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Abstract

Background—Preclinical and postmortem studies have implicated the metabotropic glutamate 

receptor 5 (mGluR5) in the pathophysiology of major depressive disorder (MDD). The goal of the 

present study was to determine the role of mGluR5 in a large group of individuals with MDD 

compared to healthy controls (HC) in vivo with [18F]FPEB and positron emission tomography 

(PET). Furthermore, we sought to determine the role glutamate plays on mGluR5 availability in 

MDD.

Methods—Sixty-five participants (30 MDD and 35 HC) completed [18F]FPEB PET to estimate 

the primary outcome measure - mGluR5 volume of distribution (VT), and the secondary outcome 
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measure - mGluR5 distribution volume ratio (DVR). A subgroup of 39 participants (16 MDD and 

23 HC) completed proton magnetic resonance spectroscopy (1H MRS) to estimate anterior 

cingulate (ACC) glutamate, glutamine, and Glx (glutamate + glutamine) levels relative to creatine 

(Cr).

Results—No significant between-group differences were observed in mGluR5 VT or DVR. 

Compared to HC, individuals with MDD had higher ACC glutamate, glutamine, and Glx levels. 

Importantly, the ACC mGluR5 DVR negatively correlated with glutamate/Cr and Glx/Cr levels.

Conclusions—In this novel in vivo examination, we show an inverse relationship between 

mGluR5 availability and glutamate levels. These data highlight the need to further investigate the 

role of glutamatergic system in depression.
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Introduction

Major depressive disorder (MDD) is highly prevalent and disabling, with poorly understood 

neurobiology and with available treatment options that require weeks to months to exert full 

therapeutic benefit (1). Better understanding of the pathophysiology of MDD may facilitate 

the development of novel effective rapid acting therapeutics. Accumulating evidence 

strongly implicates altered glutamate neurotransmission in the pathophysiology of MDD, 

and suggests that glutamate modulation may induce rapid relief of depressive symptoms in 

treatment refractory patients (2). The metabotropic glutamate receptor 5 (mGluR5) is a key 

component of the glutamatergic system, and has been thought to play a critical role in the 

pathophysiology of depression (3, 4). In this report, we used the high affinity PET 

radiotracer [18F]FPEB to compare in vivo mGluR5 availability in individuals with MDD and 

healthy controls. In addition, we collected 1H MRS data to investigate the relationship 

between mGluR5 availability and cortical glutamate level.

Chronic stress and depression are associated with alterations in glutamate (the major 

excitatory neurotransmitter) transmission, including an increase in extracellular glutamate, 

which could lead to excitotoxicity and impaired synaptic integrity, contributing to the brain 

abnormalities observed in MDD (6). Glutamate neurotransmission is regulated by ionotropic 

and G-protein coupled metabotropic GluR, which are divided into 3 groups: group I 

(mGluR1 and 5), group II (mGluR2 and 3) and group III (mGluR4, 6, 7, 8)(5). The group I 

mGluRs couple to phospholipase C and stimulate cyclic AMP formation and arachidonic 

acid release (7); modulating synaptic transmission, neuronal excitability, gene expression 

and neuroplasticity. The mGluR5s are mostly located postsynaptically and on glial cells in 

the perisynaptic space (8–10), and have highest density in the hippocampus, intermediate in 

the caudate/putamen, cerebral cortex, and thalamus, and lowest in the cerebellum (11, 12).

Preclinical studies have repeatedly implicated mGluR5 impairment in the pathophysiology 

of depression (13). However, the relationship between mGluR5 changes and depressive-like 

behavior is complex and not fully understood. Animal models of depression showed 
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reductions in mGluR5 protein and density in various brain regions (14, 15). Similarly, 

mGluR5 knockout mice exhibited depressive-like behavior (16) and chronic, but not acute, 

antidepressant treatment increased mGluR5 expression (17), raising the possibility that 

therapeutic effects might be mediated by mGluR5 regulation.

In humans, postmortem examination of mGluR5 density in MDD has revealed regional 

variability in findings. One study showed lower mGluR5 protein levels in the cerebellum of 

14 MDD patients as compared to 14 controls (18). More recently, a postmortem study of 

tissue from ventral anterior cingulate (BA24) failed to demonstrate significant alterations in 

mGluR5 density in12 individuals with MDD as compared to 12 controls (19), suggesting 

mGluR5 alterations may not be present in MDD. However, a different study examining 

mGluR5 levels postmortem and in vivo showed lower monomer mGluR5 protein levels in 15 

individuals with MDD as compared to 15 comparison individuals in parts of the PFC (BA9) 

(20). The same group used [11C]ABP688 PET to provide the first in vivo evidence of lower 

mGluR5 availability in 11 individuals with MDD in a current depressive episode as 

compared to 11 controls (20). Distribution volume ratio (DVR) with cerebellar activity as 

the reference region was used as the outcome measure. The authors reported 10–20% lower 

mGluR5 availability in several brain regions, including the thalamus, anterior cingulate 

cortex (ACC), anterior insula, lateral prefrontal cortex, the temporal and parietal lobes, as 

well as precentral, inferior prefrontal and lateral prefrontal gyri (20). However, an evaluation 

of mGluR5 availability in elderly depression (n=16) as compared to elderly controls using 

[11C]ABP688 and PET did not detect significant between-group differences in any of the 

regions assessed via distribution volume (VT) or DVR outcome measures (21). Thus, the 

extent of mGluR5 involvement in living individuals with MDD remains inconclusive. Of 

notes, similar pattern was observed in post-mortem studies showing decreased astrocytes in 

younger MDD, but not in older patients (22).

This study was designed to conclusively determine whether there is a difference in mGluR5 

density in MDD with an adequately powered sample of medication-free MDD individuals. 

Considering that there is no human brain region devoid of mGluR5 in humans (23–26), we 

studied VT (an absolute measure) as our main outcome measure. Given previous study 

examined changes in mGluR5 availability using DVR, we also examined DVR (a relative 

measure) as outcome measure for quantification of mGluR5 availability. The radiotracer we 

used was 3-[18F]fluoro-5-[(pyridin-3-yl)ethynyl]benzonitrile ([18F]FPEB, KD = 0.11±0.04 

nM – 0.15±0.02 nM(25)). Test-retest for the outcome measure VT during bolus plus infusion 

administration was −2 – −6% when using arterial blood and 0 – 4% when using venous 

blood. Furthermore, both mean arterial and mean venous radiotracer concentrations reach 

equilibrium by 90 mins (time of data collection) and our work shows 1% difference between 

arterial and venous quantifications, suggesting arterial line is not required for outcome 

measure calculation. Therefore, this tracer is excellent for use in psychiatric populations 

(27). To assess whether increased cortical levels of glutamate are associated with decreased 

mGluR5 density, we measured glutamate levels in the ACC of a subgroup of subjects 

using 1H MRS. A postmortem study reported elevated tissue glutamate levels in depression 

in the anterior cingulate cortex (ACC)(28) and occipital cortex detected elevated glutamate 

levels in individuals with MDD (29). There is, however, also MRS literature showing lower 

ACC glutamate and glutamate+glutamine (GLX) levels in individuals with depression (30, 
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31), while other studies found reduced ACC glutamine in MDD, but not glutamate (32). We 

hypothesized that individuals with MDD would have lower mGluR5 availability based on 

the previous report. We also hypothesized a negative correlation between ACC mGluR5 

availability and ACC glutamate levels, consistent with the hypothesis that increased 

glutamate leads to excitotoxicity.

Methods and Materials

Subjects

The Institutional Review Board (IRB) and safety committees approved all study procedures. 

All subjects provided written informed consent prior to participation. Thirty medication-free 

individuals with MDD and 35 healthy controls (HC) completed the PET study, and 16 MDD 

and 23 HC of those successfully completed 1H MRS scans within 1–2 days of PET. 

Participants underwent physical, neurological and psychological examination to rule out any 

major medical or neurological illness, and to confirm diagnosis. Electrocardiography, 

complete blood counts, serum chemistries, thyroid function test, liver function test, 

urinalysis and urine toxicology screening, and plasma pregnancy tests (for women) were 

performed during screening. Urine toxicology and pregnancy tests were repeated prior to 

each scan. Study criteria included, age 18–65 years-old, MDD diagnosis with current major 

depressive episode (MDD group) or no psychiatric disorder (HC group) as confirmed by a 

Structured Clinical Interview for DSM-IV (33), no active suicidal ideation, no lifetime 

history of bipolar disorder or schizophrenia, no diagnosis of alcohol or substance abuse (past 

6 months) or dependence (past 12 months) except for nicotine, no positive urine toxicology, 

medication free for at least 2 weeks, no history of loss of consciousness > 5 minutes.

Considering previous reports of lower mGluR5 binding in smokers (34), tobacco smokers 

and nonsmokers were matched across groups. Tobacco smokers were defined as those who 

had smoked at least 10 cigarettes daily for at least 1 year, and who had, urine cotinine levels 

>100ng/mL and carbon monoxide levels >11 ppm. Nonsmokers were defined as having 

smoked <40 cigarettes in lifetime, and having negligible urine cotinine (<100ng/mL) and 

carbon monoxide (<8ppm) levels. Plasma cotinine levels of >150ng/mL for smokers and 

plasma of <15ng/mL for nonsmokers were preferred, but not available to collect for some 

subjects due to technical issues (e.g., clotting).

Magnetic resonance imaging (MRI) and spectroscopy (MRS)

MRI scans were collected using a 3T scanner (Trio, Siemens Medical Systems, Erlangen, 

Germany) for registration with PET and region-of-interest (ROI) definition. MRI scans were 

performed within 1–2 weeks of PET scan. A 3D T1-weighted gradient-echo (MPRAGE) 

with 1 mm3 isometric resolution (FA=7°, TE=3.34 ms, TI=1100 ms, and TR=2500 ms) was 

used.

Proton MRS scans were obtained with PRESS localization (TE/TR = 68/2500 ms) from a 

3×3×3 cm3 voxel centered in front of the genu of the corpus callosum on a 4T magnet 

(Bruker Instruments, Billerica, MA). Subjects lay supine in the scanner for about 1h. Using 

software written in MATLAB (The Mathworks, Inc.), each FID was line-broadened with a 
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−2 Hz/6 Hz Lorentzian-Gaussian conversion, zero-filled to 16K points, and Fourier-

transformed. The spectra were phased and fitted with in-house spectral fitting software using 

a basis set that contained glutamate, glutamine, aspartate, myo-inositol, scyllo-inositol, 

choline, and creatine for quantification. Metabolites were quantified relative to tissue 

creatine (Cr). Glutamate + glutamine (Glx) was included to facilitate interpretation in the 

context of previous literature (30, 35).

Brain [18F]FPEB PET scanning

[18F]FPEB was synthesized using a previously published method (27). PET scans were 

acquired on a High Resolution Research Tomograph (HRRT) scanner (Siemens/CTI, 

Knoxville, TN), with spatial resolution (full width at half maximum) of 2–3 mm. All of the 

PET scans were acquired in the afternoon as we and others previously showed diurnal 

variation in mGluR5 availability (36, 37). A radial artery catheter was inserted at the wrist 

area to measure the metabolite-corrected input function. In the cases where arterial line 

placement failed (i.e., in 12 HC and 13 MDD), a venous catheter was inserted to measure 

metabolite-corrected input function. We previously showed excellent correlation between 

arterial and venous concentrations of [18F]FPEB (27) when using constant infusion of tracer 

(Cvenous = 1.01 * Carterial, r2=0.95). The test/retest variability of VT from this method was 

12%. A venous catheter was inserted at the antecubital area on the different side for 

intravenous administration of [18F]FPEB.

Before the scan, an optical motion-tracking tool was fastened to the subject’s head. A 6-min 

transmission scan was obtained for attenuation correction. [18F]FPEB was administered as 

bolus plus infusion (B/I) for 120 minutes with a Kbol of 190 min (27, 38). Equilibrium was 

reached at 60 min and outcome data were calculated from 90–120 min scan time. The 

injected dose was 153.7± 40 MBq for the HC group and 155.3± 42 MBq for the MDD group 

(n = 30) at the time of injection. The injected mass was 0.37 ± 0.22 μg for the HC group and 

0.33 ± 0.19 μg for the MDD group. There were no significant between-group differences in 

the injected dose or mass. Dynamic scan data were reconstructed with corrections for 

attenuation, normalization, randoms, scatter, deadtime, and motion (Vicra, NDI System 

Waterloo, Ontario), using the ordered-subset expectation maximization (OSEM)-based 

MOLAR algorithm (39).

The PET images were coregistered to each subject’s T1-weighted MR images using a six-

parameter mutual information algorithm (FLIRT, FSL 3.2, Analysis Group, FMRIB, Oxford, 

UK), which was then coregistered to the MR template by nonlinear transformation using the 

Bioimagesuite software (version 2.5; http://www.bioimagesuite.com). Regions of interest 

(ROIs) from the AAL (Anatomical Automatic Labeling for SPM2) template were used. 

[18F]FPEB VT was estimated by the equilibrium analysis method using blood data (38). 

DVR was calculated as VTtarget/VTreference, using the cerebellum as reference for 

comparability to previous reports (20, 34).

Statistical analysis

SPSS Statistics V21 (IBM Corporation, NY, USA) was used for the study analyses. Prior to 

conducting each analysis, the distribution of outcome measures was examined using 
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normality histograms, Skewness, and Kurtosis measures. Transformations and non-

parametric tests were used as necessary. Demographics, and clinical characteristics were 

compared using t-test and chi-square.

We used t-test to compare PET and MRS measures between MDD and HC, as well as 

between smokers and non-smokers. Considering that smoking status had a significant effect 

on caudate mGluR5, we constructed a general linear model examine the effect of diagnosis 

with smoking status as covariate. To determine the relationship between ACC PET and MRS 

measures, we conducted both Pearson and Spearman correlation analyses. Exploratory 

analyses, with correction for multiple testing, examined the relationship between PET/MRS 

measures and the severity of illness using the length of depressive episode, and current 

severity of symptoms as measured by Beck Depression Inventory (40). All tests were 2-

tailed with significance set at p ≤ 0.05. The study has 80% power to detect an effect size of d 

= 0.7 for the mGluR5 differences and d = 0.9 for the glutamate differences. False discovery 

rate (FDR) was implemented for multiple comparison correction.

Results

Demographics and clinical characteristics are detailed in Table 1. There were no significant 

between-group differences in age, smoking status, or sex. The average length of current 

episode and severity of depressive symptoms is consistent with a population with moderate 

course of illness and severity. In the MDD group, four subjects had comorbid posttraumatic 

stress disorder and two subjects had comorbid obsessive compulsive disorder.

MDD vs. HC

We did not detect significant differences in mGluR5 availability between MDD and HC, 

using either mGluR5 VT or DVR (Table 2). Furthermore, we did not detect significant effect 

of input function (arterial versus venous) on mGluR5 quantification, nor differences in the 

receptor availability in the subgroups that participated in the MRS scanning. In the caudate, 

smokers have numerically lower levels of mGluR5 VT (smokers: 23 ±1.6; non-smokers: 29 

±1.4; t = 2.3; p = 0.02) and DVR (smokers: 2.4 ±0.05; non-smokers: 2.2 ±0.1; t = 2.6; p = 

0.01). However, these differences did not survive correction for multiple comparisons 

(corrected p > 0.05). Caudate mGluR5 (VT and DVR) did not differ between MDD and HC, 

with smoking status as covariate. Other ROIs showed no significant mGluR5 binding 

between smokers and non-smokers (all p values > 0.05).

The MDD group exhibited higher ACC glutamate, glutamine, and Glx levels (Fig. 1A; Table 

2). To rule out the possibility that the higher Glx, Glu, Gln levels are due to reduction in Cr, 

we have conducted a secondary analysis in which NAA or Cho were used as internal 

references. Glx/NAA, Glx/Cho, Gln/NAA, and Gln/Cho were significantly higher in MDD 

(all p values < 0.05), but non-significant higher levels of Glu/NAA (p = 0.07) and Glu/Cho 

(p = 0.12). In addition, we compared Cr between groups using Cho as internal reference. 

This analysis showed no significant Cr/Cho difference between MDD and HC (p = 0.17). 

Further we examined gray matter volume as additional internal reference but found no Cr 

differences between groups (p = 0.15).
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Smoking status did not differ between MDD and HC in the MRS sample (p = 0.5). ACC 

Glx, glutamate, and glutamine did not differ between smokers and non-smokers (all p values 
> 0.2).

ACC mGluR5 vs. Glutamate

In the whole sample, ACC mGluR5 VT did not correlate with ACC glutamate (r = − 0.01; p 
= 0.95; corrected p = 0.95), glutamine (r = 0.09; p = 0.58; corrected p = 0.87), or Glx (r = 

0.02; p = 0.89; corrected p = 0.95). Using Pearson correlation, ACC mGluR5 DVR was 

negatively correlated with ACC Glx (r = − 0.43; p = 0.005; corrected p = 0.03), but 

correlated with ACC glutamate (r = − 0.37; p = 0.02; corrected p = 0.07) and glutamine (r = 

− 0.29; p = 0.07; corrected p = 0.14) at trend only (Fig. 1B–D). Using non-parametric 

Spearman’s correlation, ACC mGluR5 DVR was negatively correlated with ACC Glx (r = 

− 0.44; p = 0.005; corrected p = 0.015), glutamate (r = − 0.39; p = 0.01; corrected p = 

0.015), and glutamine (r = − 0.33; p = 0.04; corrected p = 0.04). Using one-tailed tests did 

not change the results (data not shown).

Post-hoc exploratory Pearson analysis showed the following correlation in the MDD group 

between ACC mGluR5 DVR and Glx (r = − 0.54; p = 0.02; corrected p = 0.06), glutamate (r 
= − 0.42; p = 0.10; corrected p = 0.15) or glutamine (r = − 0.34; p = 0.19; corrected p = 

0.19). Using Spearman’s correlation, the following correlations were found in the MDD 

group between ACC mGluR5 DVR and Glx (r = − 0.62; p = 0.005; corrected p = 0.03), 

glutamate (r = − 0.46; p = 0.07; corrected p = 0.07) or glutamine (r = − 0.51; p = 0.04; 

corrected p = 0.06). ACC mGluR5 DVR did not correlate with glutamate measures in 

healthy controls (all p values > 0.3). There were no correlations between mGluR5 VT and 

glutamate measures in either group (all p values > 0.4). Given the hypothesis that increases 

in Glu are associated with decreased receptor number, we examined whether a one-tailed 

test would change the significance. However, using one-tailed test did not change the results, 

except for the Spearman’s correlation between ACC mGluR5 DVR and each of glutamate 

and glutamine which became significant (corrected p < 0.05).

Depression Severity vs. Glutamate and mGluR5

Examining glutamate levels in the MDD group, we found a trend for positive correlation 

between current depressive severity, as measured by BDI, and ACC glutamine (r = 0.58; 

uncorrected p = 0.02; corrected p = 0.057) and Glx (r = 0.56; uncorrected p = 0.02; corrected 
p = 0.057); but no correlation with glutamate (r = 0.34; uncorrected p = 0.20; corrected p = 

0.40). There were no significant correlations between BDI and any of the mGluR5 measures, 

or between the length of depressive episode and any of the glutamate or mGluR5 measures.

Discussion

We conducted an adequately powered study of mGluR5 and glutamate levels in unmedicated 

individuals with MDD. We did not detect significantly lower mGluR5 availability in the 

MDD group using VT or DVR as the outcome measures, consistent with 1 of 2 previous 

PET studies and with postmortem data. However, we detected higher ACC glutamate levels 

in the MDD compared to HC group, suggesting an alteration in glutamatergic system 
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specific to MDD. Importantly, we report for the first time a negative association between 

glutamate levels and mGluR5 availability in vivo in the ACC.

In our large sample, we did not detect any differences in mGluR5 VT associated with 

diagnosis of MDD in any of the regions assessed. Given one prior work examining mGluR5 

availability in vivo in MDD had employed the DVR as their outcome measure (with 

cerebellum as reference), we examined mGluR5 DVR outcome as well. Similarly to the VT 

outcome, we did not detect significant differences based on the MDD diagnosis and thus 

replicated one of two previous preliminary reports (21). Differences between Deschwanden 

et al. (20) and our study include the larger sample size in our study with MDD and HC 

subjects closely matched by demographic variables, including tobacco smoking dependence, 

and well controlled time of day for scanning procedures. We (36), and others (37), 

previously showed diurnal variability in mGluR5 availability, and thus if this factor was not 

controlled for by Deschwanden et al., this could contribute to the observed between groups 

differences. Furthermore, the differences in radoligands themselves might have contributed 

to the variability in findings, although a previous study using [11C]ABP688 in elderly 

depression did not detect between group differences (21). Both of the radioligands bind to 

the negative allosteric site on mGluR5 and are displaceable by MPEP suggesting similar 

properties (41), there are differences in nondisplaceable binding and affinity of the 

radiotracers, with [18F]FPEB exhibiting estimated 3–5 fold higher BPND values and greater 

affinity for the NAM site on mGluR5 (0.15±0.02 nM vs. 1.7±0.2 nM/L) (36, 42). Severity of 

depressive symptoms did not appear to be different between the studies. Although it would 

be tempting to state that the in vivo and postmortem evaluation in Deschwanden et al. 

resulted in parallel findings, the postmortem sample consisted mostly of individuals who 

died by suicide and had tested positive on the toxicology report, whereas the in vivo sample 

appears to lack suicidal ideation and none of the subjects abused drugs. Nonetheless, the 

above novel studies provide invaluable information on the potential role of the glutamatergic 

system in depressive symptomatology.

In our MRS data, we detected higher ACC glutamate/Cr levels in the MDD group. Prior 

MRS studies have reported lower, higher, or no differences in cortical glutamate in MDD 

(30), and in the ACC specifically, prior studies have shown lower or no differences in 

glutamate level in MDD compared to control (35). However, postmortem glutamate 

quantification shows higher glutamate levels in the ACC in the MDD as compared to the HC 

group (28). Sample characteristics, including medication status and severity of depression, 

and differences in glutamate quantification may have contributed to the inconsistency in the 

literature. Previously reported glutamate abnormalities have been primarily related to more 

refractory forms of depression (43–48). In the current study, depressive severity positively 

correlated with ACC glutamine and ACC Glx at a trend level. To the extent that total 

glutamate level might reflect underlying neurotransmission dysregulation, the latter findings 

would be consistent with preclinical models relating depression to glutamate excitotoxicity 

(6).

Consistent with our prediction, ACC mGluR5 availability correlated negatively with 

glutamate level in the total sample, and at trend in the MDD group, supporting the 

hypothesis of mGluR5 internalization in the presence of increased glutamate (23, 49). 
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However, the significant correlation was observed with the secondary outcome measure only 

(DVR) and would not survive multiple comparisons, somewhat limiting generalizability of 

the findings. Further, this correlation is likely not due to a direct competition between 

glutamate and the radioligand. In our study, the radioligand is a negative allosteric modulator 

(NAM) that binds to a site in the transmembrane domain of the receptor and not to the N-

terminal orthosteric site where glutamate binds. Consistent with their different sites of 

binding, glutamate does not directly impact the binding of [18F]FPEB or its homolog 

[11C]ABP688 in a membrane preparation, but it does lead to receptor internalization (36). 

However, in vitro studies have established that FPEB and ABP688 bind to mGluR5 at the 

plasma membrane but are not sufficiently membrane permeable to access internalized 

receptors (50). Thus, in our study, it is likely that we are measuring receptor availability at 

the plasma membrane and we are unlikely measuring a direct competition between the 

radioligand and endogenous neurotransmitter. The lack of a significant correlation between 

mGluR5 availability and MRS measures in the HC group might be surprising at first given 

the equivalent mGluR5 levels between the HC and MDD groups. However, we observed a 

dysregulation in glutamate levels in the MDD group only, suggesting glutamatergic 

dysregulation is specific to that group. Thus, if glutamate levels are normally regulated in the 

HC group, there might be less of a dispersion of this variable and thus lack of an observable 

correlation, which in the MDD group might be indicative of glutamate excitotoxicity.

Together, our data do not suggest the presence of lower mGluR5 availability in depression. 

However, this is not to conclude that treatments targeting mGluR5 have no benefit to 

individuals with MDD given they may aid with regulation of glutamate levels. For example, 

mGluR5 antagonists and NAMs have shown rapid antidepressant-like effects (13, 51), while 

chronic treatment with traditional antidepressants has shown reduction in mGluR5 signaling 

(52). A hypothesis for mGluR5 antagonist-induced antidepressant effects is that mGluR5 

normalizes glutamate neurotransmission in MDD. Consistent with this hypothesis, mGluR5 

antagonists inhibit glutamate release (53) and mGluR5 NAMs downregulate excessive 

glutamate transmission (54).

Limitations of this study include a relatively small cohort of MRS participants and the use of 

tissue creatine as an internal reference. However, previous work has shown no differences in 

tissue creatine in depression (55). Another limitation is the single (cube) acquisition of the 

MRS ACC region does not allow for a 100% overlap with the anatomical ACC. Our study 

criteria, requiring medication-free participants and excluding patients with active suicidal 

ideation, may have led to a patient cohort with depression that is not very chronic, severe, or 

refractory (see Table 1). However, analysis of our sample shows that all of the individuals 

studied were depressed for months to years, and none were in their first depressive episode. 

While we acquired both VT and DVR PET measures of mGluR5 availability, all study 

findings were related to DVR, which render the interpretation of these findings more 

complex. Strengths of the study include a large PET sample, state-of-the-art imaging 

modalities, a well-characterized medication-free patient cohort, and a multimodal PET/MRS 

approach.

To conclude, we did not detect lower mGluR5 availability in the MDD as compared to HC 

individuals. However, by combining MRS and PET data, we show a first in vivo evidence of 
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glutamatergic influence on mGluR5 density. This work suggests mGluR5 may be a 

treatment site to reduce the burden of MDD through regulation of glutamate.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Glutamate level in the anterior cingulate cortex (ACC)
(A) The levels of glutamate (Glu), glutamine (Gln), and glutamate+glutamine (Glx) in the 

ACC of patients with MDD (red) compared to healthy (blue). (B–D) Scatter plots of the 

correlations between metabotropic glutamate receptor 5 (mGluR5) distribution volume ratio 

(DVR) in the whole group and ACC levels of glutamate (B), glutamine (C), and Glx (D). 

Abbreviations: (A) *, p ≤ 0.05, Bars/Error-bars: Mean/SEM; (B–D) shaded areas are the 

95% confidence band of the best-fit line.
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Table 1

Demographic and Clinical Characteristics.

MDD (N=30) HC (N=35)

Mean ± SEM Mean ± SEM p

Age (y) 36.7 ± 2.4 35.7 ± 2.0 0.75

Female (N; %) 21 (70%) 18 (51%) 0.13

Smokers (N; %) 10 (33%) 13 (37%) 0.75

BDI 25.1 ± 1.6 1.4 ± 0.4 < 0.01

Length of episode (d) 358 ± 89

Comorbidity 4 PTSD, 2 OCD none

Abbreviations: MDD: major depressive disorder; y: years; N: number; d: days; BDI, Beck depression inventory; PTSD: post traumatic stress 
disorder, OCD: obsessive compulsive disorder.

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Abdallah et al. Page 16

Ta
b

le
 2

M
et

ab
ot

ro
pi

c 
G

lu
ta

m
at

e 
R

ec
ep

to
r 

5 
(m

G
lu

R
5)

 A
va

ila
bi

lit
y 

an
d 

A
nt

er
io

r 
C

in
gu

la
te

 G
lu

ta
m

at
e 

L
ev

el

R
O

I
H

C
 M

ea
n 

(N
=3

5)
H

C
 S

E
M

M
D

D
 M

ea
n 

(N
=3

0)
M

D
D

 S
E

M
t

p
F

D
R

a

m
G

lu
R

5 
V

T

A
m

yg
da

la
25

.7
4

0.
96

26
.4

3
1.

19
−

0.
45

0.
65

0.
74

A
nt

er
io

r 
In

su
la

30
.2

4
1.

00
31

.7
4

1.
37

−
0.

90
0.

37
0.

59

C
au

da
te

25
.4

0
1.

12
26

.6
2

1.
35

−
0.

71
0.

48
0.

68

A
nt

 C
in

gu
la

te
29

.3
3

1.
00

31
.2

3
1.

29
−

1.
18

0.
24

0.
52

Po
st

 C
in

gu
la

te
19

.8
7

0.
76

20
.0

1
0.

92
−

0.
12

0.
90

0.
92

Fr
on

ta
l C

or
te

x
23

.4
9

0.
84

25
.6

3
1.

09
−

1.
57

0.
12

0.
46

H
ip

po
ca

m
pu

s
22

.7
6

0.
95

23
.3

9
1.

06
−

0.
44

0.
66

0.
74

O
cc

ip
ita

l C
or

te
x

24
.0

1
0.

84
25

.7
9

1.
08

−
1.

32
0.

19
0.

51

Pa
ri

et
al

 C
or

te
x

23
.9

7
0.

84
26

.3
0

1.
12

−
1.

68
0.

10
0.

46

Po
st

er
io

r 
In

su
la

27
.5

4
0.

98
29

.1
7

1.
29

−
1.

02
0.

31
0.

56

Pu
ta

m
en

27
.3

2
0.

96
29

.4
0

1.
21

−
1.

36
0.

18
0.

51

Te
m

po
ra

l C
or

te
x

27
.1

8
0.

95
28

.9
6

1.
22

−
1.

16
0.

25
0.

52

T
ha

la
m

us
18

.8
7

0.
72

19
.4

9
0.

95
−

0.
53

0.
60

0.
74

C
er

eb
el

lu
m

10
.5

0
0.

38
11

.5
4

0.
49

−
1.

70
0.

10
0.

46

m
G

lu
R

5 
D

V
R

A
m

yg
da

la
2.

48
0.

06
2.

31
0.

07
1.

79
0.

08
0.

46

A
nt

er
io

r 
In

su
la

2.
91

0.
06

2.
78

0.
07

1.
41

0.
16

0.
51

C
au

da
te

2.
44

0.
08

2.
32

0.
07

1.
18

0.
24

0.
52

A
nt

 C
in

gu
la

te
2.

82
0.

06
2.

74
0.

07
0.

87
0.

39
0.

59

Po
st

 C
in

gu
la

te
1.

93
0.

07
1.

77
0.

07
1.

62
0.

11
0.

46

Fr
on

ta
l C

or
te

x
2.

25
0.

05
2.

24
0.

05
0.

14
0.

89
0.

92

H
ip

po
ca

m
pu

s
2.

18
0.

06
2.

05
0.

06
1.

58
0.

12
0.

46

O
cc

ip
ita

l C
or

te
x

2.
31

0.
05

2.
26

0.
05

0.
67

0.
50

0.
68

Pa
ri

et
al

 C
or

te
x

2.
30

0.
05

2.
30

0.
05

0.
10

0.
92

0.
92

Po
st

er
io

r 
In

su
la

2.
65

0.
06

2.
56

0.
07

1.
01

0.
31

0.
56

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2018 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Abdallah et al. Page 17

R
O

I
H

C
 M

ea
n 

(N
=3

5)
H

C
 S

E
M

M
D

D
 M

ea
n 

(N
=3

0)
M

D
D

 S
E

M
t

p
F

D
R

a

Pu
ta

m
en

2.
63

0.
06

2.
58

0.
06

0.
63

0.
53

0.
68

Te
m

po
ra

l C
or

te
x

2.
61

0.
05

2.
54

0.
06

0.
95

0.
35

0.
59

T
ha

la
m

us
1.

81
0.

05
1.

70
0.

05
1.

56
0.

12
0.

46

A
C

C
 M

et
ab

ol
it

es
(N

=
23

)
(N

=
16

)

G
lu

ta
m

at
e

0.
59

0.
04

0.
78

0.
07

−
2.

28
0.

03
0.

03

G
lu

ta
m

in
e

0.
27

0.
03

0.
46

0.
07

−
2.

50
0.

02
0.

03

G
lx

0.
87

0.
06

1.
24

0.
11

−
3.

12
0.

00
3

0.
00

9

N
ot

es
:

a Fa
ls

e 
D

is
co

ve
r 

R
at

e 
(F

D
R

) 
co

rr
ec

te
d 

p 
va

lu
es

;

A
bb

re
vi

at
io

ns
: V

T
, v

ol
um

e 
of

 d
is

tr
ib

ut
io

n;
 D

V
R

, d
is

tr
ib

ut
io

n 
vo

lu
m

e 
ra

tio
; M

D
D

, m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
; H

C
, h

ea
lth

y 
co

nt
ro

l; 
A

C
C

, a
nt

er
io

r 
ci

ng
ul

at
e 

co
rt

ex

Biol Psychiatry Cogn Neurosci Neuroimaging. Author manuscript; available in PMC 2018 July 01.


	Abstract
	Introduction
	Methods and Materials
	Subjects
	Magnetic resonance imaging (MRI) and spectroscopy (MRS)
	Brain [18F]FPEB PET scanning
	Statistical analysis

	Results
	MDD vs. HC
	ACC mGluR5 vs. Glutamate
	Depression Severity vs. Glutamate and mGluR5

	Discussion
	References
	Figure 1
	Table 1
	Table 2

