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Chronic THC intake modifies fundamental 
cerebellar functions
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Delta9-tetrahydrocannabinol (THC), the principal bioactive component 
in the Cannabis plant, is truly a captivating drug. Acute and chronic THC 
intake produces a spectrum of biological effects ranging from transient 
psychotropic effects to prolonged medicinal benefits, many of which have 
been fostered for centuries by our society. In the July 2013 issue of the JCI, 
Cutando et al. combined mouse genetics with classic mouse behavioral anal-
ysis to deepen our understanding of the physiological consequence of sub-
chronic THC intake on eyeblink reflexes, a fundamental neuronal adaptive 
response, revealing that this regimen leads to downregulation of the cann-
abinoid CB1 receptor (referred to as CB1 in the Cutando et al. article) in cer-
ebellar stress fibers and the activation of microglia, raising provocative new 
questions about the safety profile of regimented THC intake.

Consequences in the blink of an eye
Our detailed understanding of the molec-
ular mechanism of action of THC on 
neuronal activity began 20 years ago with 
the molecular identification of the gene 
encoding for CB1 receptors, which mediate 
the psychoactive effects produced by this 
compound (1). CB1 receptors represent one 
of the most abundant G protein–coupled 
receptors expressed in the brain, although 
the expression level and coupling mech-
anism vary according to neuron type (2). 
Activation of CB1 receptors by endoge-
nous cannabinoid ligands, the endocann-
abinoids (eCBs), modulates neuronal 
activity at 4 overarching levels: by guiding 
neuronal patterning and connectivity dur-
ing brain development (3); by modulating 
neurotransmitter release probability (4); by 
mediating short-term and long-term syn-
aptic plasticity and shaping neuronal net-
work connectivity (5, 6); and by controlling 
the expression of prosurvival proteins that 
promote neuronal endurance in response 
to brain injuries and pathologies (7). 
Unlike eCBs, THC activates CB1 receptors 
with its own pharmacodynamic profile and 
thus may impinge upon neuronal activity 
at these 4 levels (8).

The effect of THC on higher sensory, 
intentional, and memory processes has 
been intensely studied, but more recently, 

a major research focus has been on how 
THC affects neuronal activity at the sys-
tems level, revealing the breadth of THC’s 
impact on behavior. In the current study, 
Cutando et al. (9) investigated the effect 
of subchronic THC exposure on cerebellar 
function. The cerebellum represents a key 
relay structure involved in the fine tuning 
of motor coordination, the implementa-
tion of associative learning, and the pro-
cessing of temporal operations. Cutando 
et al. (9) found that subchronic THC expo-
sure led to the impairment of motor coor-
dination and eyeblink reflex condition-
ing in mice, both of which are archetypal 
examples of cerebellar-associated learning. 
Eyeblink conditioning was achieved by pre-
senting an auditory stimulus (i.e., condi-
tioned stimulus [CS]) to the mice, followed 
by an eyeblink-eliciting unconditioned 
stimulus (US) elicited by a mild air puff. 
Following repeated CS-US trials, a con-
ditioned response (CR) that preceded US 
onset was measured. In humans, repeated 
THC intake has previously been shown to 
markedly reduce the incidence and timing 
of this neuronal adaptive response (10). 
Here, Cutando et al. (9) found in mice that 
the THC-induced behavioral impairment 
was related to the rapid and strong down-
regulation of CB1 receptors.

How lighting up ignites inflammation
What would be the significance of losing 
eCB signaling through CB1 receptors, and 
what brain areas would be affected by this 
change? Loss of presynaptic CB1 receptor 

signaling and control of neurotransmitter 
release increases the probability of gluta-
mate release and promotes excitotoxicity 
(7, 11). Microglial cells, the macrophages 
of the brain, act as sentinels for neuronal 
dysfunction and injury, constantly sur-
veying the parenchyma by extending and 
retracting their fine processes and sam-
pling for the presence of cell damage sig-
nals and pathogens (12). Once microglia 
encounter such a signal of injury or patho-
gen, they undergo a rapid change in phe-
notype that empowers them with immune 
functions tailored to attempt to reduce 
and repair any tissue damage. Accordingly, 
one can monitor brain tissue for micro-
glial cell activation and easily locate the 
damaged areas. In this study, the authors 
found that subchronic THC intake leads 
to microglial activation specifically in the 
cerebellum. To further define the cellular 
components mediating this neuroinflam-
matory response, Cutando et al. developed 
a new mouse model that lacks the CB1 
receptor selectively in cerebellar parallel 
fibers (Cb1a6– mice) and found selective 
activation of microglia in the cerebellum of 
these mice, demonstrating that loss of CB1 
signaling due to receptor downregulation 
or genetic deletion induces a neuroinflam-
matory response (ref. 9 and Figure 1). This 
seemingly simple result points to an impor-
tant new concept: it suggests that one func-
tion of CB1 receptors expressed by cerebel-
lar stress fibers is to maintain homeostasis 
within the cerebellum and that disruption 
of this homoeostasis triggers microglial 
cell activation and neuroinflammation. 
Remarkably, the authors found no direct 
evidence of neuronal damage, suggesting 
that the impaired neuronal adaptation 
measured by the eyeblink reflex was not 
due to actual neuronal loss but rather to 
changes in neurotransmitter release from 
the stress fibers onto Purkinje cells.

Connecting impaired CB1 signaling 
to neuroinflammation
While CB1 receptor downregulation in 
response to repeated THC intake typi-
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cally develops within hours, the ensuing 
neuroinflammatory response developed 
after 5 days in this experimental paradigm 
(9). To understand this delay, one needs 
to consider that alteration of the micro-
glial phenotype is dynamic and complex 
and involves sequential changes in the 
expression of specific proteins, many of 
which have established roles in immune 
response. To start, while changes in micro-
glial morphology unmistakably indicate 
cell activation, the actual differences in 
microglial cell morphologies (e.g., bushy 
versus amoeboid morphologies) remain 
difficult to interpret, as these do not nec-
essarily correlate with particular immune 
phenotypes adopted by these cells. Con-
versely, quantifying changes in the expres-
sion of select proteins that have known 
biological roles in microglia may provide 
a sharper image of the microglial cell phe-
notype and the type of neuroinflamma-
tory response that has developed in the 

parenchyma. In this study, the authors 
demonstrate an increased expression 
of 2 proteins with established immune 
functions in microglia: the cannabinoid 
CB2 receptor (referred to as CB2 in the 
Cutando et al. article) and the immune 
modulator IL-1β (9). Upregulation of CB2 
receptors in microglia may indicate that 
these cells are now able to sense increases 
in local eCB levels resulting from neuronal 
overactivation and damage (13); activa-
tion of CB2 receptors in microglia directs 
their migration toward damaged cells and 
reduces their ability to release proinflam-
matory mediators, while promoting the 
release of repair mediators. Conversely, 
upregulation of IL-1β in microglia is typ-
ically associated with a proinflammatory 
phenotype and the propagation of the 
neuroinflammatory response (14). Thus, 
subchronic THC intake leads to the retrac-
tion of cell processes by microglia in order 
to adopt a bush morphology and leads to 

a concomitant upregulation of the proin-
flammatory cytokine IL-1β and antiin-
flammatory CB2 receptors. While further 
studies are required to better understand 
how this particular neuroinflammatory 
profile leads to behavior impairment, the 
authors show that blocking IL-1 signaling 
ameliorates THC-mediated impairment of 
the eyeblink reflex (9).

High times for THC
The study by Cutando et al. (9) in the July 
2013 issue of the JCI outlines the molecular 
and cellular consequences of subchronic 
THC intake in a fundamental neuronal 
adaptive response involving the cerebel-
lum. While our society is progressively 
accepting the legalization and commer-
cialization of products containing THC 
for recreational and medicinal use, a por-
tion of the population remains concerned 
about the health consequences associated 
with chronic or subchronic THC exposure. 

Figure 1
In mice, subchronic treatment with THC leads to the downregulation of presynaptic cannabinoid CB1 receptors expressed by parallel fibers that 
project onto Purkinje cells. Cutando et al. (9) show that the loss of CB1 receptors, either due to TCH-induced downregulation or genetic deletion, 
triggers a neuroinflammatory response typified by changes in microglial cell morphology and CB2 receptor expression. This adaptive response 
underlies THC-induced deficits in cerebellar-associated learning functions.
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To reassure them, one might point to both 
the low incidence of side effects measured 
under strict clinical trial conditions when 
testing the therapeutic value of THC (15). 
However, the cerebellum is involved in fine 
tuning motor coordination, implement-
ing associative learning, and processing 
temporal operations, and such behaviors 
are typically not measured under clinical 
trial settings and are rarely commented on 
by THC users. The study by Cutando et al. 
(9) raises fascinating new questions about 
the effect of subchronic THC intake on 
the cerebellum’s ability to fine tune higher 
cognitive functions, including its ability 
to produce rhythmic neuronal activity, 
thought to be linked to the ability to esti-
mate time. Studies pioneered by Valentino 
Braitenberg have suggested that the ana-
tomical organization of Purkinje neurons 
and their precise and regular innervation 
and excitation by stress fiber synapses 
originating from granule cells are likely 
to encode precisely timed behaviors (16). 
Altered time perception is often reported 
by individuals with THC intoxication 
and could be linked to temporal disin-
tegration that is linked to an increase in 
internal clock speed (17, 18). We now have 
the genetic and pharmacological tools to 
explore one of the most fascinating and 
mysterious biological questions, and one 
that is largely unanswered: how do we 
perceive time and how is this modified by 
drug intake?

These are exciting times for cann-
abinoid research. By combining mouse 
genetics and classic mouse behavioral 
analysis, Cutando et al. (9) have helped 
to map the neuronal types and pathways 
controlled by CB1 receptors, shedding 
light on THC’s bioactivity on many fun-
damental biological functions and dis-
covering how it regulates specific patho-
physiological processes.
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