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PHARMACOGENETICS
GENE DESCRIPTIONS

GENE VARIANTS AND THEIR EFFECT ON DRUG METABOLISM:
Adverse drug reactions are a leading cause of death in hospitalized patients in the US and are responsible for 
hundreds of thousands of deaths and billions of dollars in added costs every year. Some of these deaths may be 
attributed to an unexpected toxic reaction due to an individual’s genetic makeup.

Genetics may account for many of the differences in a patients’ response to drug therapies. Some patients may not 
gain any benefits from a certain drug, while others may experience toxic effects, even at lower doses. Polymor-
phisms, or genetic variants, that a patient carries determine their response to various drugs. Genetic research in the 
last decade has advanced rapidly, identifying many significant polymorphisms that can be tested for in our patient 
population. Using the latest testing technologies, physicians could predict responses to certain drugs and improve 
the drug therapies they prescribe for their patients. The potential to improve drug safety, increase efficacy levels, and 
lower health-care costs is powerful since more than half of the drugs most commonly involved in adverse drug 
reactions are metabolized by polymorphic enzymes.

Pharmacogenetic Testing is at the core of truly individualized medicine. Incorporating genetic information into 
standard clinical decision-making is an important step physicians can take towards improving drug safety for their 
patients. 
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METABOLISM GENES VS. RESPONSE / FUNCTIONAL GENES:
Cytochrome P450 pathways are genes that code for enzymes which affect prescription drugs and can alter their 
metabolism (either increasing or decreasing drug effect).  Receptors such as VKORC1 or OPRM1 are present in 
certain body cells and can also play a significant role in overall drug effectiveness based on their affinity for the drug.

GENES AFFECTING DRUG METABOLITES:
1. CYP2D6
CYP2D6 acts on 25% of all prescription drugs, 10% of the population has a slow acting form of this enzyme and 3-6% 
have a fast acting form. Thirty-five percent are carriers of a non-functional 2D6 allele, which elevates the risk of 
adverse drug reactions in patients taking multiple drugs.

2D6 is responsible for activating the prodrugs codeine and other opioids into their active forms. The analgesic 
activity of the drugs is therefore reduced or absent in 2D6 poor metabolizers.

Drugs that 2D6 metabolizes include selective serotonin reuptake inhibitors (SSRI) such as Prozac and Zoloft, tricylic 
antidepressants (TCA) such as amitriptyline, beta-blockers such as metoprolol, opiates such as codeine and 
hydrocodone, neuroleptics, and antiarrhythmics.

2. CYP2C19
CYP2C19 acts on 5-10% of prescription drugs.  Depending on nationality, anywhere from 3-15% of the population are 
considered poor metabolizers of the 2C19 pathway. 2C19 is an important drug metabolizing enzyme that catalyzes 
the biotransformation of many clinically useful drugs including anti-platelet agents such as Plavix, antidepressants 
such as Celexa and Lexapro, proton pump inhibitors, and antitumor drugs.

A very high percentage of certain East Asian populations are poor metabolizers of the 2C19 gene.

3. CYP2C9 / VKORC1
CYP2C9 acts on 15% of drugs in current clinical use. About 35% of Caucasians have a slow acting form of this 
enzyme. 2C9 is an important drug-metabolizing enzyme that catalyzes many clinically useful drugs including 
angiotensin II blockers, NSAIDs, sulfonylureas, as well as drugs with narrow therapeutic indices such as warfarin and 
phenytoin. Indications for testing include   lack of therapeutic effect or difficulties with side effects to any of the 
drugs metabolized by 2C9.

In combination with VKORC1, the 2C9 gene is used to help determine the starting dosage of Coumadin. This is 
particularly useful for providers having difficulty getting a patient into the therapeutic INR range for Coumadin.

4. CYP1A2
CYP1A2 metabolizes approximately 9% of prescription meds including theophylline, melatonin, clopidogrel, caffeine, 
and several psychiatric medications including clozapine.

5. CYP2B6
CYP2B6 metabolizes about 10 percent of all drugs. Certain variants, also known as alleles, of this gene can affect 
efavirenz, nevirapine, Zoloft, bupropion, and methadone metabolism.

6. CYP3A4 / CYP3A5
Cytochrome CYP3A4/3A5 acts on approximately half of all drugs in clinical use. About 5% of individuals of European 
origin have a slow acting, intermediate metabolizer form of 3A4. 3A4 and 3A5 are closely related and may process 
many of the same drugs. Substrates include opioid pain medications, statins, chemotherapeutic drugs and combined 
oral contraceptives.

Much of the clinical significance of 3A4/3A5 relates to inducing and inhibiting different drugs. These effects can have 
as much significance as abnormal genetic metabolism.
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GENES AFFECTING RESPONSE OR FUNCTION:

7. FACTOR II / V
Factor II and V are blood clotting proteins. Variations to these proteins can increase the risk of deep venous
thrombosis and other cardiovascular events. Testing should be considered in individuals with a personal or family 
history of deep venous thrombosis, those who have had venous thrombosis at a young age (less than 50), venous 
thrombosis in unusual sites (hepatic, mesenteric, cerebral veins) or venous thrombosis in pregnancy.

8. MTHFR
An enzyme that helps process folate which plays an important role in DNA synthesis and regulation of homocysteine 
levels. Certain mutations in the gene coding for MTHFR produce an enzyme that has reduced activity.  Reduced 
activity can lead to elevated levels of homocysteine when folate levels are low which is associated with increased 
cardiovascular risk.  Patients who are initiating folate or methotrexate therapies or have a history of adverse effects 
or treatment failure should consider MTHFR genotyping.

Certain variants of MTHFR are associated with improved depression treatment outcomes with adjunctive L-methylfo-
late treatment.

9. OPRM1
The Mu 1 opioid receptor (OPRM1) is a pharmacodynamic receptor that is partly responsible for opioid effectiveness 
and is associated with pain sensitivity, substance dependence and abuse.   This is an important adjunct to other 
genetic testing (such as CYP2D6 gene) in regards to possible therapeutic benefit of opioid pain medications.



GENE DESCRIPTIONS | www.highline1.com | 866.799.9619 5

10. SLC01B1
SLC01B1 is an influx transporter which is responsible for moving certain prescription drugs into cells. Variations in
SLC01B1 may affect the blood levels of drugs which is substrates for this transporter. Statins are one of the most 
common classes of medications affected by this transporter. Variations that result in decreased transporter activity 
may result in increased statin blood levels and increase the risk of adverse effects, such as myalgias and rhabdomy-
olysis.  Providers should consider gene typing patients who are initiating statin therapy or those who have experi-
enced adverse effects to statins in the past.

11. ADRA2A
This gene encodes for receptors distributed throughout the brain and nervous system. Studies of gene variants show 
a relation to the effectiveness of methylphenidate and dexmethylphenidate in patients being treated for ADHD.

12. DRD2 / ANKK1
The ANKK1 gene codes for the DRD2 (dopamine) receptor which is the area of action of several psychiatric medica-
tions including aripiprazole and wellbutrin.  Variations of this gene can alter the efficacy of these important medica-
tions.

13. COMT
Catechol-O-Methyltransferase (COMT) is an enzyme that inactivates catecholamines, such as epinephrine, norepi-
nephrine and dopamine which has an effect on cognitive function, memory, mood and pain perception. A variety of 
drugs, such as opioids, SSRIs and antipsychotics may be directly or indirectly impacted by these changes.  This could 
increase the risk for depression, schizophrenia, etc.

14. GRIK4
GRIK4 (glutamate receptor, ionotropic, kainate 4) is the gene that encodes KA1, a type of neurotransmitter receptor 
subunit that contributes to the formation of the  glutamate receptor in the brain. This type of receptor primarily binds 
glutamate, a major neurotransmitter involved in developmental growth, learning and memory. KA1 may play a role in 
modulating the therapeutic effect of antidepressants, particularly citalopram.

15. UGT2B15
Glucuronyl transferase polypeptide B15 gene variations are associated with increased prostate cancer risk. Variations 
can have an effect on tamoxifen metabolism which can alter this important drug’s effectiveness.
Variations in this gene can cause increased plasma concentrations of certain benzodiazepines such as lorazepam or 
oxazepam which increases the risk of side effects such as sedation and CNS depression.

16. Apo E
Apo E is a specific component of VLDL (very low density lipoprotein). Variants of Apo E have associations with 
increased cardiovascular risk and Alzheimer’s disease.


