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Abstract

Background—Interleukin 17 (IL-17) is produced by highly inflammatory Th17 cells and has 

been implicated in pathophysiology of depression. IL-17 putatively disrupts the blood brain barrier 

and affects dopamine synthesis whereas dopamine has been shown to decrease Th17 cell-mediated 

immune response. Nevertheless, whether IL-17 can predict differential treatment outcome with 

antidepressants modulating dopaminergic transmission is unknown.

Methods—IL-17 and other T cell and non-T cell markers (Th1, Th2 and non-T cell markers) 

were measured with the Bioplex Pro™ human cytokine 27-plex kit in the Combining Medications 

to Enhance Depression Outcomes (CO-MED) trial participants who provided baseline plasma and 

were treated with either bupropion plus escitalopram (bupropion-SSRI), escitalopram plus placebo 

(SSRI monotherapy), or venlafaxine plus mirtazapine (n=166). Differential changes in symptom 

severity and side-effects based on levels of IL-17 and other T and non-T cell markers were tested 

using a treatment-arm-by-biomarker interaction in separate repeated measures mixed model 

analyses. Subsequent analyses stratified by treatment arm were conducted for those markers with a 

significant interaction.

Results—There was a significant treatment-arm-by- IL-17 interaction for depression severity 

(p=0.037) but not for side-effects (p=0.28). Higher baseline IL-17 level was associated with 

greater reduction in depression severity (effect size=0.78, p=0.008) in the bupropion-SSRI but not 
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the other two treatment arms. Other T and non-T cell markers were not associated with differential 

treatment outcomes.

Conclusion—Higher baseline levels of IL-17 are selectively associated with greater 

symptomatic reduction in depressed patients treated with bupropion-SSRI combination.
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1 Introduction

Inflammation is implicated in both the pathophysiology of depression as well as the lack of 

response to currently available antidepressant medications (1, 2). The role of Interleukin 17 

[IL-17, initially identified in 1995 (3)] and the IL-17 producing T-helper (Th) lymphocytes 

[Th17, identified as distinct from the common Th1 and Th2 sub-types in 2005 (4, 5)] in 

systemic inflammation have gained recent attention (6, 7). Their role in pathophysiology of 

depression was suggested recently by Beurel et al. in animal experiments where 1) levels of 

Th17 cells increased in brain after learned helplessness and chronic resistant stress 

paradigms; 2) infusion of Th17 cells resulted in depression-like behaviors; 3) infusion of 

anti-IL-17 antibody or inhibition of retinoid-related orphan receptor- γT (RORγT, a 

transcription factor essential for differentiation of naïve CD4+ T cells to Th17 cells) with 

SR1001 mitigated the effects of Th17 cell infusion; and 4) RORγT knockout mice exhibited 

marked resistance to the learned helplessness paradigm (8). In human studies, Chen et al. 

found that depressed patients (n=40), as compared to control subjects (n=30), had 

significantly higher Th17 cells and lower regulatory T cells in peripheral circulation, along 

with higher levels of RORγT mRNA in peripheral blood lymphocytes (9). Elevated levels of 

IL-17 have also been associated with anxiety in rheumatoid arthritis patients (n=18) (10). 

Similarly, the role of Th17 cell mediated immune response in antidepressant treatment 

resistance was suggested by Hennings et al. who reported in two separate samples that lower 

pre-treatment levels of ROR alpha mRNA, a transcription factor also involved in 

differentiation of naïve CD4+ T cells into Th17 cells (6), was associated with better 

response to antidepressant treatment (11). Conversely, some reports with small sample sizes 

have failed to find significant association between peripheral IL-17 levels and depression 

severity (n=47) (12) or change in IL-17 levels with antidepressants [venlafaxine (n=7), 

paroxetine (n=6), mirtazapine (n=3), bupropion (n=3), and fluoxetine (n=2)] (13) suggesting 

need for studies with larger sample size.

A biological basis for the role of IL-17 in predicting differential antidepressant response 

may be related to its effect on central nervous system (CNS). These effects include 

formation of reactive oxygen species by binding of IL-17 to its receptor on endothelial cells 

of the blood brain barrier (BBB) (14), infiltration of peripheral immune cells (15) with 

potential CNS inflammation and neuronal damage (16), induction of nitric oxide synthase 

(NOS) (17), and increased production of nitric oxide and inflammatory cytokines by 

microglia (18). These inflammatory changes may result in reduced synthesis of dopamine by 

diversion of tetrahydrobiopterin, an essential cofactor of NOS and tyrosine hydroxylase, 

away from rate limiting step (conversion of tyrosine to L-3,4-dihydroxyphenylalanine) in 
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dopamine synthesis [reviewed in detail by Miller et al. (19)]. On the contrary, increasing 

dopamine, in cultured human peripheral blood mononuclear cells, suppresses IL-17 levels 

(20). Similarly, pramipexole, a dopamine agonist, inhibits production of IL-17 in animal 

models of experimental autoimmune encephalitis (21). Furthermore, use of antipsychotic 

medications that block dopamine receptors such as amisulpiride (20), chlorpromazine, 

haloperidol, clozapine, and quetiapine (22) has been associated with elevated IL-17 levels in 

humans. Bupropion, an antidepressant medication that inhibits dopamine reuptake and 

stimulates presynaptic release of dopamine and norepinephrine (23–25), has been shown to 

reduce IL-17 mediated inflammatory response and joint swelling in the murine antigen-

induced arthritis model (26). Additionally, administration of bupropion reduces the levels of 

pro-inflammatory cytokines produced by Th1 cells (interferon gamma and tumor necrosis 

factor alpha) after lipopolysaccharide activation in mice (27). In contrast, administration of 

SSRIs increases the levels of inflammatory cytokines produced by non-T cells (IL-1beta, 

IL-6) and Th1 cells (interferon gamma, and tumor necrosis factor alpha) in the frontal cortex 

(28). Serotonergic antidepressants, such as citalopram, predominantly suppress T cells in 

thymus producing IL-2 and IL-4 and not the T cells producing IL-17 (29). Taken together, 

these findings suggest that T cell related inflammatory markers in general and IL-17 in 

particular can be used to predict differential response to serotonergic vs. non-serotonergic 

antidepressants. Consistent with this, two recent reports found that depressed patients with a 

pro-inflammatory state as suggested by elevated pre-treatment levels of C-reactive protein, 

respond poorly to predominantly serotonergic antidepressants (such as selective serotonin 

reuptake inhibitors or SSRIs) as compared to non-serotonergic antidepressants that modulate 

dopamine neurotransmission (such as nortriptyline and bupropion) (30, 31).

The primary aim of this report is to test the hypothesis that baseline levels of IL-17 can be 

used to predict differential treatment outcomes with bupropion vs. other antidepressant 

medications. However, we also evaluated the potential role of other inflammatory cytokines 

in addition to IL-17, such as those related to Th1 and Th2 as well as non-T cell immune 

markers. Using data from the Combining Medications to Enhance Depression Outcomes 

(CO-MED) trial (32), which compared escitalopram plus placebo, bupropion plus 

escitalopram, and venlafaxine plus mirtazapine treatment arms, we 1) estimated the 

association of IL-17 levels with baseline clinical and sociodemographic characteristics, 2) 

conducted factor analyses of Th1, Th2 and non Th1/Th2 cytokines or chemokines to reduce 

the number of analyses, and 3) tested for differential outcomes among the three treatment 

arms based on pre-treatment IL-17 and other above-mentioned factor levels. In contrast to 

the current clinical practice of “trial and error” where antidepressant medication selection is 

based mostly on (33) subjective factors such as patient and provider preference, objective 

measurements of IL-17 levels and the subsequent response to bupropion as compared to 

SSRIs in depressed patients can lead to personalized medicine approaches with overall 

improved treatment outcomes.
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2 Materials and Methods

2. 1 Study Overview

Data for this report was obtained from the CO-MED trial which has been described in detail 

by Rush et al. (32). Participants (n=665) were randomly assigned after stratification for site 

to the following treatment arms: SSRI monotherapy (escitalopram plus placebo), bupropion-

SSRI combination (sustained-release [SR] bupropion plus escitalopram), and venlafaxine-

mirtazapine combination (extended-release [XR] venlafaxine plus mirtazapine). The analytic 

sample of this report includes a sub-set of CO-MED trial participants who provided plasma 

samples at baseline. Baseline plasma was collected as part of a separate add-on biomarker 

study which was optional and required an additional consent. Hence, all subjects in this 

report provided a written informed consent for participation in the main trial as well as an 

additional optional consent for the biomarker collection. Thus, the number of plasma 

samples (n=166) collected at baseline was only a sub-set of the total number of CO-MED 

trial participants (n=665). Those participants who did not provide plasma (n=499) at 

baseline were younger (mean age=44.51 years vs. 42.11, p =0.03) and had lower use of 

statin medication (20.5% vs 13.6%, p=0.03) as compared to the analytic sample of this 

report. The two groups did not differ on any other baseline clinical and sociodemographic 

features as detailed in Supplementary Table 1. Additionally, as participation in the 

continuation-phase of CO-MED was censured for those participants with inadequate 

response (32), we restricted the analyses only to the acute-phase visits (baseline and weeks 

1, 2, 4, 6, 8, 10, and 12). The CO-MED trial used broad inclusion and exclusion criteria, 

(fully listed at https://clinicaltrials.gov/ct2/show/NCT00590863) while recruiting from 

psychiatric and primary care clinics that were chosen to ensure adequate minority 

representation and a diverse participant group (32). The trial was reviewed and approved by 

the Institutional Review Boards at UT Southwestern Medical Center at Dallas, the 

University of Pittsburgh Data Coordinating Center, each participating regional center, and all 

relevant clinics.

2.2 Medications

Participants in all three treatment arms received two types of pills in single blind fashion 

(study personnel knew of both pill types, but participants knew only the first pill type). 

Dosage adjustments were made during the first 8 weeks of participation using principles of 

measurement based care (MBC), with dose increases permitted only if side effects were 

tolerable and depression severity was not adequately controlled. Dose escalation regime as 

well as mean doses of medications in each treatment arm have been previously described in 

detail by Rush et al. (32). Participants in the SSRI monotherapy treatment arm were started 

on escitalopram at 10 mg/day and placebo was added at week 2 as the second pill type. At 

the end of 12 weeks, the mean escitalopram dose was 17.6 mg/day and mean placebo dose 

was 1.4 pills/day. For the bupropion-SSRI combination treatment arm, participants were 

started on 150 mg/day of bupropion SR and titrated to 300mg/day at week 1 and 

escitalopram 10 mg/day was added as the second pill type at week 2. At the end of 12 

weeks, mean bupropion SR dose was 324.0 mg/day and mean escitalopram dose was 14.0 

mg/day. Participants in the venlafaxine-mirtazapine treatment arm were started on 

venlafaxine XR which was titrated from 37.5 mg/day to 150 mg/day at week 1 visit, and 
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mirtazapine 15 mg/day was added at week 2 as the second pill type. At the end of 12 weeks, 

the mean venlafaxine XR dose was 207.6 mg/day and mean mirtazapine dose was 25.3 mg /

day.

2.3 Assessments

At baseline, participants provided sociodemographic information. At baseline and all 

treatment visits, participants filled out the 16-item Quick Inventory of Depressive 

Symptomatology – Self-Report (QIDS-SR) scale and Frequency, Intensity, and Burden of 

Side Effect Rating Scale (FIBSER).

Clinical and sociodemographic characteristics at baseline—These included age, 

gender, race, Hispanic ethnicity, onset of depression before age 18, presence of suicidal 

ideations at baseline, presence of rheumatoid arthritis as a comorbid medical condition, 

presence of anxious features (derived from the 17-item Hamilton Rating Scare for 

Depression, HRSD17), melancholic features, atypical features, use of non-steroidal anti-

inflammatory drugs (NSAIDs), use of statin medications, and baseline depression severity.

Quick Inventory of Depressive Symptomatology Self-Report (QIDS-SR)—This 

commonly used scale has 16 items, each of which includes 4 choices that are scored from 0–

3. A total score is calculated from nine of these 16 items (consistent with the nine criterion 

symptom domains of major depressive disorder or MDD) leading to a range of 0–27 (34). 

Both measures correlate highly (0.86–0.93) with HRSD17 (35). In previous reports, the 

reported Cronbach’s α of QIDS-SR has ranged from 0.86 to 0.87 (34–36). In the CO-MED 

trial, the QIDS-SR served as the primary depression symptom severity outcome measure.

Frequency, Intensity, and Burden of Side Effect Rating Scale (FIBSER)—This 

commonly used side effect rating scale was initially developed to document the frequency, 

intensity, and burden of side effects in the large (n=4041) multisite Sequenced Treatment 

Alternatives to Relieve Depression (STAR*D) study (37). The three items of this self-report 

measure are rated on a scale of 0–6, with higher numbers reflecting greater severity of side 

effects. The Cronbach’s α of FIBSER in STAR*D ranged from 0.91–0.93 at different study 

visits (weeks 2, 4, 6, 9, 12, and 14) (37). The sum of three items has been used as an overall 

score of FIBSER (38).

2.4 Measurement of Interleukin-17 and other inflammatory biomarkers

Peripheral venous samples from CO-MED trial participants (n=166) were collected in EDTA 

tubes and transported overnight to the Biologic Core of the National Institute of Mental 

Health Repository and Genomics Resource (NIMH RGR) where plasma was extracted by 

centrifuging blood samples at 2500 rpm for 10 minutes at room temperature, aliquoted, and 

stored at −80°C. All samples for this report were obtained from the NIMH RGR core and 

transported to UT Southwestern on dry ice for storage at −80°C until immediately prior to 

assays without any freeze/thaw cycles. Levels of IL-17 and other biomarkers were measured 

in all samples at the same time, blinded to treatment allocation and outcomes by the 

Microarray Core at UT Southwestern Medical Center using the Bioplex Pro™ human 

cytokine standard 27-plex kit (Bio-Rad Laboratories, Hercules, CA, USA) with a Bio-plex® 
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200 instrument that was equipped with Bio-Plex Manager software, version 6.0 (Bio-Rad 

Laboratory, Hercules, CA, USA). This commonly used (39, 40) 27-plex kit measures IL-17, 

Th1 (interferon gamma and tumor necrosis factor alpha), Th2 (IL-4, IL-5, IL-9, and IL-13), 

and non Th1/Th2 (IL-1 beta, IL-1 receptor antagonist, IL-8, IL-6, and macrophage 

inflammatory protein (MIP) 1 alpha and beta) markers, which were interpreted only if the 

intra- and inter-assays coefficients of variation were less than 10% of detection limits (or 

precision range) specified by manufacturer. The levels of IL-17 and other immune markers 

are expressed in pg/ml after correcting for 4-fold dilution using the standards provided in the 

kit (Bio-Rad Laboratory, Hercules, CA, USA). Please see Supplementary Table 4 for the 

upper and lower detection limit for each marker in the 27-plex kit as well as their observed 

mean and standard deviations.

2.5 Statistical Analyses

We used log-transformation for biomarkers as indicated. In a multivariate analysis, we tested 

the association of baseline IL-17 level with clinical and sociodemographic characteristics 

using a general linear model. We used separate repeated measures mixed model analyses 

with QIDS-SR and FIBSER total score to test for treatment arm-by-baseline IL-17 

interaction after controlling for select baseline covariates (age, gender, and BMI) using 

methods outlined by Uher et al. (31). A significant treatment arm-by-IL-17 interaction 

suggests that the outcomes in three treatment arms differed on the basis of baseline IL-17 

levels. Hence, this was the interaction of interest in our study. We used stratified analyses for 

each treatment-arm to quantify the change in outcomes (QIDS-SR and FIBSER) based on 

IL-17 levels, consistent with the approach of Uher et al. (31). To visualize the treatment arm-

by-IL-17 interaction, we plotted the estimates of dependent variable (QIDS-SR and/or 

FIBSER) over the course of acute-phase of CO-MED trial against the baseline plasma 

biomarker level.

As secondary analyses, we undertook factor analyses with Th1, Th2, and non Th1/Th2 

cytokines that were interpretable (coefficients of variation <10%). For easy comparison of 

factor loadings across different biomarkers, we converted baseline biomarker levels into 

standardized score. For each group of cytokines (Th1, Th2, and non Th1/Th2), we used 

PROC FACTOR as implemented in SAS with varimax rotation (41). We then repeated the 

mixed model analyses as previously described for IL-17 using the factor scores from these 

analyses.

We used SAS version 9.3 for all our analyses and set the threshold of significance at p 

<0.05.

3 Results

Of the 665 participants in CO-MED, plasma samples were available from 166 participants 

which constitute the analytic sample of this report. The mean (SD) concentration of IL-17 at 

baseline was 25.9 (10.4) pg/ml. Participants in all three treatment arms did not differ on 

sociodemographic variables, except participants in the venlafaxine-mirtazapine combination 

were significantly younger, as shown in Table 1. In multivariate analyses, we did not find 
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any significant effect of baseline sociodemographic and illness variables on baseline IL-17 

levels (Supplementary Table 2).

Average QIDS-SR (least square means) was obtained from repeated measures mixed model 

analyses of all available visits during the acute-phase of Combining Medications to Enhance 

Depression Outcomes (CO-MED) trial for the following three treatment arms: selective 

serotonin reuptake inhibitor (SSRI) monotherapy, bupropion-SSRI combination, and 

venlafaxine-mirtazapine combination and plotted against the log of interleukin 17 (IL-17) 

level at baseline.

We found a significant effect of log-IL-17-by-treatment-arm interaction for change in 

depression severity (F=3.36, df=2, 157, p=0.037) but not for total side-effect burden 

(F=1.29, df=2, 148, p=0.28) after controlling for gender, age, BMI, visit, and visit-by-

treatment arm interaction, as shown in Table 2. Due to significant interaction term for QIDS-

SR, we conducted subsequent analyses stratified by treatment arm and found that higher log 

of IL-17 levels at baseline predicted lower depression severity over the course of acute-phase 

treatment only in bupropion-SSRI combination treatment arm (Cohen’s d effect size=0.78, 

estimated difference in QIDS-SR for 1 unit change in log of IL-17 (est.)= −4.31, standard 

error (SE)=1.56, p=0.008) and not in SSRI monotherapy (est.= −0.21, SE=1.11, p=0.85) or 

venlafaxine-mirtazapine combination treatment arm (est.=0.22, SE=1.44, p=0.88), as seen in 

Table 3. As shown in Figure 1, we found a linear relationship where QIDS-SR over the 

course of acute phase decreased with increasing levels of baseline IL-17 level, only in 

bupropion-SSRI combination treatment (correlation coefficient=−0.68) and not in SSRI 

monotherapy (r-squared=−0.06) or venlafaxine-mirtazapine combination (r-squared=0.23) 

treatment arms.

With factor analyses, we found that Th1, Th2, and non-Th1/th2 markers loaded on one 

factor each. See Supplementary Table 3 for detailed factor analysis results. In separate mixed 

model analyses for QIDS-SR, we found that treatment-arm-by-biomarker factor interactions 

were not statistically significant for Th1 (F=0.16, df=2, 157, p=0.85), Th2 (F=0.61, df=2, 

156, p=0.55), and non-Th1/Th2 cytokines (F=0.61, df=2, 151, p=0.55), nor for Th1:Th2 

ratio (F=0.43, df=2, 156, p=0.65). Similarly, treatment-arm-by-biomarker factor interaction 

were not statistically significant for FIBSER in separate mixed model analyses, as shown in 

Table 2.

4 Discussion

We have found in a large sample of depressed patients that elevated levels of IL-17 at 

baseline were selectively associated with greater reduction in depression severity with 

bupropion-SSRI combination treatment, but not treatment with SSRI monotherapy or 

venlafaxine-mirtazapine combination. To our knowledge, this is the first study evaluating the 

moderator effect of baseline levels of IL-17 on antidepressant treatment outcomes. Other 

inflammatory biomarkers did not predict differential treatment outcomes. We also found that 

IL-17 levels at baseline did not vary based on sociodemographic variables or clinical 

characteristics, which is consistent with findings of previous reports (12, 13).
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The biological mechanism underlying the differential improvement with bupropion seen in 

patients with elevated IL-17 may be related its inflammatory effect on the CNS which likely 

reduces dopamine synthesis and hence, preferentially improves outcome with 

antidepressants which predominantly affect dopamine neurotransmission, such as bupropion. 

The effects of inflammation on dopamine are well characterized. As IL-17 is a pro-

inflammatory cytokine, our novel findings complement and expand previous reports 

demonstrating CRP, an inflammatory biomarker, is associated with differential response to 

antidepressant medications (30, 31). Inflammation is associated with anhedonia in humans 

(42, 43) and leads to changes in brain dopamine metabolism (44) as well as reductions in 

effort-based motivation for reward in animal models (45). Hence, our findings are consistent 

with the potential role of drugs modulating dopaminergic neurotransmission in treatment of 

depression. For example, application of pramipexole, a dopamine receptor agonist, was 

reportedly effective in a recent case series of treatment resistant depression patients (46), 

particularly those patients with elevated IL-17 levels.

Our findings also suggest that depressed patients with low baseline IL-17 have poorer 

response to bupropion-SSRI treatment as compared to other treatments. This is similar to 

previous reports demonstrating that depressed patients with low CRP (<1 mg/L) have higher 

remission rates (57.1%) with SSRI monotherapy as compared to bupropion-SSRI 

combination (33.3%) (30). The mechanism underlying this potential reduction in SSRI 

responsiveness with addition of bupropion is unclear and needs to be replicated in future 

studies. It may be related to the anti-inflammatory effect of bupropion. Raison et al. had 

previously reported that depressed patients with lower levels of inflammation (CRP <5 

mg/L) performed better on placebo as compared to infliximab, a tumor necrosis factor 

antagonist, and theorized that a minimal level of peripheral inflammation may be necessary 

for antidepressant response (47). Additionally, lack of association of other baseline Th1, 

Th2, and non-Th1/th2 cytokine with differential treatment outcomes is significant. While we 

used a factor analytic approach instead of analyzing individual Th1, Th2 and non-Th1/th2 

factors, these findings are consistent with a recent meta-analysis by Strawbridge et al. where 

they found that baseline CRP, IL-6, TNF alpha, and the composite inflammatory markers 

were not associated with subsequent treatment outcomes (48).

As a theoretical model to guide antidepressant treatment based on inflammatory biomarkers, 

Martino et al. have postulated that serotonergic antidepressant medications shift the balance 

towards Th1 cell mediated immune response, while noradrenergic antidepressants shift the 

balance towards Th2 cell mediated immune response (49). However, neither does this model 

include potential effect(s) of antidepressants on Th17 cell mediated immune response, nor 

does it account for dopaminergic neurotransmission and its bidirectional relationship with 

inflammation.

Our results have important implications for clinical practice and research. With initial 

antidepressant treatment, over two-thirds of MDD patients continue to have significant 

depressive symptoms (50–53). No clinical variables (such as baseline depression severity, 

atypical features, melancholic features, and obesity) have proven useful in identifying sub-

groups of MDD patients who will respond differently to currently available antidepressant 

medications (32, 54). Hence our findings contribute to the urgent need to identify baseline 
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biological markers which may facilitate effective selection amongst currently available 

antidepressant treatments (55). Our findings also argue for future investigations of the 

potential moderator role of IL-17 levels when selecting atypical antipsychotic medications 

for antidepressant augmentation, as these medications may increase IL-17 levels (22).

Our study has several limitations. This is a secondary analysis on a subset of participants in 

the CO-MED trial. As identifying biological markers as moderators of treatment outcome 

was not the primary outcome of the CO-MED trial, we did not a priori test the power 

necessary to detect a moderator effect of IL-17. Additionally, the immune system is a 

complex interplay of multiple factors, and focusing predominantly on one marker, IL-17, 

may have been inadequate. Further, there was limited information available regarding the 

time of the day for plasma collection as well as average time from blood collection to 

plasma extraction, factors which may have introduced variability across samples. In light of 

these limitations, findings from this study should be considered preliminary and pilot in 

nature. Additionally, by design in the CO-MED trial, each treatment arm contained a 

medication with serotonergic activity which restricts the interpretation of these findings 

specifically to bupropion.

5 Conclusions

In conclusion, our study found that elevated levels of IL-17, a pro-inflammatory cytokine, is 

selectively associated with better clinical outcomes in depressed patients treated with a 

combination of bupropion and escitalopram as compared to those treated with either 

escitalopram monotherapy or a combination of venlafaxine and mirtazapine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
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