

[image: image1]
Proteomic Differences in Blood Plasma Associated with Antidepressant Treatment Response









	
	ORIGINAL RESEARCH
published: 31 August 2017
doi: 10.3389/fnmol.2017.00272





[image: image2]

Proteomic Differences in Blood Plasma Associated with Antidepressant Treatment Response


Christoph W. Turck1*, Paul C. Guest2, Giuseppina Maccarrone1, Marcus Ising1, Stefan Kloiber1,3,4, Susanne Lucae1, Florian Holsboer1,5 and Daniel Martins-de-Souza2,6*


1Max Planck Institute of Psychiatry, Munich, Germany

2Laboratory of Neuroproteomics, Department of Biochemistry and Tissue Biology, Institute of Biology, University of Campinas, Campinas, Brazil

3Centre for Addiction and Mental Health, Toronto, ON, Canada

4Department of Psychiatry, University of Toronto, Toronto, ON, Canada

5HMNC GmbH, Munich, Germany

6Neurobiology Center, University of Campinas, Campinas, Brazil

Edited by:
Chiara Verpelli, Istituto di Neuroscienze (CNR), Pisa, Italy

Reviewed by:
Gianluca Serafini, Department of Neuroscience, San Martino Hospital, University of Genoa, Italy
 Carlo Sala, Institute of Neuroscience (CNR), Rome, Italy

* Correspondence: Christoph W. Turck, turck@mpipsykl.mpg.de
 Daniel Martins-de-Souza, dmsouza@unicamp.br

Received: 05 May 2017
 Accepted: 11 August 2017
 Published: 31 August 2017

Citation: Turck CW, Guest PC, Maccarrone G, Ising M, Kloiber S, Lucae S, Holsboer F and Martins-de-Souza D (2017) Proteomic Differences in Blood Plasma Associated with Antidepressant Treatment Response. Front. Mol. Neurosci. 10:272. doi: 10.3389/fnmol.2017.00272



The current inability of clinical psychiatry to objectively select the most appropriate treatment is a major factor contributing to the severity and clinical burden of major depressive disorder (MDD). Here, we have attempted to identify plasma protein signatures in 39 MDD patients to predict response over a 6-week treatment period with antidepressants. LC-MS/MS analysis showed that differences in the levels of 29 proteins at baseline were found in the group with a favorable treatment outcome. Most of these proteins were components of metabolism or immune response pathways as well as multiple components of the coagulation cascade. After 6 weeks of treatment, 43 proteins were altered in responders of which 2 (alpha-actinin and nardilysin) had been identified at baseline. In addition, 46 proteins were altered in non-responders and 9 of these (alpha-actinin, alpha-2-macroglobulin, apolipoprotein B-100, attractin, C-reactive protein, fibrinogen alpha chain, fibrinogen beta chain, nardilysin and serine/threonine-protein kinase Chk1) had been identified at baseline. However, it should be stressed that the small sample size precludes generalization of the main results. Further studies to validate these as potential biomarkers of antidepressant treatment response are warranted considering the potential importance to the field of psychiatric disorders. This study provides the groundwork for development of novel objective clinical tests that can help psychiatrists in the clinical management of MDD through improved prediction and monitoring of patient responses to antidepressant treatments.
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INTRODUCTION

Major depressive disorder (MDD) is a leading cause of global disability and may affect about 20% during lifetime1. MDD is a multivariate disorder presenting with a wide range of symptoms and the degree of treatment success varies among patients. About 40% of MDD patients do not respond to current treatments resulting in a high rate of individuals confronted with treatment resistance. In addition, MDD has a high relapse risk and results in premature death by suicide compared to the general population. Therefore, better treatment approaches are needed in this field of medicine, which has become an increasing global concern (Bromet et al., 2011).

The first-line therapy for patients with moderate to severe MDD is the administration of antidepressant medications (Chan et al., 2014). This treatment is often long and arduous as it can take several weeks before clinical response and efficacy of antidepressant treatment can be determined. Patients who show no response often have to endure one or more additional treatment trials, which may involve dose increase, augmentation with compounds of the same or other drug classes, or switching of antidepressants. Furthermore, approximately 25% of patients who do not improve with the first treatment discontinue their medication (Chan et al., 2014). Nonadherence is also a significant predictor of negative outcomes for patients with major affective disorders (Pompili et al., 2013). This can lead to high rates of recurrence, hospitalization, functional impairment, active suicidal ideation and suicidal behavior. A history of nonadherence to commonly available antidepressant medications has been associated with a more negative outcome in major depression, increased suicide attempts and enhanced active suicidal ideation. Therefore, improving adherence to antidepressant drugs may generally help clinicians to prevent both major depression and suicidal behaviors. In line with this objective, the identification of biological indicators that could be used in a test to predict treatment response would help to improve outcomes, decrease length of treatment and number of insufficient treatment trials with tremendous impact on lives of patients, healthcare and societal costs.

Recent studies have described the investigation of psychiatric disorders through proteomic analysis of peripheral body fluids, such as blood plasma or serum (Schwarz et al., 2012a; Stelzhammer et al., 2014; van Beveren et al., 2014; Chan et al., 2015; Jordan et al., 2016) and have used proteomic analyses of plasma or serum to identify molecular signatures that can be used to predict response to antipsychotic treatments in patients with schizophrenia (Schwarz et al., 2012b, 2015; Tomasik et al., 2016). Changes in peripheral body fluids can reflect processes in the brain due to the two-way communication between the brain and periphery and the blood serving as a conduit through the transport of bioactive molecules (Guest et al., 2015). Such bioactive molecules include proteins, such as hormones, immune and inflammatory factors, metabolism-related proteins, and transport proteins. As an example, alterations in peripheral cytokine levels can also affect the brain and influence the synthesis, release and reuptake of mood-relevant neurotransmitters (Chan et al., 2014). In addition, a number of reports have shown that impairments in hypothalamic-pituitary-adrenal (HPA) axis function and insulin signaling can contribute to inflammation, neurological dysfunctions and memory deficits and circulating levels of growth factors, such as insulin-like growth factor-1 (IGF-1) brain-derived neurotrophic factor (BDNF) and leptin can have influence on mood and cognitive brain function (Chan et al., 2014).

Here, we present a pilot study to determine the possibility to detect plasma proteins that can be used for response prediction in MDD patients prior to treatment with antidepressants. This is an open-label naturalistic clinical study, all patients are inpatients who received single or combined treatment with several types of medication. We have used liquid chromatography tandem mass spectrometry (LC-MS/MS) with label-free spectral counting to identify proteins in plasma from these individuals as described in two recent studies of schizophrenia (Martins-de-Souza et al., 2015; Saia-Cereda et al., 2015). In addition, we were interested to identify proteins showing changes in concentration depending on response to treatment. LC-MS/MS was chosen given the wider range of coverage compared to other platforms, in terms of total numbers of identifiable proteins. In addition, plasma was chosen over the use of serum due to the wider number of clotting factors present in the former (Alsaif et al., 2012).

A previous LC-MS/MS profiling study found that the levels of 5 serum proteins could be used to distinguish between MDD and control groups (Lee et al., 2016). In addition, a multiplex immunoassay profiling analysis of serum identified several proteins that may be involved in the pathophysiology of depression (Frye et al., 2015) and another such study identified a 9-plex panel that could be used to predict response to different antidepressants (Chan et al., 2016). The present LC-MS/MS profiling study could provide insights in the molecular pathways affected in both responders and non-responders and thereby lay the groundwork for development of tests for guiding treatment and for detection of novel therapeutics for MDD. It should be noted that the small sample size and preliminary nature of the current study obviates generalization of the findings to wider patient groups.

MATERIALS AND METHODS

Subjects

The study was approved by the Ethics Committee of the Medical Faculty of the Ludwig Maximilians University in Munich, Germany. Plasma was collected from 39 patients suffering from a current a major depressive episode, who participated in the Munich Antidepressant Response Signature (MARS) project (Hennings et al., 2009; Table 1). MARS is an open-label naturalistic clinical study and inpatients admitted to the clinic of the Max Planck Institute of Psychiatry for treatment for depression were included. Details of the study were explained and a written informed consent was obtained from each patient. Patients were diagnosed by trained psychiatrists according to DSM-IV criteria. Only patients with single or recurrent major depression with at least moderate depression severity were included. This required a baseline score of 14 or more on the 21 item version of the Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960). All patients selected for this analysis had a HAM-D score ≥20 at study entry. All patients of this study were not taking any anti-inflammatory or immunosuppresant medications when admitted to the clinic. Only three patients were using nonsteroidal anti-inflammatory drugs (Supplementary Table 1). No cases of bipolar disorder were included in this analysis. Patients received single or combined treatment with several types of medication including selective serotonin reuptake inhibitors (SSRIs), serotonin–norepinephrine reuptake inhibitor (SNRIs), tricyclic antidepressants (TCA), or dual noradrenergic and serotonergic antidepressants (NASSA, SNRI). Combination therapy of two antidepressants and augmentation with mood stabilizers or second generation antipsychotics was allowed. Treatment outcome was evaluated with weekly HAM-D assessments. Response was defined as a reduction of 50% or more of the baseline HAM-D score after 6 weeks of treatment (T6). Of the 39 patients, 25 were classified as responders and 14 as non-responders according to the criteria set out above. As expected there was a significant difference in T6 HAM-D scores between responders and non-responders (P < 0.001). No significant differences were observed between responders and non-responders with regards to gender (P = 1.000; two-sided Fisher's exact test), age (P = 0.563; Mann Whitney U-test), body mass index (P = 0.189; Mann-Whitney) or HAM-D scores at baseline (P = 0.664). None of the study subjects had diabetes.


Table 1. Demographics.

[image: image]



Blood Plasma Samples

Fasting venous blood was collected in the morning in sample tubes containing potassium EDTA immediately after clinical admission and again after 6 weeks of pharmacological treatment. Plasma was separated from blood using the Accuspin System Hystopaque™-1077 (Sigma Aldrich, Taufkirchen, Germany) according to the manufacturer's protocol and protein concentrations were determined using the Bradford assay (Bio-Rad; Hercules, CA, USA).

Proteomics

Plasma samples were depleted of high-abundance proteins using the MARS-14 immunodepletion system (Agilent; Wokingham, UK) since these can disrupt resolution of lower abundance proteins in mass spectrometry-based proteomic studies. The depleted flow-through fractions were first treated with 5 mM dithiothreitol (30 min, room temperature) to reduce protein disulfide bonds and then with 10 mM iodoacetamide (30 min, 60°C in the dark) to alkylate the reactive sulfhydryl groups. Each sample was proteolytically digested with trypsin (Promega; Heidelberg, Germany) overnight (1:80 trypsin: protein ratio) for 16 h at 37°C. The resulting peptides were lyophilized and frozen prior to mass spectrometry analyses. Immediately prior to analysis, peptides were dissolved in 0.1% formic acid and injected into the nano-liquid chromatography (LC) system consisting of an autosampler and two-dimensional (2D)-nano high-performance liquid chromatography (HPLC; Eksigent, Dublin, CA, USA), coupled online to an LTQ-Orbitrap XL mass spectrometer (Thermo Scientific; Bremen, Germany). The full detailed description of the nano LC–MS/MS configuration and data analyses can be found in Maccarrone et al. (2013).

For mass spectrometry analysis, samples were measured in data dependent acquisition mode. Survey scans were acquired at a resolution of 60,000 and the 10 most intense signals were fragmented using collision-induced dissociation. The target values and maximum injection times were 106 ions and 100 ms for MS mode and 104 ions and 50 ms for MS/MS mode, respectively. Precursor ions with charge states between 2+ and 5+ were selected for fragmentation, using a 15 s dynamic exclusion. Raw data were processed using an in-house version of the MASCOT search engine for protein identification and MASCOT Distiller (Matrix Sciences; London, UK) for label-free spectral counting quantification. The cut-off criteria were set at a minimum of 2 peptides for identification and at least 5 MS/MS spectra for quantification to increase the stringency of the process. Differences in protein expression between responders and non-responders (R/NR) at baseline (T0) and between T6 and T0 (T6/T0) were determined using Student's t-test (P < 0.05). A cut-off of 50% (>1.50, <0.66) difference was used as previously established for this workflow (Maccarrone et al., 2013). Proteins present at differential levels were classified according to their biological and molecular processes using the Human Protein Reference Database (http://www.hprd.org). Note that a maximum ratio of >5.00 and <0.20 was used due to limitations of the algorithm employed.

It should also be noted that our objective was to observe common protein signatures of antidepressant response and biological modulation and therefore the type of treatment, e.g., antidepressant class, augmentation, was not taken into consideration.

RESULTS AND DISCUSSION

Identification of Proteins at Baseline (T0) by Comparing Responders and Non-responders

Plasma samples taken from patients at baseline (T0) were separated into responders (n = 25) and non-responders (n = 14), as determined by whether or not they showed a 50% reduction in symptoms at the end of the 6 week treatment period. The proteomic comparison of samples from responder and non-responders led to identification of 29 proteins that showed significant differences (P < 0.05; > ±50%) in their plasma levels and could therefore be predictive of response (Table 2). The most prevalent biological processes associated with these proteins were protein metabolism (n = 9) and immune response (n = 9), followed by energy metabolism (n = 3), transport (n = 3), cell growth and maintenance (n = 3) and cell communication and signaling (n = 2). Previous proteomic investigations have implicated these pathways in acute MDD (Chan et al., 2014; Stelzhammer et al., 2014; Young et al., 2014; Liu et al., 2015).


Table 2. Proteins present at different concentrations in plasma at baseline (T0) associated with a favorable response to subsequent treatment for 6 weeks with antidepressants.
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The greatest differences were found for alpha-actinin-1, C-reactive protein, thrombospondin-1, fibrinogen alpha chain, complement factor H-related protein 5, coagulation factor V, arfaptin-1 and complement factor H-related protein 2, which were all increased by more than 2-fold in responders. Most of these proteins are related to the innate immune response, inflammation and the coagulation cascade. Effects on protein components of these pathways have been reported previously for MDD patients at risk of suicide (Yang et al., 2016) and as markers of treatment resistance (Ruland et al., 2016). Furthermore, in a previous study, we found that levels of fibrinogen, a key component of the clotting cascade, may be predictive of antidepressant treatment response (Martins-de-Souza et al., 2014). As further evidence for effects on the coagulation cascade, a recent study showed that major depression patients at baseline had an enhanced aggregating response to arachidonic acid and increased levels of clotting factors, such as fibrinogen and factor V (Holzer et al., 2012).

Four proteins were by more than 2-fold lower in responders, i.e., apolipoprotein A-IV, carboxypeptidase B2, complement component C7 and serine/threonine-protein kinase Chk1. In addition, three proteins associated with a transport function were lower including apolipoprotein A-IV, apolipoprotein B-100 and retinol-binding protein 4. Previous studies have identified lower levels of all of these proteins in major depression patients (Lopez-Vilchez et al., 2014; Frye et al., 2015; Lee et al., 2016; Ruland et al., 2016; Kim et al., 2017). In addition, the finding of lower levels of apolipoprotein A-IV in responders is consistent with the findings of a recent study showing that this protein may be a marker of response to different antidepressants (Ruland et al., 2016). The changes in the other proteins may represent novel findings requiring further validation.

Identification of Protein Changes after 6 Weeks in Responders

Plasma samples taken after 6 weeks of treatment with antidepressants were compared with those taken at baseline (T0) to identify protein changes associated with response to treatment. This led to identification of 43 proteins (Table 3). Of those proteins, 18 increased more than 2-fold compared to baseline. One of these proteins was putative peptide YY-2 which is consistent with previous studies reporting that peptide YY levels are altered in patients with MDD (Giménez-Palop et al., 2012) and bipolar disorder (Haenisch et al., 2015). In addition, peptide YY is thought to be involved in regulation of food intake, circadian rhythms, cognition and behavior (Śliwińska-Mossoń et al., 2013). Another protein which showed a large increase (>5-fold) after treatment in responders was serine/threonine-protein kinase Chk1, which may reflect a treatment-normalizing effect since levels were low (R/NR < 0.20) at baseline. Further studies including follow up validation will be required to corroborate these findings. In addition, two other kinases (serine/threonine-protein kinase Nek1 and microtubule-associated serine/threonine-protein kinase 4) also showed an increase >2-fold after antidepressant treatment in responders. This could suggest a general effect on kinases involved in a positive response to treatment.


Table 3. Proteins present at different concentrations in plasma associated with a favorable response to treatment for 6 weeks with antidepressants.
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Of the remaining proteins, 14 showed a decrease >2-fold after antidepressant treatment. A large decrease (T6/T0 ratio = 0.26) in plasma mysosin-2 levels was observed in responders after treatment. As mysosin is a component of the cytoskeleton, the decreased levels of this protein may represent a lower level of tissue cellular damage.

Two of the proteins (alpha actinin 1 and nardilysin) altered by the treatment were also present at different levels in the responders at baseline (Table 4). Alpha actinin-1 showed similar changes in the same direction at T6 as seen at T0 although nardilysin showed opposite changes. Nardilysin is a metalloprotease that cleaves proproteins, such as dynorphin-A, α-neoendorphin, and glucagon at the N-terminus of arginine and lysine residues at sites on the proteins marked by dibasic amino acids. As such nardilysin is involved in proteolytic activation of hormones and neuropeptides involved in brain function. Previous studies have suggested that this endoprotease may be altered in Alzheimer disease, Down syndrome, schizophrenia, mood disorders, alcohol abuse, heroin addiction, and cancer (Bernstein et al., 2013).


Table 4. Proteins altered in responders (T6-R) and non-responders (T6-NR) after 6 weeks treatment with antidepressants compared with the values at baseline (T0-R/NR).
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Identification of Proteins Changes after 6 Weeks in Non-responders

After treatment 46 proteins were present at different levels compared to the T0 values in samples from patients who showed a poor clinical response (Table 5). Of these proteins, 25 were increased. At this stage, it is not possible to determine which of these changes are due to either drug effects, side effects or the poor response and further studies are warranted to determine this. Nine of these proteins were also present at different levels at baseline and the treatment appears to have restored two of these (attractin and serine/threonine-protein kinase Chk1) to normal levels (Table 4). It should be noted that the increase in serine/threonine-protein kinase Chk1 was smaller than that seen in the responders.


Table 5. Proteins present at different concentrations in plasma associated with non-response to treatment with antidepressants after 6 weeks.
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Comparison of the main biological processes associated with each protein altered in responders and non-responders showed these were mostly similar (Figure 1). Eighteen proteins were altered in common which could be due to a common mechanism of action across the different antidepressants. However, more proteins associated with the immune response and protein metabolism were altered in non-responders, suggesting that these pathways are affected more in cases of poor response to treatment. In contrast, more metabolism-related proteins were affected in responder syndicating that a metabolic change might be required for or associated with a favorable response.
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FIGURE 1. (A) Pie chart showing protein levels associated with response or non-response to treatment with antidepressants for 6 weeks. Only gene codes are shown (see tables for the full protein names. (B) Histogram showing the major biological processes altered in responders (R) and non-responders (NR).



CONCLUSIONS

This is one of only a few mass spectrometry-based proteomics studies, which has attempted to identify a plasma protein fingerprint for prediction of antidepressant treatment response. A recent mass spectrometry profiling study identified a 5-component biomarker panel including apolipoprotein B that was capable of distinguishing MDD and control groups with good accuracy (Lee et al., 2016). A multiplex immunoassay profiling study confirmed that this protein may be involved in the pathophysiology of depression (Frye et al., 2015). Another multiplex immunoassay study found a 9-component panel predictive of response to different antidepressants and one of these proteins (apolipoprotein A-IV) was also identified in this study (Chan et al., 2016).

In our study, LC-MS/MS profiling resulted in identification of 29 proteins at baseline that were present at different levels in those patients who had a subsequent favorable response to treatment. Most of these proteins were associated with either metabolism or immune pathways and 9 of these proteins showed significant changes during the 6-week treatment period. However, we have to note that treatment was not systematically varied but selected according to the psychiatrist (and patient's) choices with the aim to continuously optimize antidepressant treatment. There was also no washout period before treatment was started. Thus, the results should be considered as preliminary and warrant further investigation and validation. Nevertheless, it should be stressed that the small sample size analyzed in this study renders the results as preliminary, thus requiring follow up validation work using larger cohorts on repeated occasions. This will enhance generalization of the findings. Furthermore, the different treatment types may influence the response rate and this was not accounted for in this study. Nevertheless, these results represent a promising first step toward the development of a clinical test for biologically informed treatment decisions of psychiatrists and clinicians to improve treatment outcomes and management of patients suffering from MDD. In turn, this should lead to improved patient outcomes and add novel biological targets.
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