
The CIPHERS Project: 
Cannabis use & human development

Cannabis (Cannabis sativa) has a long history of use in the United States, 
and humans have cultivated the crop for thousands of years for both its 
fiber and the flowering tops of the plant1. Cannabis is currently one of 
the most widely used psychoactive drugs, with more than 180 million us-
ers globally2.  The landscape of cannabis use and availability in the United 
States has changed dramatically in the past 20 years.

Cannabis Use: History 

Cannabis Legalization Efforts

Exposure to cannabis is widespread, but the biological 
impact of exposure before and during pregnancy on the 
children of cannabis users is not well understood. Most 
human studies to date have focused on the impact of 
maternal use or exposure to cannabis and the effects on 
her health and that of the child.7 However, little atten-
tion has been given to the potential impact of pre-con-
ceptional cannabis use by the father and how this might 
impact his sperm. 

Our research aims to improve our understanding of the 
possible consequences of paternal cannabis exposure, 
prior to conception, on the sperm DNA and how this 
can alter the way genes function. Furthermore, we are 
also studying if these changes can be inherited by off-
spring, and if so, how they contribute to developmental 
outcomes.

Our Research: New 
Understanding about Cannabis

Given these changes in state-level legalization, there are 
fewer barriers to widespread cannabis use. Up to one in 
three people ages 18-34 used cannabis within the last year 
and nearly 1 in 5 within the last month (2015 data).5  The 
average age of first-time parents in the United States is 
about 27, suggesting that many first-time parents may 
use cannabis during the time they are trying to conceive. 
They may also be doing this unknowingly, given that 45% of 
pregnancies in the U.S. are unplanned.6 

Cannabis Use & Expecting Parents

State-level legalization of cannabis (marijuana) for recre-
ational and medical purposes has recently spread across 
the United States. Colorado was the first state to 
legalize recreational cannabis in 2012. Since then, eight 
additional states and the District of Columbia have 
legalized recre-ational cannabis. 

Altogether, more than half of U.S. states have legalized 
some form of cannabis use.3   Some states have medical 
cannabis laws only; while others have medical and recre-
ational laws, where cannabis is taxed and regulated sim-
ilarly to alcohol.4  Some states have removed jail time for 
possessing small amounts of cannabis.

Cannabis-Induced Potential Heritability of  
Epigenetic Revisions in Sperm 
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Our pilot study showed that there were similar, significant changes 
in the epigenome of the sperm for both rats and humans exposed 
to cannabis. We are continuing our research in laboratory ani-
mals (rats) and humans to see how fathers’ exposure to cannabis 
can impact the epigenetic and genetic health of their sperm and 
whether those changes are detectable in the offspring. 

We will also evaluate how any changes might affect the develop-
ment of subsequent generations of animals who were not direct-
ly exposed to cannabis. Finally, we will evaluate whether any of 
the epigenetic changes are reversible after ending cannabis use, 
due to the timing of the cycle of sperm generation in the body.  
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The information in our genes determines who we are at a cellular 
level. For each person, the DNA that contains the genes—the ge-
nome—is exactly the same in all cells of the body, from the eyes 
to the skin to the bone. What differs in each of those cells is the 
way that the genes are used. This depends on a particular group 
of molecules and enzymes that add molecular tags to the DNA 
sequence, or to the proteins that the DNA is wrapped around, re-
ferred to as epigenetic marks. The epigenetic marks add another 
layer of instructions to the DNA sequence that varies across the 
genome, depending on the specific types of molecular tags pres-
ent at each location. 

The collected epigenetic marks, called the epigenome, can de-
termine whether a gene is turned “off” or “on” within the cell. Im-
portantly, the epigenome can also be affected by external forces, 
including exposures in the environment, diet, and stress, to name 
a few. 

The study of epigenetics examines the epigenome and how it can 
be altered by external forces, and how that impacts gene function. 
Our study is investigating the changes that happen in the sperm 
epigenome with cannabis use, and whether these changes can be 
passed down to the next, and perhaps even future generations.

What is epigenetics?
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