
Despite its classification as a Schedule I drug, MDMA 
has gained significant traction in clinical psychology: 

A randomized, placebo-controlled phase 3 trial has 
recently indicated MDMA-assisted therapy to be 
effective for the treatment of PTSD. 
Current literature has demonstrated significant gaps in 
knowledge regarding chronic use of MDMA, including 
the influence of MDMA on transcriptional regulators. 
With the drug on the precipice of legalization for 
clinical treatment, it begs the question: Is MDMA 
understood well enough for clinical treatment?  This 
review will examine and analyze the current literature 
of the influence of MDMA on various genetic loci.
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METHODS

● Using MeSH terms, we have indicated 83 papers 
through the EBSCO and PubMed databases that 
explore the genetic/epigenetic influence of MDMA.

DISCUSSION

Proposed mechanisms of anxiolytic, empathetic, and 
prosocial behavior
● S100B, produced by astrocytes, leads to significantly 

reduced anxious behavior.  
● Upregulated transporter expression of serotonin, 

oxytocin, and dopamine receptors indicate increased 
metabolism of the hormones and their respective 
effects. 

● Various combinations of genes produce a wide 
spectrum of observable behaviors

Pro/Anti-apoptotic and tumorigenic mechanisms
● The balance of BCL2 (anti-apoptotic) and BAX is a 

tightly regulated apopotic pathway. 
● Malfunction of this pathway has been linked to a 

wide number of cancers. 
● MDMA demonstrates marked pro-apoptosis along 

this pathway, which is suggestive of protective 
effects to certain cancers.

Inflammatory Markers
● Overreaction to pro-inflammatory markers, such as 

NF-Kβ and TNF-ɑ, presents a pathological method of 
disease via immune-cell mediated destruction of 
tissues. 

● MDMA increases susceptibility to autoimmune 
diseases in organs critical to life such as the heart and 
liver.

● Promotion of leukocyte migration suggests similar 
susceptibility in other organ systems 

INTRODUCTION
 
3,4-Methylenedioxymethamphetamine, or MDMA, 
is a synthetic psychoactive drug known for producing 
euphoric and empathogenic effects. MDMA operates at 
the synaptic cleft through the following mechanism:

1. MDMA enters the SERT transporter, which is 
responsible for the reuptake of serotonin. 

2. MDMA inhibits VMAT, a vesicular monoamine 
transporter. 

3. MDMA causes the reversal of SERT.
This leads to significant increases in serotonin 
signaling, and the binding to the G-coupled protein 
receptors 5-HT2A and 5-HT1A has traditionally been 
attributed to the known acute effects of MDMA. 

MDMA and Gene Regulation: A Literature Review

Gene 
Name 

MDMA 
Impact Mechanism of Action

5-HTT ↑5-HTT ↑5-HTT post-MDMA administration 
greater in women compared to men

slc6a3 ↑slc6a3 gene 
expression

Dopamine transporters in neurons

Transcription 
factor NF-Kβ

↑NF-Kβ ↑Cox-2, Scya2, MIP-1b, and VCAM-1. In 
the heart, pro-inflammatory and 
antiapoptotic effects.

SOD1/SOD2 ↑SOD1
↑SOD2

↑Proteins that remove ROS, metabolize 
superoxide radicals, and scavenge oxygen 
radical byproducts. 

UCP3 ↓UCP3 Associated with lower susceptibility to 
hyperthermia

TPH2 ↑TPH2 mRNA
↓TPH2 protein

Associated with inhibition of 5-HT 
neurotransmission but functional 
significance is still largely unknown

lcn2 ↑lcn2 Protective factor to CNS in response to 
systemic inflammation

Bax and bcl2 ↑bax
↓bcl2

Induced hepatotoxicity by ↑pro-apoptotic 
Bax and  ↓anti-apoptotic bcl2

BclxL and 
BclxS

↓BclxL
↑BclxS

Induced deleterious effect on cortical 
neurons by ↓anti-apoptotic BclxL and 
↑pro-apoptotic BclxS

Hsp-27 and 
Trx-1

↑Hsp-27
↑Trx-1

↑Antioxidative Hsp-27 and Trx-1 played 
protective roles in the heart

GnRH and 
Testosterone

↓GnRH
↓Testosterone

Hormones essential for reproductive 
function and sex organ development

GAT-1 ↑GAT-1 ↑GAT-1 expression reduced sensitivity of 
acute effects from EtOH

Mt1/Mt2 and 
WIN35,428

↑Mt1/Mt2
↑ WIN35,428

Early stages of MDMA-induced toxicity 
showed ↑ expression of Mt1 and Mt2. 
↑WIN35,428 showed neuroprotective 
effects.

IEGs (Fos, 
Fosb, Egr1, 
Egr2)

↓IEGs D1 receptor antagonists partially, but 
significantly, blocked IEG transcription. 
Immediate early genes are key players in 
synaptic plasticity and memory.

miRNA-1202 
and 
miRNA-7975

↓miRNA-1202
↓miRNA-7975

miRNA-1202 plays a role in glutamatergic 
neurotransmission and regulation of genes 
of drug addiction. miRNA-7975 functions 
are largely unexplored.

S100B ↑S100B Promoted rearing activity, information 
gathering, and reduced anxiety

MALAT1, 
miRNA-124, 
and MEKK3

↑MALAT1
↓miRNA-124
↑MEKK3

Promoted PD pathogenesis by ↓cell 
proliferation and ↑inflammation by NO 
release and ↑apoptosis rate

c-fos ↑c-fos ↑c-fos in basolateral and central amygdala, 
a transsynaptic marker for metabolic 
activity of neurons 

BiP/GRP78 and 
UPR

↑BiP/GRP78
- UPR

↑ER BiP/GRP78 in hyperthermic 
conditions, facilitates transfer of proteins 
into ER via translocator
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Cellular Stress
● MDMA is shown to upregulate antioxidant genes in 

various systems, such as the SOD1/SOD2 gene in the 
midbrain.

● MDMA demonstrates as a protective role against 
toxic free radicals and bolstering cellular function 
and stability.  

Hypertension
● Recent studies conclude that MDMA-induced 

hypertension tends to resolve
● MDMA induces cardiac hypertrophy
● Dysfunction in cardiac genes responsible for proper 

circadian rhythm arrhythmia pathogenesis. 

Neurotoxicity
● Though proven to be true in rat models, primate 

studies has not shown any evidence of 
MDMA-induced neurotoxicity.

● MDMA is linked to increased risk for Parkinson’s 
disease.  

Limitations:
● Chronic MDMA administration is not applicable to a 

clinical setting. 
● Primarily rat models
● Contradicting evidence
● Variable antioxidative effects 

CONCLUSION

Despite the promise shown in MDMA treatment, there 
is currently insufficient research to assure the health 
and safety of future patients. 
Future direction of MDMA research should seek to 
better understand long-term behavioral and systemic 
effects of MDMA usage through the drug’s impact on 
transcriptional regulators. These studies should ensure 
that experimental MDMA dosages are clinically 
relevant.
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Figure 3. Systemic effects of MDMA associated with genetic loci
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