) in relation with glial and neural fac-
tors in GAD.

We checked the results obtained in the same laboratory
comparing the plasma levels of BDNF and ARTN of a sam-
ple of 9 patients with major depression (DSM IV TR, APA
2000), the severity of symptoms assessed by the Hamilton
Depression Rating Scale (mean values 23.00 = 1.36); results
were not only consistent with the literature (Sen et al.2008;
Otsuki et al. 2008), but also show the mean level of both
BDNF (66.79+9.33 vs. 186.74*=23.71% in GAD) and
ARTN (42.56 * 8.86 vs. 229.18 = 28.63% in GAD) reduced
in depressed patients compared both to the normal and to
the present GAD subjects where BDNF was 3 times higher
and ARTN more than 5 times higher.

This further comparison enhances the meaning of the
results, and, if replicated, highlight the difference between
GAD and depression, with the only limitation of the sample
dimension.

The results for mRNA level of BDNF and ARTN cannot
be generalized to studies in serum, plasma, platelet or in the
brain, and the correlation between growth factor alterations
in peripheral blood and in the central nervous system is still
poorly understood. In future studies, the measurements of
serum BDNF and ARTN protein levels could complement
the present evidence of increased mRNA levels of these fac-
tors. Furthermore, it remains to be established whether there
is a correlation between growth factor alterations in periph-
eral blood and in the central nervous system (cerebro-spinal
fluid), and if environmental factors affect the expression of
these factors also at the brain level.

Although this population cannot be interpreted as rep-
resentative of the “real world” GAD patients, generally
highly comorbid, these data are extremely clear as a con-
cept of proof, and if replicated, they will draw a line at the
level of neuroplasticity phenomena between anxiety and
depression.



Downloaded by [Universita degli Studi di Torino] at 00:48 01 September 2015

DOI: 10.3109/13651501.2014.940051

Key points
1. Evidence of nervous growth factor alteration in GAD
is lacking.
2. The present study was performed on drug- naive GAD
patients.

3. BDNF and ARTN mRNA levels were significantly
increased in patients with GAD, in comparison to the
healthy control subjects.
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