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ARTICLE INFO ABSTRACT

Keywords: Background: Major depressive disorder (MDD) is a severe mental disorder characterized by reduced gray matter
Gray matter volume volume (GMV). To date, the pathogenesis of MDD remains unclear, but neurotrophic factors play an essential
GDNF o role in the pathophysiological alterations of MDD during disease development. In particular, plasma glial cell
x:i:;::;:;we disorder line-derived neurotrophic factor (GDNF) has been suggested as a potential biomarker that may be associated with

disease activity and neurological progression in MDD. Our study investigated whether plasma GDNF levels in
MDD patients and healthy controls (HCs) are correlated with GMV alterations.

Methods: We studied 54 MDD patients and 48 HCs. The effect of different diagnoses on whole-brain GMV was
investigated using ANOVA (Analysis of Variance). The threshold of significance was p < 0.05, and Gaussian
random-field (GRF) correction for error was used. All analyses were controlled for covariates such as ethnicity,
handedness, age, and gender that could affect GMV.

Result: Compared with the HC group, the GMV in the MDD group was significantly reduced in the right inferior
orbitofrontal cortex (OFC), and plasma GDNF levels were significantly higher in the MDD group than in the HC
group. In the right inferior OFC, the GDNF levels were positively correlated with GMV reduction in the MDD
group, whereas in the HC group, a negative correlation was observed between GDNF levels and GMV reduction.
Conclusion: Although increased production of GDNF in MDD may help repair neural damage in brain regions
associated with brain disease, its repairing effects may be interfered with and hindered by underlying neuro-
inflammatory processes.

Orbitofrontal cortex

1. Introduction

There is evidence that major depressive disorder (MDD) is linked to
abnormally low gray matter volume (GMV) in various brain regions,
such as the hippocampus, cingulate gyrus, frontal lobe, occipital lobe,
temporal lobe, insula, and striatum (Kim et al., 2019; Schmaal et al.,
2017; Meng et al., 2020; Fossati et al., 2004; Duman and Monteggia,
2006; Du et al.,, 2012; Stratmann et al., 2014; Lloyd et al., 2004).
Moreover, researchers have found that MDD patients had less GMV in
the frontal lobes (Bora et al., 2012), especially in the prefrontal cortex
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(PFC) (Czeh and Nagy, 2018), which was smaller than in healthy con-
trols (HCs) (Grieve et al., 2013; Ansell et al., 2012; Nakano et al., 2014).
The PFC is located in the anterior part of the frontal lobe and is
considered to be one of the most complex anatomical and functional
structures in the mammalian brain. The primary function of the PFC
involves attention, planning, and decision-making, which occur mainly
through the dynamic interaction of two parallel networks of the
PFC—the “execution” network and the “limbic” network (Abernathy
et al, 2010). The prefrontal neocortical and limbic archicortical
network is dysregulated in MDD (Bennett, 2011; Bennett, 2010).
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According to functional magnetic resonance imaging (fMRI) studies, this
disorder is mainly manifested by reduced activity in the PFC (Taylor and
Liberzon, 2007). A functional near-infrared spectroscopy (fNIRS) study
found that impaired processing of emotional faces in patients with mood
disorders may be associated with abnormal functioning of the right PFC
(Manelis et al., 2019). Another study revealed that MDD patients had
significantly lower functional connectivity strength (FCS) in the bilat-
eral PFC compared to the HC group (Shi et al., 2020). Zhang et al.
(Zhang et al., 2018) observed that MDD patients had decreased GMV
and local brain function in the PFC. An additional study found that the
mean GMV of the PFC was abnormally reduced in subjects with MDD,
irrespective of their treatment status or current mood state (Drevets
et al., 1997). An early meta-analysis reported that frontal regions show
the most significant reduction in MDD (Koolschijn et al., 2009),
particularly in the anterior cingulate cortex (ACC) and bilateral orbito-
frontal cortex (OFC) (Gray et al., 2020). In the largest structural MRI
(sMRI) study ever performed, adults with MDD showed cortical gray
matter thinning in the ACC and OFC compared with controls (Schmaal
et al., 2017). Importantly, structural abnormalities of the ACC and OFC
occurred early in MDD and affected regions that are crucial to the
regulation of negative emotions, value representation, and self-
referential processing (Hiser and Koenigs, 2018). A five-year prospec-
tive study evaluating MDD mothers and never-depressed daughters
found lower cortical thickness in the right medial OFC to be one of the
neurological features predictive of first-onset MDD (Foland-Ross et al.,
2015). There is substantial heterogeneity in MDD; therefore, studies
linking structural abnormalities to a more homogeneous biological
phenotype of depression may provide key findings (Pizzagalli and
Roberts, 2022).

Previous studies found that the gray matter abnormalities in the OFC
play a crucial role in MDD, where it receives input from visual (Barbas,
1988), gustatory (Rolls and Baylis, 1994), olfactory (Carmichael et al.,
1994), and somatosensory cortices (Ongiir and Price, 1991) 2000).
Sensory and emotional information from the thalamus, olfactory system,
and amygdala are relayed in the OFC and then transmitted to the
striatum and PFC (Rolls, 2019). Cognitive dysfunction in depression is
related to the complexity of the right OFC (Schmitt et al., 2021). Imaging
and neuropathological studies have shown that MDD patients do exhibit
several types of OFC abnormalities (Ongiir and Price, 1991) 2000). An
autopsy study found that patients with MDD have smaller neurons in the
medial OFC and reduced cortical thickness (Rajkowska et al., 1999), and
one fMRI study showed a significant reduction in OFC activation in MDD
patients compared with the HC group during a working memory task
(Rose et al., 2006). An sMRI study showed smaller OFC volumes in pa-
tients with MDD in the remission period (Bremner et al., 2002). The
studies mentioned above suggest that the reduction and dysfunction of
GMV in the OFC may be related to the pathophysiology of MDD in
adults.

The reduction in GMV and atrophy of gray matter morphology in
patients with MDD may be due to excessive neural loss (apoptosis) and
altered regulation of neurotrophic processes (Fossati et al., 2004; Czeh
and Nagy, 2018; Rajkowska, 2003). In recent years, an essential neu-
rotrophic factor (NTF) closely related to MDD, the glial cell line-derived
neurotrophic factor (GDNF) (Brunoni et al., 2015; Skibinska et al.,
2017), has been identified. GDNF is a secreted protein that belongs to
one of the NTFs (Oppenheim et al., 1995). It can promote the survival of
dopaminergic neurons, support motor neurons, nourish sympathetic and
parasympathetic neurons, and influence synaptic efficiency and neuro-
plasticity (Mesulam, 1999). A target-derived trophic factor, GDNF, has
been found to be essential for the survival of primary sensory neurons
(Erickson et al.,, 2001). It was found to protect neurons from
excitotoxicity-induced cell death and ischemic injury and to have a
protective effect on hippocampal neurons and ischemic cortical areas
(Curcio et al., 2015). It has also been suggested that GDNF may be a
potential biomarker for disease activity and neurological progression in
MDD (Blizniewska-Kowalska et al., 2021). A comparative post-mortem
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study showed that GDNF concentrations were significantly increased
in the parietal cortex of depression patients (Michel et al., 2008), and
affective symptoms of depression, such as mood regulation, are influ-
enced heavily by parietal structures (Anderson et al., 2004; Price, 1999).
Increased GDNF synthesis may be a feature of acute mood episodes
(Rosa et al., 2006). Wang et al. (Wang et al., 2011) found that plasma
GDNF levels were significantly higher in patients with late-onset MDD
than in controls. Age and severity of clinical depression symptoms play a
critical role in the expression of GDNF in MDD patients, according to our
previous study (Sun et al., 2019).

No studies have investigated the possible link between GDNF and
GMV in MDD yet. Based on the current status of the research, we hy-
pothesize that patients with MDD may exhibit abnormal plasma GDNF
levels and reduced GMV in the PFC compared with HCs, and there may
be a correlation between GMV alterations in the PFC and plasma GDNF
levels.

2. Methods
2.1. Participants and clinical measures

Data for all subjects in this study were collected at the First Affiliated
Hospital of China Medical University from 2013 to 2019. The patient
group was drawn from patients with MDD aged 18-45 years (n = 54)
attending the psychiatric outpatient clinic of the First Affiliated Hospital
of China Medical University. Of these, 22 (40.7%) were in depression
state and the remaining 32 (59.3%) were in remission state. 36 (66.7%)
patients were taking a sedative, mood stabilizers, antidepressants, or
antipsychotics at the time of scanning, while 18 (33.3%) patients were
not taking any of these medications. A case-control design was used,
with 48 HCs, aged 18-45 years, recruited from the community by
advertisement. Two experienced psychiatrists confirmed the diagnosis
of the MDD patient group based on the Structured Clinical Interview for
DSM-1V (SCID) (above 18 years). Patients were excluded if they had a
history of other DSM-IV Axis I disorders, including schizophrenia, bi-
polar disorder, substance abuse, anxiety disorders, and eating disorders.
Determined by their detailed family history, participants in the HCs did
not have any current or lifetime Axis I disorder or history of psychiatric,
mood, or other Axis I disorders in their first-degree relatives. Partici-
pants in all groups were excluded if they had dementia or other signif-
icant medical conditions, including hypertension, diabetes, autoimmune
diseases, infectious diseases within one month, and a history of head
injury. A psychiatrist assessed the severity of the subjects’ depression
and anxiety using the 17-item Hamilton rating scale for depression
(HAMD-17) and Hamilton anxiety scale (HAMA). All subjects volun-
tarily signed a written informed consent form after they had become
familiar with the entire study procedure. The study protocol was
approved by the Medical Research Ethics Committee of the First Affili-
ated Hospital of China Medical University and was performed in
accordance with the Declaration of Helsinki.

2.2. Image acquisition and processing

The MRI scans were performed at the Department of Radiology of the
First Affiliated Hospital of China Medical University, using a Signa HDx
3.0 T superconducting MRI scanner from General Electric (USA) with a
standard 8-channel phased-array head orthogonal coil. All subjects had
their heads fixed with foam and wore earplugs to reduce noise. Diffusion
tensor imaging and high-resolution sMRI scans were performed after the
localization scans, during which the subjects were kept at rest: supine,
eyes closed, and quiet without thinking. The scan parameters were as
follows: the structural image was taken using a three dimensional-fast
spoiled gradient-echo (3D-FSPGR) T1-weighted sequence with a repe-
tition time (TR) = 7.1 ms, echo time (TE) = 3.2 ms, flip angle = 13°,
image matrix = 240 x 240, field of view = 240 mm x 240 mm, number
of slices = 176, slice thickness = 1 mm, without gap, and voxel size =
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1.0 mm?®, and the scanning time was 8 m 22 s.

3D MRI pre-processing: In this study, the voxel-based morphometry
(VBMS) toolbox (https://dbm.neuro.uni-jena.de/vbm8/) implemented
in Statistical Parametric Mapping (SPM8, Wellcome Department of
Cognitive Neurology, London, UK. https://www.fil.ion.ucl.ac.uk
/spm/software/spm8/),was used to quantify the changes in brain
GMV for direct comparison between the MDD and HC groups. Pre-
processing was performed using the VBMS8 toolkit in the Matlab-based
SPMS8 software and consisted mainly of correcting the magnetic field,
segmenting the organization, and spatial normalization steps. The image
space was normalized to Montreal Neurological Institute (MNI) space
according to the default parameters of the VBMS8 toolkit and resampled
to 1.5 mm isotropic voxels. The GMV of the subjects were adjusted by
nonlinear transformation so that the voxel values became the relative
volumes of local tissue after individual brain size correction. Finally, the
image data were Gaussian smoothed with a full width at half maximum
(FWHM) of 8 mm?. The final images were used for statistical analysis at
the voxel-wise level.

The pre-processed image data were statistically analyzed with the
Matlab platform using the Data Processing Assistant for Brain Imaging
(DPABI) V5.0 software package. The GMV values of the MDD group and
the HC group were statistically analyzed by a two-sample t-test, and the
differential brain regions between two groups were identified by the
Anatomical Automatic Labeling (AAL) template. The Gaussian random
field (GRF) method was used for comparison correction, and the dif-
ferences were considered statistically significant at p < 0.05 (GRF cor-
rected) for each cluster of differential brain regions. The GMV values of
the clusters shown differences between MDD group and HC group were
extracted using ROI signal extractor. Bivariate Pearson correlation an-
alyses were performed in MDD group to assess the correlation of HAMD-
17 scores and other clinical and demographic characteristics of the
participants with GMV values of the clusters.

2.3. Measurements of GDNF

After collection, the samples were centrifuged at 2000 rpm/min for
10 min, and the plasma was stored in aliquots in a refrigerator at — 80 °C
until assayed. With the same Luminex instrument , plasma GDNF con-
centrations were determined by magnetic Luminex analysis according to
the manufacturer’s instructions. According to the manufacturer’s rec-
ommendations, plasma GDNF concentrations were adjusted by protein
concentration. All assays were performed twice using duplicate kits by
the same operator, who was blinded to the clinical grouping of the
subjects.

2.4. Statistical analysis

All statistical analyses were performed using SPSS Statistics version
22 (IBM, Armonk, NY, USA). Box plots and the one-sample Shapir-
o—Wilk test were used to examine whether there were outliers in GDNF
concentrations and whether GDNF concentrations and GMV values were
conformed to a normal distribution. Differences in gender between the
MDD and HC groups were tested using Chi-square tests. Differences in
age, GDNF concentrations, and GMV values between the MDD and HC
groups were tested using independent samples t tests.

MDD and HC groups were compared using bivariate Pearson corre-
lation analysis of GDNF values and GMV at differential brain region. All
p-values were two-tailed, and p-values < 0.05 were considered
significant.

3. Results
3.1. Demographics and clinical profile

The clinical and demographic characteristics of the participants are
shown in Table.1. There were no statistically significant differences in
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Table 1

Clinical and demographic characteristics of the groups. MDD, major depressive
disorder; HC, healthy control; n = Number of subjects. SD, Standard Deviation;
Values are expressed as Mean + SD; HAMD-17, 17-item Hamilton Depression
rating scale; F, female; M, male; HAMA, 17-item Hamilton Anxiety rating scale;
GDNF, glial cell line-derived neurotrophic factor. p < 0.05 was considered sta-
tistically significant.

MDD (n = 54) HC (n = 48) t/y p
Mean + SD Mean + SD

Age at scan(years) 29.30 + 8.39 27.67 + 7.66 1.02 0.310

Gender(F/M) 42/12 31/17 1.47 0.140

Duration of illness 26.63 +47.3 —

(months)

HAMD-17 15.87 £ 9.11 —_—

HAMA 15.39 + 10.74 —

GDNF(pg/ml) 1.85 + 0.45 1.67 + 0.45 2.164  0.033

age at scan (t = 1.02, p = 0.310), gender (y = 1.47, p = 0.140) between
the two groups. The MDD group had significantly higher GDNF levels
than the HC group (p = 0.033, Table 1).

3.2. GMV findings

A comparison between the MDD group and the HC group showed
that patients had reduced GMV in the region of the right inferior orbi-
tofrontal gyrus (AAL90, MNI coordinates 43.5, 40.5, —16.5; voxel size:
664, t-value: 3.390, p < 0.05 (GRF corrected)) (Fig. 1). No statistical
differences were found in GMV between the drug-using group and drug-
naive group. In the MDD group, there was a significant correlation be-
tween GMV and disease duration (r = -0.281, p = 0.040); there was no
significant correlation between GMV and age (r =-0.134, p = 0.333), the
HAMD-17 scores (r = -0.003, p = 0.981), or the HAMA scores (r =
-0.111, p = 0.422).

3.3. Plasma GDNF findings

GDNF levels were significantly higher in the MDD group than in the
HC group (p = 0.033) (Fig. 2). No statistical differences were found in
GDNF between the drug-using group and drug-naive group (p = 0.336).
There was no significant correlation between GDNF levels and age (r =
0.151, p = 0.275), disease duration (r = 0.081, p = 0.558), the HAMD-17
scores (r = 0.019, p = 0.889), or the HAMA scores (r = -0.010, p =
0.942).

3.4. Correlation between the reduction of GMVs and the plasma GDNF
levels

The MDD group showed a positive correlation between GDNF levels
and GMV (r = 0.274, p = 0.045), while a negative correlation between
GDNF and GMV was observed in the HC group (r = -0.339, p = 0.018)
(Fig. 3).

4. Discussion

In this study, we found that MDD patients showed a diffuse reduction
in GMV in the right inferior OFC, and they had higher plasma GDNF
levels than HCs. In the MDD group, the lower the GDNF levels, the
smaller the GMV in the right inferior OFC. To our knowledge, this is the
first study to explore the relationship between whole-brain GMV and
plasma GDNF levels in patients with MDD.

Numerous studies have found that patients with MDD have abnor-
mally reduced GMV in the frontal brain regions (Kim et al., 2019;
Schmaal et al., 2017; Meng et al., 2020; Fossati et al., 2004; Duman and
Monteggia, 2006; Du et al., 2012; Stratmann et al., 2014; Lloyd et al.,
2004; Bora et al., 2012), especially in the OFC, where the GMV is
significantly smaller than that of HCs (Lai et al., 2000; Zhao et al., 2017;
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Fig. 1. Gray matter areas show significant
differences between MDD and HCs. The

orange areas are the locations of brain
areas where the GMV differs between the
two groups. The color bar is the range of t-
values. (AAL90, MNI coordinates: x =
a0 929 43.5, y = 40.5, z = — 16.5; voxel size:
664, t-value: 3.390, p < 0.05 (GRF cor-
rected)). L, left; R, right; A, anterior; S,
superior. HC, healthy control; MDD, major
depressive disorder. GMV, gray matter
volume. *p < 0.05 was considered statis-
tically significant. (For interpretation of
the references to color in this figure
legend, the reader is referred to the web
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Fig. 2. Higher plasma GDNF levels in the MDD group compared with the HC
group (MDD 1.85 + 0.45 pg/ml, HC 1.67 + 0.45 pg/ml, p = 0.033). GDNF,

glial cell line-derived neurotrophic factor. *p < 0.05 was considered statisti-
cally significant.

Ballmaier et al., 2004), which further confirms our findings. The OFC is
located in the corticomotor and ventral premotor areas of the PFC and is
primarily involved in cognitive functions, where individuals make
choices or avoid risks. It can integrate external stimuli with internal

version of this article.)

MDD

states and regulate higher cognitive functions such as reward prediction,
working memory, risky decision-making, emotion regulation, and other
neural activities (Stalnaker et al., 2015; Rudebeck and Rich, 2018).
Impaired negative emotion regulation in MDD patients is associated
with the right OFC (Qin et al., 2014). In a meta-analysis of whole-brain
functional neuroimaging, non-psychotic disorders such as depression
were found to manifest as abnormal activation in the right anterior
insula/prefrontal ventral lateral cortex and right intraparietal sulcus
(McTeague et al., 2017). Decreased functional connectivity (FC) be-
tween the medial OFC, parahippocampal gyrus, and middle temporal
lobe results in the failure of reward-related information to reach the
hippocampus, i.e., reward-related pleasant emotions cannot be trans-
mitted to hippocampal storage, and pleasant experiences are absent
from memory, resulting in clinical symptoms such as pleasure deficit
and diminished interest. The lateral OFC receives information from the
non-reward/punishment system and processes it abnormally, the pre-
cuneus processes mainly self-relevant information, and the middle
temporal gyrus is associated with visual information processing, with
enhanced FC between them leading to negative self-perception and
misrecognition of face emotions (Cheng et al., 2016). Another sMRI
study has shown a decrease in OFC surface area in adolescents with MDD
and a decrease in OFC thickness early in the disease in adults (Schmaal
et al., 2017). These structural abnormalities may be due to the delayed
maturation of neurons in the developing central nervous system,
reduced dendritic growth, branching, and synaptic number, and the
inability to transmit relevant signals to and from the OFC, resulting in

- MDD
=+ HC

0.64-
u o
0.56-
S
O 0.48-
0.40-
0.32-
| |
0.8 1.6

T T
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GDNF

Fig. 3. Effect of GDNF levels on GMV in MDD and HCs. The MDD group showed a positive correlation between GDNF levels and GMV reduction (r = 0.274, p =
0.045), while a negative correlation between GDNF and GMV reduction was observed in the HC group (r = — 0.339, p = 0.018). p < 0.05 was considered sta-

tistically significant.
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functional abnormalities (Lai et al., 2000). We also found that in the
MDD group, disease duration was negatively correlated with GMV,
which was consistent with the findings of Lampe et al. (Lampe et al.,
2003).

Our study found significantly elevated GDNF levels in MDD patients
compared with the HC group. However, there have been conflicting
studies on peripheral blood GDNF levels in MDD patients, with either
high or low values of GDNF found at both the serum and plasma levels
(Wangetal., 2011; Sun et al., 2019; de Azevedo et al., 2014; Zhang et al.,
2008; Takebayashi et al., 2006; Lin and Tseng, 2015; Otsuki et al.,
2008). Our results are consistent with a study reporting high plasma
GDNF levels in MDD (Wang et al., 2011), which confirms our hypothesis
and also suggests that elevated GDNF levels may be a biomarker for
MDD disease (Blizniewska-Kowalska et al., 2021). It is unclear whether
this is a pathological or a compensatory mechanism. This result is
consistent with a previous study on higher serum GDNF levels during
acute manic and depressive episodes in patients with bipolar disorder
(Rosa et al., 2006). In addition, a previous study had similar findings and
noted that GDNF concentrations in the parietal cortex were significantly
higher in depressed patients than in matched controls (Michel et al.,
2008). The neurotrophic effects of GDNF are potent on various brain
neurons and can help reduce the effects of oxidative stress (Gratacos
et al., 2001). Meanwhile, oxidative stress plays an important role in the
pathogenesis of MDD (Gatecki et al., 2009). Therefore, we tentatively
hypothesized that elevated GDNF levels may be associated with distur-
bances in the oxidative and antioxidant homeostasis system.

There remains a critical link between GDNF levels in the central
nervous system and those in the peripheral blood—the blood-brain
barrier (BBB). Although an early study did not support the idea that
GDNF could cross the BBB (Kastin et al., 2003), several later studies in
animals and humans found that the BBB may become dysfunctional and
hyperpermeable in the presence of stress, inflammation, pain, or infec-
tion (Bittner et al., 2014; Li et al., 2014). It has also been found that
increased susceptibility of astrocytes during the progression of depres-
sion may exacerbate BBB dysfunction (Wu et al., 2021). Although there
is no direct evidence that the permeability of the BBB is increased
enough for GDNF to pass through in depressed patients, one study has
shown that chronic pain increases the levels of inflammatory cytokines
(IL-8) and leads to opposite changes in GDNF levels at the brain and
peripheral levels, with increased levels of GDNF in the cerebrospinal
fluid but not in the peripheral blood and decreased levels of GDNF in
peripheral blood (Lundborg et al., 2010). This phenomenon may be due
to the extracerebral production of GDNF entering the central nervous
system through the dysregulated BBB and repairing damaged neurons in
MDD patients (Lin and Tseng, 2015). In addition, the increase in GDNF
in the cerebrospinal fluid may be due to the restorative effect of GDNF
on dysregulated BBB function, and the interaction between dysregulated
BBB and neurotrophic factors in the pathogenesis of depression needs to
be further investigated (Yosef and Ubogu, 2012).

Finally, we also found that the GMV of MDD patients in the right
inferior OFC was positively correlated with plasma GDNF levels. We
speculated that the increase of GDNF levels may be to repair the neural
damage in the brain that occurred in MDD patients, which seems to
imply that pharmacological or non-pharmacological treatments target-
ing plasma GDNF could alter the gray matter in local brain regions to
some extent.

5. Limitations

First, despite our efforts to demonstrate the role of disease markers of
peripheral GDNF in depression and MDD, we did not investigate
whether plasma GDNF levels changed in subjects after antidepressant
treatment. After eight weeks of antidepressant therapy, serum GDNF
levels increased significantly in MDD patients who were significantly
lower before treatment (Zhang et al., 2008). Additionally, the medica-
tion given during the disease may affect the results of MRI
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measurements of the brain, as one animal study found an increase in
GMV in the left middle frontal gyrus and right OFC in the MDD group
after eight weeks of fluoxetine treatment (Kong et al., 2014). Second, all
subjects included in this study were recruited from a single center and
consisted of a single ethnic group, thus increasing the potential for
population stratification and limiting the generalizability of the find-
ings. Finally, whether the disease recurs or not also has an effect on
patient gray matter. One study examining the relationship between
cortical changes and recurrence in MDD patients found a significant
decrease in the insula and dorsolateral prefrontal GMV in the group of
patients with relapsed MDD; in contrast, in the group without relapse,
there were no significant changes in GMV in these regions (Zhang et al.,
2016; Zaremba et al., 2018). Our study did not strictly distinguish be-
tween patients with first-onset and relapsed MDD.

6. Conclusion

We innovatively explored the relationship between plasma GDNF
levels and GMV in MDD patients and HCs. We found that plasma GDNF
levels in MDD patients were positively correlated with GMV reduction in
the right inferior OFC, suggesting that increased production of GDNF in
MDD patients may help prevent and repair disease-related neurological
damage. Still, its effects may be interfered with by an underlying neu-
roinflammatory process, a mechanism that is unclear and requires
further study, and our findings may provide new ideas for the treatment
of depression.
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