2021QualifyingCondition
Upon petition, the State Medical Board of Ohio has the authority to approve and designate conditions or diseases as qualifying medical conditions for
treatment with medical marijuana. For the calendar year of 2021, the board will accept petitions for consideration between November 1, 2021 and
December 31, 2021.
The following conditions are already part of the program: AIDS, amyotrophic lateral sclerosis, Alzheimer’s disease, cachexia, cancer, chronic traumatic
encephalopathy, Crohn’s disease, epilepsy or another seizure disorder, ﬁbromyalgia, glaucoma, hepatitis C, Huntington's disease, inﬂammatory bowel
disease, multiple sclerosis, pain that is either chronic and severe or intractable, Parkinson’s disease, positive status for HIV, post-traumatic stress disorder,
sickle cell anemia, spasticity, spinal cord disease or injury, terminal illness, Tourette syndrome, traumatic brain injury, and ulcerative colitis.
The board’s Medical Marijuana Committee determined that arthritis, migraines (chronic), and complex regional pain syndrome were already covered by the
existing qualifying condition of pain that is either chronic or intractable. You do not need to submit a petition for one of these three conditions. Click here
to read the board’s position statement.
The petition will not be considered if:
Received after December 31, 2021
It seeks to add a broad category of diseases or conditions
The condition that has been previously reviewed by the board and rejected unless new scientiﬁc research that supports the request is offered
If you are petitioning for a previously considered condition:
Do not resubmit documents which have already been reviewed by the board
Only new scientiﬁc research should be submitted for previously rejected petitions
A catalogue of submitted research and documents can be found here
Most information submitted as part of a petition is public record and may be posted on the Medical Board’s website at med.ohio.gov. This includes the
submitter’s name provided contact information, and responses.
Instructions:
All sections below are required to be completed per Ohio Administrative Code 4731-32. All text boxes are required. Applicants may type "see
attached" or "previously submitted" in the required ﬁelds.
If you would like for the Medical Board to consider multiple conditions, please complete a separate submission for each one.
Please refrain from providing personal medical information as all submissions are subject to public record requests.

First Name *
Charles

Address *
140 E. Town Street

Zip Code *
43215

Last Name *
Trefny

City *
Columbus

County *
FRANKLIN

Email *
charlie.trefny@ohiomcia.com

State
OHIO

Speciﬁc Disease or Condition *
Lupus

1) Information from experts who specialize in the disease or condition *
Lupus
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 1 Attachments 
File Name

Size

Links will not be reviewed
2) Relevant medical or scientiﬁc evidence pertaining to the disease or condition *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 2 Attachments

File Name

Size

Question 2_Lupus.pdf

148.90 kB

3) Consideration of whether conventional medical therapies are insuﬃcient to treat or alleviate the disease or condition *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 3 Attachments
File Name

Size

Question 3_Lupus.pdf

145.14 kB

4) Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition, including journal articles, peer-reviewed studies, and
other types of medical or scientiﬁc documentation *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 4 Attachments
File Name

Size

Question 4_Lupus.pdf

155.10 kB

5) Letters of support provided by physicians with knowledge of the disease or condition. This may include a letter provided by the physician treating the
petitioner, if applicable. *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 5 Attachments
File Name

Size

Lupus Letter of Support Dr Ray.pdf

354.05 kB

Information from experts who specialize in the disease or condition:
Lupus is a chronic long-term disease that can cause inflammation and pain in any part of the body. It’s
classified as an autoimmune disease.
Lupus most commonly affects the skin, joints, and internal organs. Because lupus affects many parts of
the body, it can cause a variety of symptoms. Many with lupus experience joint pain, skin sensitivities
and rashes, and issues with internal organs (brain, lungs, kidneys and heart). Often times these
symptoms come in flare-ups. These symptoms may range from mild or in remission, to severe and lifedebilitating.
The Lupus Foundation of America estimates that 1.5 million Americans, and at least five million people
worldwide, have a form of lupus.
When people talk about lupus, they’re usually talking about systemic lupus. But there are four kinds of
lupus: Systemic lupus erythematosus (SLE), the most common form of lupus. Cutaneous lupus, a form of
lupus that is limited to the skin. Drug-induced lupus, a lupus-like disease caused by certain prescription
drugs. Neonatal lupus, a rare condition that affects infants of women who have lupus.
Anyone can develop lupus. However, certain people are at higher risk for lupus, mainly women and
minorities. People who are African American, Asian American, Hispanic/Latino, Native American, or
Pacific Islander, and people who have a family member with lupus or another autoimmune disease are
all at increased risk of lupus.
According to The Lupus Foundation of America, 9 out of 10 people with Lupus are women.
Sources:
https://www.mayoclinic.org/diseases-conditions/lupus/diagnosis-treatment/drc-20365790
https://www.lupus.org/
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Consideration of whether conventional medical therapies are insufficient to treat or alleviate the
disease or condition:
There is no current cure for Lupus, and the treatments serve to simply improve the symptoms that
people with Lupus suffer from.
The goals of treatment are to prevent flares, treat symptoms as they occur, reduce organ damage,
reduce swelling and pain, help prevent the immune system from attacking healthy organs and tissues,
reduce joint pain and damage.
Types of medicines commonly prescribed and used to treat lupus include:
Nonsteroidal anti-inflammatory drugs (NSAIDs). Over-the-counter NSAIDs, such as ibuprofen and
naproxen, help reduce mild pain and swelling in joints and muscles.
Corticosteroids. Corticosteroids (prednisone) may help reduce swelling, tenderness, and pain. In high
doses, they can calm the immune system. Corticosteroids, come in different forms: pills, shot, or a
cream to apply to the skin. Lupus symptoms usually respond very quickly to these powerful drugs. The
longer a person uses these drugs, the harder it becomes to lower the dose. Stopping this medicine
suddenly can harm your body.
Antimalarial drugs. Medicines that prevent or treat malaria also treat joint pain, skin rashes, fatigue, and
lung inflammation. Some studies have found that taking antimalarial medicine can stop lupus flares and
may help people with lupus live longer.
BLyS-specific inhibitors. These drugs limit the amount of abnormal B cells (cells in the immune system
that create antibodies) found in people with lupus. A common type of BLyS-specific inhibitor that treats
lupus symptoms, belimumab, blocks the action of a specific protein in the body that is important in
immune response.
Immunosuppressive agents/chemotherapy. These medicines may be used in severe cases of lupus,
when lupus affects major organs and other treatments do not work. These medicines can cause very
serious side effects.
Lastly, other medicines are often required to treat the symptoms of lupus — such as high blood pressure
or osteoporosis. Many people with lupus are also at risk for blood clots, which can cause a stroke or
heart attack. Doctors may prescribe anticoagulants, such as warfarin or heparin, to prevent blood
clotting.
Sources:
https://www.hopkinsmedicine.org/health/conditions-and-diseases/lupus/lupus-treatment
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5843480/
https://www.lupus.org/resources/treating-lupus-guide
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Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition,
including journal articles, peer reviewed studies, and other type of medical or scientific documentation.
There are currently 3 States, Illinois, Hawaii, and New Hampshire, that include Lupus as a qualifying
condition for their state’s medical cannabis programs.
As an alternative medicine, medicinal cannabis is considered an ideal medication to help lupus patients
cope with the many symptoms of the disease, such as immense nausea and debilitating pain. While
medical marijuana is primarily known to be an anti-inflammatory, this alternative medicine can
successfully suppress certain parts of the immune system.
Cannabinoids such as delta 9-THC and CBD have been shown to downregulate the immune response by
modulating the endocannabinoid system. This modulation is relevant for the treatment of prevalent
autoimmune diseases, such as systemic lupus erythematosus, and several others including multiple
sclerosis, type 1 diabetes, and rheumatoid arthritis. These conditions require new therapeutic options
with fewer side effects for the control of the autoimmune response.
Data from experimental animal models of autoimmune diseases showed that natural and synthetic
cannabinoids downregulate inflammatory responses mediated by immune cells responsible for
autoimmune diseases chronicity and progression.
Patients suffering from lupus and its vast number of chronic symptoms deserve alternative options to
current medical practices. Federal prohibitions make it extremely difficult to conduct cannabis research
leaving medical marijuana programs to rely on international studies and statistics to guide policy
decisions.
Further, these patients should be afforded the flexibility to work with their physician to evaluate the
potential of medical marijuana as an alternative solution for managing their disease and be afford the
freedom to personally address their illness and symptoms with the use of alternative medicine.
Studies:
https://www.biorxiv.org/content/10.1101/389973v1.full.pdf
https://pubmed.ncbi.nlm.nih.gov/34030476/
https://pubmed.ncbi.nlm.nih.gov/29655919/
https://www.lupus.org/resources/cannabis-and-lupus
https://www.marijuanadoctors.com/conditions/lupus/
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Letters of support provided by physicians with knowledge of the disease or condition.
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Abstract
Background/Objective: Non-adherence to recommended medical therapy has been associated
with poorer outcomes in systemic lupus erythematosus (SLE). The present research investigated
the association of medical non-adherence and cannabis use on renal outcomes of SLE.
Methods: This was a prospective 5-year longitudinal outcome study of 276 female SLE patients
30.4% who chronically used medical cannabis and 69.5% who did not. Outcomes were
determined at 5 years after enrollment in the study.
Results: Cannabis use in SLE patients was associated with an increased prevalence of
neuropsychiatric SLE (p<0.05), opioid analgesic use (p<0.01), cigarette smoking (p<0.001), and
non-adherence to the medical regimen (non-cannabis: 3% non-adherence vs. cannabis use: 95%
non-adherence, p<0.001). Within the 5-year period, the cannabis group demonstrated a 53%
increase in mortality (p=0.12) and 127% increase in end-stage renal disease requiring dialysis
(p<0.001). With logistic regression analysis adjusting for SLE disease activity (SLEDAI-2K),
cannabis use was an independent predictor of end-stage renal disease: Odds ratio 2.65 (CI 1.32 –
5.32, p<0.01). Adjusting for SLE disease damage (SLICC/ACR-DI), cannabis use remained an
independent predictor of end-stage renal disease: Odds ratio 2.0 (CI 1.26 – 6.23, p<0.01). With
multivariable analysis adjusting for non-adherence, the effect of cannabis on end-stage renal
disease could be largely attributed to an increase in non-adherence to medical therapy.
Conclusions: Non-adherence to recommended therapy and medical cannabis use are associated
with a significant increase in the development of end-stage renal disease in SLE.
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Background/Purpose
Medical cannabis has been used to treat recalcitrant cancer pain, anorexia, and the nausea
of chemotherapy [1]. Cannabis has also been used to treat non-cancer pain, including the pain of
sensory neuropathy, multiple sclerosis, fibromyalgia, mixed chronic pain, and rheumatoid
arthritis [1-3]. Certain medical practitioners incorporate medical cannabis into the therapy of
osteoarthritis, rheumatoid arthritis and systemic lupus erythematosus (SLE) with the goal of
preventing opioid use, avoiding non-steroidal anti-inflammatory drug toxicity, preserving renal
function, and reducing corticosteroid use [3,4]. Based on extensive review of the relevant
medical literature, Allan and colleagues have recently published guidelines for medical cannabis
that recommend that medical cannabis be restricted to resistant medical conditions for which
there is some evidence of beneficial effect (neuropathic pain, palliative and end-of-life pain,
chemotherapy-induced nausea and vomiting, and spasticity due to multiple sclerosis or spinal
cord injury) (1,2). Although there has been important research into the effects of medical
cannabis in many other conditions characterized by chronic pain, the literature for cannabisbased management in SLE is especially lacking [1-4].
In the present study, we examined the 5-year outcomes of SLE patients who regularly
used medical cannabis versus those who did not use cannabis. The present research, to our
knowledge, is one of the first epidemiologic investigations into associations of medical cannabis
use with SLE disease outcomes, including end-stage renal disease.
Methods
This research was approved by the institutional review board (IRB) and was in adherence
with the Helsinki Declaration and subsequent revisions. The study design was a cross-sectional
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and longitudinal observational study of outcome. 276 SLE female patients were studied over a
period of 5 years and were enrolled consecutively as encountered in clinic. Each subject
provided written informed consent. Inclusion criteria included any patient with SLE, age 18-80.
Exclusion criteria were age < 18 years, age > 80 years, male gender, pre-existing end-stage renal
disease, renal transplantation, and any patient with an autoimmune diagnosis other than SLE
(overlap disease). The population sample included diverse social, racial, and ethnic backgrounds
with North American Hispanics (58%) and Caucasian Whites (34%) being the dominant
participants.
The diagnosis of SLE was established in each subject using the American College of
Rheumatology (ACR) revised criteria for the classification for SLE [5]. SLE disease activity
was determined with the System Lupus Erythematosus Disease Activity Index 2000 (SLEDAI2K) and SLE disease injury was measured with the Systemic Lupus Erythematosus
Collaborating Clinics/American College of Rheumatology Damage Index (SLICC/ACR-DI)
[6,7]. Each of these metrics was further subcategorized into Neuro-SLEDAI-2K consisting of
the neurologic components of SLEDAI-2K, and Neuro-SLICC/ACR-DI consisting of the
neurologic components of SLICC/ACR-DI. Neuropsychiatric SLE (NPSLE) was characterized
by the ACR nomenclature and case definitions for NPSLE [8]. After collection this prospective
5-year database was then de-identified. Additional IRB approval was obtained prior to analyzing
the de-identified database in relation to medical cannabis use. Outcomes were determined at 5
years after enrollment in the study.
Medical cannabis in this study was defined as smoked cannabis (marijuana) and was
categorically defined as at least 2 smoked cannabis units (cigarettes or pipes) per week and the
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subject was categorized as “cannabis” or “non-cannabis” with 84 patients (30.4%) regularly
using cannabis and 192 (69.5%) with no cannabis use. New Mexico is one of the states in the
USA with locally legal medical cannabis programs. Medical cannabis was not prescribed or
provided by the rheumatologist, rather by the patient’s primary care provider, medical cannabis
specialist, or pain specialist. Demographics and outcomes recorded were age of SLE onset
(years), age (years), SLE disease duration (years), tobacco use (years), tobacco use (pack per
day), tobacco use ever, opiate use, weight (kilograms), pain, morning stiffness (hours),
SLICC/ACRDI, Neuro-SLICC/ACRDI, Non-Neuro- SLICC/ACRDI, SLEDAI-2K, NeuroSLEDAI-2K, Non-Neuro-SLEDAI-2K, antinuclear antibody (ANA) titer, anti-DNA antibody
(IU), anti-phospholipid antibodies (IgG, IgM, IgA in GPL, MPL, APL units, respectively),
rheumatoid factor (IU), antiribosmal P (IU), family history (arthritis, SLE, rheumatoid arthritis),
active renal disease (glomerulonephritis), renal failure/end-stage renal disease, night pain, death,
and Sjogren’s syndrome. Pain was accessed with the 10 cm visual analogue pain scale (VAS).
Opioid dosage (the study population predominately used oxycodone 5-10 mg tablets) was
normalized to 7.5 mg morphine milligram equivalent (MME) (equivalent to 5 mg oxycodone),
and was reported as the number of 7.5 mg MME tablets per month [9]. Non-adherence (nonadherence) was defined by admission by the patient that they were not taking their SLE
medications, blood testing for mycophenolate levels, and/or by missing more than 20% of their
clinic appointments (“a no-show”); cancellations with rescheduling and hospitalizations were not
counted as “no-show” or non-adherence. Survival and death of SLE subjects were determined
by following up with each patient or, if the patient could not be contacted, the patient’s family,
autopsy reports from the medical examiner, chart review, and searching the Social Security
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Death Index for death/benefit files relating to the study participant [10]. This combined
methodology permitted 100% follow-up of all subjects at 5 years. Renal failure/end-stage renal
disease was defined in a patient who 1) required long-term hemo-or peritoneal dialysis, or 2)
required and underwent renal transplantation.
Statistical Methods: The major comparison was between cannabis and non-cannabis users.
Statistical differences between measurement data were determined with Student t-test and
categorical data with Fisher’s exact method, associations were determined initially with
univariable regression analysis and afterward multivariable models were created to determine
independent effects on dependent variables.
Results
Demographics and results of the 276 subjects with SLE are shown in Tables 1 and 2. No
significant differences were observed in SLE disease duration, SLE disease activity (SLEDAI2K), injury/damage from SLE (SLICC/ACR-DI), ANA titer, dsDNA antibody, anti-phospholipid
antibodies (IgG, IgM, IgA), rheumatoid factor, active renal disease, night pain, morning
stiffness, pain by VAS, Sjogren’s syndrome, anti-Smith antibody, RNP antibody, and antiribosomal P antibody in the cannabis and non-cannabis SLE groups.
However, the cannabis smokers had a younger age (p<0.001), a younger age of SLE
onset (p<0.001), a more common family history of SLE (p=0.03), a greater percentage of opioid
analgesic use (p=0.01), more consumption per month of 7.5 mg MME tablets of opioid
analgesics (p=0.008), increased tobacco use (p<0.001), increased active neuropsychiatric SLE
symptoms (Neuro-SLEDAI-2K) (p=0.04), more neurologic injury (Neuro-SLICC/ACR-DI)
(p=0.02), increased non-adherence with medical therapy (non-cannabis non-adherence: 3% vs.
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cannabis use: 95% non-adherence, p value < 0.001), and over a 5 year period a 127% increase in
end-stage renal disease (non-cannabis: 11% vs. cannabis: 25%, p=0.006).
The percentage of deaths over a 5 year period increased in the cannabis group by 53%
(non-cannabis: 15.6% deaths/5 years; cannabis: 23.8% deaths/5 years,) although this did not
reach statistical significance (p=0.12)
Logistic regression analysis adjusting for disease activity (SLEDAI-2K) cannabis use was
an independent predictor of end-stage renal disease: Odds ratio 2.65 (CI 1.32 – 5.32, p= 0.006).
Adjusting for disease injury (SLICC/ACR-DI) cannabis use remained an independent
predictor of end-stage renal disease: Odds ratio 2.0 (CI 1.26 – 6.23, p= 0.01).
With multivariable analysis adjusting for non-adherence cannabis use was not an
independent predictor of end-stage renal disease: Odds ratio 0.9 (CI 0.7 – 1.1, p= 0.92).
Similarly, with multivariable analysis adjusting for cannabis use non-adherence was also not an
independent predictor of end-stage renal disease: Odds ratio 1.0 (CI 0.8 – 1.2, p= 0.94). Thus,
with multivariable analysis adjusting for both cannabis use and non-adherence, the effect of
cannabis use on the increase in end-stage renal disease could be statistically explained by an
increase in non-adherence to the recommended medical regimen. Thus, cannabis use and nonadherence were statistically dependent on each other and were essentially equal predictors of
developing end-stage renal disease over a 5 year period.
Discussion:
The present study demonstrates that medical cannabis use in SLE is not associated with
lower VAS pain scores, lower SLE disease activity or injury, preserved renal function, or other
beneficial findings, but rather is associated with increased neuropsychiatric SLE, opioid
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analgesic use, cigarette smoking, and non-adherence with the recommended medical regimen
with a 53% increase in the death rate and a 127% increase in end-stage renal disease within the 5
year period (Tables 1 and 2).
SLE is often characterized by chronic pain related to arthritis, neuropathy, Raynaud’s
phenomenon, low back pain, vertebral compression fractures, headache, fibromyalgia, and
aseptic necrosis of the hips [11]. Although many SLE patients can cope with their pain, a
substantial proportion (up to 42%) do not cope well and show signs of pain-related dysfunction,
including distress, activity interference, catastrophising, and interpersonal difficulties [12].
Treating pain in these individuals is difficult due to concomitant coagulation and renal disorders
often excluding the use of non-steroidal anti-inflammatory drugs, thus, there has been a recent
interest in treating chronic pain in SLE with medical cannabis to avoid the potential toxic effects
of non-steroidal anti-inflammatory drugs, opiates, and excessive corticosteroids [4].
Cannabinoids are a group of compounds present in the Cannabis plant (Cannabis sativa
L.) and mediate their physiological and behavioral effects by activating specific cannabinoid
receptors [1-3]. With the discovery of the cannabinoid receptors (CB1 and CB2) and the
endocannabinoid system, research in this field has expanded exponentially. Cannabinoids have
been shown to act as potent immunosuppressive and anti-inflammatory agents in vitro and have
been reported to mediate potential beneficial effects in a wide range of immune-mediated
diseases such as multiple sclerosis, diabetes, peripheral neuropathy, septic shock, rheumatoid
arthritis, and allergic asthma [1-3]. Thus, since cannabinoids can be immunosuppressive and
there are cannabinoid receptors in symptomatic tissues, it might be expected that cannabis use
might reduce the activity of SLE and improve SLE outcomes.
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The prototypical use of smoked medical cannabis is in cancer therapy to reduce anxiety,
reduce nausea, improve appetite, and reduce pain, where cannabis is not expected to substantially
alter the outcome of the disease [1,2]. In other chronic diseases with less increased mortality than
cancer, such as chronic low back pain, osteoarthritis, myofascial-fibromyalgia, and impingement
neuropathy, the positive or negative effects of cannabis outcome would require extremely large
cohorts with many years of observation to determine significant differences in mortality and
morbidity since these diseases themselves have only long-term effects on mortality [1,2,13].
However, without effective medical therapy SLE has a much accelerated morbidity and mortality
than many of these other chronic diseases, thus the beneficial or deleterious effects of medical
cannabis on outcome if present could potentially be observed in a much shorter time frame [14].
Similar to the results of the present study in SLE patients, the use of cannabis in other
diseases has been associated with an increased rate of non-adherence to medications and
recommended medical therapy [15-17]. In human immunodeficiency virus (HIV) patients
cannabis use has been associated with a nearly 100% increase in non-adherence to antiretroviral
therapy [15]. Cannabis use has also been associated with non-adherence to insulin regimens in
diabetes mellitus resulting in increased hospitalizations for ketoacidosis and infections [16].
Cannabis use is also associated with non-adherence to medications in depression and other
psychiatric conditions [17]. In the present study in SLE patients, medical cannabis use was
associated with an increase to 93% non-adherence to the recommended medical regimen (Table
2), further supporting the close association of cannabis and non-adherence reported in other
conditions [15-17]. This increase in non-adherence to the medical regimen with cannabis use in
SLE is of even greater concern since the baseline non-adherence to medical therapy in SLE is
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reported also to be very high, ranging from 43% to 83% [18,19].
Using Medicaid data Feldman and colleagues have reported that SLE patients are up to
79-83% non-adherent with medication and that this non-adherence is associated with greater use
of emergency services and increased hospitalizations [20]. Uribe, Segovia, and colleagues have
demonstrated that non-adherence in SLE was associated with a younger age, single marital
status, 'no shows' to clinics, greater disease activity and more severe SLE manifestations
(serositis, renal involvement, positive anti-ds-DNA antibodies) that are associated with poorer
outcomes [21]. Rivera et al reported that non-adherence to medications in SLE patients is
associated with increased flares of lupus, including active lupus glomerulonephritis [22]. Renal
transplantation often utilizes similar immunosuppressive drug regimens that are used to treat
lupus nephritis, and non-adherence to immunosuppressive therapy has been increasingly
recognized as a major contributing cause to episodes of rejection and graft loss [23,24]. Thus,
since cannabis use has been associated with non-adherence to therapy, and non-adherence to
therapy has been associated with more severe SLE manifestations and active lupus
glomerulonephritis, it is not surprising that cannabis use is also associated with increased nonadherence and an associated increased prevalence of end-stage renal disease in SLE as shown in
the present study (Table 2) [15-24].
It is possible that cannabis use contributes to non-adherence to medical regimens in SLE
by the well-known deleterious effects of cannabinoids on motivation, memory, and other
cognitive functions [13-17,25]. Cannabis use has previously been associated with increased
neurocognitive defects in autoimmune diseases, a finding that the present study confirms with
increased prevalence of neuropsychiatric SLE (increased Neuro-SLEDAI-2K and increased

bioRxiv preprint doi: https://doi.org/10.1101/389973; this version posted August 15, 2018. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Medical Cannabis and Renal Outcome in SLE

Neuro-SLICC/ACR-DI) (Table 1) [25]. Further, cannabis use in musculoskeletal diseases and
arthritis has been associated with the increased use of narcotic analgesics, which the present
study confirms in SLE (Tables 1 and 2) [26]. The present study demonstrated no beneficial
changes in immune parameters, SLE disease activity (SLEDAI-2K), or SLE disease damage
(SLICC/ACRDI) in medical cannabis users, but increases in neuropsychiatric SLE (NeuroSLEDAI-2K and Neuro-SLICC/ACRDI) and increased end-stage renal disease suggesting that
the immunomodulatory effects of medical cannabis in SLE are either minor or are overwhelmed
by the marked increase in non-adherence to recommended medical therapy (Tables 1 and 2).
Patients with SLE have a high risk for glomerulonephritis that without effective medical
intervention often results in renal failure and the need for dialysis and renal transplantation
[14,27,28]. Cannabis use has been reported to cause membranous glomerulopathy, another
reason for caution in SLE patients with preexisting renal disease [29]. In contrast, Greenan and
colleagues have reported that recreational cannabis use was not associated with worse outcomes
after renal transplantation; however, most of these patients were not SLE patients [30]. To date
there are few published trials regarding renal transplant survival specifically in SLE patients who
do and do not utilize medical cannabis, and the present study does not provide further
information on this group.
The present study demonstrates that end-stage renal disease increases by 127% in SLE
patients who are medical cannabis users, and that the statistical cannabis effect can be explained
by an increase in non-adherence with the medical regimen. Medical cannabis use is also
associated with increased neuropsychiatric symptoms in SLE patients, and it is also possible that
deterioration in cognition and motivation exacerbated by cannabis may be contributing to
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increased non-adherence to therapy, a factor that may be important in that a majority of SLE
patient already have baseline neurocognitive defects [8,25]. Presently, guidelines for the use of
medical cannabis in SLE have not been formulated largely because there is little objective data
on which to base these recommendations. However, based on the present study and a review of
the published medical literature, SLE is presently not one of the conditions where medical
cannabis can be administered with expectations of a predictable benefit [1,2].
There are a number of limitations to this study. The association of cannabis and nonadherence with poorer outcomes may reflect greater disease activity, severity, and individual
predisposition rather than be directly causative. Medical cannabis use could predispose to the
observed non-adherence to therapy, but an alternative is that the addictive personality type who
uses medical cannabis is the same personality type who is non-adherent to therapy with or
without cannabis. This latter possibility is supported by the increase in concomitant substance
use (tobacco and opioid analgesics) in the medical cannabis users (Tables 1 and 2). Secondly,
this study was restricted only to women with SLE, not men, as men with SLE generally have a
poorer outcome and different drug use patterns than women with SLE. However, most SLE
patients are women, so this study is generally applicable to the majority of SLE patients. The
present study was a cross-sectional, prospective cohort study that accurately reflected our SLE
population over 5 years, but was not an incipient cohort study with subjects enrolled on diagnosis
and was not a randomized controlled trial, thus, the reported associations may not be causative.
The period of observation was 5 years, longer or shorter periods of observation may have
different results. Since the potency and regimens for use of medical cannabis have not been
standardized, the dosing and the potency of the medical cannabis were intrinsically variable,
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thus, certain SLE patients could have had extremely potent or weak cannabis that could have
influenced the results. Finally, only smoked medical cannabis was studied, not capsules, tablets,
topical preparations, extracts, synthetic cannabinoids, or purified cannabinoids that are
increasingly available.
Conclusion
This 5-year outcome study indicates that medical cannabis use in SLE is not associated
with reduced pain, less use of opioid analgesics or diminished SLE disease activity. Rather,
medical cannabis use in SLE is associated with an increased incidence of neuropsychiatric SLE,
accentuated opioid use, increased non-adherence to recommended therapy, and an increased
progression to end-stage renal disease.
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TABLE 1. Comparison of SLE Patients with no Cannabis Use versus Cannabis Use.
No Cannabis Cannabis Use 95% Confidence Interval
(n=84)
of Difference
Use
(n=192)
36.6±10.1
32.1±9.8
1.96 <4.5< 7.03

P value

Mean Age of
Onset of SLE
Years smoked

30.0±8.9

24.6±8.9

3.1 <5.4< 7.6

< 0.001

5.0±8.8

7.1±8.9

-4.3 <-2.1< 0.17

0.07

Cigarettes, Packs
per day
SLE Disease
Duration
ANA titer
(inverse)
DNA antibodies
(IU)
APL-IgG (GPL)
APL-IgM (MPL)
APL-IgA (APL)
Rheumatoid
factor (IU)
Anti-Ribosomal
P antibody (IU)
Morning stiffness
(hours)
VAS Pain 0-10
cm
Opioid Tablets
per month (7.5
mg MME tabs)
SLEDAI-2K
Neuro-SLEDAI2K
Non-Neuro
SLEDAI-2K
SLICC/ACR-DI
NeuroSLICC/ACR-DI
Non-Neuro
SLICC/ACR-DI

0.34±0.45

0.45±0.50

-0.23 <-0.11< 0.01

0.09

6.5±6.3

7.8±7.6

-3.1 <-1.3< 0.5

0.17

341±257

314±270

-41 <27< 95

0.44

33.1±29.3

33.0±32.2

-7.9 <0.1< 8.1

0.98

20.1±32.8
7.4±25.8
10.9±12.0
46.3±152.0

19.8±31.9
10.4±32.5
9.6±11.1
21.3±110.1

-7.9<0.3< 8.5
-10.8 <-3< 4.8
-1.6 <1.3< 4.2
-6.8 <25< 56

0.94
0.46
0.38
0.13

13.6±36.0

11.5±28.8

-5.99 <2< 9.99

0.62

1.25±1.3

1.30±1.5

-0.41<-0.05< 0.31

0.79

5.4±2.1

5.6±2.4

-0.79 <-0.2< 0.39

0.51

12.4±32.1

30.7±58.4

-31.5<-18.3<-5.0

0.008

13.7±10.9
5.3±6.9

15.9±11.3
7.3±7.3

-5.0 <-2.2< 0.6
-3.8 <-2< -0.14

0.14
0.04

8.6±10.8

8.7±11.5

-2.9 <-0.1< 2.7

0.95

3.6±3.2
0.8±0.9

4.4±3.9
1.1±1.0

-1.7 <-0.8< 0.14
-0.5 <-0.3< -0.05

0.10
0.02

2.9±

3.3±

-1.1 <-0.4< 0.3

0.27

Cannabis Use

Mean age

< 0.001
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Weight (kg)

73±14

70±12

T-test with Confidence Intervals of Difference

-0.2 <3< 6.2

0.07
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TABLE 2. Comparison of SLE Patients with and without Cannabis Use
Cannabis Use

No Cannabis
Use
(n=192)
51.0%
30.2%
34.9%

Cannabis
Use
(n=84)
51.2%
44.1%
58.5%

Sjogren’s Syndrome
Family history SLE
Tobacco use ever
(cigarettes)
Active Alcohol Use
5.2%
10.7%
Night pain
52.4%
55.9%
Joint pain
78.0%
69.0%
Active
19.8%
20.2%
glomerulonephritis
Non–adherence
2.1%
92.8%
Death within 5 years 15.6%
23.8%
End-stage Renal
11.0%
25.00%
Disease within 5
years
Opioid Analgesic
19.8%
34.5%
Use
(Fisher’s Exact Test, Confidence interval 95%).

P value

0.98
0.03
< 0.001
0.12
0.60
0.13
1.00
<0.001
0.12
0.006

0.03
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Abstract
The endocannabinoid (eCB) system plays a key role in many physiological and
pathological conditions and its dysregulation has been described in several
rheumatological and autoimmune diseases. Yet, its possible alteration in systemic lupus
erythematosus (SLE) has never been investigated. Here, we aimed filling this gap in
plasma and peripheral blood mononuclear cells (PBMCs) of patients with SLE and ageand sex- matched healthy subjects (HS). Liquid chromatography-mass spectrometry
quantitation of eCB levels highlighted that plasma levels of 2-arachidonoylglycerol (2AG) were significantly increased in SLE patients compared to HS (p = 0.0059), and
among SLE patients, highest 2-AG levels were associated with a lower disease activity.
No differences were found in N-arachidonoylethanolamine (AEA) and its congeners Npalmitoylethanolamine (PEA) and N-oleoylethanolamine (OEA) concentrations between
the two groups. Moreover, gene expression analysis of metabolic enzymes and receptor
targets of eCBs and investigation of functional activity and protein expression of
selected components of eCB system disclosed a deranged 2-AG metabolism in patients
with SLE. Indeed, expression and functional activity of 2-AG biosynthetic enzyme DAGL
were selectively enhanced in PBMCs of SLE patients compared to HS. In conclusion, our
results demonstrate, for the first time, an alteration of eCB system in SLE patients. They
represents the first step toward the understanding of the role of eCB system in SLE that
likely suggest DAGL and 2-AG as potential biomarkers of SLE in easily accessible blood

samples. Our data provides proof-of-concept to the development of cannabis-based
medicine as immune-modulating agents.
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The endocannabinoid (eCB) system plays a key role in many physiological and pathological conditions and its
dysregulation has been described in several rheumatological and autoimmune diseases. Yet, its possible alteration in systemic lupus erythematosus (SLE) has never been investigated. Here, we aimed ﬁlling this gap in
plasma and peripheral blood mononuclear cells (PBMCs) of patients with SLE and age- and sex- matched healthy
subjects (HS).
Liquid chromatography-mass spectrometry quantitation of eCB levels highlighted that plasma levels of 2arachidonoylglycerol (2-AG) were signiﬁcantly increased in SLE patients compared to HS (p = 0.0059), and
among SLE patients, highest 2-AG levels were associated with a lower disease activity. No diﬀerences were found
in N-arachidonoylethanolamine (AEA) and its congeners N-palmitoylethanolamine (PEA) and N-oleoylethanolamine (OEA) concentrations between the two groups. Moreover, gene expression analysis of metabolic enzymes
and receptor targets of eCBs and investigation of functional activity and protein expression of selected components of eCB system disclosed a deranged 2-AG metabolism in patients with SLE. Indeed, expression and
functional activity of 2-AG biosynthetic enzyme DAGL were selectively enhanced in PBMCs of SLE patients
compared to HS.
In conclusion, our results demonstrate, for the ﬁrst time, an alteration of eCB system in SLE patients. They
represents the ﬁrst step toward the understanding of the role of eCB system in SLE that likely suggest DAGL and
2-AG as potential biomarkers of SLE in easily accessible blood samples. Our data provides proof-of-concept to the
development of cannabis-based medicine as immune-modulating agents.

1. Introduction
Systemic Lupus Erythematosus (SLE) is a chronic autoimmune disease characterized by proteiform clinical manifestations, which can
involve diﬀerent organs and systems (Larosa et al., 2016). The understanding of the pathogenesis of SLE is still a challenge. Defects in
apoptotic clearance, abnormal neutrophil extracellular traps formation
and type I interferon (IFN) signature seem to be key features in SLE and
can lead to loss of tolerance, and thus to T and B lymphocytes abnormalities (Tsokos et al., 2016). Many signaling mediators, such as
cytokines and adipokines, contribute to the phlogistic milieu (Stypińska

⁎

and Paradowska-Gorycka, 2015; Vadacca et al., 2011). Lipid metabolism impairment is a frequent hallmark of SLE (Tselios et al., 2016).
Indeed, elevation of triglycerides (TG), total cholesterol, low density
lipoprotein cholesterol (LDL) and apolipoprotein B, as well as decrease
of high-density lipoprotein cholesterol (HDL) were reported in both
active and inactive disease states (Toms et al., 2011; Tselios et al.,
2016). Moreover, many inﬂammatory mediators including tumor necrosis factor alpha (TNF-α), INF-γ and interleukin-6 (IL-6), overproduced during SLE (Asanuma et al., 2006), can reduce the activity of
lipoprotein lipases leading to an accumulation of TG-rich particles (de
Carvalho et al., 2008). Furthermore, systemic inﬂammation enhances
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complement such as complement component 3 (C3) and/or complement component 4 (C4) (Doria et al., 2014). In SLE cohort, treatment
with low-medium dose corticosteroids (prednisone), anti-malarial (hydroxychloroquine, HCQ) and conventional immunosuppressants (i.e
azathioprine methotrexate, cyclosporine and mycophenolate mofetil)
was allowed. Exclusion criteria were: 1) cancer or infectious diseases at
the enrolment, 2) past or present biological therapy (i.e belimumab and
rituximab), 3) corticosteroid bolus in the previous 6 months, 4) pregnancy or phytocannabinoids use in the previous 2 months. At enrolment, the Safety of Estrogens in Lupus Erythematosus National Assessment – SLE Disease Activity Index (SELENA-SLEDAI) and the British
Isles Lupus Activity Group (BILAG) were used to assess disease activity.
SLICC /American College of Rheumatology (ACR) Damage Index (SDI)
was used to assess permanent organ damage. Conventional laboratory
tests were used to determine antinuclear antibodies, extractable nuclear
antigens (ENA), anti-dsDNA, anti-phospholipid antibodies (aPL),
gamma globulins, C3 and C4.

oxidative stress and high levels of oxidised LDL (oxLDL) and autoantibodies for oxLDL observed in SLE could facilitate the uptake of LDL
complex via the Fc-receptor, overall exacerbating oxLDL accumulation
(Borba et al., 2006). Nevertheless, the role of bioactive lipids in SLE
inﬂammation is still poorly understood. Total free fatty acids (FA) are
signiﬁcantly higher in patients with SLE, and have been associated with
metabolic syndrome and insulin resistance (Ormseth et al., 2013). Also
total omega-6 polyunsaturated FA and arachidonic acid elevation was
reported in SLE, compared to healthy controls (Aghdassi et al., 2011).
Among omega-6 polyunsaturated FA derivatives, endocannabinoids
(eCBs) like N-arachidonoylethanolamine (anandamide, AEA) and 2arachidonoylglycerol (2-AG) have been shown to play a key role in
many physiological and pathological conditions, autoimmune diseases
included (Maccarrone et al., 2015). eCBs exert their biological activity
through interaction with speciﬁc G protein-coupled type-1 and type-2
cannabinoid receptors (CB1 and CB2, respectively). Accumulated evidence suggests the occurrence of other targets for eCBs, the transient
receptor potential cation channel subfamily V member 1 (TRPV1) included (Maccarrone et al., 2015, 2014). It is widely accepted that eCBs
are synthesized “on demand” from membrane lipid precursors by distinct metabolic routes. In particular, AEA and its congeners N-palmitoylethanolamine (PEA) and N-oleoylethanolamine (OEA) are biosynthesized from the corresponding N-acylphosphatidylethanolamines
(NAPEs) (Jin et al., 2007; Ueda et al., 2013), through the action of at
least ﬁve distinct metabolic pathways. The most studied route requires
a type D phospholipase (PLD) selective for NAPEs (NAPE-PLD) (Ueda
et al., 2013). The biosynthesis of 2-AG starts from diacylglycerols
(DAGs), 1-acyl-2-arachidonoylglycerols, that can be converted in 2-AG
through the action of two sn-2-selective DAG lipases, DAGL-α and
DAGL-β (Bisogno et al., 2003). The main enzyme responsible for AEA
degradation is fatty acid amide hydrolase (FAAH), while 2-AG hydrolysis is mediated by monoacylglycerol lipase (MAGL) and FAAH itself
(Fezza et al., 2014; Maccarrone et al., 2015). eCBs, their receptors and
the enzymes responsible for their biosynthesis and degradation form
the eCB system. The latter plays a pivotal role in the homeostasis of the
immune system and CB2, usually more expressed in immune cells than
CB1, seems to be the main regulator of eCB-dependent signals in immune system (Chiurchiù et al., 2015). Dysregulation of eCB system has
been described in many rheumatological and immune-mediated disorders (Katchan et al., 2016), such as multiple sclerosis (Centonze et al.,
2007; Chiurchiù et al., 2016, 2013), rheumatoid arthritis (Gui et al.,
2015; Lowin et al., 2015), psoriasis (Magina et al., 2014), and systemic
sclerosis (Garcia-Gonzalez et al., 2016). Nevertheless, possible alteration in SLE has never been investigated. In the present study, we aimed
ﬁlling this gap in plasma and peripheral blood mononuclear cells
(PBMCs) of patients with SLE, and age- and sex-matched healthy subjects (HS).

2.2. Sample preparation
At enrollment, each subject underwent a blood sample. Plasma was
separated and stored at −80 °C, PBMCs were isolated by standard
Ficoll-Paque gradient centrifugation (GE Healthcare, Little Chalfont –
UK), following manufacturer's instructions as described (Bargalló et al.,
2017).
2.3. Quantitation of AEA, 2-AG, PEA, and OEA
Plasma samples were extracted in chloroform/methanol/Tris–HCl
50 mM (2:1:1) containing d8-AEA, d4-PEA, d2-OEA and d5-2‐AG
(Cayman Chemicals, Ann Arbor, MI) as internal standards. The lipidcontaining organic phase was pre-puriﬁed and then analyzed by isotope
dilution‐liquid chromatography/mass spectrometry (LC–MS) carried
out under conditions described previously (Marsicano et al., 2002). The
amounts of eCBs were expressed as pmol/mL of plasma.
2.4. Total RNA isolation and quantitative reverse transcription polymerase
chain reaction (RT‑qPCR) analysis
Expression levels of eCB system genes were evaluated by two-step
RT-qPCR. Total RNA was extracted and reverse-transcribed using High
Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientiﬁc)
according to the manufacturer's protocol. qPCR analysis was performed
using TaqMan Universal MasterMix II (Thermo Fisher Scientiﬁc) and
primers (TaqMan Gene Expression Assay, Thermo Fisher Scientiﬁc) for
CNR1, CNR2, TRPV1, NAPE-PLD, FAAH, DAGLα, DAGLβ and MAGL
genes. B-Actin was selected as the most stable housekeeping gene for
quantity normalization using geNorm v.3.5.

2. Methods
2.5. Protein expression analysis by Western Blotting (WB)
All methodological details are reported in Supplemental materials
Proteins obtained from PBMCs were loaded into a SDS-polyacrylamide gel electrophoresis, after separation were transferred onto a
nitrocellulose membrane (Bio-Rad) and were incubated with speciﬁc
antibodies: rabbit polyclonal CB2, rabbit polyclonal DAGL-α and rabbit
polyclonal MAGL. Mouse monoclonal B-actin was used as reference
protein. Membranes were incubated with the respective HRP-linked
secondary antibodies and blots were imaged using ChemiDocTM MP
Imaging System (Bio-Rad) and then quantiﬁed by densitometry (NIH
ImageJ software).

2.1. Study population and clinical assessment
Twenty female patients with SLE, classiﬁed according to 2012 The
Systemic Lupus International Collaborating Clinics (SLICC) criteria
(Petri et al., 2012), and twenty age- and sex- matched HS were consecutively enrolled from outpatients clinic of Campus Bio-Medico University Hospital of Rome. The Ethical Committee of Campus Bio-Medico
University of Rome approved the study, protocol number: 5416 oss. All
participants ﬁlled the informed consent form. The study was conducted
in compliance with International Conference on Harmonisation Good
Clinical Practice guidelines and the Declaration of Helsinki. All SLE
patients showed serological disease activity as deﬁned as anti-double
strand DNA (anti-dsDNA) positivity and/or low plasma levels of

2.6. DAGL assay
DAGL activity was assessed by using membrane preparations obtained from PBMCs and 1-[14C]-stearoyl-2-arachidonoylglycerol
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were extracted and puriﬁed as previously reported (Bisogno et al.,
2003). Bands corresponding to [14C]-stearic acid were cut and their
radioactivity was measured with a β-counter.

Table 1
Clinical characteristics of the SLE patients and the healthy subjects. Reference
normal range values are listed below: total cholesterol < 200 mg/dL;
HDL > 60 mg/dL; LDL < 100 mg/dL; triglycerides < 100 mg/dL; creatinine <
0.95 mg/dL; blood urea nitrogen < 42.8 mg/dL; 18 > BMI < 25; 0.9 >
C3 < 1.8 g/L; 0.1 > C4 < 0.4 g/L; 0.7 > gammaglobuline < 1.65 g/dL.
Low C3 as deﬁned as plasma levels < 0.9 g/L. Low C4 as deﬁned as plasma
levels < 0.1 g/L. Hypergammaglobulinemia as deﬁned as plasma levels >
1.65 g/dL. Data are expressed as medians with 25th–75th or number of individuals (N). NA = not applicable. * p < 0.05.

Age (years)
BMI (Kg/m2)
Total Cholesterol (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Triglycerides (mg/dL)
Creatinine (mg/dL)
Blood urea nitrogen (mg/dL)
Anti-dsDNA positivity (N)
Low C3 (N)
C3 (g/L)
Low C4 (N)
C4 (g/L)
Hypergammaglobulinemia (N)
No prednisone (N)
Prednisone ≤5 mg (N)
Prednisone > 5 mg (N)
Immunsuppressants (N)/HCQ (N)
SELENA-SLEDAI
BILAG A (N) / B (N)
SDI

SLE (n = 20)

HC (n = 20)

37.0 (34.0–44.7)
24.9 (22.8–29.6)
175 (143–197)
97.0 (80.0–130.5)
60 (54.0–68.5)
115 (75–144)
0.70 (0.60–0.85)
35.5(30.2–40.5)
18
15
0.80 (0.64–0.91)
9
0.105 (0.063–0.128)
10
4
7
9
12/16
6.00 (4.00–8.75)
3/11
0 (0-1)

36.5 (31.0–42.0)
23.3 (21.4–25.3)*
185 (167–213)
89.6 (83.4–112.2)
52.5 (34.5–70.5)
93 (71–124)
0.80 (0.71–0.84)
34.0 (24.2–39.0)
0
0
1.05 (0.92–1.20)*
0
0.210 (0.123–0.310)*
NA
20
0
0
0/0
NA
NA
NA

2.7. Statistical analysis
Data were expressed as median and 25th–75th percentile and differences between groups were tested for their statistical signiﬁcance by
using the non-parametric Mann-Whitney U test or t test, when appropriate. Correlations with clinical and biochemical parameters were
calculated using Spearman’s correlation test. Diﬀerences were deemed
to be signiﬁcant when p < 0.05 and GraphPad Prism V.7 was used for
all analyses.
3. Results
3.1. Baseline characteristics of patients
The clinical characteristics and laboratory measurements among the
groups studied are shown in Table 1. SLE patients and HS were agematched and no diﬀerence was found in body composition parameters
(total cholesterol, LDL, HDL, triglycerides, creatinine and blood urea
nitrogen). As reported in Table 1, a signiﬁcant reduction of C3 and C4
(p < 0.0001 and p = 0.0002, respectively) as well as an increased BMI
was assessed in SLE patients compared to HS (p = 0.04).
3.2. AEA, 2-AG, PEA, and OEA plasma levels
As depicted in Fig. 1, signiﬁcantly increased plasma levels of 2-AG,
4.5 pmol/ml (2.5-10.2), in SLE patients compared to HS, 3.0 pmol/ml
(1.3–5.0; p = 0.0059), were found. There was no signiﬁcant diﬀerence
between the two groups for AEA (p = 0.66), PEA (p = 0.1), and OEA
(p = 0.99) levels (Fig. 1).

(55 μCi μmol-1, St. Louis, MO, USA) diluted with non-radiolabelled 1stearoyl-2-arachidonoylglycerol (Cayman Chemicals) to 25 μM incubated in Tris buﬀer, pH = 7 for 20 min. After the incubation, lipids

Fig. 1. Levels of: 2-arachidonoylglycerol (2-AG), anandamide (AEA), N-palmitoylethanolamine (PEA) and N-oleoylethanolamine (OEA) in plasma from SLE patients
(N = 20) and matched HS (N = 20). Data are expressed as pmol/ml and are medians (horizontal bars) with 25th–75th percentile (boxes). **p = 0.0059.
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Fig. 2. mRNA expression of CB1, CB2 and TRPV1, DAGL-α, DAGL-β, MAGL, NAPE-PLD and FAAH in PBMCs from SLE patients (N = 20) and matched HS (N = 20).
Data are expressed as relative mRNA expression vs B-actin. Data are medians (horizontal bars) with 25th–75th percentile (boxes). * p = 0.031.

3.3. eCS system gene expression in PBMCs

3.5. DAGL activity in PBMCs

Gene expression of eCB system was investigated in PBMCs obtained
from HS and SLE patients. Unlike CB1 and TRPV1, CB2 gene (CNR2)
expression was modiﬁed in SLE (Fig. 2). In particular, a non-parametric
data analysis performed by using the Mann-Whitney U test highlighted
a signiﬁcant reduction of relative CB2 mRNA expression vs B–Actin in
SLE patients compared to HS (p = 0.03). Moreover, qRT-PCR analysis
showed a possible involvement of 2-AG, but not of AEA metabolism in
SLE patients as no signiﬁcant diﬀerence in NAPE-PLD and FAAH gene
expression levels were detected in SLE patients compared to controls
(Fig. 2). Regarding 2-AG, although neither biosynthetic nor degradative
enzymes were signiﬁcantly modiﬁed in SLE (see Fig. 2) there was a
trend to increase of DAGL-α in SLE patients.

To further ascertain whether upregulation of DAGL-α could be responsible of the increase of 2-AG levels in SLE patients, we evaluated enzymatic activity in membrane preparations obtained from PBMCs of both
HS and SLE patients. Indeed, DAGL activity signiﬁcantly increased in SLE
patients compared to healthy subjects: 0.33 vs 0.15 nmol min−1 mg protein−1 (p = 0.028) as shown in Fig. 3B.

3.6. Correlation between clinical and biochemical parameters
In SLE group, a positive correlation between CB2 gene expression
and C3 plasma levels was found (p = 0.0008, r = 0.57). Of note, CB2
gene expression was reduced in patients whose C3 plasma levels were
lower than 25th percentile value (0.64 g/L) than in patients with C3
plasma levels higher than 25th percentile (p = 0.0118) as depicted in
Fig. 4A. Similarly, patients with C4 plasma levels lower than 25th percentile (0.063 g/L) signiﬁcantly decreased CB2 gene expression compared to patients with C4 plasma levels higher than 25th percentile
(p = 0.0098). Moreover, 2-AG plasma levels were signiﬁcantly increased in patients with SELENA-SLEDAI lower than 25th percentile (4)
compared to patients with SELENA-SLEDA higher than 25th percentile
(p = 0.0165) as shown in Fig. 4B.

3.4. CB2, DAGL-α, and MAGL protein levels in PBMCs
To better investigate the role of CB2 in SLE, and to ﬁnd a molecular
background to the increase of 2-AG levels, we determined the protein
levels of CB2, DAGL-α and MAGL in PBMCs from HS and SLE patients.
Western blot analysis showed comparable CB2 and MAGL levels between the two populations analyzed and a signiﬁcant increase of DAGLα was observed in SLE patients (Fig. 3A).
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Fig. 3. (A) Western blot analysis (Left) and quantiﬁcation (Right) of CB2, DAGL-α and MAGL in PBMCs from SLE patients (N = 3) compared to HS (N = 3). Data are
expressed as arbitrary units of each protein expression vs B-actin and represent mean ± SEM. *p = 0.027. (B) DAGL enzyme activity in PBMCs from SLE patients
(N = 8) and HS (N = 8) is expressed as nmol min−1 mg protein−1. Data are medians (horizontal bars) with 25th–75th percentile (boxes). *p = 0.028.

4. Discussion

10, an anti-inﬂammatory mediator (Turcotte et al., 2015). Nevertheless, 2-AG was reported to increase migration of diﬀerent immune
cell types (Chiurchiù et al., 2015; Turcotte et al., 2015) and to enhance
adhesion to ﬁbronectin of monocytes (Gokoh et al., 2005) and macrophages (Kishimoto et al., 2003). It also induced the production of IL-8
(Chiurchiù et al., 2016) and monocyte chemoattractant protein-1 by
macrophages (Kishimoto et al., 2004). Moreover, the lack of variation
of the levels of PEA and OEA, that are known to be produced by the
same biosynthetic route of AEA, is consistent with the observation that
neither NAPE-PLD nor FAAH gene expression were dysregulated in
PBMCs from SLE patients, compared with HS. It should be noted,
however, that alteration of AEA metabolisms has been reported in a
murine model of lupus-susceptibility, where FAAH was signiﬁcantly
upregulated in splenic B cells from transgenic mice displaying intrinsic
B cell hyperactivity and polyclonal B cell activation (Pathak et al.,
2016). This discrepancy highlights once again that the modulation of
eCB system might be diﬀerent in mice and humans, and more importantly, call caution in extrapolating data from pre-clinical animal
models to real patients.
Moreover, we observed that except for a slightly signiﬁcant downregulation of CB2 gene expression no other gene of the eCB system was
modiﬁed during SLE. This alteration seems to be in disagreement with
the generally well-accepted idea that CB2 expression is highly induced
in many inﬂammation-related conditions (Atwood et al., 2012; Bisogno
et al., 2016). Additionally, the reduction of CB2 mRNA levels does not
match with protein expression and this may suggest that a diﬀerent and
broader distribution of CB2 expression in SLE patients compared with
HS could account for the slightly signiﬁcant eﬀect here observed. Although a discrepancy between changes in mRNA and protein levels is
not unprecedentedly and indeed, it has been already reported within
the elements of the eCB system (Colombo et al., 2009; Pasquariello
et al., 2009), further study carried out with a larger sample size are
required to clarify CB2 involvement during SLE. We also observed that
DAGL-α gene expression followed a proﬁle that closely resembled that
of 2-AG levels, albeit it did not reach signiﬁcance, and Western blot

Despite decades of intensive research, SLE treatment remains a
challenge. Corticosteroids, immunosuppressants and biologics provide
only a partial improvement of disease activity and damage accrual
(Giacomelli et al., 2017; Sutton et al., 2013; Zen et al., 2017). Thus,
identiﬁcation of novel therapeutic targets that may prevent or delay
disease progression appears urgent. We postulated a potential dysregulation of the eCB system in SLE patients, as previously reported in
other immune-mediated disorders (Chiurchiù et al., 2016, 2013;
Katchan et al., 2016), which can be assessed by an impairment in eCB
basal levels as consequence of ﬂuctuations in gene and/or protein expression, as well as of activity, of their metabolic enzymes and/or
speciﬁc receptors.
In our study, SLE patients and HS did not show any diﬀerence
among metabolic parameters, except for BMI as previously reported
(Vadacca et al., 2009). Notably, this preliminary study aimed to deﬁne
a potential new therapeutic target and to do so we recruited patients
with serological disease activity, which may highlight immunocomplex
and/or anti-dsDNA autoantibodies formation (Doria et al., 2014). SLE
cohort showed homogenously a moderate disease activity according to
SELENA-SLEDAI and, at enrollment, only three patients had severe ﬂare
(BILAG A). In addition, low SDI levels allow us to hypothesize slight
eﬀects of damage accrual related comorbidities in the present study.
Our ﬁrst goal was to unveil that 2-AG, but not AEA, is increased in
the plasma of SLE patients clearly speaking in favor of a distinct involvement of the two main eCBs in the disease. These results are at
variance with the alteration of eCB levels highlighted in other autoimmune diseases, where AEA, but not 2-AG, was increased in the CSF of
relapsing MS patients (Centonze et al., 2007) as well as lymphocytes
from MS patients (Sánchez López et al., 2015); therefore, they could be
potentially selective for SLE. It is well established that eCBs and eCBlike molecules have signiﬁcant anti-inﬂammatory features: they can
reduce leukocyte migration, reactive oxygen species formation, and
release of pro-inﬂammatory cytokines, while increasing secretion of IL165
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Fig. 4. (A) Decrease in mRNA expression of CB2 in SLE patients with C3 (left) and C4 (right) values < 25th than > 25th percentile. Data are expressed as relative
mRNA expression vs B-actin and are medians (horizontal bars) with 25th–75th percentile (boxes). * p = 0.0118 and ** p = 0.0098. (B) Increase in 2-AG plasma levels
in SLE patients with SELENA-SLEDAI index > 25th than < 25th percentile. Data are expressed as pmol/ml and are medians (horizontal bars) with 25th–75th percentile
(boxes). * p = 0.016. Pctl = percentile.

in PBMCs from MS patients (Centonze et al., 2007; Chiurchiù et al.,
2013). Furthermore, it should also mentioned that a selective increase
of AEA, but not 2-AG, levels was reported in several human pathological conditions as well as in chronic inﬂammatory diseases (Centonze
et al., 2007; Di Marzo, 2008; Sánchez López et al., 2015). Despite this, it
is apparent that only a direct comparison of eCB system expression in
PBMCs of SLE patients with that observed in other autoimmune disorders will provide the conclusive evidence of identiﬁcation of DAGL
and 2-AG as novel and speciﬁc hallmarks of SLE.
Our data not only assess higher 2-AG levels in SLE patients compared with HS but more importantly, they allow associating lower
disease activity score with elevated 2-AG levels, suggesting this eCB as a
key modulator and/or index of disease regression. Indeed, even though
our studies do not clarify the cause-eﬀect relationship of 2-AG increase
in SLE patients, they support a protective action for 2-AG thus suggesting pharmacological modulation of its levels might be beneﬁcial to
reduce disease activity. On the other hand, prospective studies are
needed to evaluate the monitoring of plasma 2-AG levels as an easy
check of SLE low disease activity and/or eﬃcacy of pharmacological
therapy. The measurement of disease activity in patients with SLE is a
major subject of debate and several composite indexes and laboratory
parameters are used for a deep evaluation of the clinical heterogeneity
of this disease (Ceccarelli et al., 2015). In our SLE cohort, characterized
by a moderate disease activity according to SELENA-SLEDAI index
score, an enhanced 2-AG tone seems to be beneﬁcial. Moreover, SLE
activity may be distinguished by persistent serological abnormalities as
in the case of our SLE cohort that is characterized by reduced C3 and C4
levels as well as anti-dsDNA positivity (Doria et al., 2014). Here we
observed a positive correlation between C3 plasma levels and CB2 gene

analysis unveiled a signiﬁcant increase of DAGL-α protein in PBMCs
from SLE patients. These data clearly indicate that the increase of 2-AG
observed in SLE patients is likely due to enhanced expression of its main
biosynthetic enzyme DAGLα. In order to provide more conclusive evidence, we measured DAGL activity and we found a detectable enzymatic activity in PBMCs from both SLE patients and HS. To the best of
our knowledge, this is the ﬁrst study that asses the presence of DAGL in
PBMCs by a functional assay quantifying its enzymatic activity. Indeed,
only gene and/or protein expression of DAGL has been previously reported in PBMCs obtained from HS (Bioque et al., 2013; Bisogno et al.,
2003). It should be also noted that DAGL activity was in full agreement
with gene and protein expression content as it was elevated in SLE
compared with HS and resemble the correlation between DAGL expression and enzymatic activity previously reported in diﬀerent cell
types (Bisogno et al., 2003).
From the data reported above, it is evident that this is the ﬁrst study
that asses the presence of all the elements of the eCB system in PBMCs
of SLE patients. To the best of our knowledge, our study represents the
ﬁrst step toward the understanding of the role of eCB system in SLE that
likely suggests DAGL and 2-AG as potential biomarkers of SLE in easily
accessible blood samples. It should also be noted that the alteration
observed in PBMCs of SLE patients has to be considered selective in
term of elements of the eCB system and might be speciﬁc for the disease. Indeed, PBMCs are considered an accessible source of biomarkers
in neurodegenerative/neuroinﬂammatory disorders (Centonze et al.,
2008) as they express high FAAH levels in patients with AD (D’Addario
et al., 2012), elevated CB2 levels in children with autistic disorders
(Siniscalco et al., 2013) and high CB1 expression in patients with
schizophrenia (Ferretjans et al., 2014). Yet, FAAH levels are decreased
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expression. In addition, mRNA expression of CB2 increases in patients
with C4 values higher than 25th percentile compared to patients with
C4 values lower than 25th percentile. This speaks in favor of a more
evident loss of CB2 during increasing complement cascade activation,
whose implication in SLE pathogenesis has been in deep described
(Walport, 2002). Accordingly, this evidence as well as the reduced 2-AG
levels associated higher SELENA-SLEDAI index score gives support to
the possible beneﬁcial role of eCB system during SLE as its basal tone is
reduced in patients with higher disease activity.
Of interest, phase II clinical trial to evaluate eﬃcacy, safety, and
tolerability of a new highly puriﬁed composition of ajulemic acid, a
synthetic nonpsychoactive cannabinoid, named Resunab in SLE has
been scheduled (NCT03093402), and CB2 expression modulation
highlighted in our study can certainly provide the biochemical and
molecular basis to justify this trial. In conclusion, our data conﬁrm that
the eCB system critically modulates inﬂammatory responses and autoimmunity and support evidence of cannabis-based medicine as immune-modulating agents.
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Abstract
Introduction: Cannabinoids such as ▵-9-THC and CBD can downregulate the immune
response by modulating the endocannabinoid system. This modulation is relevant for
the treatment of prevalent autoimmune diseases (ADs), such as multiple sclerosis (MS),
systemic lupus erythematosus (SLE), diabetes mellitus type 1 (DMT1), and rheumatoid
arthritis (RA). These conditions require new therapeutic options with fewer side effects
for the control of the autoimmune response. Objective: to conduct a literature review of
preclinical scientific evidence that supports further clinical investigations for the use of
cannabinoids (natural or synthetic) as potential immunomodulators of the immune
response in ADs. Methodology: A systematic search was carried out in different
databases using different MeSH terms, such as Cannabis sativa L., cannabinoids,
immunomodulation, and ADs. Initially, 677 journal articles were found. After filtering by
publication date (from 2000 to 2020 for SLE, DMT1, and RA; and 2010 to 2020 for MS)
and removing the duplicate items, 200 articles were selected and analyzed by title and
summary associated with the use of cannabinoids as immunomodulatory treatment for
those diseases. Results: Evidence of the immunomodulatory effect of cannabinoids in

the diseases previously mentioned, but SLE that did not meet the search criteria, was
summarized from 24 journal articles. CBD was found to be one of the main modulators
of the immune response. This molecule decreased the number of Th1 and Th17
proinflammatory cells and the production of the proinflammatory cytokines, interleukin
(IL)-1, IL-12, IL-17, interferon (IFN)-γ, and tumor necrosis factor alpha, in mouse models
of MS and DMT1. Additionally, new synthetic cannabinoid-like molecules, with agonist
or antagonist activity on CB1, CB2, TRPV1, PPAR-α, and PPAR-γ receptors, have shown
anti-inflammatory properties in MS, DMT1, and RA. Conclusion: Data from experimental
animal models of AD showed that natural and synthetic cannabinoids downregulate
inflammatory responses mediated by immune cells responsible for AD chronicity and
progression. Although synthetic cannabinoid-like molecules were evaluated in just two
clinical trials, they corroborated the potential use of cannabinoids to treat some ADs.
Notwithstanding, new cannabinoid-based approaches are required to provide
alternative treatments to patients affected by the large group of ADs.
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Abstract
Introduction: Cannabinoids such as 6-9-THC and CBD can downregulate the immune response by modulating
the endocannabinoid system. This modulation is relevant for the treatment of prevalent autoimmune diseases
(ADs), such as multiple sclerosis (MS), systemic lupus erythematosus (SLE), diabetes mellitus type 1 (DMT1), and
rheumatoid arthritis (RA). These conditions require new therapeutic options with fewer side effects for the control of the autoimmune response. Objective: to conduct a literature review of preclinical scientiﬁc evidence that
supports further clinical investigations for the use of cannabinoids (natural or synthetic) as potential immunomodulators of the immune response in ADs.
Methodology: A systematic search was carried out in different databases using different MeSH terms, such as
Cannabis sativa L., cannabinoids, immunomodulation, and ADs. Initially, 677 journal articles were found. After
ﬁltering by publication date (from 2000 to 2020 for SLE, DMT1, and RA; and 2010 to 2020 for MS) and removing
the duplicate items, 200 articles were selected and analyzed by title and summary associated with the use of
cannabinoids as immunomodulatory treatment for those diseases.
Results: Evidence of the immunomodulatory effect of cannabinoids in the diseases previously mentioned, but
SLE that did not meet the search criteria, was summarized from 24 journal articles. CBD was found to be one of
the main modulators of the immune response. This molecule decreased the number of Th1 and Th17 proinﬂammatory cells and the production of the proinﬂammatory cytokines, interleukin (IL)-1, IL-12, IL-17, interferon (IFN)-c,
and tumor necrosis factor alpha, in mouse models of MS and DMT1. Additionally, new synthetic cannabinoid-like
molecules, with agonist or antagonist activity on CB1, CB2, TRPV1, PPAR-a, and PPAR-c receptors, have shown
anti-inﬂammatory properties in MS, DMT1, and RA.
Conclusion: Data from experimental animal models of AD showed that natural and synthetic cannabinoids
downregulate inﬂammatory responses mediated by immune cells responsible for AD chronicity and progression.
Although synthetic cannabinoid-like molecules were evaluated in just two clinical trials, they corroborated the
potential use of cannabinoids to treat some ADs. Notwithstanding, new cannabinoid-based approaches are required to provide alternative treatments to patients affected by the large group of ADs.
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CANNABINOIDS AS IMMUNOMODULATORS IN AUTOIMMUNITY

Introduction
Autoimmune diseases (ADs) include more than 80
chronic illnesses with an overall estimated prevalence
of 4.5% (males, 2.7%; females, 6.4%), and it has become
the fourth cause of work-related disability.1,2 Worldwide, the most prevalent ADs are systemic lupus erythematosus (SLE) with about 241 cases per 100,000
population in North America,3 multiple sclerosis
(MS) (30.1 cases per 100,000 global population),4 diabetes mellitus type 1 (DMT1) (0.8 to 4.6 cases per
100,000 global population),5 and rheumatoid arthritis
(RA) (0.24 cases per 100,000 global population).6
The etiology of ADs is still unknown. However, their
development is associated with different factors, such
as genetic susceptibility and environmental conditions
that generate the loss of immunological self-tolerance.7
The dysregulated activation of the immune system (IS)
against self-antigens, mediated by T and B cells triggers
an abnormal attack against self-tissues leading to systemic or speciﬁc-organ diseases.8
Currently, pharmacotherapy for ADs is based on
nonsteroidal anti-inﬂammatory drugs (NSAIDs) and
disease-modifying antirheumatic drugs that alleviate
symptoms of many patients, but at the cost of multiple
side effects.9 Research in plant pharmacology has been
under development since 1955 when it initiated the investigation of active plant components to be used as a
source of new drugs aimed at cancer treatments,10 and
more recently for modulating the immune response.11
One plant that has captured the attention of researchers and physicians for its immunomodulatory
potential is Cannabis sativa L. This plant has been recognized since ancient times for its medicinal properties,
which are currently known to be mediated through its
content of 565 secondary metabolites. These components include 120 cannabinoids, such as 6-9-THC,
CBD, cannabinol (CBN), and cannabigerol (CBG),
among others, as well as terpenes, ﬂavonoids, and nitrogenous compounds; all of them can exert combined
(entourage)12,13 as well as individual effects that determine its therapeutic use.14
Experiments carried out since 1976 by Dr. Mechoulam have revealed that cannabinoids, such as 6-9THC, can interact with cannabinoid receptors (CB1
and CB2) present in human cells.15–17 These receptors
belong to the endocannabinoid system (ECS), located
in the central nervous system (CNS) and different peripheral tissues.18 CB1 receptors are mainly found in
the CNS, in areas of the brain that regulate crucial functions such as pleasure, memory, concentration, sensory
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and time perception, as well as coordinated movement.
On the other hand, CB2 receptors are widely distributed
in cells of the IS, which includes the thymus, tonsils, bone
marrow, and spleen.18,19
In mammals, the natural ligands for the ECS
receptors are 2-arachidonoylglycerol (2-AG) and
N-arachidonoylethanolamine or anandamide (AEA);
they derive from the breakdown of arachidonic acid
present in the membrane of all the cells20; and are continuously synthesized and released by neurons and immune cells to regulate this system.21
CB2 receptors seem to be the principal ECS receptors
involved in the regulation of the immune responses because of their differential expression in cells of the IS
(CB2 receptor mRNA levels: B lymphocytes (LB) > Natural killer (NK) cells > monocytes > polymorphonuclear neutrophils > CD8 + T cells > CD4 + T cells).21,22
Recently, non-CB1 and non-CB2 receptors that also belong to the ECS have been involved in the modulation of
the IS. Ionotropic receptors include the transient receptor
potential (TRP) channels TRPV1-TRPV4, transient receptor potential ankyrin 1 (TRPA1), and transient receptor potential melastatin 8 (TRPM8).23 Additionally, the
nuclear receptors include the peroxisome proliferatoractivated receptors (PPARs) and the other receptors
that comprises G protein-coupled receptor 55 (GPR55),
nicotine receptor (5HT3), and adenosine A2A receptors
(ADORA2A) are also involved in the cannabinoidinduced signal transduction pathways.24,25
The TRP ion channels were primarily considered
sensors of many physiological (temperature sensation)
and pathological processes (pain, itchiness).26,27 However, recent investigations have shown the expression
of TRPs in cells of the IS: dendritic cells (DCs), macrophages, and T cells. TRPV1 regulates calcium-mediated
signaling pathways and is crucial for many cellular
processes; for example, proliferation, apoptosis, cytokine secretion, and T cell activation.28 The TRPV1
overexpression has been associated with neurogenic inﬂammation, neuropathic pain (NeP), autoimmune disorders, cancer, and functioning of cells of the IS.25
TRPV1 is a natural receptor of AEA. The TRPV1AEA interaction leads to the release of the substance
P and calcitonin gene-related peptide (CGRP), which
exert local vasodilatory and proinﬂammatory effects.29,30 These observations could explain the association between the TRPV1 overexpression and the
development of different diseases of the IS.
On the other hand, PPARs have three isoforms (a, c,
and b/d) that regulate the expression of distinct genes
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involved in metabolism, energy homeostasis, cell differentiation, and inﬂammation.31–33 PPARs are
expressed in the nucleus of macrophages, DCs, T,
and B cells, and regulate cytokine secretion and lymphocyte proliferation.34 Further research has shown
that endocannabinoids and phytocannabinoids act selectively through PPAR-a (AEA, 6-9-THC) and
PPAR-c (AEA, 2-AG, 6-9-THC, CBD, CBC, CBG)
to modulate the response of cells mentioned above.35
6-9-THC and CBD are involved in the regulatory
activity between the ECS and the immune response.
The research in this area indicates that 6-9-THC
(a partial agonist of the CB1 receptor) has antiinﬂammatory activity resulting from the inhibition of
prostaglandin E2 (PGE2) synthesis,36 the reduction of
platelet aggregation,37 and the stimulation of lipoxygenase.38 The signal generated by 6-9-THC has 20 times
the anti-inﬂammatory potency of aspirin and twice
that of hydrocortisone,39 but in contrast to all NSAIDs,
it does not inhibit cyclooxygenase (COX) at physiological concentrations.40
Moreover, CBD, a nonpsychoactive metabolite of
C. sativa L., is known to have the highest antiinﬂammatory effect. CBD modulates the responses of
human immune cells in culture and the immune response of animal models of ADs because it is an exogenous ligand of multiple receptors (CB1, CB2, 5-HT1A,
and PPAR-c; ADORA2A and GPR55)41 that are
expressed by different cells of the IS.22,42 Signals derived
from these multiple cannabinoid/receptor interactions
decrease the secretion of proinﬂammatory cytokines
(interleukin [IL]-1b, IL-8, IL-10, IL-12, tumor necrosis
factor alpha [TNF-a], and INF-c) and balance the immune response.43–45
Recently, the Food and Drug Administration (FDA)
approved the use of CBD in the United States of America to treat refractory epileptic conditions associated
with the Lennox/Gastaut and Dravet syndromes.46
However, despite the evident immunomodulatory activity of CBD, no clinical trials have been carried out
to investigate the mechanisms by which this molecule
regulates the immune responses.
CBN is another cannabinoid compound with immunomodulatory properties. CBN is derived from 6-9THC but is less psychoactive. It binds to CB2 receptors
present in splenocytes and thymocytes and has high
immunomodulatory activity due to its ability to decrease IL-2 production.40,47
Considering that many of the ligands and endogenous
receptors of the ECS are present in cells of the innate and
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adaptive IS, it is currently postulated that the ECS could
be involved in the immune response’s homeostasis.48
This hypothesis offers new expectations for the management and treatment of ADs through cannabinoids.
The purpose of the present study is to conduct a literature review of preclinical scientiﬁc evidence that
could support more clinical investigations into the
use of natural and synthetic cannabinoids as potential
modulators of the immune response in prevalent ADs.
Methodology
Two independent investigators reviewed the EBSCOHost, PubMed-National Library Medicine (NLM),
and Virtual Health Library (VHL) databases, in search
of the following MeSH terms: ‘‘Cannabis sativa’’
OR ‘‘Cannabinoids’’ OR ‘‘Phytocannabinoid’’ AND
‘‘Autoimmune disease’’ AND ‘‘Immunomodulation’’/
‘‘Immunomodulator’’/’’Biomodulator’’/‘‘Biological response modiﬁer’’/‘‘Inﬂammation’’/‘‘Immunologic factor’’/‘‘Anti-inﬂammatory agents’’. Both investigators
found the same 677 articles. After ﬁltering by publication date from 2010 to 2020, 454 articles remained.
Duplicate data were removed using the Zotero software
with a ﬁnal yield of 200 single articles.
These articles were evaluated by title and abstract to
select those associated with any of the following terms:
‘‘Multiple sclerosis’’, ‘‘Systemic Lupus Erythematosus’’,
‘‘Diabetes mellitus type 1’’, and ‘‘Rheumatoid arthritis’’,
and reporting the use of natural or synthetic cannabinoids as immunomodulatory therapy. However, considering the scant information reported for SLE,
DMT1, and RA between 2010 and 2020, the publication
date range was extended to 20 years: from 2000 to 2020.
Notwithstanding, there were no articles for SLE that met
the search criteria. Finally, 24 articles on preclinical data
providing scientiﬁc evidence of the cannabinoidmediated immunomodulation in the ADs mentioned
above were analyzed for the present review.
Results
This review summarizes data derived from cellular and
animal models, about the immunomodulatory role of
natural and synthetic cannabinoids, and terpenes in
autoimmunity.
Natural and synthetic cannabinoids, and b-caryophyllene
decrease the inﬂammatory response in MS
MS is an autoimmune disorder mediated through
myelin-speciﬁc self-reactive T cells, and macrophages/
microglial cells, and astrocytes.49 Although the etiology
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and pathophysiology of MS are not clearly understood,
different researchers suggest that the disease could be
associated to various genetic, environmental, and infectious factors50–52 that result in chronic inﬂammation of
the CNS. Tissue damage is mediated by inﬁltrating
Th1/Th17 cells in association with activated macrophages and the synthesis of proinﬂammatory cytokines
that cause oligodendrocyte death, demyelination, and
axonal damage.53,54 The abnormal response results in
many signs and symptoms of the disease, such as muscle spasms, tremors, ataxia, weakness or paralysis, constipation, and loss of bladder control.55,56
Recently, Sativex (Nabiximols), a drug obtained
from C. sativa L. has been approved to treat some clinical manifestations of MS, such as muscle stiffness and
chronic NeP. Sativex is a natural extract with a 1:1 69-THC:CBD ratio that interacts with cannabinoid CB1,
CB2, PPARs, and GPR55 receptors. Sativex inhibits ascending nociceptive transmission at the supraspinal
level, mainly at the thalamus, modiﬁes the emotional
component of pain by acting at the limbic system and
cortical areas, and activates the descending inhibitory
pathway through the inhibition of GABA release in the
periaqueductal gray and rostral ventral medulla.57,58
Despite much evidence about the positive effects of
Sativex on pain and spasticity observed in MS, its immunomodulatory potential in ADs is still unknown;
however, different natural and synthetic cannabinoids
with anti-inﬂammatory activity are currently under investigation (Table 1).
CBD is considered a promising modulator of the immune response due to its interaction with many cannabinoid receptors expressed by the IS cells.
In experimental autoimmune encephalitis (EAE),
the murine model for MS, the CBD decreases the T
cell inﬁltration into the CNS and the secretion of IL17 and interferon (IFN)-c through a mechanism associated with increased numbers of myeloid-derived suppressor cells (MDSC), which have anti-inﬂammatory
activity.59 Additionally, CBD prevents the activation of
the Fas and the phospho-ERK p42/44 pathways, and
the cleaved caspase-3, blocking this way the apoptosis
of oligodendrocytes in the spinal cord.60 Furthermore,
CBD increases phosphorylation of phosphatidylinositol
3-kinase (PI3K), PKB and mammalian target of rapamycin, leading to reduced activity of Th17 cells. In summary, the therapeutic effect of CBD in MS is mainly
mediated through decreased levels of proinﬂammatory
cytokines (IFN-c and IL-17) together with upregulation
of PPAR-c receptors.61
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Additionally, Al-Ghezi et al. demonstrated that the
combination of 6-9-THC and CBD for treatment of
mice with EAE decreased the numbers of Th1 and
Th17 cells in CNS, resulting in lower levels of proinﬂammatory (IL-1, IL-6 IL-17, INF-c, TNF-a) cytokines.
This treatment also induced an anti-inﬂammatory phenotype characterized by higher expression of forkhead
box P3 (FoxP3), STAT5b, IL-4, IL-10, and transforming
growth factor-beta (TGF-b) by regulatory T cells (Treg
cells) in the CNS.62
CBG is another phytocannabinoid with immunomodulatory properties. It is a nonpsychoactive molecule
with agonist activity on CB2 and PPAR-c receptors.63
VCE-003, a synthetic CBG derivative, inhibits the
Th1/Th17 response associated with IL-17 secretion;
through this way, VCE-003 participates in the M1
(proinﬂammatory) toward M2 (anti-inﬂammatory)
macrophage polarization. Consequently, VCE-003 reduces the CD4 + T cell inﬁltration in the spinal cord
and decreases microglial cells’ activation.64
Given the advances in the chemical characterization of
new metabolites of C. sativa L., the therapeutic effects of
terpenes have started to be studied in MS. For instance,
the terpene b-caryophyllene (BCP), a selective CB2 agonist, was evaluated in the mouse model of EAE, where it
inhibited the activation of CD4 + /CD8 + T cells and M1
macrophages. Besides, BCP also reduced the expression
of proinﬂammatory cytokines (IL-1, IL-6, and TNF-a)
and decreased the number of Th1 cells in the CNS.65 Furthermore, Askari et al. found that the combination of BCP
and the SMase imipramine exerts a modulatory effect on
Th1 and Th17 cells and M1 macrophages and reduced the
proinﬂammatory cytokines. These results indicate that
BCP is another molecule from Cannabis that could regulate the inﬂammatory responses observed in MS.66
The search for new CB1 and CB2 receptor agonists
involves some synthetic components, such as WIN 55
(an aminoalkylindole derivative, CB1 agonist) and
COR167 (based on a quinolone-3-carboxylic acid
core structure, CB2 agonist). In the mouse model of
EAE, WIN 55 reduced the response of Th1 cells and
M1 macrophages, and thereby the levels of proinﬂammatory cytokines (IL-2, IL-6, RANTES, TNF-a, and
TGF-b).67 Additionally, WIN 55 reduced the T cell inﬁltration and lowered the activation of M1 macrophage
in the CNS, leading to a lower expression of proinﬂammatory cytokines.68 It is important to note that in the
EAE model, WIN 55 also bound to PPAR-a receptor,
increasing the anti-inﬂammatory response through a
higher expression of IFN-b.69
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Human PBMCs of
patients with MS
Mouse EAE
C57BL/6
Mouse EAE
C57BL/6
Mouse EAE
C57BL/6
Mouse EAE
C57BL/6
Mouse EAE
C57BL/6

Mouse EAE
Dark Agouti
TMEV
Mouse EAE
C57BL/6
Mouse EAE
SJL/J
Mouse EAE
C57BL/6
Mouse EAE
C57BL/6

Model

WIN 55
VCE-003

—
—

—
—
—
—
—

CBD
CBD
BCP + IMP
6-9-THC CBD

COR 167

BCP

—

—

WIN 55
WIN 55

—
—

CBD

WIN 55

Synthetic
cannabinoid

—

Phytocannabinoid

Y Th1/Th17 cytokines.
Y Transcription of IL-2, IL-17, and TNF-a promoters induced by CD3/CD28.
Y TNF-a and IL-1.
Prevents activation of the Fas pathway, fosfo-ERK p42/44, and the activation of
cleaved caspase-3 in the spinal cord tissues.
Exerts a dose-dependent inhibitory effect on T cell proliferation.
Y Proinﬂammatory cytokines (lL-6, IL-17) and Th17 cells.
Y Proinflammatory cytokines TNF-a, IL-6, and IL-1b and NF-jB
[ Treg cells.
[ PI3K, Akt, and mTOR.
Y Th17 responses.
Y T cells, IL-17, and IFN-c.
[ MDSC.
Y Th1 cells.
[ Treg and Th2 cells and M2 Macrophages.
Y Th1, Th17 cells.
Y Proinﬂammatory cytokines (IL-17, INF-c, TNF-a, IL-1, IL-6, and TBX21).
[ Anti-inﬂammatory molecules (Foxp3, STAT5b, IL-4, IL-10, and TGF-b).

[TLR3-induced IFN-b expression through PPARa.

Y Calpain-1 and proinflammatory cytokines (IL-2, IL-6, IL-10, RANTES, TGF-b).
Y T cells and macrophages/microglia in CNS.
[Treg cells CD4 + CD25 + Foxp3 + in CNS.
Y Proinflammatory markers (COX-2, iNOS, and TNF-a) in the spinal cord.

Outcome

2019

2019

2018

2017

2017

2017

2015

2014

2012

2012
2012

2011

62

66

59

61

65

71

60

64

69

67

70

68

Year References

Experimental controls were done in all studies.
AEA, anandamide; Akt, Ak strain transforming, serine/threonine protein kinase; BCP, b-caryophyllene; CBG, cannabigerol; CD, cluster of differentiation; CNS, central nervous system; COR167,
based on a quinolone-3-carboxylic acid core structure (CB2 agonist); COX-2, cyclooxygenase-2; EAE, experimental autoimmune encephalomyelitis; ERK, extracellular signal-related kinase;
Foxp3, forkhead box P3; IFN, interferon; IL, interleukin; IMP, imipramine (sphingomyelinase inhibitor); iNOS, inducible nitric oxide synthase; MDSC, myeloid-derived suppressor cells; MS, multiple
sclerosis; mTOR, mammalian target of rapamycin; NF-jB, nuclear factor-jB; PBMC, peripheral blood mononuclear cells; PI3K, phosphatidylinositol 3-kinase; PPAR-a, peroxisome proliferator-activated
receptor a; RANTES (CCL5), regulated on activation, normal T cell expressed and secreted (C-C Chemokine ligand 5); STAT5b, signal transducer and activator of transcription 5B; TBX21, T-box transcription factor; TGF-b, transforming growth factor beta; Th, T helper; TLR, Toll-like receptor; TMEV, Theiler’s murine encephalomyelitis virus; TNF-a, tumor necrosis factor alpha; Treg cells, regulatory
T cells; VCE-003, synthetic CBG derivative, PPAR-c and CB2 agonist; WIN 55, WIN 55212-2 (CB1 receptor agonist).

Anti-inﬂammatory and
antiproliferative
Anti-inﬂammatory

Anti-inﬂammatory and
antiapoptotic

Anti-inﬂammatory

Immunomodulatory
activity

Table 1. Immunomodulatory Activity of Natural and Synthetic Cannabinoids and Terpenes in Multiple Sclerosis
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WIN 55 showed similar results in the Theiler’s murine
encephalomyelitis virus (TMEV) model for MS, decreasing the activation of CD4 + CD25 + T cells and increasing
the number of Treg cells (CD4 + CD25 + Foxp3 + ) in the
CNS of mice. These events were accompanied by lower
synthesis of proinﬂammatory cytokines by T cells and
higher levels of anti-inﬂammatory cytokines by Treg
cells.70 On the other hand, COR167 exhibited an antiinﬂammatory activity, evidenced by the decreased number of circulating Th17 cells that resulted in lower levels
of IL-6 and IL-17.71
Evidence shows that the immunomodulatory activity of the different cannabinoids indicates a decrease
in proinﬂammatory cytokines and apoptotic pathways
in CNS cells60 as well as an increase in Treg cells and
anti-inﬂammatory cytokines.65,66,70 The studies
reported in this review showed promising results
for future MS treatment; however, more clinical studies are needed to evaluate if the immunomodulation generated by these molecules causes signiﬁcant
changes associated with the reduction and maintenance of an anti-inﬂammatory environment in this
chronic illness.
Modulation of the inﬂammatory response
by cannabinoids delays the progression
and complications of DMT1
DMT1, also known as insulin-dependent diabetes, is a
chronic AD characterized by the destruction of pancreatic b cells and autoantibodies against some proteins
synthesized by them, such as insulin, glutamate decarboxylase, islet antigen 2, zinc transporter 8, and
tetraspanin-7. DMT1 results from a complex interaction of environmental factors, the microbiome, genome, metabolism, and inadequate maintenance of
immune self-tolerance.72,73
DiMeglio et al. described that DMT1 initiates when
APCs of the pancreatic lymph nodes present b cellderived peptides to autoreactive CD4 + T cells, which
in turn activate CD8 + T cells. b cells are then destroyed
by a high amount of proinﬂammatory cytokines released by effector CD8 + T cells and reactive oxygen
species (ROS) from innate immune cells (macrophages,
NK cells, and neutrophils). Additionally, Treg cells are
unable to suppress the inﬂammation and favor the
production of autoantibodies by B cells.73 Thus, the
so-called ‘‘insulitis’’ develops, resulting in low insulin
production and consequent hyperglycemia that causes
neurological and vascular complications in patients
with DMT1.74
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Different investigations show that natural and synthetic cannabinoids could modify the inﬂammatory
process (Table 2) and delay the appearance of
hyperglycemia-related complications observed in patients with DMT1. In the nonobese diabetic (NOD)
mouse model, Weiss et al. observed that CBD treatment reduced signiﬁcantly the plasma levels of proinﬂammatory cytokines (TNF-a, IFN-c), produced by
activated Th1 cells and peritoneal macrophages, and
increased the synthesis of the Th2-associated cytokines,
IL-4 and IL-10.75,76 Moreover, Lehmann et al. used
CBD as a prophylactic anti-inﬂammatory in NOD
mice and observed a reduced activation of immune
cells within the pancreatic microcirculation in the
early stages of the disease that delayed the development
of insulitis.77
On the other hand, different studies have shown that
6-9-THC also has an antioxidant effect. In fact, in the
streptozotocin-induced diabetic mouse model, 6-9THC reduced not only the expression of proinﬂammatory cytokines (IL-1 and IL-6) but also diminished the
levels of malondialdehyde (the ﬁnal product of polyunsaturated fatty acids peroxidation) and increased the levels of nitric oxide (NO). The authors highlighted that the
combined anti-inﬂammatory and antioxidant effects of
6-9-THC delayed the progression of this disease.78,79
Additionally, it is essential to note that diabetic peripheral neuropathy (DPN) and NeP are related to
proinﬂammatory cytokines (IL-1b, IL-6, and TNF-a)
primarily produced by glial cells in the spinal cord.80,81
Bearing in mind that cannabinoid receptors (CB1
and CB2) are expressed in activated microglia cells, alternative cannabinoid therapy has become more relevant in recent years in the treatment of complications
of DMT1.74 Accordingly, Toth et al. determined the
impact of different natural phytocannabinoids as
CBD (CB2 and GPR55 antagonist,) and synthetic cannabinoids: SR144528 (CB2 receptor antagonist), WIN
55 (CB1 receptor agonist), SR141716A (selective CB1
antagonist), and nabilone (nonselective CB1 and
CB2 agonist) on NeP. They found that just CBD
limited pain development at the onset of diabetes
by a restriction in elevation of microglial density
and the expression of Phospho-P38 (p-p38) mitogenactivated protein kinase in the dorsal spinal cord of
CD1 mice.
Therefore, cannabinoids can block ectopic signals
released by a damaged nervous system by inhibiting
the activity of inﬂammatory cells. However, more studies are needed to delve into the underlying mechanisms

CB1 agonist, unspeciﬁed source.
Agonist (receptor not speciﬁed) ^ unspeciﬁed source. Experimental controls were done in all studies.
CD-1, wild mouse; MAPK, mitogen-activated protein kinase; Nabilone, CB1 and CB2 agonist; NOD, nonobese diabetic; SR144528, CB2 antagonist; SR141716A, CB1 antagonist; WIN 55, WIN 55212-2
(CB1 receptor agonist).

a

^b
^b
Wistar-Kyoto rats

CBD
NOD mouse

Antioxidant

b

78

2017

77

SR144528
SR141716A
—

CBD
CD-1 mouse

—

WIN 55
Nabilone

CBD
NOD mouse

Y Inflammation markers and infiltrating leukocytes in pancreatic
microcirculation
(studied by intravital microscopy).
Y Oxidative stress, lipid peroxidation, and blood glucose.

2017

74

2010

76

2008

75

2001
2006

Y mRNA expression of proinflammatory cytokines (IFN-c, TNF-a, and IL-12).
Y Plasma levels of IFN-c, TNF-a.
[ Th2 regulatory cytokines (IL-4 and IL-10).
Y Proinflammatory IL-12 in splenocytes.
[ Anti-inﬂammatory IL-10.
Lower densities of microglia in the dorsal spinal cord, expression
of p-p38 MAPK was diminished and also alleviation of
development of thermal hypersensitivity and tactile allodynia.
Alleviation of development of thermal hypersensitivity and tactile allodynia.
Was no observed effect with any intervention.
—
CBD

CD-1 mouse B6C3F1
NOD mouse
Anti-inﬂammatory

a
a

Outcome
Synthetic
cannabinoid
Phytocannabinoid
Model
Immunomodulatory
Activity

Table 2. Immunomodulatory Activity of Natural and Synthetic Cannabinoids in Diabetes Mellitus Type 1
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of the antinociceptive effects of CB1 and CB2 agonists
in addition to studies where treatment can be administered at the time of injury or neuronal disease.74
Decreased proinﬂammatory cytokine production
induced by cannabinoids is critical for delaying
the articular cartilage degeneration in RA
RA is an inﬂammatory and degenerative joint disease
mainly characterized by the loss of articular cartilage.
The joint damage is mediated through matrix metalloproteinases (MMPs), particularly MMP-2, MMP-3,
and MMP-13. These enzymes increase in response to
the high production of proinﬂammatory cytokines
(IL-1 and TNF-a) by articular chondrocytes.82
Natural and synthetic cannabinoids have antiinﬂammatory activity and reduce the joint damage in
animal models of arthritis, as summarized in Table 3.
According to in vitro studies, synthetic cannabinoids,
such as WIN 55, HU-210, and CP55.940 decrease the
number of Th1 cells; additionally, WIN 55 reduces
PGE2 production, inducible NO synthase, COX-2, and
nuclear factor-jB (NF-jB) activation. Consequently,
they induce less degradation of collagen and proteoglycans and production of MMP by ﬁbroblasts. Altogether,
these effects contribute to reducing the extracellular matrix degradation in the articular cartilage.83–85
It is also essential to highlight the immunomodulatory activity of Ajulemic acid, a nonpsychoactive
synthetic cannabinoid derived from 11-Nor-9carboxy-THC.86 This acid is a CB2 receptor agonist
that increases the synthesis of lipoxin A4 (LXA4), an
endogenous eicosanoid with anti-inﬂammatory properties that reduces the synthesis of proinﬂammatory cytokines (IL-1, IL-6, and TNF-a).83
The synthetic cannabinoid WIN 55 also modulates
the inﬂammatory response by decreasing the synthesis
of proinﬂammatory cytokines and IFN-b.87 Likewise,
HU-320 (synthetic cannabinoid) reduces MMP-3 and
MMP-13 expression in the presence of IL-1 and significantly downregulates the expression of genes coding
for the tissue inhibitors of metalloproteinases, TIMP1 and TIMP-2.88
Similarly, the TRPV2 agonists, O1821 and especially
LER13, reduced the expression of MMP-2 and MMP-3
(critical metalloproteinases involved in joint damage)
in ﬁbroblast-like synoviocytes from patients with RA
and animal models of arthritis; besides, those TRPV2
agonists controlled the severity of inﬂammation.89
Other synthetic CB2 agonists exhibit antiinﬂammatory properties; for instance, HU-308 can
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Table 3. Immunomodulatory Activity of Natural and Synthetic Cannabinoids in Rheumatoid Arthritis
Immunomodulatory
activity
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Anti-inﬂammatory

Model

Phytocannabinoid

Synthetic
cannabinoid

Human PBMCs
FLS
Mouse
C57B/6
Bovine articular chondrocytes

—

Ajulemic acid

—

HU-320

—

HU-210
WIN 55

FLS

—

C57BL/6 mouse
FLS
CIA mouse model

—

CP55,940
WIN-55
O1821
LER13
HU-308

—

Outcome

Year

References

Y IL-1, IL-6, MMPs.

2003

83

Y Production of TNF-a and ROS
from macrophages.
Y IL-1 stimulated proteoglycan
and collagen degradation
Y PGE2 production, iNOS, COX-2,
and NF-kB
Y Proinflammatory cytokines
(IL-1, IL-6, IL-8.).
Y IL-1b-induced expression
of MMP-2 and MMP-3.
Y Proinflammatory cytokines
(IL-6 and TNF-a) in murine
peritoneal macrophages.

2004

88

2006

85

2008

84

2015

89

2015

90

Experimental controls were done in all studies.
FLS, ﬁbroblast-like synovial cells; HU-210, CB1/CB2 agonist; HU-320, CB1/CB2 agonist; HU-308, CB2 agonist; LER13, TRPV2 receptor agonist; MMP,
matrix metalloproteinase; O1821, cannabidiol analog; PGE2, prostaglandin E2; ROS, reactive oxygen species; WIN 55212-2 (CB1 agonist).

reduce the production of proinﬂammatory cytokines
(IL-6 and TNF-a).90
Our research group has evaluated the immunomodulatory activity of Cannabis extracts enriched in different proportions of the cannabinoids CBD, 6-9-THC,
CBG, and terpenes, on peripheral blood mononuclear
cells (PBMCs) and macrophages (M1/M2) in patients
with RA. Preliminary results showed that extracts
with a CBD:THC (2:1) ratio and a higher content of
terpenes have a better antiproliferative effect on stimulated PBMCs in these patients (article in preparation).
All these data show that the immune response’s
modulation by cannabinoids is linked to the CB1/
CB2 and TRPV2 receptors and that cannabinoids
could become a new therapeutic strategy in the treatment of RA These results warrant future research
into the pathways responsible for the beneﬁts that an
alternative cannabinoid-based treatment could offer
to patients with RA.
Discussion
Autoimmune responses are generated mainly by T and
B cells that, during the triggering of an imbalanced immune response, differentiate into CD8 + (cytotoxic),
CD4 + helper (Th1, Th2, Th17), and regulatory Treg
cells, and antibody secretory cells.91 These effector
cells promote the chronic inﬂammation associated
with the degenerative tissue damage typical of these
diseases.91–94 Despite the availability of pharmacological treatments for patients with AD, medication adherence is increasingly lower due to treatment failure and
adverse effects.95–97 Therefore, this review summarizes

preclinical evidence about the immunomodulatory potential of natural and synthetic cannabinoids in animal
models of human ADs, which supports the development of alternative approaches to treat patients affected
by these pathologies.
In this review, we found that many of the studies that
have been carried out in models of MS and DMT1 explore the anti-inﬂammatory properties of natural CBD,
presumably because these do not have any psychoactive properties and regulate the immune responses
through agonist interaction with different receptors
(CB2, TRPV1, PPARs, and GRP55) that are expressed
by cells of the IS.22,42 In these models, CBD decreased
the numbers of Th1 and Th17, the production of the
proinﬂammatory cytokines as IFN-c, TNF-a, IL-1,
IL-12, and IL-17,59,74–76 and increased the numbers
of MDSC, Treg cells, and the production of IL-10,
which play a dominant role in the suppression of the
autoimmune pathology.98,99
One of the etiopathogenetic factors widely investigated in the development of MS is the aberrant autoimmune response generated in the CNS by the inﬁltration
and activation of T and B cells and the destruction of
the neuron myelin sheath.53,54,100 CBD is used to manage muscle stiffness and chronic NeP in patients with
MS57,58; however, it also decreases the inﬁltration of
CD4 + T cells and the release of IL-4 associated with
the demyelination process of neurons.101 Besides,
CBD protects cells of the spinal cord from caspasemediated apoptosis (cleaved caspase 3).60 These data
evidence that CBD treatment could be extended to various diseases associated with neuroinﬂammation and
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neuronal protection as Alzheimer’s and Parkinson’s
diseases.102,103
Moreover, the use of intranasal and intraperitoneal
CBD in animal models of DMT1 was associated with reduced microglia cell density in the dorsal spinal cord
and lesser NeP in the DPN.74 There is a large body of
evidence that cannabinoids are effective painkillers in
cases of acute, inﬂammatory, and NePs.104–106 Nevertheless, the mechanism by which CBD modulates NeP
is uncertain, but it is likely to be related to the inhibition
of cells with inﬂammatory activity.74
On the other hand, 6-9-THC acts through CB1 receptors expressed in the CNS and CB2 receptors
expressed by cells of the IS,107 increasing the synthesis
of anti-inﬂammatory cytokines and decreasing the production of proinﬂammatory ones.59,108,109 Furthermore, 6-9-THC modulates the immune response
by inducing the apoptosis of Th1 cells responsible
for inﬂammation110 and by increasing the number
of FoxP3 + Treg cells through miRNA induction and
epigenetic modiﬁcations.108,111 These ﬁndings were
also reported and conﬁrmed in the context of autoimmunity, further supporting the modulatory role of
6-9-THC on the ECS and its therapeutic potential
as regulator of the immune response.
Interestingly, in mice with EAE, the combination of
CBD and 6-9-THC, but not the individual molecules,
could inhibit the neuroinﬂammation by reducing Th1
and Th17 cells.62 This evidence supports the idea that
combined cannabinoids can generate a broader response by activating different receptors that give rise
to a better regulation of the immune responses.12,13
Besides its anti-inﬂammatory properties in DMT1,
the 6-9-THC has antihyperglycemic and antioxidant
activities, which protects the cardiac tissue and the vasculature.78 Similar ﬁndings have been reported in
CBD-treated diabetic C57BL/6J mice.112 These results
indicate that cannabinoid receptor agonists or antagonists can regulate metabolic aspects that in turn beneﬁt
patients with this disease.113
Interestingly, different studies are currently carried
out with terpenes, such as BCP from Cannabis,
which decrease the inﬂammatory response in MS.65,66
BCP obtained from other plants, such as Copaifera
reticulata, also reduces the systemic inﬂammation
and oxidative state of arthritic rats without hepatotoxic
effects.114 These results evidence the potential antiinﬂammatory properties of terpenes; they could be
used in combination with 6-9-THC or CBD to improve the IS regulation.12,13
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On the other hand, there are many published articles
about the immunomodulatory role of synthetic cannabinoids (WIN 55, VCE-003, COR167, Ajulemic acid,
HU-230, HU-210, CP55.940, O1821, LER13, and
HU-308) in the autoimmune response in MS, DMT1,
and RA.
The synthetic cannabinoid WIN 55 is one of the
most studied molecules. It is a potent CB1 receptor agonist and its effects have been studied in all ADs
reviewed in this article. WIN55 is less psychoactive
than 6-9-THC and is active at low doses.67–70
WIN55 acts through the PPAR-a receptor favoring
the production of IFN-b,69 which is widely used in
the treatment of MS. IFN-b suppresses the inﬂammatory responses by controlling the secretion of proand anti-inﬂammatory cytokine, inhibiting T cell
activation, inducing the differentiation of neural stem
cells to oligodendrocytes that results in repair of damaged neurons, preventing the migration of activated
immune cells through the blood–brain barrier, and
other mechanisms.115,116
It is essential to highlight that in DMT1, the use of
WIN55 (a synthetic CB1 receptor agonist) or
SR141716A and SR144528 (CB1 and CB2 receptors antagonists) generates differential effects in the induction
of analgesia in this disease: WIN55 acts as an analgesic
and antihyperalgesic mediator. In contrast, the signal
triggered by the CB2 receptor does not have this activity.74 Other studies of the CB2 receptor agonists have
shown the development of antinociception and the
modulation of tactile allodynia in rats and mice with
nerve damage.105,106 These ﬁndings conﬁrm that the
analgesic effect of these molecules is mediated through
their agonist activity.74,117
Likewise, in animal RA models, WIN 55 reduces the
production of the proinﬂammatory cytokines, IL-1, IL6, and IL-8, which are involved in the disease’s pathogenesis and maintenance.84 Therefore, the regulation of
these cytokines, as well as the inhibition of NO, PGE2,
and COX-2 production by synthetic cannabinoids, is a
promising alternative to managing the disease given
their ability to avoid cartilage destruction and joint
damage.85,118,119 Similarly, CP55, 940, HU-210, and
ajulemic acid regulated the production of IL-183–85
and the synthesis of proteases, NO, and PGE2 by chondrocytes; this latest mechanism helped to delay the appearance of tissue injury that causes the typical
cartilage destruction observed in this disease.120–122
In MS, the cannabinoid VCE-003 (CB2 and PPAR-c
agonist) has been evaluated given its low psychoactive
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properties. VCE-003 reduced the spinal cord inﬁltration by CD4 + T cells evidencing a potential role to reduce the chronicity of MS.64
It is important to note that many of the MS studies
were performed in mouse models, and that just one
study used PBMCs from patients. In this study, the
COR167 (CB2 agonist) effect was directly evaluated
and showed a powerful dose-dependent inhibitory effect on both nonantigen and antigen-driven T cell proliferation and the release of proinﬂammatory
cytokines.71
HU-308 is another synthetic CB2 agonist cannabinoid that was tested in RA. HU-308 reduced the production of IL-6 and TNF-a, which are key
pathophysiological mediators of RA.90 In previous
studies, HU-308 also inhibited the IL-1 induced production of MMP-3, MMP-13 and IL-6,123 indicating
that this synthetic cannabinoid could also decrease
the clinical symptoms and joint damage characteristics
of this disease.90
Other synthetic cannabinoids, O1821 and LER13
(TRPV2 agonist), reduced the IL-1b-induced expression of MMP-2 and MMP-3; these molecules are mediators of cellular joint invasion and damage.89
However, the authors highlighted that LER13 was
more potent than O1821 because it had greater efﬁcacy
at lower doses,89 and suggested the use of TRPV2 agonists as a novel therapeutic strategy in RA. HU-320
(CB2 agonist) was also studied in RA and showed to
reduce cartilage damage and bone resorption; the effect was attributed to reduced production of TNF-a
and ROS, which in turn reduced the production of
IL-1.124–126
In contrast to the scarce studies of the synthetic cannabinoids previously described, there are many articles
related to ajulemic acid (AJA, CT-3, IP-751, JBT-101,
anabasum) in RA.127 AJA helped to prevent bone damage and articular cartilage destruction in an experimental rat model of arthritis.128 Additionally, Berstein’s
review127 summarized preclinical evidence and clinical
data of AJA effects and concluded that it could be a safe
and effective treatment for diseases characterized by
chronic inﬂammation. Table 4 summarizes the main
ﬁndings of the preclinical studies reported in this
review.
It is important to note that we only found literature
from preclinical studies about the use of some cannabinoids in MS, DMT1, and RA for the present review.
However, we also found out that JBT-101 is being evaluated to treat SLE and dermatomyositis in two phase-II
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clinical trials and of diffuse cutaneous systemic sclerosis in one phase-III clinical trial.129
As mentioned above, no experimental articles associated with SLE were found for the present review. Therefore, we considered that SLE is characterized by
inadequate clearance of immune complexes and apoptotic cells that triggers plasmacytoid dendritic cells
(pDCs) to initiate and enhance the synthesis of proinﬂammatory cytokines associated with the disease’s progression.130,131 In this context, Henriquez et al. showed
that 6-9-THC and CB2 agonists ( JWH-133 and JWH015) inhibited the phosphorylation of some proteins involved in the downstream signaling pathway of INF-a
and TNF-a, such as TANK-binding kinase 1 (TBK1),
interferon regulatory factor 7 (IRF7), NF-jB, and
IKK-c that modulate the pDC-mediated proinﬂammatory responses.131
These ﬁndings indicated once again that the modulation of the CB1/CB2 receptor-associated signaling
could be an effective therapeutic strategy in SLE models
and, therefore, promising for the development of an alternative cannabinoid-based treatment of patients with
this disease.

Conclusions
Cannabinoids and terpenes derived from C. sativa L.
and synthetic cannabinoids interact with the ECS and
produce an anti-inﬂammatory effect by attenuating
the immune response in various animal models of
human ADs (MS, DMT1, and RA). Speciﬁcally, cannabinoids act through agonist or antagonist signals on
different receptors (CB1, CB2, TRPV1–2, PPAR-a/c,
and GRP55) regulating downstream inﬂammatory
responses.
All the evidence found in the literature review suggests that different chemical components obtained
from or chemically similar to C. sativa used alone or
in combination could downregulate the immune response in ADs. The evidence also supports the concept
that the anti-inﬂammatory Cannabis properties come
from the entourage activity of different components
that could be better to treat different biological issues
involved in these diseases.
These ﬁndings should be better exploited to design
further preclinical and clinical studies to gather evidence about the therapeutic potential of cannabinoids
as alternative approaches for alleviating or inhibiting
the symptoms and tissue damage of patients affected
by ADs.
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Abbreviations Used
2-AG ¼ 2-arachidonoylglycerol
5HT3 ¼ nicotine receptor
ADORA2A ¼ adenosine A2A receptors
ADs ¼ autoimmune diseases
AEA ¼ N-arachidonoylethanolamine or anandamide
AJA ¼ ajulemic acid
Akt ¼ serine/threonine protein kinase
BCP ¼ b-caryophyllene
CBD ¼ cannabidiol
CBG ¼ cannabigerol
CBN ¼ cannabinol
CD ¼ cluster of differentiation
CD-1 ¼ wild mouse
CGRP ¼ calcitonin gene-related peptide
CNS ¼ central nervous system
COR167 ¼ based on a quinolone-3-carboxylic acid
core structure-CB2 agonist
COX ¼ cyclooxygenase
DCs ¼ dendritic cells
6-9-THC ¼ delta-9-tetrahydrocannabinol
DMT1 ¼ diabetes mellitus type 1
DPN ¼ diabetic peripheral neuropathy
EAE ¼ experimental autoimmune encephalomyelitis
ECS ¼ endocannabinoid system
ERK ¼ extracellular signal-related kinase
FLS ¼ ﬁbroblast-like synovial cells
Foxp3 ¼ forkhead box P3
GPR55 ¼ G protein-coupled receptor 55
HU-210 ¼ CB1/CB2 agonist
HU-320 ¼ CB1/CB2 agonist
HU-308 ¼ CB2 agonist
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Abbreviations Used (Continued)
IFN ¼ interferon
IKK-c ¼ the inhibitor of nuclear factor jB kinase
subunit gamma
IL ¼ interleukin
IMP ¼ imipramine (sphingomyelinase inhibitor)
iNOS ¼ inducible nitric oxide synthase
IRF7 ¼ interferon regulatory factor 7
IS ¼ immune system
LER13 ¼ TRPV2 receptor agonist
LXA4 ¼ lipoxin A4
MAPK ¼ mitogen-activated protein kinase
MDSC ¼ myeloid-derived suppressor cells
MMPs ¼ matrix metalloproteinases
MS ¼ multiple sclerosis
mTOR ¼ mammalian target of rapamycin
NeP ¼ neuropathic pain
NF-jB ¼ nuclear factor-jB
NK ¼ Natural killer cells
NSAIDs ¼ nonsteroidal anti-inﬂammatory drugs
NO ¼ nitric oxide
NOD ¼ nonobese diabetic
O1821 ¼ cannabidiol analog
PBMC ¼ peripheral blood mononuclear cells
pDCs ¼ plasmacytoid dendritic cells
PGE2 ¼ prostaglandin E2
PI3K ¼ phosphatidylinositol 3-kinase

PPARs ¼ peroxisome proliferator-activated receptor
RA ¼ rheumatoid arthritis
RANTES (CCL5) ¼ regulated on activation, normal T cell expressed
and secreted (C-C Chemokine ligand 5)
ROS ¼ reactive oxygen species
SLE ¼ systemic lupus erythematosus
SMase ¼ sphingomyelinase inhibitor
SR141716A ¼ CB1 antagonist
SR144528 ¼ CB2 antagonist
STAT5b ¼ signal transducer and activator of
transcription 5B
TBK1 ¼ TANK-binding kinase 1
TBX21 ¼ T-box transcription factor
TGF-b ¼ transforming growth factor-beta
Th ¼ T helper
TLR ¼ Toll-like receptor
TMEV ¼ Theiler’s murine encephalomyelitis virus
TNF-a ¼ tumor necrosis factor alpha
Treg cells ¼ regulatory T cells
TRP ¼ transient receptor potential
TRPA1 ¼ transient receptor potential ankyrin 1
TRPV ¼ TRP vanilloids
TRPM8 ¼ transient receptor potential melastatin 8
VCE-003 ¼ synthetic CBG derivative, PPAR-c,
and CB2 agonist
WIN 55 ¼ WIN 55212-2 (CB1 receptor agonist)

