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Abstract

In contrast to healthy controls, the heterotrimeric G protein, Gsalpha (Gsα) is ensconced 

predominantly in lipid rafts in subjects with major depressive disorder (MDD) resulting in 

impaired stimulation of adenylyl cyclase. In this small proof-of-concept study, we examined the 

hypothesis that translocation of Gsα from lipid rafts toward a more facile activation of adenylyl 

cyclase is a biomarker for clinical response to antidepressants.

There were 49 subjects with MDD (HamD17 score ≥15) and 59 healthy controls at the screen visit. 

The AlphaScreen (PerkinElmer) assay measured both basal activity and prostaglandin E1 (PGE1) 

stimulation of Gsα-adenylyl cyclase to assess the extent of coupling of Gsα with adenylyl cyclase.

At screen, platelet samples obtained from MDD subjects revealed significantly lower PGE1 

activation of adenylyl cyclase activity than controls (p =0.02). Subsequently, 19 consenting MDD 

subjects completed a 6-week open label antidepressant treatment trial. The 11 antidepressant 

responders (HamD17 improvement ≥50% from screen) revealed significant increase in PGE1-

stimulated adenylyl cyclase compared to non-responders (p=0.05) with an effect size of 0.83 for 

the PGE1/Gsα lipid-raft biomarker. PGE1 stimulation increased by ≥30% from screen assessment 

in 8 responders (72.7%) and 2 non-responders (25.0%) [Fisher exact= 0.07] with a positive 

predictive value for response of 80.0%.
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In this small, pilot study, increased PGE1 stimulated adenylyl cyclase was associated with 

antidepressant response in MDD subjects. These data suggest that a simple, high-throughput-

capable assay for depression and antidepressant response can be developed. Future studies are 

needed to evaluate the utility of this biomarker for the treatment of MDD.
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Introduction

The World Health Organization states that major depressive disorder (MDD) is the most 

common cause of disability worldwide with a lifetime prevalence close to 20%, and that 

MDD affects as many as one in 10 individuals at any given time (1–2). The medical and 

non-medical costs associated with MDD are estimated at nearly $300 billion per year in 

the United States alone (3). The current COVID-19 pandemic suggests that depression is a 

common sequela of those contracting moderate to severe forms of the disease (4). Although 

often beneficial, antidepressant treatment is not always effective, may require months to 

work, and approximately one-third of treated subjects do not achieve remission (5). Further, 

the adverse events associated with antidepressants may occur early in the treatment course 

and contribute to medication non-compliance before the drugs have had a chance to achieve 

clinical efficacy. Given the substantial medical, economic, and social costs involved with 

MDD, there is a clear need for a practical and quantitative method to differentiate and 

optimize treatment options as early as possible. A simple, objective, fast and accurate test for 

the diagnosis of MDD and prediction of treatment response would abet treatment planning 

and likely support medication compliance as well.

G proteins/cAMP/CREB/neurotrophin in depression and antidepressant action

Several studies (vide infra) indicate that chronic antidepressant treatment increases physical 

coupling between Gsalpha (Gsα) and adenylyl cyclase, resulting in increased cAMP 

generation. This finding is consistent with the observation that chronic treatment with 

antidepressants results in long-term increases in cellular cAMP (6). Consistent with this, 

depressed subjects show decreased 11C rolipram binding that recovers with successful 

antidepressant therapy (7). There exists direct evidence that cAMP signaling may be 

involved in antidepressant action. O’Donnell and Zhang (8) discuss antidepressant properties 

of PDE4 inhibitors (and PDE4 knockout in mice). The long-term sequelae of antidepressant 

treatment include sustained cAMP increases as well as cAMP-induced transcription of 

growth factor genes (9). In a recent clinical study, increasing cAMP with inhibitors of 

phosphodiesterase showed promising antidepressant-adjuvant properties (10). The initial 

studies showing that CREB knockout blocks the behavioral response to antidepressants date 

back 20 years and more recent papers target serotonergic and noradrenergic neurons in 

achieving this effect (11–12). BDNF and TrkB knockout also ablated antidepressant effects 

in mice (13). Both humans and mice with the BDNF val66met allele are more vulnerable 

to stress-induced anxiety and depression, but this is variable with age and sex (14–15). A 
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polymorphism in the regulatory region of the human BDNF gene, which reduces BDNF 

expression and release, is also associated with depression (13).

G protein signaling and lipid rafts

The localization of G proteins to specific membrane domains such as caveolae and lipid 

rafts has generated interest in these cholesterol and sphingolipid-rich detergent-resistant 

membrane domains and how they affect G protein targeting and function (16–17). Lipid 

rafts have variable effects on signaling, as they promote Gqalpha (Gqα) signaling and 

inhibit Gsalpha (Gsα) signaling (17–20). There is a long experimental history of agents 

that increase “membrane fluidity” increasing agonist- and Gsα-mediated adenylyl cyclase 

(21–22). Gsα stimulates adenylyl cyclase more efficiently outside of lipid rafts and chronic 

treatment with antidepressants facilitates G protein exodus from those rafts (19–20, 23–

27). Sublette and colleagues recently reviewed lipid rafts and the possible roles of these 

structures in the biology of depression and Kapoor and colleagues have demonstrated direct 

effects of antidepressants on lipid bilayers (27–28).

The accumulating evidence as noted above suggests that antidepressants may translocate 

Gsα from lipid rafts and, in so doing, facilitate the stimulation of adenylyl cyclase by Gsα 
in the non-raft membrane fraction. These findings suggest that lipid rafts from depressed 

subjects would show enriched Gsα consistent with diminished cAMP signaling. Donati and 

colleagues observed enriched Gsα in lipid rafts in both the prefrontal cortex and cerebellum 

(29). There was no major change in the total Gsα, and no other G proteins were altered 

in lipid raft localization in MDD subjects versus controls. More recent post-mortem data 

showed that the anchors (non-acetylated tubulin) for Gsα in lipid rafts were increased 

significantly in samples from MDD subjects (30), providing a cellular rationale for the 

enrichment of Gsα in rafts from depressed subjects. Antidepressant treatment compromised 

the association between Gsα and tubulin in lipid rafts (26).

Studies in white blood cells (31) and platelets (32–33) suggested the possibility that Gsα 
stimulated adenylyl cyclase showed results consistent with attenuated cAMP generation in 

MDD. These findings suggest that a modern adenylyl cyclase assay taken from blood cells 

might reflect a diagnosis of MDD and antidepressant response and may be adaptable to high 

throughput screening.

We hypothesize that antidepressant treatment changes Gsα such that it exits from the lipid 

raft, moves to the non-raft region, and completes the process of neurotransmitter action by 

stimulating the enzyme, adenylyl cyclase. The objective of the current pilot study of subjects 

with MDD was to collect preliminary data on the effect of antidepressant treatment on the 

putative Gsα biomarker.

Materials / Subjects and Methods

The clinical data and platelets for this study came from a 6-week open-label, naturalistic 

antidepressant trial of participants experiencing an acute major depressive episode to assist 

the development of a blood-biomarker test for quantitation of depression and prediction of 

therapeutic response conducted at the Emory University School of Medicine.
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Subject Selection

The study recruited depressed subjects with non-psychotic MDD meeting DSM-IV TR 

criteria for MDD based upon the Structured Clinical Interview for DSM-IV (34–36), and 

mentally healthy controls. All subjects were male and females between the ages of 30–65 

who signed an informed consent approved by an institutional review board to participate in 

this study. The study was conducted at the Mood and Anxiety Disorders Program research 

clinic at the Emory University Briarcliff campus between September 2013 and May 2016.

Eligible depressed subjects had a 17-item Hamilton rating scale for depression (HamD17) 

score that was ≥15 at the screen visit (37). Depressed subjects were excluded from the study 

if they met criteria for bipolar disorder, a primary psychotic disorder, dementia, substance 

abuse or dependence within 3 months of the screening visit or presented with a clinically 

significant suicide risk. The Columbia Suicide Severity Rating Scale (C-SSRS) was used as 

part of the assessment of suicidal risk (38). Eligible depressed subjects had not been taking 

antidepressant or other psychotropic medications (except for sedatives) for at least 4 weeks 

prior to the initiation of treatment. Healthy controls had scores ≤7 on the HamD17 and had 

no history of MDD or dysthymia, and no current psychiatric diagnosis as assessed by the 

SCID-IV.

Study Design

The study consisted of 2 required visits and an optional third visit for treated MDD subjects. 

At Visit 1, consenting participants underwent a diagnostic interview by a study psychiatrist 

who completed the SCID-IV to confirm the presence of MDD and absence of exclusionary 

diagnoses. In addition, clinical ratings scales were administered by a trained rater and 

participants completed the Inventory of Depressive Symptomatology Self-report (IDS-SR30) 

to assess severity of depressive symptoms over the past week (39). Vital signs, medical 

history and physical examination were performed, followed by screening laboratory urine 

testing (urine drug screen, urinalysis, urine pregnancy test) and phlebotomy for complete 

metabolic profile, complete blood count, thyroid stimulating hormone test, and for collection 

of the Gsα blood draw (30 ml of whole blood). The sample was collected without regard for 

fasting status or time of day (usually between 10AM and 3 PM), as initial volunteer blood 

draws for methods development showed that these variables are unrelated to the Gsα content 

or distribution in platelets.

Visit 2 was scheduled 7 days after Visit 1 and consisted of vital signs, adverse events, 

and concomitant medications review, and repeat of the Gsα blood draw (30 ml) to assess 

the test-retest reliability of the Gsα measure over two separate time points. At this 

visit, MDD participants who desired pharmacotherapy were prescribed an antidepressant 

medication after consultation with a study psychiatrist. Participants who completed 6 weeks 

of pharmacotherapy were invited to return for a repeat assessment of their symptoms and to 

repeat the Gsα 30 ml blood draw to evaluate change in the Gsα measure after treatment.

Visit 3 was scheduled 6 weeks after the initiation of the open-label antidepressant 

medication. Visit 3 included all clinical ratings, participant self-ratings, a blood draw of 

30 ml, vital signs, and a review of concomitant medications and adverse events.
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Visits 1 and 3 assessments included clinician ratings of the HamD17 (primary measure), 

HamD6 (derived from the HamD17), Montgomery Asberg depression rating scale 

(MADRS), Hamilton rating scale for anxiety (Ham-A), the Clinical Global Impression of 

Severity (CGI-S), and a self-report measure (the Inventory of Depressive Symptoms-self 

rating form, IDS-SR30) that was completed by the study participant (37, 39, 40–43).

Study participants received $100 for completion of Visit 1, $50 for Visit 2, and $25 for visit 

3.

Preparation of Gsα biomarker samples

After each blood draw, blood was separated into red blood cells (RBC), white blood cells 

(WBC), and platelet-rich plasma. To ensure blinding, all blood samples were identified by 

the participant study ID number only.

Each sample was divided into aliquots and frozen at −80°C until further use. Prior to use, 

platelets were thawed, diluted 1:10 in TEM buffer (10mM Tris HCl, 1mM Mg Cl2, 150mM 

NaCl 1mM EDTA pH 7.5, protease inhibitor cocktail, Sigma # P2714) and adjusted to a 

concentration of 1μg/μL for the adenylyl cyclase assay.

Adenylyl cyclase activity was assayed in a 384 well plate using PerkinElmer’s AlphaScreen 

cAMP assay kit following the manufacturer’s directions. Briefly, 2.5μL of platelets was 

mixed with 1.5 μL of stimulation buffer (1μM Hepes pH 7.5, 500μM IBMX, 0.1% BSA, 

25mM MgCl2, 375mM NaCl, 250μM ATP, 2.5μM GDP, 2.5nM GTP in HBSS) in one 

well of a 384 well plate. Subsequently, 2.5μL of acceptor beads in stimulation buffer 

were mixed with the platelets and 5μL total volume of cells/beads was added to each 

well. Adenylyl cyclase activity was measured both without stimulating agent (basal, 5 

μL stimulation buffer) and in the presence of 10μM prostaglandin E1 (PGE1) in 5μL of 

stimulation buffer. The 384 well plate was incubated for 30 min at RT to allow cAMP 

accumulation. The reaction was stopped by adding 15μL of 1.67xbiotin-cAMP/Streptavidin 

Donor Bead Detection Mix. The plate was sealed and kept in the dark overnight. Plates were 

read on a Molecular Devices SpectraMax i3x plate reader. cAMP produced was calculated 

from a standard curve run with each assay.

Data analyses

We compared basal adenylyl cyclase activity and the magnitude of PGE1 stimulated 

adenylyl cyclase activity in platelet samples obtained from healthy controls and MDD 

subjects at visit 1 (screen) and at visit 3 from the MDD subjects who participated in the 

6-week open label treatment program. We evaluated the changes from visit 1 (screen) to visit 

3 (post-treatment) of PGE1 stimulation of adenylyl cyclase activity over basal activity in 

antidepressant treatment responders and non-responders. Antidepressant treatment response 

was defined as ≥50% improvement after 6-weeks of treatment from the total HamD17 score 

at the screen visit. Statistical analyses included Student’s t tests for independent samples and 

Spearman’s correlation coefficient as appropriate.
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Results

There were 49 study participants who met DSM-IV criteria for MDD, and 59 healthy 

controls seen at the screen visit ranging in age from 30 to 64 years old (Table 1). There were 

12 men and 37 women in the MDD group (mean age= 49.1 ± 7.8 years) and 18 men and 

41 women in the healthy control group (mean age= 43.6 ± 11.3 years). At the screen visit 

the mean HamD17 was 20.5 ± 3.3 in the whole MDD group, the CGI-S was 4.6 ± 0.6, and 

the IDS-SR30 was 35.4 ± 10.9. The healthy controls had a mean CGI-S of 1.0 ± 1.0 and 

IDS-SR30 of 2.9 ± 3.0 at the screen visit.

Platelet samples to assess PGE1 stimulation of adenylyl cyclase activity were available from 

41 MDD subjects and 44 healthy controls at the screen visit. There were no significant age, 

sex, or weight differences between the MDD subjects and healthy controls. The mean basal 

cAMP activity was 24.3 ± 13.6 nM cAMP/well in the MDD subjects and 27.1 ± 14.15 

nM cAMP/well in the healthy controls (t= −0.87; p= ns). As shown in Figure 1, PGE1 

stimulation of adenylyl cyclase activity yielded a significantly lower stimulation response in 

the MDD subjects than the healthy controls (t= −2.3; p =0.02). EC50 for PGE1 was 0.19 × 

10–8 for healthy controls and 1.9 × 10–9 for MDD subjects.

Twenty-five MDD subjects began antidepressant treatment. As per protocol, treated subjects 

were not required to return for visit 3. Nineteen subjects completed 6 weeks of treatment 

and had reliable visit 1 and visit 3 clinical data and platelet samples available for analysis. 

There were 6 men and 13 women in the group of 19 treated MDD subjects who ranged 

in age from 35 to 60 years (mean age= 50.6 ± 6.2 years). The antidepressants prescribed 

were escitalopram (7), citalopram (4), fluoxetine (3), duloxetine (2), venlafaxine XR (2), 

and nortriptyline (1). Eleven treated subjects were antidepressant treatment responders at 6 

weeks. There were no significant demographic differences between the treatment responders 

and non-responders. The mean total HamD17 score at screen was 20.4 ± 2.5 (SD) in the 

treatment responders and 20.1 ± 5.0 in the non- responders (t= 0.19; p=ns). After 6 weeks 

of treatment, the HamD17 score improved by 14.6 ± 3.6 points in the responders and 6.0 

± 2.3 in the non-responders (t= 5.87; p<0.0001). The other clinical metrics tracked with 

the HamD17 score changes. At 6 weeks, treatment responders had significantly greater 

improvement than non-responders on the HamD6 (t= 3.06; p= 0.007), MADRS (t= 3.70; p 

<0.002), and the CGI-S (t= 3.87; p=0.05) and revealed non- significant trends on the Ham-A 

(t= 1.45; p= 0.16), and self-rated IDS-SR30 (t= 1.91; p= 0.08).

Table 1 lists demographic and treatment data and corresponding changes of the total 

HamD17 scores and PGE1 stimulation of adenylyl cyclase activity (normalized over basal 

activity) from screen (visit 1) to visit 3 for each of the 19 treated subjects. Antidepressant 

treatment responders had a significant increase in PGE1 stimulated adenylyl cyclase activity 

at 6 weeks compared to non-responders (Figure 2). After 6 weeks of antidepressant 

treatment, PGE1 stimulation of adenylyl cyclase over basal cAMP activity increased 1.35 

± 2.3 (SD) nM cAMP/well from the screen visit in the 11 treatment responders, whereas 

it decreased −0.32 ± 1.0 nM cAMP/well in the 8 non-responders (t= 2.14; p= 0.050). 

Figure 3 displays graphically, the change of PGE1 stimulation of adenylyl cyclase activity 

normalized over basal activity between visits 1 and 3. The calculated effect size (Cohen’s 
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d) was 0.83 for the PGE1/Gsα lipid-raft biomarker. Antidepressant treatment responders 

revealed a 62.0% mean increase of PGE1 stimulation from the screen assessment in contrast 

to a −4.6% decrement in the non-responder cohort. There was a modest correlation between 

increased cAMP activity and improvement on the total HamD17 score between visits 1 and 

3 in the 19 treated MDD subjects (Spearman’s rank-order correlation: rs= 0.339, t= 1.49, 

p= 0.15). PGE1 stimulation of adenylyl cyclase activity increased by at least 30% from the 

screen assessment in 8 of the 11 responders (72.7%) on contrast to 2 of the 8 non-responders 

(25.0%) in this small group of subjects (Fisher exact= 0.07), and the positive predictive 

value of PGE1 activation for treatment response was 80.0%.

Discussion

We examined the relationship of changes in Gsα stimulated adenylyl cyclase activity in 

MDD subjects participating in a small, proof-of-concept 6-week open-label antidepressant 

treatment trial. First, we found that MDD subjects had significantly lower PGE1 activation 

of adenylyl cyclase activity in platelet samples than healthy controls at the screen visit (p= 

0.02). Second, we found that antidepressant treatment responders had a marked increase in 

PGE1 stimulated adenylyl cyclase after 6-weeks of treatment compared to non-responders 

(t= 2.14; p= 0.050) with a calculated effect size of 0.83 for the PGE/Gsα lipid-raft 

biomarker. PGE1 stimulation of adenylyl cyclase improved by at least 30% from the screen 

assessment in 8 of the 11 antidepressant treatment responders (72.7%) in contrast to 2 of 

the 8 non-responders (25.0%) in this small study (Fisher exact= 0.07). There was a slight 

(five-fold) decrease in 5HT potency for controls vs. MDD subjects, consistent with the 

notion that the relevant biology underlying this biomarker is the coupling between Gsα and 

adenylyl cyclase dictated by the extent of lipid raft localization of Gsα.

There is post-mortem evidence that suggests that lipid rafts from subjects with MDD 

are enriched in the heterotrimeric G protein, Gsalpha (Gsα) consistent with diminished 

cAMP signaling (29–30). Gsα located outside lipid rafts stimulates adenylyl cyclase 

more efficiently than when it is located within lipid rafts and chronic treatment with 

antidepressants facilitates G protein exodus from those rafts (20, 23–26, 44).

Earlier studies that employed more cumbersome cAMP assays suggested that attenuated 

PGE1 in platelets (32) and impaired β–adrenergic signaling in white blood cells (31) could 

be associated with both depression and clinical improvement. It is noteworthy, however, 

that, in lymphoblasts from depressed subjects we observed increased cAMP signaling which 

was reversed by antidepressant treatment (45). Unlike platelets, lymphocytes are negatively 

affected by cAMP, and attenuated cAMP is “favorable” for the lymphocyte. Caruncho 

and colleagues found altered membrane clustering of 5HT2A receptors and serotonin 

transporters in lymphocytes from depressed subjects and attributed this finding to altered 

cytoskeletal association with these proteins (46). This finding could be attributed to altered 

association of these components with lipid rafts.

In preclinical studies, selective serotonin reuptake inhibitors, serotonin-norepinephrine 

reuptake inhibitors, tricyclic antidepressants, and monoamine oxidase inhibitors all 

increased Gsα signaling and evoked translocation of Gsα from lipid rafts. Studies in rodents 
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required three weeks of drug treatment while studies in neuronal and glial cells required 

three days. Extending treatment time in cellular models allowed drug concentrations used 

to mirror those used in the clinic. Rapid-acting antidepressant drugs such as ketamine had 

similar effects to traditional antidepressants in the cellular model systems, but on a much 

more rapid timescale (15 minutes rather than 3 days) (47). Thus, we and others have 

suggested that antidepressants concentrate in lipid rafts and that this constitutes at least some 

of the basis for their antidepressant effect (48–49). While most antidepressants sort slowly 

into lipid rafts, ketamine appears do so rapidly (47, 50). Figure 4 presents a model for Gsα 
sequestration in rafts during depression and subsequent liberation by antidepressants, which 

we detected as an increase in PGE1-activated adenylyl cyclase. Thus, we hypothesized that 

the translocation of Gsα from lipid rafts, as reflected by an increase in PGE1 stimulated 

adenylyl cyclase, might be a biomarker for clinical response to antidepressants.

This was a small pilot study, and the findings must be interpreted with caution. In addition, 

the study has several limitations that must be noted. First, treatment was open-label and 

lacked a placebo group, so we could not establish that antidepressants specifically caused the 

changes in PGE1 stimulated adenylyl cyclase as opposed to non-specific improvements 

in depression severity. Is the augmented Gsα stimulation of adenylyl cyclase related 

specifically to antidepressant treatment or simply to clinical improvement? Second, there 

were no medication adherence measures taken in this study and we cannot be sure if subjects 

took the prescribed antidepressants for the duration of the 6-week trial, if at all. It is well 

established that many subjects do not comply with treatment requirements during a clinical 

trial and that non-adherence can affect the study outcome (51). Third, the clinical metrics 

and Gsα stimulation assessments were only done at pre- and post-treatment, with no interim 

measures to determine the trajectory of the clinical response or its relationship to increases 

in Gsα stimulated adenylyl cyclase. Did Gsα translocation/stimulation occur early in the 

treatment course and is it a harbinger of eventual clinical response? Can this biomarker 

be used to warrant further treatment in depressed subjects who have not yet responded to 

ongoing antidepressant treatment or justify changing the treatment regimen? Recently, daily 

measurement of clinical response via remote ecological momentary assessments (EMA) has 

been used to examine the mood fluctuation that is an inherent part of MDD and to obtain a 

more detailed measurement of the clinical trajectory during treatment (52).

Ideally, the methods described herein can form the basis of a quantifiable diagnostic and 

treatment paradigm. All the limitations noted above can be addressed in a larger, placebo-

controlled study that monitors adherence, uses more frequent clinical assessments such as 

EMA, and includes mid-study biomarker assessments.

Is the magnitude of Gsα stimulation of adenylyl cyclase related to the amount of clinical 

improvement? Although Figure 3 suggests that there was a relationship between the 

magnitude of Gsα stimulation and HamD17 improvement at 6-weeks (Spearman’s rank-

order correlation was rs=0.34), the study was too small to explore this question adequately. 

As noted above, the clinical response may have been related to the prescribed antidepressant 

or to placebo responsiveness, and non-response may have been due to antidepressant 

treatment non-compliance. Further, the study was too small to identify possible moderating 

factors that might elucidate why the PGE/Gsα lipid-raft biomarker was sensitive for most 
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but not all treatment responders. Clearly, a larger, placebo- controlled trial is warranted to 

further investigate the potential usefulness of the PGE/Gsα lipid-raft biomarker in MDD. 

A larger study would allow us to compare the effects of different classes of antidepressants 

on the PGE/Gsα lipid-raft biomarker. In addition, it would be of interest to explore the 

usefulness of this biomarker for non-pharmacologic interventions for MDD as well.

In this initial proof-of-concept study, the translocation of Gsα from lipids rafts, as reflected 

by an increase in PGE1 stimulated adenylyl cyclase, was used as a biomarker reflecting 

cAMP signaling/lipid-raft status of Gsα, and was associated with antidepressant treatment 

response in MDD subjects. These data suggest that a simple, high-throughput-capable assay 

for MDD and antidepressant response can be developed and used to create a platform for 

personalized medicine for subjects with MDD. Future studies will determine the utility of 

this biomarker and whether it can anticipate antidepressant response early in treatment and 

prior to the clinical metrics.
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Figure 1. PGE-1 stimulated cAMP signaling response in platelets is significantly lower in 
subjects with MDD than healthy controls
Platelets collected from 41 MDD subjects and 44 healthy controls at the screen visit were 

isolated and assayed for cAMP. Values displayed are mean ± positive standard deviation.

Basal cAMP activity at the screen visit was 24.3 ± 13.6 (SD) nM cAMP/well in the MDD 

subjects and 27.1 ± 14.1 nM cAMP/well in the healthy controls: t= −0.87; p= ns.

*PGE1 stimulated cAMP activity at the screen visit was 53.4 ± 16.5 nM cAMP/well in the 

MDD subjects and 67.2 ± 35.7 nM cAMP/well in the healthy controls: t= −2.3; p= 0.02.
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Figure 2. Change from screen values of PGE-1 stimulated cAMP signaling response in platelets 
from MDD antidepressant treatment responders and non-responders
Platelets were collected at pre-treatment (visit 1) and post-treatment after 6 weeks of 

antidepressant treatment (visit 3) from 19 MDD subjects. PGE1 stimulation of adenylyl 

cyclase activity normalized over basal activity at that visit was assessed and the difference 

between the screen and 6 weeks scores was calculated. Antidepressant responders were 

defined as MDD subjects who had total HamD17 score improvement ≥50% between the 

screen visit and visit 3.
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PGE1 change from screen to visit 3 (6 weeks) was 1.35 ± 2.3 (SD) in treatment responders 

compared to −0.32 ± 1.0 nm cAMP/well in non-responders: t= 2.14; p= 0.050.
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Figure 3. Antidepressant response to PGE1 stimulated adenylyl cyclase activity: changes in 
individual subjects from screen visit to 6-weeks of antidepressant treatment
Individual responders and non-responders sort based on pre- vs. post-treatment Gsα-

activated adenylyl cyclase. Changes in cAMP activity following PGE1 stimulation of 

adenylyl cyclase between pre-treatment (Visit 1) and post-treatment (Visit 3) for each 

individual subject appear above.
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Figure 4: Effects of depression and antidepressant treatment on Gsα plasma membrane 
localization.
Gsα is normally distributed between non-raft regions of the membrane where it moves 

freely and promotes neurotransmitter-activated adenylyl cyclase activity and a specialized 

region of the membrane rich in cholesterol (lipid raft), where the movement/adenylyl cyclase 

activation of Gsα is impaired. During depression, Gsα is ensconced in the lipid raft region 

where it is anchored by the structural protein, tubulin (Tα/Tß). Antidepressant treatment 

changes Gsα such that it exits from the raft and moves to the non-raft region where it 

completes the process of neurotransmitter action by activating the enzyme, adenylyl cyclase.
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Table 1

Demographic and treatment data for 19 treated MDD subjects with corresponding changes of HamD17 scores 

and PGE-1 stimulated cAMP activity between screen and week 6

ID age sex age of 
onset

total 
lifetime 
episodes

current 
episode 
months

study 
treatment dose

HAMD17 
visit 1

HAMD17 
visit 3

PGE1 
stimulated 
adenylyl 
cyclase*

Percent 
change 

adenylyl 
cyclase*

520 53 F 13 5 2 Duloxetine 60 23 5 −0.46 −24.6%

522 56 F 51 2 unk
Venlafaxine 

XR 150 21 9 −0.24 −7.9%

524 60 F 15 5 84 Fluoxetine 30 23 10 1.90 131.0%

528 50 M unk unk unk Escitalopram 10 19 1 2.68 185.0%

534 55 F 9 2 62 Escitalopram 10 18 2 1.19 83.5%

535 57 F 11 5 72
Venlafaxine 

XR 37.5 18 9 0.58 33.5%

536 43 M 37 3 60 Citalopram 20 17 2 0.60 55.6%

537 57 M 15 2 unk Citalopram 20 20 8 0.69 48.8%

546 48 M 33 2 180 Escitalopram 20 25 6 −0.86 −25.7%

549 52 F 47 2 53 Escitalopram 10 21 2 1.22 51.2%

501 50 F 31 3 144 Fluoxetine 20 19 9 7.57 151.4%

506 49 F 18 5 22 Nortriptyline 75 18 11 −0.90 −36.5%

507 51 F 13 5 12 Citalopram 40 19 12 −1.84 −52.2%

519 46 M 15 4 120 Duloxetine 90 19 16 −0.48 −13.1%

523 45 F 11 5 72 Citalopram 20 17 10 −1.16 −37.2%

529 59 M 48 3 36 Escitalopram 20 19 13 0.50 3.7%

533 35 F 16 4 6 Escitalopram 10 23 16 0.63 41.5%

542 45 F 40 2 60 Escitalopram 10 26 24 1.12 72.8%

545 50 F 30 3 13 Fluoxetine 20 20 11 −0.40 −15.5%

Mean change from visit 1 to visit 3 (all subjects) 20.3 9.3 0.65 34.0%

Mean change from visit 1 to visit 3 (responders) 20.4 5.7 1.35 62.0%

Mean change from visit 1 to visit 3 (non-responders) 20.1 14.1 −0.32 −4.6%

*
Indicates the change of PGE1 stimulated adenylyl cyclase activity (normalized over basal activity) expressed as nM cAMP/well between the 

screen (visit 1) and visit 3 (6 weeks of treatment) for each treated subject

NOTE: Subject 520 was taking lorazepam prn and subject 529 was taking zolpidem at the screen visit
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