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Abstract

Schizophrenia is a chronic brain disorder which affects the thoughts, feelings, and behaviour of people. According to current
studies, there is a relationship between schizophrenia severity and amounts of the epigenetic marking histone acetylation in the
brain. As histone acetylation increases, gene expression increases. Persons with schizophrenia show elevated histone
deacetylase expression which leads to reduced amounts of acetyl markings and subsequent tightening of the chromatin
structure. Additionally, A9-tetrahydrocannabinol, a psychoactive compound present in cannabis, has been found to also cause
increased histone deacetylase levels, and several studies have shown a relationship between using cannabis and the development
or worsening of schizophrenia, however, the exact molecular mechanisms are unknown. Isothiocyanates, a class of organic
compounds found in vegetables like broccoli, have been found to be histone deacetylase inhibitors. This study will test the
relationship between cannabis, isothiocyanates, and schizophrenia at the genetic level by using normal and Disrupted in
Schizophrenia 1 mice, and Chromatin Immunoprecipitation, Sequencing, Reverse Transcription Quantitative Polymerase Chain
Reaction, and Western Blot. These tests will be conducted in mice before they are conducted in humans in order to first confirm
that the following relationship exists. It is hypothesized that if mice eat broccoli sprouts, their histone deacetylase will be
inhibited, genes responsible for cognitive function will be euchromatin, and they will have improved cognition and functional
outcomes. It is also hypothesized that if mice are exposed to A9-tetrahydrocannabinol, their histone deacetylase will be more
active, genes responsible for cognitive function will be heterochromatin, and there may be a higher chance of the development
or worsening of schizophrenia. Depending on which genes are affected and how much they are affected, understanding an
epigenetic relationship between cannabis and schizophrenia may help determine why it can be harmful, and how molecules
like isothiocyanates can potentially reduce the harm.
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Introduction

Schizophrenia is a chronic, mental disorder that
affects the thoughts, feelings, and behaviour of people [1].
Approximately 1.1% of the world’s population has
schizophrenia [2]. Persons with schizophrenia may
experience positive, negative and cognitive symptoms [1].
The positive symptoms associated with schizophrenia
include hallucinations, delusions, thought disorders, and
movement disorders [1]. The negative symptoms include
reduced expression of emotions, reduced feelings of
pleasure, difficulty sustaining activities and reduced
speaking [1]. The cognitive symptoms include poor
executive functioning, trouble focusing, and problems
with “working memory” [1]. Schizophrenia can develop
both due to inherited genes (genetics) and environmental
factors that alter gene expression (epigenetics) [1].

There is a correlation between schizophrenia and the
amount of epigenetic histone acetylation [3, 4]. Histone
acetylation is transcriptionally activating because
negatively charged acetyl groups added to positively
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charged lysine in histones make it difficult for the histones
to attract the phosphate backbone of the deoxyribonucleic
acid (DNA), so the DNA opens up and becomes more
accessible [5]. Higher accessibility of DNA enables
polymerases to more easily bind to the DNA and carry out
transcription to express certain genes [5]. Persons with
schizophrenia have higher expression of histone
deacetylase (HDAC), which results in erased acetyl
markings, and decreased expression of genes [6]. This
may result in poor psychological outcomes since the genes
with  reduced expression may be associated
with cognition.

It has been shown that isothiocyanates such as
sulforaphane (SFN) inhibit HDAC activity [7-10]. A
study concluded that HDAC inhibitors are considered to
be good targets for new therapeutic drug development
since overexpression of HDAC in schizophrenic patients
causes transcriptional repression in a variety of genes [4].

It has also been shown that SFN has the potential to
improve cognition in schizophrenic patients [11].
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In a previous study, 7 outpatients with schizophrenia took
3 tablets of 30 mg of (SFN)-glucosinolate, a HDAC
inhibiting isothiocyanate, per day for 8 weeks and after
measuring the effect on cognition using the Japanese
version of the CogState battery, it was concluded that SFN
had the potential to improve their cognitive function [12].
Another study administered SFN to PCP-induced mice
models of schizophrenia for 10 days. It was found that the
performance of the PCP-induced mice on the novel object
recognition test (NORT), which is a cognitive test that
measures learning and memory in mice, was significantly
better after treatment with SFN [13]. Additionally, a
review article mentioned that SFN doses that can feasibly
be obtained in the diet improved cognition in humans with
psychosis and increased their expression of brain-derived
neurotrophic factor (BDNF) [14]. Furthermore, a study in
mice found that dietary glucoraphanin, the precursor to
SFN, prevents the onset of psychosis in the offspring after
maternal immune activation (MIA) [15].

Moreover, even though there has been very little
research on schizophrenia and increased HDAC
expression due to cannabis, several studies have found a
relationship between cannabis and HDAC activity. A
previous study found that A9-tetrahydrocannabinol
(THC), a psychoactive compound present in cannabis,
increased expression of HDAC3 in a dose dependent
manner [16]. This is especially relevant since HDAC3 is
the most highly expressed class | HDAC in the brain,
predominantly expressed in the hippocampus, cortex, and
cerebellum [17]. Additionally, a study testing mice with
genetic susceptibility to schizophrenia found that THC
caused an exaggerated presentation of schizophrenic
symptoms which may be due to the down regulation of the
gene BDNF in those mice [18]. Furthermore, a study
found that the hippocampi of mice who were prenatally
administered with methylazoxymethanol acetate (MAM)
in order to become schizophrenia-like models showed
H3K9 deacetylation that was regulated by an increase in
both HDAC1 and HDAC3 [19]. The study also found that
the schizophrenia-like brains whose hippocampi were
treated with the cannabinoid receptor-1 inverse agonist
AMZ251 had H3K9 acetylation expression at the level
observed in typical brains [19]. Since AM251 is an inverse
agonist at the cannabinoid-1 receptor, it acts in the
opposite way from the THC in cannabis [19]. Therefore,
schizophrenia-like brains may inherently have an effect
like cannabis, and cannabis exposure may be associated
with an increase in HDAC.

To examine an epigenetic relationship between
schizophrenia, consuming broccoli sprouts (which contain
the isothiocyanate SFN), and using cannabis, the
following will be investigated in control and
schizophrenia-model mice:

1. Whether exposure to THC in cannabis, which is
known to increase HDAC expression, causes decreased
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acetylation in genes, which genes acetylate less, and
which genes and proteins are expressed less.

2. Whether administration of HDAC-inhibiting
isothiocyanates causes higher acetylation in genes, which
genes acetylate more, and which genes and proteins are
expressed more.

Broccoli sprouts are the isothiocyanates used in this
proposal as these contain the highest concentration of
glucoraphanin which is a precursor to the isothiocyanate
SFN [20]. In addition, broccoli sprouts are natural,
relatively inexpensive, and easily obtainable [21].
Furthermore, the first principle of medicine is “Do no
harm” [22]. Broccoli sprouts, as a therapeutic agent,
would have little adverse side effects in comparison to
medications and they have multiple active ingredients and
antioxidants, thus, they could have other positive health
effects [7].

This research proposal is innovative since the effects
of both isothiocyanates and cannabis on HDAC activity in
relation to schizophrenia have been under-studied, and
this proposal is unique as it is most interested in the
importance of acetylation in the entire genome and how
increased and decreased acetylation affects gene and
protein expression in schizophrenic model mice. Knowing
this relationship could improve the lives of people prone
to schizophrenia by identifying an epigenetic way in
which cannabis may be harmful and worsen
schizophrenia, while isothiocyanates may reduce this
harm and act as a therapeutic agent.

Methods
Experimental Conditions

Seven-month-old mice receiving the same food
and living in the same laboratory environment would be
used. Twelve mice of the following categories would
be used: normal, Disrupted in Schizophrenia-1 (DISC1),
normal  administered  broccoli  sprouts, DISC1
administered broccoli sprouts, normal injected with THC
and DISCL1 injected with THC. Those given broccoli
sprouts would receive 20g/kg at 12 pm daily for
ten consecutive days. This dose was chosen based on
the dose a previous study used in order to measure
how broccoli sprout consumption affects
mouse HDAC expression [23]. Those injected with
cannabis would receive 10mg/kg of THC at 12 pm daily
for 10 consecutive days. This dose of THC is based on
what a previous study that looked at THC exposure effects
on BDNF levels in DISC1 mice used [24]. All tests would
occur on the eleventh day. The administration time
interval was chosen based on a previous study looking at
the impact of SFN on cognition in mice and a
study measuring BDNF levels after THC exposure to
DISC1 mice [13, 18]. These experimental conditions and
the subsequent tests that would be administered are
outlined in (Figure 1).
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Overview of Experiment

DISC1 Mice

20g/kg of Broccoli
Sprouts Daily for
10 Days

No Treatment 10mg/kg of THC

Daily for 10 Days

Normal Mice

20g/kg of Broceol
Sprouts Daily for
10 Days

No Treatment 10mg/kg of THC

Daily for 10 Days

Figure 1: Treatment Groups and Experimental Design
DISC1= Disrupted in Schizophrenia-1;

ChIP and
Sequencing

RT-(q)-PCR

Western

THC= A9-Tetrahydrocannabinol;

Blot

ChIP=Chromatin immunoprecipitation;

RT-(q)-PCR= Reverse transcription quantitative polymerase chain reaction

Tests to Measure Acetylation Levels and mRNA and Protein
Expression

1. Chromatin  immunoprecipitation  (ChIP)  and
Sequencing are optimal experiments to investigate the
specific location in the genome that acetylation is associated
with. A ChlP-validated antibody that only detects
acetylation would be used to immunoprecipitate and isolate
acetylation and eliminate all other unrelated cellular material
[25]. Using a genome database, the identified acetylated
genes would be examined to see if they are related to
cognition [26]. Drawbacks of ChIP include antibodies not
fully binding to all of the acetylated segments, and antibody
removal during the washing step [25].

2. Reverse transcription quantitative polymerase
chain reaction  (RT-(g) PCR) is optimal to
quantitatively detect mRNA  expression of each
gene individually that proved to be acetylated in the ChIP
and Sequencing. After reverse transcription, PCR would be
used to amplify the DNA amount quantitatively [27]. Then,
the fold change would be calculated to assess gene
expression changes [27]. A drawback of RT-(q) PCR is that,
because it is highly sensitive, a slight contamination of DNA
can cause a large variability in results [27].
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3. Western blot is optimal to analyze protein expression
of the genes that proved to be acetylated in the ChIP and
Sequencing. This test is needed since factors like
microRNA may prevent translation to protein [28].
Antibodies would be added to detect each protein of interest,
and produce light which allows for the protein to be
detected and imaged [28]. The thickness of the band in the
western blot data analysis would show how much the protein
is expressed [28]. A drawback of western blot is that it
requires testing each protein individually [28].

Statistical Analysis

Upon completion of the tests above, statistical tests, such
as analysis of variance (ANOVA) and unpaired T- tests,
would be conducted in order to note statistically significant
differences amongst the different study groups in the
3 stages: ChIP, RT-(q) PCR, and western blot [29]. Data
would be tested as to whether they meet requirements of
normal distributions (via skewness, curtosis, outliers
and homogeneity of variance), and if certain data
do not meet those requirements, logarithmic transformations
would be applied, marked outliers would be left out, or non-
parametric tests (such as Mann-Whitney U-tests) would
be used [29]. Bonferroni correction for
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multiple comparisons  would  be where

appropriate [29].

applied

Results

The study proposed by this protocol has not been
started yet. Therefore, results are not available. Genes that
are related to cognition, are expressed less in
schizophrenia, and are expected to be affected by the
treatments in this study include: VRK2 which codes for a

protein that effects signaling pathways, OXTR which codes
for the oxytocin receptor, BRD1 which codes for a
protein that is a transcriptional regulator, COMT which
codes for an enzyme that degrades catecholamines, and
PGC-1o. and NRF-1 which code for proteins that
are transcriptional activators for genes involved
in energy metabolism [30-34]. (Tables 1- 3) outline
expected and other possible results. (Figure 2) also outlines
expected results.

Table 1: ChIP and Sequencing: Expected and Other Possible Results

Mice Comparison

Expected Result (Benchmark for Success)

Other Possible Results

Normal versus DISC1
for all treatments

(no treatment, broccoli
sprouts, and THC)

Distinctly 1 levels of acetylated genes in
normal mice compared to DISC1 mice

That the genes acetylated are related to
improving cognitive functioning

Similar or | levels of acetylated genes in
normal mice compared to DISC1 mice

That only some or none of the genes
acetylated are related to improving cognitive
functioning

Normal versus Normal
that ate broccoli
sprouts

1 Acetylated genes in normal mice that ate
broccoli sprouts compared to normal mice
that did not

Similar or | acetylated genes in normal mice
that ate broccoli sprouts compared to normal
mice that did not

DISC1 versus DISC1
that ate broccoli
sprouts

1 Acetylated genes in DISC1 mice that ate
broccoli sprouts compared to DISC1 mice
that did not

Similar or | acetylated genes in DISC1 mice
that ate broccoli sprouts compared to DISC1
mice that did not

that were injected
with THC

Normal versus Normal

| Acetylated genes in normal mice that were
injected with THC compared to normal mice
that were not

Similar or 1 acetylated genes in normal mice
that were injected with THC compared to
normal mice that were not

DISC1 versus DISC1
that were injected
with THC

| Acetylated genes in DISC1 mice that were
injected with THC compared to DISC1 mice
that were not

Similar or 1 acetylated genes in DISC1 mice
that were injected with THC compared to
DISC1 mice that were not

DISC1= Disrupted in Schizophrenia-1; THC= A9-Tetrahydrocannabinol

Table 2: RT-(q) PCR: Expected and Other Possible Results

Mice Comparison

Expected Result (Benchmark for Success)

Other Possible Results

Normal versus DISC1
for all treatments

(no treatment,
broccoli sprouts,

and THC)

1 Expression of cognitive enhancing genes in
the normal mice compared to DISC1 mice

Similar or | expression of cognitive enhancing
genes in the normal mice compared to DISC1
mice

Some genes that normally improve cognitive
function, when overexpressed, may impair
cognitive function

Normal versus
Normal that ate
broccoli sprouts

1 Expression of cognitive enhancing genes in
the normal mice that ate broccoli sprouts
compared to normal mice that did not

Similar or | expression of cognitive enhancing
genes in normal mice that ate broccoli sprouts
compared to normal mice that did not

DISC1 versus DISC1
that ate broccoli
sprouts

1 Expression of cognitive enhancing genes in
the DISC1 mice that ate broccoli sprouts
compared to DISC1 mice that did not

Similar or | expression of cognitive enhancing
genes in DISC1 mice that ate broccoli sprouts
compared to DISC1 mice that did not

Normal versus
Normal that were
injected with THC

| Expression of cognitive enhancing genes in
the normal mice that were injected with THC
compared to normal mice that were not

Similar or 1 expression of cognitive enhancing
genes in normal mice that were injected with
THC compared to normal mice that were not
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DISC1 versus DISC1
that were injected
with THC

| Expression of cognitive enhancing genes in
the DISC1 mice that were injected with THC
compared to DISC1 mice that were not

Similar or 1 expression of cognitive enhancing
genes in DISC1 mice that were injected with
THC compared to DISC1 mice that were not

DISC1= Disrupted in Schizophrenia-1; THC= A9-Tetrahydrocannabinol

Table 3: Western blot: Expected and Other Possible Results

Mice Comparison

Expected Result (Benchmark for Success)

Other Possible Results

Normal versus DISC1
for all treatments (no
treatment, broccoli
sprouts, and THC)

1 Expression of cognitive enhancing proteins
in the normal mice compared to DISC1 mice

Similar or | expression of cognitive enhancing
proteins in the normal mice compared to DISC1
mice

Some proteins that normally improve cognitive
function, when overexpressed, may impair
cognitive function

Normal versus
Normal that ate
broccoli sprouts

1 Expression of cognitive enhancing proteins in
the normal mice that ate broccoli sprouts
compared to normal mice that did not

Similar or | expression of cognitive enhancing
proteins in normal mice that ate broccoli
sprouts compared to normal mice that did not

DISC1 versus DISC1
that ate broccoli
sprouts

1 Expression of cognitive enhancing proteins in
the DISC1 mice that ate broccoli sprouts
compared to DISC1 mice that did not

Similar or | expression of cognitive enhancing
proteins in DISC1 mice that ate broccoli
sprouts compared to DISC1 mice that did not

Normal versus
Normal that were
injected with THC

| Expression of cognitive enhancing proteins in
the normal mice that were injected with THC
compared to normal mice that were not

Similar or 1 expression of cognitive enhancing
proteins in normal mice that were injected
with THC compared to normal mice that

were not

DISC1 versus DISC1
that were injected
with THC

| Expression of cognitive enhancing proteins in
the DISC1 mice that were injected with THC
compared to DISC1 mice that were not

Similar or 1 expression of cognitive enhancing
proteins in DISC1 mice that were injected with
THC compared to DISC1 mice that were not

DISC1= Disrupted in Schizophrenia-1; THC= A9-Tetrahydrocannabinol

W Normal mice

[ DISC1 mice

Levels of Acetylated Genes Related to Cognition In Normal vs DISC1
mice under Varying Treatments

I
=
=

5 Levels of Acetylated Genes Related to Cognition

No Treatment

Type of Treatment

Figure 2: Sample Graph of Anticipated Results
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Discussion

Knowing the relationship between broccoli sprouts,
cannabis and HDAC expression in schizophrenia could
improve the lives of persons with schizophrenia by reducing
their symptoms and increasing their brain function. The
anticipated results from the results section would be met if
the acetylated genes are significant for cognitive functioning,
and those genes and the proteins they code for are more
expressed in normal mice compared to DISC1 mice, and in
mice that eat broccoli sprouts compared to mice that do not
or are injected with THC. If those benchmarks are met, and
if future pre-clinical and clinical studies support these
findings, a clinical implication could be a recommendation
that persons with schizophrenia eat higher quantities of
broccoli sprouts, which would act as an easy and safe
treatment decreasing their disabling cognitive symptoms. It
could also potentially be recommended that persons with
schizophrenia avoid using cannabis as exposure to the drug
may increase their symptoms by causing even more HDAC
activity. If persons with schizophrenia do continue to use
cannabis, they could eat broccoli sprouts to potentially
reverse the effect by decreasing HDAC activity.
Additionally, as a preventative measure, it could potentially
be recommended that people more susceptible to developing
schizophrenia eat more broccoli sprouts and avoid using
cannabis so that their HDAC activity does not reach levels as
much increased as in persons with schizophrenia.

A limitation of this study is that it only tests the effect of
THC, the psychoactive component of cannabis.
Another main and active ingredient in cannabis is
cannabidiol (CBD) which could have a confounding effect
when administered with THC [35]. Thus, the results of this
study may be more applicable to people who use cannabis
with a high THC composition. A future study could examine
the effect that CBD alone, or CBD combined with THC, has
on HDAC activity and the expression of genes that may be
important for cognition. This would be relevant for persons
with schizophrenia who use or will use medicinal cannabis
which is usually made from CBD-dominant strains and has
little or no THC [35]. Additionally, broccoli sprouts are used
in this study since they have the highest levels of
glucoraphanin which is the precursor to SFN [36]. However,
there are other cruciferous vegetables such as cabbage,
cauliflower, and kale that contain glucoraphanin as well [36].
Future studies could test the effect of the other glucoraphanin
containing cruciferous vegetables on schizophrenia
symptoms since these may be preferable over broccoli
sprouts for some people, and in rare cases people may have
an allergy towards broccoli [37].

Conclusion

In conclusion, researching the epigenetic relationships
between cannabis, isothiocyanates and gene expression in
relation to schizophrenia is relevant since over 115,000
Canadians have schizophrenia [2]. With the recent
legalization of cannabis in Canada, better understanding of
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how cannabis may harmfully affect cognitive enhancing
gene expression, and how eating broccoli sprouts, which
have little adverse effects, may reduce these negative effects,
is important to improve the lives of people prone to
schizophrenia. Future steps for this study include conducting
it in mice first and then, if the predicted outcomes are found,
conducting it in humans to see the direct effects in the
target population.
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