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Introduction 

Genomind, a unique personalized medicine platform that brings innovation to healthcare around the world, is 
pleased to present this summary of the genes behind Genomind Professional PGx® (formerly The Genecept 
Assay), a genetic test that analyzes both pharmacokinetic and pharmacodynamic genes. The current test 
includes the analysis of 15 pharmacodynamic genes and 9 pharmacokinetic genes.  

Genomind Professional PGx® is used to assist clinical decision-making when prescribing medication for 
psychiatric conditions. It is a simple, non-invasive buccal test (cheek swab) that can be administered quickly in a 
clinician’s office. The comprehensive results report provides clear data that can inform clinical decisions.  A 
complimentary consultation with experts in the field of psychopharmacogenetics is available to the clinician along 
with each patient report. 

Background on Genomind Professional PGx   

Psychiatric practice is uniquely challenging because of the variability in treatment response.  Even with the 
application of treatment guidelines, this leads many clinicians to utilize a trial-and-error approach during 
treatment planning. Moreover, it is difficult to determine in advance whether a patient will respond positively to a 
medication or experience adverse events that may force discontinuation.  

It is well known that differences in patient response patterns may be partially explained by underlying genetic and 
biochemical disparities. Utilizing this information may provide an important tool in diminishing the trial-and-error 
process.  Genomind Professional PGx is designed for this purpose.  Genomind Professional PGx is a genetic 
test developed by Genomind to assess variations in deoxyribonucleic acid (DNA) that may alter gene function 
and response to psychotropic therapies. It sheds light on any differences to help the clinician arrive at informed 
and personalized therapeutic decisions. 

 Genomind Professional PGx analyzes 24 selected genes that have been shown in numerous clinical studies to 
have implications for response to treatments used for depression, anxiety, OCD, ADHD, bipolar disorder, PTSD, 
autism, schizophrenia, chronic pain and substance abuse. The genes assessed target major hepatic enzymes 
and key neurotransmitter pathways including serotonin, dopamine, norepinephrine and glutamate. These genes 
can be further categorized as follows: 

• Pharmacodynamic: Genes that relate to the effect of the drug on the body, including interactions with 
receptors, transporters and neurotransmitters 

• Pharmacokinetic: Genes that relate to the effect of the body on the drug, including drug metabolism and 
absorption. 

Using Genetic Information to Inform Treatment Planning 

Genetic testing results provide additional evidence for the heterogeneity observed in medication response. 
They offer information about the likelihood that a patient will respond to a medication therapy and/or 
experience adverse events or drug interactions. Pharmacodynamic results, though not diagnostic, 
describe the underlying biochemistry of presenting symptoms and adverse events, while pharmacokinetic 
results guide dosing decisions to optimize response. The genes analyzed by Genomind Professional PGx 
are associated with a wide range of psychotropic medications and the results can help inform treatment 
plans for patients with a variety of conditions. 
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Evidence Supporting Use of Genomind Professional PGx in Clinical 
Practice 
 Treatment of psychiatric patients guided by Genomind Professional PGx 

https://www.ncbi.nlm.nih.gov/pubmed/?term=26445691 [1] 

“This was a naturalistic, unblinded, prospective analysis of psychiatric patients and clinicians who 
utilized (Genomind Professional PGx) between April and October of 2013… Data from 685 patients 
were collected. Approximately 70% and 29% of patients had primary diagnoses of either a mood or 
anxiety disorder, respectively. Clinician-reported data, as measured by the Clinical Global Impressions-
Improvement scale, indicated that 87% of patients showed clinically measurable improvement (rated as 
very much improved, much improved, or minimally improved), with 62% demonstrating clinically 
significant improvement. When analysis was restricted to the 69% of individuals with ≥ 2 prior treatment 
failures, 91% showed clinically measurable improvement. Patients also reported significant decreases in 
depression (P < .001), anxiety (P < .001), and medication side effects (P < .001) and increases in 
quality of life (P<.001).”[1] 

 

Treatment guided by Genomind Professional PGx reduces health care utilization and costs 
https://www.ncbi.nlm.nih.gov/pubmed/29734486 [2] 

A propensity-score matched case-control analysis of longitudinal health claims data from a large US 
insurer was performed. Individuals with a mood or anxiety disorder diagnosis (N = 817) whose physician 
received Genomind Professional PGx were matched to 2,745 individuals who did not receive such 
testing. Outcomes included number of outpatient visits, inpatient hospitalizations, emergency room 
visits, and prescriptions, as well as associated costs over 6 months. On average, individuals who 
underwent testing experienced 40% fewer all-cause emergency room visits (mean difference 0.13 visits; 
P < 0.0001) and 58% fewer inpatient all-cause hospitalizations (mean difference 0.10 visits; P < 0.0001) 
than individuals in the control group. The Genomind Professional PGx users consumed an estimated 
$1948.00 less in health care resources than controls in the six-month period after testing. The two 
groups did not differ significantly in number of psychotropic medications prescribed or mood-disorder 
related hospitalizations.[2] 

Increased Medication Adherence and Reduced Health Care Costs with Assay-guided Therapy 
https://www.ncbi.nlm.nih.gov/pubmed/25326929 [3] 

Individuals for whom pharmacogenetic testing was ordered (cases) were contrasted with those who did 
not undergo such testing (controls). Cases and controls were propensity score matched in order to 
minimize risk of confounding in this nonrandomized study. An initial analysis of 111 cases and 222 
controls examined both adherence and healthcare costs. A replication study of 116 cases and 232 
controls examined adherence alone, as cost data was not available for this latter cohort. Overall, 
individuals with assay-guided treatment were significantly more medication adherent (P = 1.56 3 
10–3; Cohen’s d = 0.511) than patients with standard treatment and demonstrated a relative cost 
savings of 9.5% in outpatient costs over a 4-month follow-up period, or $562 in total savings.[3]  

Pharmacotherapy Concordant with Genomind Professional PGx Result in Greater Clinical Improvement 
https://www.personalizedmedpsych.com/article/S2468-1717(17)30027-3/fulltext [4] 

Researchers evaluated the use of Genomind Professional PGx testing in an open-label trial of 468 
patients. After 8 weeks of treatment, patients with either a risk MTHFR or SLC6A4 genotype that were 
treated with assay-guided treatment regimens—as compared to those that were not—demonstrated 
significantly greater reduction in symptoms of depression and anxiety, and significantly increased quality 
of life.[4] 

Review of Current Evidence Supports Pharmacogenetic Testing in Psychiatric Clinical Care 
https://www.ncbi.nlm.nih.gov/pubmed/?term=28990639 [5] 

Approximately one in five individuals in the United States experiences mental health issues in any given 
year, and these disorders are consistently among the leading causes of years lived with disability. 
Unfortunately, many mental illnesses are lifelong conditions that require medication and therapy to 
improve quality of life, yet clinical trial data show that many patients fail to achieve remission or require 
several pharmacological interventions prior to remission. One approach that may help explain patient 

https://www.ncbi.nlm.nih.gov/pubmed/?term=26445691
https://www.ncbi.nlm.nih.gov/pubmed/29734486
https://www.ncbi.nlm.nih.gov/pubmed/25326929
https://www.personalizedmedpsych.com/article/S2468-1717(17)30027-3/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/?term=28990639
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variability in response to medication is pharmacogenetic testing. The current review shows the clinical 
use of pharmacogenetic testing in a small subset of gene variants and how they pertain to psychiatric 
illness and treatment. Recent evidence suggests that genetic testing for psychiatric illness can 
improve patient outcomes in addition to decreasing health care costs.[5] 

Case Report: Patient with Intermittent Explosive Disorder 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24441311 [6] 
  
An 18-year-old male presented to the outpatient psychiatric practice for medication evaluation and 
psychotherapy due to recurrent, violent outbursts with no identifiable precipitant or psychosocial 
stressor. The patient described “blacking out” and had “no recollection” of the events surrounding these 
episodes. The outbursts had become increasingly frequent and violent over the last 6 months and 
ranged from extreme verbal aggression to physically assaulting family members. The patient had 
significant medication trials in his history, including multiple psychostimulant agents, which caused 
intolerable agitation and late-day “rebound” insomnia. Trials of clonidine and guanfacine produced 
sedation and daytime drowsiness. The mood-stabilizing antiepileptic drugs valproic acid and 
carbamazepine had no apparent effect, and the patient was uncooperative with lab studies and blood 
draws to monitor drug levels. SSRIs had produced restlessness and diarrhea, while antipsychotics 
caused irritability and weight gain. Given the lack of symptom stabilization, despite the various 
psychotropic medication trials, Genomind Professional PGx was ordered to personalize treatment 
options. The results indicated that the patient may not respond well to atypical antipsychotics and 
SSRIs, which is supported by his previous treatment failure and intolerability with these agents. In 
accordance with these results, a trial of lithium was started. Upon achieving a therapeutic level of 1.0 on 
lithium 600 mg twice daily, this young man’s symptoms markedly decreased. He and his family reported 
that over the 3 months since initiation of the new psychopharmacologic therapies based on the results 
of the Genecept Assay, he experienced only two brief episodes of anger, both of which were less 
severe in both duration and intensity. [6] 
 

Case Report: Complete Remission of Depression with Genomind Professional PGx Guided Treatment 
https://www.omicsonline.org/open-access/patient-with-major-depressive-disorder-responds-to-
lmethylfolate-postgenetic-testing-2167-1044-3-156.php?aid=24982 [7] 
 
The case describes a 69-year-old Caucasian male with a long history of untreated depressive 
symptoms. At age 68, the patient was started on a treatment regime for depression, but remission was 
not achieved. Genetic testing was performed to determine if this patient’s genetic background could 
help explain his resistance and suggest a more effective treatment strategy. The results of the genetic 
test showed variations in four pharmacodynamic-related genes. Addition of adjunctive therapy as 
indicated by these results led to complete remission of depression symptoms.[7] 

Case Report: Improvement in depression, agitation, and panic attacks after genetic testing was used to 
inform treatment 

https://www.ncbi.nlm.nih.gov/pubmed/?term=24744941 [8] 
  
“This case describes a 31-year-old female Caucasian patient with complaints of ongoing depression, 
agitation, and severe panic attacks. The patient was untreated until a recent unsuccessful trial of 
citalopram followed by venlafaxine which produced a partial response. Genetic testing was performed to 
assist in treatment decisions and revealed the patient to be heterozygous for polymorphisms in 5HT2C, 
ANK3, and MTHFR and homozygous for a polymorphism in SLC6A4 and the low activity (Met/Met) 
COMT allele. In response to genetic results and clinical presentation, venlafaxine was maintained and 
lamotrigine was added leading to remission of agitation and depression.”[8] 
 

Case Report: Improved Function in a Patient with Atypical Psychosis and Depression with Long-standing 
Attentional Difficulty 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25916515 [9] 
 

This case highlights the potential of pharmacogenomics to inform medical decision-making in a male 
with atypical psychosis and depression with longer-standing attentional difficulties. Likely because of his 
specific COMT polymorphism and intermediate metabolizing liver enzymes, when the patient's stimulant 
medications were titrated to affect for attentional needs, he became psychotic secondary to a 
hyperdopaminergic state. Past prescriptions of dopaminergic antidepressant agents (e.g., bupropion) 
likely would have exacerbated the problem. The patient's serotonin transporter polymorphism also 
potentially was associated with SSRI inefficacy and increased side effects. Knowledge of the patient's 

https://www.ncbi.nlm.nih.gov/pubmed/?term=24441311
https://www.omicsonline.org/open-access/patient-with-major-depressive-disorder-responds-to-lmethylfolate-postgenetic-testing-2167-1044-3-156.php?aid=24982
https://www.omicsonline.org/open-access/patient-with-major-depressive-disorder-responds-to-lmethylfolate-postgenetic-testing-2167-1044-3-156.php?aid=24982
https://www.ncbi.nlm.nih.gov/pubmed/?term=24744941
https://www.ncbi.nlm.nih.gov/pubmed/?term=25916515
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genetically influenced departure from average response allowed for personalization of pharmacology 
with clinical improvement across measures of functioning.[9] 

Pharmacodynamic Genes 

5HT2C, Serotonin Receptor 2C  
The serotonin receptor (5HT2C) is a site of action of various neuroleptic medications. Serotonin acting at 
this receptor is involved in the regulation of appetite, and is one mechanism utilized to signal satiety. [10] 

Inhibition of this signaling pathway via 5HT2C antagonism has been shown in clinical studies to lead to 
increased food intake. [11, 12] 

In patients taking second generation antipsychotics, the 5HT2C C/C genotype confers standard risk for weight 
gain, while the T allele demonstrates a protective effect. [13-21] Greater clinical vigilance related to weight gain and 
metabolic syndrome, including assessment of blood lipids and sugar, may be indicated for individuals carrying 
the C/C genotype when taking second generation antipsychotics. [12, 19] 

Medications that have been shown to decrease antipsychotic-induced weight gain include metformin, which is 
traditionally used in type II diabetes and other metabolic disorders.[22-24] 

Literature Summary: Serotonin Receptor 2C (5HT2C)  

ADRA2A, Alpha-2A Adrenergic Receptor 
ADRA2A encodes a subtype of alpha 2 adrenergic receptors. Norepinephrine (NE) is the main 
catecholamine which signals via adrenergic receptors, and ADRA2A is the major receptor subtype found in 
the brain, particularly the prefrontal cortex (PFC). NE and the PFC are both critical for working memory and 
executive function measures, such as regulating attention, controlling impulses and inhibiting inappropriate 
behavior.[25] NE stimulates ADRA2A to improve PFC function, including attention regulation and working 
memory. [26, 27] Studies have shown that ADRA2A dysregulation is associated with impaired PFC function 
and ADHD.[25-27] 
 
Children and adolescents being treated for ADHD symptoms are likely to have an increased response to 
stimulants if they are carriers of a G allele variant in ADRA2A. [28-33] For example, two studies have shown that 
methylphenidate (MPH) improved inattentive symptoms in G allele carriers based on the Swanson, Nolan, and 
Pelham Scale version IV (SNAP-IV) rating scale. [32, 33] 
 

MPH increases synaptic levels of dopamine and NE and increased NE may bind and stimulate ADRA2A to 
improve PFC function. The exact mechanism of this drug-gene effect of MPH and ADRA2A has not been 
fully elucidated. However, an animal study demonstrated that MPH activity was inhibited when co-
administered with an ADRA2A blocker, suggesting ADRA2A is involved in the mechanism of action of 
MPH.[26] 

Literature Summary: Alpha-2A Adrenergic Receptor (ADRA2A) 

ANK3, Sodium Channel Component, Ankyrin G 
ANK3 belongs to a family of scaffolding proteins known as the ankyrins and plays a role in the maintenance of 
sodium ion channels. A variation in this gene, the T allele, can potentially lead to abnormal clustering of sodium 
channels and dysfunction in action potential firing.[34-36] Genome-wide association studies (GWAS) have shown a 
correlation between this variant and disorders characterized by mood instability and lability.[36-42] Many studies 
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indicate that this variant is associated with changes in anatomical connections that may be related to cognitive 
and affective symptoms. More specifically, this variation has been associated with anhedonia, altered novelty 
seeking, impaired threat/stress signal processing, poorer cognition and reduced integrity of white matter tracts. 
[43-46] As with the variant in CACNA1C, the therapeutic implications of this variation are not yet fully understood. 
Where clinically appropriate, traditional mood stabilizers or Omega-3 FA may be used to reduce excess 
excitatory signaling by sodium channels. Various meta-analyses have validated the utility of Omega-3 FA for 
bipolar depression (but not mania). [47-52] These studies suggest that antidepressant effects of Omega-3 FA may 
be largely dependent on the fatty acid eicosapentaenoic acid (EPA). While the antidepressant efficacy of Omega-
3 FA is not fully understood, it may be related to stabilization of calcium and/or sodium channels. [53-55] 

Literature Summary: Sodium Channel Component, Ankyrin G (ANK3) 

BDNF, Brain-derived Neurotrophic Factor 

BDNF plays a role in regulating the growth, development and survival of neurons as well as the release of 
neurotransmitters.[58] BDNF may serve as a candidate gene for depression and PTSD. A variation in this gene, 
the Met allele, is associated with reduced BDNF secretion, impaired working memory, altered stress reactivity, 
and depression.[59-67] Studies have suggested that Caucasian Met carriers have poorer response to SSRIs 
compared with Val/Val patients, but these data are preliminary and await replication.[68, 69] Additionally, this 
association was not found in Asian patients.[70] In fact, an opposite association was found in Asians, such that 
Met carriers were associated with an improved response to SSRIs. [71-73] Several studies indicate that physical 
activity may improve cognition and working memory in Met carriers by directly upregulating BDNF activity.[74-77]  
Physical activity may also mitigate PTSD symptoms in Met allele carriers, as shown in a recent study of 1,895 
U.S. military veterans.[78]  

Literature Summary: Brain-derived Neurotrophic Factor (BDNF) 

CACNA1C, Calcium Channel, L-type Voltage-gated, Alpha 1C Subunit 

CACNA1C is important in the regulation of calcium signaling. Several genome-wide association studies (GWAS) 
have identified a variant in this gene, the A allele, which is associated with conditions related to mood instability 
and lability[37-39, 42, 79-84]. Variations in this gene may lead to ion channel dysfunction, resulting in a prolongation of 
the period during which the pore remains open, leading to increased excitatory signaling. It has also been 
reported that this variant is associated with changes in amygdala volume, frontal-hippocampal function, and 
disruptions in cognition in both schizophrenic and bipolar patients[34, 85-93]. This variant also has been 
hypothesized to be related to glutamate signaling[94].  The implications for treatment are not fully understood; 
however, if clinically relevant, traditional mood stabilizers, second generation antipsychotic medications, or 
omega-3 fatty acids (ὡ-3 FA) may be used to reduce the excess excitatory calcium signaling resulting from this 
variation[53-55]. Various meta-analyses have validated the utility of ὡ-3 FA for major depression, bipolar 
depression (but not mania), and anxiety[47-52]. These studies suggest that antidepressant effects of ὡ-3 FA may 
be largely dependent on the fatty acid eicosapentaenoic acid (EPA), whereas anxiolytic effects may be less 
reliant on EPA. 

Literature Summary: Calcium Channel, L-type Voltage-gated, Alpha 1C  

COMT, Catechol-O-Methyltransferase 

COMT is an enzyme responsible for breakdown of dopamine in the frontal lobes of the brain. Dopamine levels 
here are critical for memory, attention, judgment and other executive functions.[98, 99] A valine (Val) to methionine 
(Met) variation results in reduced capacity of the enzyme to degrade dopamine, which results in increased 
dopamine activity.[100] Patients who have normal levels of dopamine degradation possess one increased and one 
decreased function allele (Val/Met). Patients with the Val/Val genotype display elevated enzyme activity and 
increased dopamine degradation; conversely, patients who are Met/Met have reduced enzyme activity and 
reduced dopamine degradation.[100-103] Clinical studies have shown that the Val/Val genotype may have 
behavioral consequences regarding cognitive function, memory, attention, motivation and judgment.[103, 104]  
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In Val/Val (high-activity) patients, dopaminergic agents have been shown to improve executive function and 
working memory in both animal and human studies. However, these agents may produce a deleterious effect on 
cognition in Met/Met (low-activity) patients. [105-108] Another class of drugs known as COMT inhibitors have also 
been shown to produce this biphasic effect on cognition in Val/Val versus Met/Met individuals, and may be 
clinically useful in patients with impaired executive function. [109-116] 

Recent clinical studies investigating the effects of antipsychotic medications on cognitive function in 
schizophrenia and bipolar disorder found that patients with the Met/Met genotype had improved scores on 
measures of executive function (as well as positive symptoms of schizophrenia) when compared with their 
Val/Met and Val/Val counterparts. [117-122] In addition to stimulant and antipsychotic response, COMT genotype 
impacts sensitivity to opioids, with COMT Val/Val individuals requiring higher doses and COMT Met/Met 
individuals requiring lower doses for analgesia.[123] 

Alternative antidepressant therapeutic strategies include electroconvulsive therapy (ECT) and transcranial 
magnetic stimulation (TMS) for Val/Val patients. Studies have associated the COMT Val/Val genotype with 
greater sensitivity to ECT and improvements in depressive scores.[124, 125] As stated previously, the increased 
activity of the Val/Val genotype can result in a hypo-dopaminergic state. Studies in rats have shown that TMS 
can increase dopamine outflow compared with sham stimulation.[126] Additionally, studies in humans have 
demonstrated TMS can be beneficial for patients suffering from depression, potentially by increasing dopamine 
levels in the prefrontal cortex.[127-131]  Based on these studies it is thought that ECT or TMS may be an effective 
strategy in patients who are COMT Val/Val via stimulation of dopamine release. 
 

Literature Summary: Catechol-O-Methyltransferase (COMT)  

DRD2, Dopamine 2 Receptor 

DRD2 is involved in movement and perception. Most neuroleptics act through antagonism of the D2 receptor to 
inhibit dopamine signaling. The deletion (DEL) variant reduces gene expression in vitro, resulting in altered D2 
receptor density,[132, 133] and increased risk for poor response and adverse events (predominately weight gain) 
with antipsychotic medications.[134-137] Assessment of antipsychotic alternatives should be considered if clinically 
appropriate. One example of clinical utility could be in the treatment of bipolar disorders where mood stabilizers 
or antipsychotics are often first line agents. The presence of the DEL allele could be taken into consideration 
when deciding between drug classes.   

The deletion (DEL) allele is also associated with increased risk for opioid dependence in Asians, with 
homozygotes at even greater risk.[138] 

Literature Summary: Dopamine 2 Receptor (DRD2) 

GRIK1, Glutamate Receptor Kainate 1 
Topiramate is a promising anticonvulsant medication used to treat alcohol dependence. However, response to 
topiramate varies. Topiramate blocks highly selective glutamate receptors, most notably receptors within the 
GRIK1 subunit. GRIK1 helps to assemble these excitatory glutamate receptors, which are involved in various 
neurological processes. Polymorphisms in this gene have been shown to predict response to topiramate. A 
polymorphism in GRIK1, specifically C/C homozygosity, has been associated with improved topiramate response 
for alcohol abuse. [139-143] However, the exact mechanism by which this genotype moderates the effect remains 
undetermined. Topiramate may be used for alcohol dependence/abuse in patients with the C/C genotype where 
clinically indicated.[139] 

 

Literature Summary: Glutamate Receptor Kainate 1 (GRIK1) 
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HLA-A & HLA-B, Human Leukocyte Antigen, Class I, A & B 

The HLA-1 class of genes includes HLA-A, HLA-B, and HLA-C and encodes the heavy chains of class I antigen-
presenting molecules that are expressed on most nucleated cells. These genes are highly polymorphic and code 
for proteins that bind and present antigens to immune cells.[144] Specific polymorphisms in this gene have been 
associated with adverse response to the anti-epileptic carbamazepine as well as oxcarbazepine, 
phenytoin/fosphenytoin, and possibly lamotrigine and other aromatic anticonvulsants (eslicarbazepine, 
phenobarbital). The variants HLA-A*31:01 and HLA-B*15:02 are associated with risk of developing Stevens-
Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN), predominately in patients of Asian descent when 
taking carbamazepine.  HLA-A*31:01 has been strongly associated with only carbamazepine-induced SJS and 
TEN,[145-149] while HLA-B*15:02 increases risk for these disorders with carbamazepine, oxcarbazepine, phenytoin 
and possibly other aromatic anticonvulsants.[146, 147, 150-154] SJS and TEN are life-threatening conditions 
characterized by widespread lesions on the epidermis. Due to the severity of carbamazepine-induced SJS/TEN, 
the FDA has made label changes to this drug, in addition to suggesting genetic screening for patients of Asian 
ancestry before initiation of carbamazepine therapy.[155]  The Clinical Pharmacogenetics Implementation 
Consortium (CPIC) also has prescribing guidelines for both HLA-B*15:02 and HLA-A*31:01, which includes 
carbamazepine, oxcarbazepine and other aromatic anticonvulsants.[147] 

Literature Summary: HLA-A; *31:01 allele 

Literature Summary: HLA-B; *15:02 allele 

HTR2A, Serotonin Receptor 2A 

The single nucleotide polymorphism rs7997012 was originally identified as a marker of citalopram 
response in the seminal Sequenced Treatment Alternatives for Depression (STAR*D) study. Two studies 
using STAR*D data found an association between the A/A genotype and citalopram response,[158, 159] but 
this effect was not replicated in other SSRIs (selective serotonin reuptake inhibitors).[160, 161] Studies also 
found an increased odds of response to non-SSRI and mixed class antidepressants in patients carrying a 
G allele at this position.[71, 162]  Limited evidence exists for the relationship between rs7997012 and side 
effects. Two studies found that patients with the A/A genotype suffered from significantly more side 
effects compared to G allele carriers when investigating both selective and non-selective SRIs (serotonin 
reuptake inhibitors), as well as olanzapine.[163, 164] 

Literature Summary: Serotonin Receptor 2A (HTR2A) 

MC4R, Melanocortin 4 Receptor 

MC4R is expressed in various sites of the brain, including the hypothalamus, and has a central role in the 
regulation of satiety, body weight and energy balance. Over 70 variations in MC4R have been identified, 
and about half of these variants result in partial or total loss of function, which may lead to hyperphagia, 
hyperinsulinemia, binge eating, food-seeking behavior and excessive hunger.[21, 165, 166] Moreover, studies 
have shown that a particular variation in this gene, the A/A genotype, is associated with increased risk of 
weight gain and adverse changes in metabolic indices among individuals receiving second generation 
antipsychotics.[167, 168] Clinicians should use caution when prescribing second generation antipsychotics to 
individuals with the homozygote risk genotype. In general, those drugs that pose the highest risk for weight 
gain are clozapine and olanzapine, while aripiprazole, iloperidone, paliperidone, quetiapine and risperidone 
are medium-risk medications, and asenapine, brexpiprazole, cariprazine, lurasidone and ziprasidone tend 
to be lower-risk medications.[23, 169-171] 
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Literature Summary: Melanocortin 4 Receptor (MC4R) 

MTHFR, Methylenetetrahydrofolate Reductase 
MTHFR is an enzyme responsible for catalyzing the conversion of folic acid to methylfolate. Methylfolate is the 
active form of folic acid, a vital cofactor for the synthesis of norepinephrine, dopamine and serotonin.[173, 174] Two 
variations are tested within this gene. The T allele of C677T and the C allele of A1298C lead to reduced 
enzymatic activity of MTHFR, resulting in inefficient folic acid metabolism and production of methylfolate. [175] 
Several studies have shown these variations are associated with depression, bipolar disorder and schizophrenia. 
[176-178] Studies in psychiatric patients analyzing the therapeutic efficacy of L-methylfolate found superior 
outcomes when SSRI/SNRI treatment was supplemented with L-methylfolate compared with SSRIs/SNRIs alone. 
[179-182] A 2016 study with a methylfolate B-vitamin complex showed depression remission rates of 42% as 
monotherapy when MTHFR genotype was taken into consideration. [183] Preliminary data also suggest that 
biomarkers related to L-methylfolate synthesis and/or metabolism may identify patients who would benefit from 
supplementation with L-methylfolate. [184] 

Literature Summary: Methylenetetrahydrofolate Reductase (MTHFR)  

OPRM1, µ Opioid Receptor 
Mu-opioid receptors are located throughout brain circuits that are involved in processing rewards, analgesia 
and stress response. OPRM1 is the main target for many natural and synthetic compounds including opioid 
medications. A variation in this gene, the G allele, has been linked to reduced expression of OPRM1. 
Clinically, this variation has been linked to higher pain intensity and slower recovery from certain injuries 
such as a herniated disc.[186, 187]  Studies have also found that patients with the G allele may need higher 
doses of opioids to achieve similar analgesia, compared to A/A controls. [188-192]  Non-opioid analgesics may 
be a therapeutic option for these patients if clinically indicated.  Clinical data also suggest that OPRM1 G 
allele carriers may be less likely to relapse with naltrexone for the treatment of alcohol use disorders.[193-197]  

Literature Summary: Mu Opioid Receptor (OPRM1) 

SLC6A4, Serotonin Transporter 
SLC6A4 is a presynaptic transmembrane protein responsible for serotonin reuptake. Antidepressant 
activity of SSRI medications is achieved through inhibition of this protein. Two variations in SLC6A4 are 
tested within the serotonin-transporter-linked polymorphic region (5-HTTLPR). 
• 5-HTTLPR is a 43 or 44-base-pair deletion of DNA in SLC6A4. Patients who have a deletion of this 

section are termed “short” or S patients. Patients who do not have this deletion are termed “long” or 
L patients. Studies have repeatedly shown that the short variant is associated with a reduction in the 
expression of the serotonin transporter. 

In addition to the long/short variation, Genomind Professional PGx also tests for a single nucleotide 
polymorphism (SNP) within the long (L) gene, which causes impaired expression similar to the short 
variant. This variation is represented by either an L(A) or an L(G), and patients who possess the 
L(G) allele have poorer expression of the serotonin transporter. 

Individuals with these variations may have reduced reuptake of synaptic serotonin, and several studies have 
shown that individuals who are homozygous for the L(A) allele demonstrate improved response to SSRIs 
and lower likelihood of side effects.  Retrospective studies have also shown that Caucasian individuals with 
risk variations [S or L(G)] may be more likely to have a poor response, slow response, or increased risk for 
adverse events during treatment with SSRI medications, as compared to individuals who do not possess 
these variants. [163, 198-204] More specifically, individuals who carry only a single risk variant [S or L(G) alone] 
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appear to be at increased risk of adverse reactions, particularly gastrointestinal side effects, whereas the 
S/S, S/L(G) and L(G)/L(G) homozygotes are at a greater risk of non-response and adverse effects. These 
homozygous risk allele carriers have also been shown to have an increased risk for abnormal cortisol 
release in response to stressors.[205-212] Among Caucasians with risk alleles, one should carefully assess 
SSRI medications, including citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine and sertraline. 
Alternative interventions, such as SNRIs or non-SSRI antidepressants that do not singularly target the 
serotonin transporter protein, may be relevant in these patients. 

Literature Summary: Serotonin Transporter (SLC6A4) 

Pharmacokinetic Genes 
ABCB1, ATP Binding Cassette Subfamily B Member 1 
P-glycoprotein (P-gp), encoded by the ABCB1 gene, is an efflux pump responsible for transport of a number of drugs 
and exogenous compounds out of the cell. Depending on the tissue, these pumps can affect drug absorption (e.g., 
intestinal lining), distribution (e.g., blood–brain barrier), and excretion (e.g., proximal tubules of the kidney).[215] In the 
context of psychiatric medications, particular variants can increase the intestinal absorption and brain permeability of 
certain drugs. [215-219] This gene has >120 polymorphisms, but only a handful have shown any predictive validity for 
response to antidepressant agents. A recent review by Brückl and Uhr (2016) identified two candidate SNPs 
(rs2032583 and rs1045642) that were more consistently associated with either clinical efficacy or risk for side effects 
to some antidepressants, antipsychotics, or opioids.[219] Some common antidepressants affected by the ABCB1 gene 
include citalopram, escitalopram, fluvoxamine, paroxetine, desvenlafaxine, venlafaxine, vilazodone, amitriptyline and 
nortriptyline.[220-223]  Most opioids seem susceptible to increased brain permeability in the presence of certain ABCB1 
variants.[216, 224-228]  Several of the second-generation antipsychotics are sensitive to p-glycoprotein and have been 
associated with higher rates of side effects with this gene. [220, 229-233]  These data suggest that genetic variants of 
ABCB1, which impact drug absorption and brain penetration, may play a role in patient response to medications that 
are substrates of this protein. 

Literature Summary: ATP Binding Cassette Subfamily B Member 1 (ABCB1) 

UGT1A4 & UGT2B15: UDP Glucuronosyltransferase Genes 
Uridine 5'-diphospho-glucuronosyltransferase  (UGT) is an enzyme responsible for transferring the glucuronic acid 
component of UDP-glucuronic acid to a drug, in order to increase water solubility and aid in drug excretion.[234] It is an 
important part of phase II drug metabolism and mutations in the UGT genes, similar to mutations in CYP450 
enzymes, can produce changes in drug exposure. Two UGT enzymes have been shown to have a clinically 
significant impact on drug exposure for anxiolytics, mood stabilizers, and antipsychotics. 

UGT1A4*3 is a variant of UGT1A4 in which a single SNP substitution may result in ultra-rapid metabolizer (UM) 
status and decreased serum levels of lamotrigine.[235-237]  Olanzapine metabolism may also be affected by this 
mutation, though there is some conflicting evidence between in vivo studies, and this impact appears to be relatively 
minor.[238]   

UGT2B15*2, a variant of another family of UGT enzymes, may result in intermediate metabolizer (IM) status and 
subsequent increased serum levels of some benzodiazepines. Both in vitro and in vivo studies observed an 
impact of this polymorphism on oxazepam and lorazepam drug exposure.[238-241]  As oxazepam is an active 
metabolite of several other benzodiazepines (e.g., chlordiazepoxide, clorazapate, diazepam, and temazepam), 
drug exposure of these compounds may be affected as well. 

Literature Summary: UGT1A4 

Literature Summary: UGT2B15 
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Cytochrome P450 (CYP450) Genes 

CYP450s constitute a family of hepatic enzymes that catalyze the breakdown of various substances. 
CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6 and CYP3A4/5 are responsible for the degradation of a 
large number of psychotropic medications, and variations in the genes encoding for these enzymes can 
alter their activity, resulting in unexpected drug serum levels, altered efficacy and adverse events. 
Furthermore, various medications, including but not limited to many psychotropic drugs, can inhibit or 
induce these enzymes, altering their phenotypic expression. 

For CYP1A2, CYP2B6, CYP2C9, CYP2C19, and CYP2D6, patients with normal rates of drug metabolism are 
termed extensive metabolizers (EM). Patients exhibiting the intermediate metabolizer (IM) or poor metabolizer 
(PM) phenotype (intermediate or low activity) have reduced enzyme activity, resulting in increased risk for 
elevated drug serum levels, drug-drug interactions and/or reduced production of active metabolites. Reduced 
doses of medications metabolized by these systems may be clinically appropriate.[242-246] The ultra-rapid 
metabolizer (UM) phenotype (high/fast activity) may lead to elevated enzyme activity, resulting in increased risk 
for subtherapeutic drug serum levels, poor efficacy and adverse events associated with metabolite buildup.  
Increased doses of medications in patients with this phenotype may be clinically appropriate. [247-251] [252-257]  

CYP1A2 activity can result in the same metabolizer phenotypes as the previously mentioned CYPs; PM or IM 
indicating reduced metabolism, or EM indicating normal metabolism. [20, 247-250][252, 258] 

Additionally, CYP1A2 may also be greatly affected by the presence of inducers, leading to increased 
metabolism. A common variation in this gene, *1F, affects how potently inducers may increase CYP1A2 
activity. [164, 259-273] [274, 275] [276-281]  The presence of this variant may increase the metabolism of a drug in the 
presence of inducers such as marijuana/tobacco smoke, coffee or other medications[164, 259, 265, 267, 269-271, 

277]. 

Lastly, the combinatorial effects of CYP3A enzymes, including CYP3A4 and CYP3A5, are responsible for 
the overall metabolism of CYP3A substrates. Variations in CYP3A4 and CYP3A5 can affect the rate of 
metabolism for CYP3A substrates, and the combined phenotype is reported as slow, normal or fast 
activity. Patients who have fast CYP3A4/5 activity may display increased metabolism, which may lead to a 
risk for subtherapeutic drug serum levels, poor efficacy and adverse events associated with metabolite 
buildup. Increased doses of medications metabolized by this system may be clinically appropriate. Patients 
who are slow metabolizers for CYP3A4/5 may have reduced enzyme activity, resulting in increased risk for 
elevated drug serum levels, drug-drug interactions and/or reduced production of active metabolites. [15, 251] 

[20, 247-250, 252, 258, 261, 273, 274, 282-285] 

Literature Summary: Cytochrome P450 1A2: (CYP1A2) 

Literature Summary: Cytochrome P450 2B6: (CYP2B6) 

Literature Summary: Cytochrome P450 2C9: (CYP2C9) 

Literature Summary: Cytochrome P450 2C19: (CYP2C19) 

Literature Summary: Cytochrome P450 2D6: (CYP2D6) 

Literature Summary: Cytochrome P450 3A4/5: (CYP3A4/5) 
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PharmGKB Annotations 
 

The Pharmacogenomics Knowledgebase (PharmGKB) is an NIH-funded resource that provides information 
about how human genetic variation affects response to medications. PharmGKB collects, curates and 
disseminates knowledge about clinically actionable gene-drug associations and genotype-phenotype 
relationships. More information about PharmGKB can be found at https://www.pharmgkb.org/ 

PharmGKB Strength of Evidence Scores 
 

Level 1A: Annotation for a variant-drug combination in a CPIC or medical society-endorsed PGx 
guideline, or implemented at a PGRN site or in another major health system. 

Level 1B: Annotation for a variant-drug combination where the preponderance of evidence shows an 
association. The association must be replicated in more than one cohort with significant p-values, and 
preferably will have a strong effect size. 

Level 2A: Annotation for a variant-drug combination that qualifies for level 2B where the variant is within 
a VIP (Very Important Pharmacogene) as defined by PharmGKB. The variants in level 2A are in known 
pharmacogenes, so functional significance is more likely. 

Level 2B: Annotation for a variant-drug combination with moderate evidence of an association. The 
association must be replicated but there may be some studies that do not show statistical significance, 
and/or the effect size may be small. 

Level 3: Annotation for a variant-drug combination based on a single significant (not yet replicated) 
study or annotation for a variant-drug combination evaluated in multiple studies but lacking clear 
evidence of an association. 

Level 4: Annotation based on a case report, non-significant study or in vitro, molecular or functional 
assay evidence only. 

For more information about clinical annotations and levels of evidence, please refer to 
Pharmacogenomics knowledge for personalized medicine. Clinical pharmacology and therapeutics. 
2012. Whirl-Carrillo M, McDonagh E M, Hebert J M, Gong L, Sangkuhl K, Thorn C F, Altman R B, Klein 
T E. https://www.ncbi.nlm.nih.gov/pubmed/22992668 
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PharmGKB drug-gene annotations pertinent to Genomind Professional PGx 
https://www.pharmgkb.org/ 

Gene PharmGKB 
Score 

Drug(s) Gene  PharmGKB 
score 

Drug(s) 

ABCB1 2B opioids DRD2  3 antipsychotics, 
bupropion 

ADRA2A 3 methylphenidate GRIK1  3 topiramate 
ANK3 Unranked null HLA-A  1A carbamazepine 
BDNF 3 citalopram, 

paroxetine, 
olanzapine, (assorted 
antidepressants and 
antipsychotics) 

HLA-B  1A carbamazepine, 
oxcarbazepine, 
phenytoin 

CACNA1C 4 citalopram MTHFR  3 clozapine, 
olanzapine, folate 

COMT 2B opioids MC4R  2B antipsychotics 
CYP1A2 3 olanzapine, clozapine 

(assorted 
antipsychotics) 

OPRM1  2B naloxone, opioids 

CYP2B6 2A methadone SLC6A4  2A escitalopram, 
citalopram 

CYP2C9 1A phenytoin, celecoxib, 
(assorted NSAIDS) 

5HT2A  2B citalopram and 
assorted 
antidepressants 

CYP2C19 1A citalopram, 
escitalopram, 
sertraline, tricyclic 
antidepressants 

5HT2C  2B antipsychotics 

CYP2D6 1A/2A paroxetine, 
fluvoxamine, tricyclic 
antidepressants, 
codeine//tramadol, 
venlafaxine, 
oxycodone, 
mirtazapine, 
risperidone, 
atomoxetine 

UGT1A4  2B lamotrigine 

CYP3A4/5 3 midazolam, 
risperidone  

UGT2B15  2B lorazepam, 
oxazepam 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.pharmgkb.org/
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