Cannabinoids as anti-inflammatory agents and respiratory function

The information and understanding of COVID-19 continues to change rapidly. We encourage
you to make integrative recommendations carefully and with consideration of the underlying
mechanisms of both the COVID-19 infection and the intended intervention. It is also important to
reiterate that to date there are no clinically evidence-based integrative prevention or treatment
strategies for COVID-19 infection.

Chapter 21 - The Patient-Centered Decision System as per the 4Ps of Precision Medicine

llariaBaiardini EnricoHeffler
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Prediction detect the risk for disease development
identify the presence of prodromal signs
determine the disease progression

recognize the individual likelihood of responding to treatments


https://www.sciencedirect.com/science/article/pii/B9780128134719000244
https://www.sciencedirect.com/science/article/pii/B9780128134719000244#!
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Prevention e reduce the likelihood of disease and disability by introducing
individualized tailored preventive measures
e move from disease treatment to wellness maintenance

Personalizatio e use genetic, biomedical, environmental and lifestyle data to better
n target the delivery of healthcare and treatments to individuals
e tailor each decision and intervention to the individual patient

Participation e involve the individual in strategy aimed to predict, prevent and
personalize the process of care
e increase the individual’s confidence to shift from a passive receiver
of care to and active, responsible and aware driver of his/her
wellness

A ssociation of cannabis potency with mental ill health and addiction: a systematic
review.

Read this Review

Cochrane Review:
[d Cannabis and cannabis oil for the treatment of ulcerative colitis

The effects of cannabis and cannabis oil on ulcerative colitis are uncertain, thus no firm
conclusions regarding the effectiveness and safety of cannabis or cannabis oil in adults
with active ulcerative colitis can be drawn. There is no evidence for cannabis or cannabis
oil use for maintenance of remission in ulcerative colitis. Further studies with a larger
number of participants are required to assess the effects of cannabis in people with
active and inactive ulcerative colitis. Different doses of cannabis and routes of
administration should be investigated. Lastly, follow-up is needed to assess the long
term safety outcomes of frequent cannabis use.

(A Oral Janus kinase inhibitors (tofacitinib) for maintenance of remission in ulcerative colitis

[ Cannabis and cannabis oil for the treatment of Crohn's disease

1 This summary of a Cochrane review presents what we know from research about the
effect of Anakrina on rheumatoid arthritis (RA).


https://click.notification.elsevier.com/CL0/https:%2F%2Fwww.thelancet.com%2Fjournals%2Flanpsy%2Farticle%2FPIIS2215-0366(22)00161-4%2Ffulltext%3Fdgcid=raven_jbs_etoc_feature_lanpsy/2/010001829135923f-04764ec2-965c-4b42-90c8-6e2e63d640ef-000000/XeJcAa5x7j8kAa_psiWXesVLk5CLN1J58BsT_nFKcAU=261
https://www.cochrane.org/CD012954/IBD_cannabis-and-cannabis-oil-treatment-ulcerative-colitis
https://www.cochrane.org/CD012381/IBD_oral-janus-kinase-inhibitors-tofacitinib-maintenance-remission-ulcerative-colitis
https://www.cochrane.org/CD012853/IBD_cannabis-and-cannabis-oil-treatment-crohns-disease
https://www.cochrane.org/CD005121/MUSKEL_anakinra-for-rheumatoid-arthritis
https://www.cochrane.org/CD005121/MUSKEL_anakinra-for-rheumatoid-arthritis
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1 Steroids -- But Not Anti-TNF -- Tied to Severe COVID-Infectious Disease News:
COVID-1919 in IBD Patients
— Large registry study supports recommendations to taper steroids when possible
by Diana Swift, Contributing Writer May 18, 2020

COVID 19 and the Cytokine Storm

A cytokine is a short-lived signaling molecule that the body can release to activate inflammation
in an attempt to contain and eradicate a virus. In a cytokine storm, the immune system floods
the body with these molecules, essentially sounding a fire alarm that continues even after the
firefighters and ambulances have arrived.

Of the millions of individuals who are infected with the Coronavirus the group that pose the
greatest urgency are those who experience respiratory failure. Although we are still early in our
understanding of pathophysiology and the mechanisms of action in the lungs, a preliminary
picture is emerging. Although the specific underlying pathology on the cellular level has not
clearly elucidated yet, clinicians have seen that many of those who become critically ill from
SARS-CoV2 (Covid 19) are experiencing a so-called cytokine storm, which happens when the
immune system overreacts and attacks the body’s organs. Accumulating evidence suggests
that a subgroup of patients with severe COVID-19 might have a cytokine storm syndrome. We
recommend identification and treatment of hyperinflammation using existing, approved
therapies with proven safety profiles to address the immediate need to reduce the rising
mortality. The pathogenesis of highly pathogenic human coronavirus is still not completely
understood. Cytokine storm and viral evasion of cellular immune responses are thought to play
important roles in disease severity.2

Cytokine storm syndrome

The symptoms of cytokine storm syndrome can include high fever, enlarged spleen, excessive
bleeding, low counts of all types of blood cells (red, white, and platelets), and, potentially,
multiple organ failures.

In a recent article in The Atlantic, James Hamblin described WWhy Some People Get Sicker Than
Others when infected by the SARS-CoV-2 virus as follows,

“When the coronavirus attaches to cells, it hooks on and breaks through, then starts to replicate.
It does so especially well in the cells of the nasopharynx and down into the lungs, but is also
known to act on the cells of the liver, bowels, and heart. The virus spreads around the body for
days or weeks in a sort of stealth mode, taking over host cells while evading the immune
response. It can take a week or two for the body to fully recognize the extent to which it has


https://www.medpagetoday.com/infectiousdisease/covid19
https://www.medpagetoday.com/infectiousdisease/covid19/86548
https://www.medpagetoday.com/infectiousdisease/covid19
https://www.medpagetoday.com/infectiousdisease/covid19
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r9
https://www.theatlantic.com/health/archive/2020/04/coronavirus-immune-response/610228/
https://www.theatlantic.com/health/archive/2020/04/coronavirus-immune-response/610228/
https://www.theatlantic.com/health/archive/2020/04/coronavirus-immune-response/610228/
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been overwhelmed. At this point, its reaction is often not calm and measured. The immune
system goes into a hyperreactive state, pulling all available alarms to mobilize the body’s
defense mechanisms. This is when people suddenly crash....

Such a quick decline—especially in the later stages of an infectious disease—seems to result
from the immune response suddenly kicking into overdrive”.

Targeting the catecholamine-cytokine axis to prevent SARS-CoV-2 cytokine storm syndrome
April 2020

To investigate a potential role for a1-AR antagonists in preventing poor outcomes in ARDS, we
conducted a retrospective analysis of hospitalized patients diagnosed with ARDS. Using data
from the Truven Health MarketScan Research Database (2010-2017), we identified 12,673 men
(age 45-64) with ARDS, of whom 1,189 patients (9.4%) were prescribed a1-AR antagonists in
the previous year. Applying logistic regression models, we found that patients with prior use of
a1-AR antagonists had lower odds of the composite of need for invasive mechanical ventilation
and mortality compared to non-users (AOR 0.80, 95% CI 0.69-0.94, p=0.008). Mirroring findings
from pre-clinical models, these data support a clinical rationale to study a1-AR antagonists in
the prophylaxis of ARDS and states of local and systemic immune dysregulation. Prospective,
randomized clinical trials of alpha-1 receptor antagonists (e.g. prazosin) administered prior to
the onset of severe symptoms are needed to assess their efficacy in preventing CSS and
reducing mortality in COVID-19.

d How Covid Sends Some Bodies to War With Themselves
Many Covid-19 patients may be dying from their immune response to the virus, not from
the virus itself. Can science figure out how to save them?

O What We Don’t Know About the Coronavirus By Clifford Marks and Trevor Pour
April 29, 2020
Within hours of a viral invasion, the body’s immune system
swings into action. The “innate” immune system, which recognizes protein structures
common to many pathogens, reacts first, by releasing a family of chemical distress
signals called cytokines. They spread from the site of the infection, instructing the body
to raise its temperature and divert blood flow to the affected area; they also activate
other immune-system cells, which begin developing antibodies specifically targeting the
invaders. Without cytokines, the immune system would slumber while infections wreak
havoc. But the cytokine system has a weakness. Some pathogens can provoke it in a
perverse way, so that it goads the immune system as a whole into overdrive. In what’s
known as a cytokine storm, fever and inflammation spike out of control. It's unclear why
some patients might experience this phenomenon while others do not.

Faced with a cytokine storm in a patient, a doctor can try to modulate the immune
system’s response. The problem is striking the right balance. While some patients may
benefit from a degree of medically induced immunosuppression, there are others for


https://www.researchgate.net/publication/340522572_Targeting_the_catecholamine-cytokine_axis_to_prevent_SARS-CoV-2_cytokine_storm_syndrome
https://www.nytimes.com/2020/08/11/magazine/covid-cytokine-storms.html
https://www.newyorker.com/science/medical-dispatch/what-we-dont-know-about-covid-19?
https://www.newyorker.com/contributors/clifford-marks
https://www.newyorker.com/contributors/trevor-pour
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whom such an intervention could cause great harm. Some hospitals have begun
cautiously administering steroids or drugs that inhibit the cytokine IL-6. But high-quality
clinical-trial data about such treatments won’t be ready for a long time. Moreover, even if
early results are encouraging, we will still have to distinguish between those patients
who will benefit from immunosuppression and those who won't. In the past, physicians
have interpreted elevated blood levels of the protein ferritin as a sign that a cytokine
storm is in progress. Some are now using that analysis in the treatment of covid-19. Only
time will tell if they’re right.

[ Cytokine storm syndrome - how to stop it
During a cytokine storm, the immune system isn’t just going berserk but is also generally
off its game, attacking at will without hitting the right targets. When this happens, people
become more susceptible to infectious bacteria. The storms can also affect other organs
besides the lungs, especially if people already have chronic diseases. This might explain
why some COVID-19 patients end up with complications such as heart problems and
secondary infections.

1 One Emergency Physician’s Cheat Sheet to COVID-19
The Clinical course is predictable.
2 to 11 days after exposure (day 5 on average), flu-like symptoms start. Common are
fever, headache, dry cough, myalgias (often back pain), nausea without vomiting,
abdominal discomfort with some diarrhea, loss of smell, anorexia, fatigue.
Day 5 of symptoms- increased shortness of breath, and bilateral viral pneumonia from
direct viral damage to lung parenchyma.
Day 10 - Cytokine storm leading to acute ARDS and multiorgan failure. You can literally
watch it happen in a matter of hours.
81% mild symptoms, 14% severe symptoms requiring hospitalization, 5% critical.

Unexpected Results in New COVID-19 'Cytokine Storm' Data

Medscape Medical News

A review of Risk Factors Associated With Acute Respiratory Distress Syndrome and Death in
Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China noted that the risk for
developing ARDS included factors consistent with immune activation; older age was associated
with both ARDS development and death, likely owing to less robust immune responses.



https://www.the-cma.org.uk/Articles/Cytokine-storm-syndrome-how-to-stop-it-6285/
https://link.springer.com/article/10.1007%2Fs00134-020-05991-x
https://reachmd.com/programs/covid-19-frontlines/one-emergency-physicians-cheat-sheet-to-covid-19/11376/?
https://click.mail.medscape.com/?qs=c4ee3e98ba55d083108840a272b542ea5a33f7592567410f604d358648949a180f5bf4152e2eab06ec2acc4f024327e12ad687e78ff4f27258427f427cc89cf0
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184
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The virus’s destructive impact can be demonstrated with radiologic studies.

Images in a 41-year-old woman who presented with fever and positive polymerase chain
reaction assay for the 2019 novel coronavirus (2019-nCoV). Three representative axial
thin-section chest CT images show multifocal ground glass opacities without consolidation.
Three-dimensional volume-rendered reconstruction shows the distribution of the ground-glass
opacities (arrows). See also the three-dimensional movie.

Acute respiratory distress syndrome (ARDS)

Neutrophilia was found in both the peripheral blood® and lung™ of patients with SARS-CoV. The
severity of lung damage correlated with extensive pulmonary infiltration of neutrophils and
macrophages and higher numbers of these cells in the peripheral blood in patients with Middle
East respiratory syndrome.’2** Neutrophils are the main source of chemokines and cytokines.
The generation of cytokine storm can lead to ARDS, which is a leading cause of death in
patients with severe acute respiratory syndrome 2 and Middle East respiratory syndrome.* In
this study, patients with COVID-19 pneumonia who had developed ARDS had significantly
higher neutrophil counts than did those without ARDS, perhaps leading to the activation of
neutrophils to execute an immune response against the virus, but also contributing to cytokine
storm. This may partly explain the positive association of high fever and ARDS found at the
early stages of COVID-19. In addition, considering that older age is associated with declined
immune competence,’® the results of the present study showed that older age was associated
with both ARDS and death. Therefore, older age related to death may be due to less robust
immune responses.

About the Human coronaviruses (hCoVs)

Human coronaviruses (hCoVs) can be divided into low pathogenic and highly pathogenic
coronaviruses. The low pathogenic CoVs infect the upper respiratory tract and cause mild,
cold-like respiratory illness. In contrast, highly pathogenic hCoVs such as severe acute
respiratory syndrome CoV (SARS-CoV) and Middle East respiratory syndrome CoV
(MERS-CoV) predominantly infect lower airways and cause fatal pneumonia. Severe


https://www.rsna.org/en/news/2020/January/Coronavirus-Update
https://pubs.rsna.org/doi/10.1148/radiol.2020200257#v1
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r10
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r11
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r12
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r12
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r15
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r14
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2763184#ioi200022r16
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pneumonia caused by pathogenic hCoVs is often associated with rapid virus replication,
massive inflammatory cell infiltration and elevated pro-inflammatory cytokine/chemokine
responses resulting in acute lung injury (ALI), and acute respiratory distress syndrome (ARDS).
Recent studies in experimentally infected animals strongly suggest a crucial role for
virus-induced immunopathological events in causing fatal pneumonia after hCoV infections.
Here we review the current understanding of how a dysregulated immune response may cause
lung immunopathology leading to deleterious clinical manifestations after pathogenic hCoV

infections.

Cytokine release syndrome Alexander Shimabukuro-Vornhagen, Philipp Gddel, Marion

Boris Boll, and Michael S. von Bergwelt-Baildon, J Immunother Cancer. 2018; 6: 56.

Target cell lysis T cell activation
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w, Reported inducers of CRS. CRS can be induced by

direct target cell lysis with consecutive release of cytokines like interferon gamma (IFN-y) or tumor
necrosis factor alpha (TNF-a) or by activation of T cells due to therapeutic stimuli with subsequent
cytokine release. These cytokines trigger a chain reaction due to the activation of innate immune cells like


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6003181/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimabukuro-Vornhagen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%26%23x000f6%3Bdel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Subklewe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Subklewe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stemmler%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schl%26%23x000f6%3B%26%23x000df%3Ber%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schlaak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kochanek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%26%23x000f6%3Bll%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Bergwelt-Baildon%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29907163
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6003181/#
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macrophages and endothelial cells with further cytokine release. Abbreviations: Ang-2: Angiopoetin 2;
CAR: chimeric antigen receptor; DC: dendritic cell; IFN-y: interferon gamma; MHC-I: major
histocompatibility complex [;NK cell: natural killer cell; PD-(L)1: programmed cell death protein (ligand)
1; TCR: T cell receptor.; TNF-a: tumor necrosis factor alpha; vWF: von Willebrand factor
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But why do some people with COVID-19 get incredibly sick, while others escape with mild or
nonexistent symptoms? Age is a factor. Elderly people are at risk of more severe infections
possibly because their immune system can’t mount an effective initial defense, while children
are less affected because their immune system is less likely to progress to a cytokine storm. But
other factors—a person’s genes, the vagaries of their immune system, the amount of virus
they’re exposed to, the other microbes in their bodies—might play a role too. In general, “it's a
mystery why some people have mild disease, even within the same age group,” lwasaki says.

Genetic factors:

Alternative Treatments

Elderberry

There’s no scientific evidence that elderberry or any other herbal remedy is effective for
COVID-19 prevention/tx’

Cytokine storm media debate. Some suggest OK for prevention, but should d/c @ COVID-19
sx onset, due to possible immune inflammatory up-regulation;? theory based on in vitro S nigra
(Sambucol) study on tinflammatory cytokine production in human monocytes®

3 Barak V, et al. The Effect of Sambucol, a Black Elderberry-based, Natural Product, on the
Production of Human cytokines: |. Inflammatory cytokines. Eur Cytokine Netw. 2001.
Apr-Jun;12(2):290-6. Accessed 3/28/20

Echinacea

Cytokine storm media debate. Some suggest OK for prevention, but should d/c @ COVID-19
sx onset, due to possible immune inflammatory up-regulation; 2 theory based on in vitro E
purpurea study on tinflammatory cytokine production in human macrophages 3 and other
limited data4

3 Burger RA, et al. Echinacea-Induced Cytokine Production by Human Macrophages. Int J
Immunopharmacol. 1997 Jul;19(7):371-9. Accessed 4/2/20

MedRxiv 2020

Vitamin D

The Role of Vitamin D in Suppressing Cytokine Storm in COVID-19 Patients and Associated
Mortality

Reported medical characteristics of 793 COVID-19 patients were used to evaluate the intensity
of cytokine storm in severe COVID-19 using C-reactive protein (CRP) levels.

Interferon-a2b

Interferon-a2b treatment for COVID-19

Qiong Zhou, Xiao-Shan Wei, Xuan Xiang, Xu Wang, Zi-Hao Wang, Virginia Chen, Casey P
Shannon, Scott J Tebbutt, Tobias R Kollmann, Eleanor N Fish


https://www.nejm.org/doi/full/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/pubmed/11399518?dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/9568541
https://www.medrxiv.org/content/10.1101/2020.04.08.20058578v1
https://www.medrxiv.org/content/10.1101/2020.04.08.20058578v1

Resources: Cannabinoids as anti-inflammatory agents

doi: https://doi.org/10.1101/2020.04.06.20042580

Targeting the catecholamine-cytokine axis to prevent SARS-CoV-2 cytokine storm syndrome
Maximilian F Konig, Mike Powell, Verena Staedtke, Ren-Yuan Bai, David L Thomas, Nicole

Fischer, Sakibul Hug, Adham M Khalafallah, Allison Koenecke, Nickolas Papadopoulos,
Kenneth W Kinzler, Bert Vogelstein, Joshua T Vogelstein, Susan Athey, Shibin Zhou, Chetan
Bettegowda

doi: https://doi.org/10.1101/2020.04.02.20051565

Unprepared for a Pandemic By Michael T. Osterholm Foerign Affairs March/April 2007

Save this article to read later

9 N,

Prof. Akiko Iwasaki

Jul 22nd 2020, 13 tweets, 7 min read

How does the immune system work? Will there be #COVID19 vaccines? @BioRender & | put
together ‘immunology 101 tweetorial for non-immunologists’. @jerryguartist, @shizaoki,
@JungHeeSciViz also made this accompanying video. Please share widely! (1/n)
https://threadreaderapp.com/thread/1285944893085491204.html

110 views

Eric Topol

1. The early use of inhaled interferons is emerging as a promising strategy to prevent severe
#COVID19: lines of support include mechanism, rare genomic variants, a multicenter
retrospective report, and a small randomized trial

2. On mechanism, our innate immune response, first line of defense relies, at least in part, on
the interferon response.

2 figures from @Viruseslmmunity's terrific thread, and the link to it

Unroll available on Thread Reader


https://www.medrxiv.org/content/10.1101/2020.04.02.20051565v1
https://www.foreignaffairs.com/articles/2007-03-01/unprepared-pandemic
https://www.foreignaffairs.com/author
https://www.foreignaffairs.com/issues/2007/86/2
https://www.foreignaffairs.com/flag/flag/saved_articles/1110711?destination=/articles/2007-03-01/unprepared-pandemic&token=k-MzynksT21WDm44Xx2lI8UYpDSWk4hIgeVagpLjXao
https://threadreaderapp.com/user/VirusesImmunity
https://twitter.com/intent/tweet?in_reply_to=1285944893085491204
https://twitter.com/intent/retweet?tweet_id=1285944893085491204
https://twitter.com/VirusesImmunity/status/1285944893085491204
https://threadreaderapp.com/hashtag/COVID19
https://twitter.com/BioRender
https://twitter.com/JerryGuArtist
https://twitter.com/ShizAoki
https://twitter.com/JungHeeSciViz
https://threadreaderapp.com/thread/1285944893085491204.html
https://threadreaderapp.com/user/EricTopol
https://threadreaderapp.com/hashtag/COVID19
https://twitter.com/VirusesImmunity
https://threadreaderapp.com/thread/1285944893085491204.html
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Innate Immunity
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3. Yesterday's @JAMA_current report of loss-of-function TRL7 rare variants in 4 young men
from 2 independent families w/ severe #COVID 19 connects with their impaired interferon
response

Editorial @rplenge

Molecular Underpinnings of Severe Coronavirus Disease 2019

10


https://twitter.com/JAMA_current
https://threadreaderapp.com/hashtag/COVID19
https://twitter.com/rplenge
https://jamanetwork.com/journals/jama/fullarticle/2768925
https://jamanetwork.com/journals/jama/fullarticle/2768925
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The mol lar underpinnin f sever te respirator ndrom ronavirus 2
SARS-CoV-2) infection and the disease it causes. coronavirus disease 2019 (COVID-19). are
rly underst Inherited ...

https://jamanetwork.com/journals/jama/fullarticle/2768925

Paper by @ahoischen et al

E Pedigrees of family 1 and family 2

Family 1 Family 2

| —0 |
I-1 1-2 : I-1
TLR7 wild-type TLR7 heterozygous : TLR7 NA
SARS-CoV-2 + SARS-CoV-2 NA? : SARS-CoV-2 NA?
I ‘ l CS ;
-1 11-2 -3 : -1 11-2
TLR7 hemizygous TLR7 hemizygous TLR7 NA TLR7 hemizygous TLR7 hemizygous
SARS-CoV-2 + SARS-CoV-2 + SARS-CoV-2 NA? ' SARS-CoV-2 + SARS-CoV-2 +
I:| Affected by COVID-19 [I TLR7 hemizygous @ TLR7 heterozygous carrier

TLR7 variants at the gene and protein level

Family1l Family 2
p.(GIn710Argfs*18)  p.(Val795Phe)
Exon 1 2 3 HE

51 / f N B E

Base pair L 12903630 - £12006777

TLR7 protein
R COOH

Amino acid 1 66

=
T
w
‘ | -
. e
. e
N e
" e
"3 s
=

783 834 890 1036

Aacifdacrea [rrrfdr et |
;_;_:— N R 3 F F w w
%3_ AACC.m Tt cTesT
A ] ]
4 . . [
——+—— : : Ty
——— ; : I
—— : ‘ b1
. : W\/\A R
4 | T
Family 1, 1I-1 Family 2, 1I-1
chrX: g.12905756_12905759del chrX: g.12906010G>T
Presence of Genetic Variants Among Young Men With Severe COVID-19
Thi i ri rar tative X-chrom mal loss-of-function variant iat

with impaired peripheral mononuclear blood cell interferon signaling in 4 young male patients

hospitalized ...

https://jamanetwork.com/journals/jama/fullarticle/2768926
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4. Multicenter report of inhaled interferon-alpha2b (Type1) showed benefit if given early, harm if
late (opposite of pattern with dexamethasone)

Scheme of Possible Severe COVID-19 Phases with and without Early IFN Therapy
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Retrospective Multicenter Cohort Study Shows Early Interferon Therapy Is Associated with

Favorable Clinical Responses in COVID-19 Patients
In a retrospective cohort study of 446 COVID-19 patients, Wang et al. determine that early
administration of interferon-a2b was associated with reduced in-hospital mortality. In contrast,

late interf...
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(20)30401-7

@cellhostmicrobe
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Cell Host & Microbe

Retrospective Multicenter Cohort Study Shows Early
Interferon Therapy Is Associated with Favorable
Clinical Responses in COVID-19 Patients

Graphical Abstract

Scheme of Possible Severe COVID-19 Phases with and without Early IFN Therapy
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Highlights
e 242 of 446 analyzed COVID-19 patients received IFN-«2b, a
type | IFN

e Early initiation of IFN therapy was associated with reduced
mortality

e [IFN therapy was not associated with recovery time for
COVID-19

e IFN-a2b was associated with better responses than were
lopinavir/ritonavir

Authors

Nan Wang, Yan Zhan, Linyu Zhu, ...,
Zhihua Zheng, Yingying Lu, Peng Hong

Correspondence
peng.hong@downstate.edu

In Brief

In a retrospective cohort study of 446
COVID-19 patients, Wang et al. determine
that early administration of interferon-«2b
was associated with reduced in-hospital
mortality. In contrast, late interferon
therapy increased mortality and delayed
recovery, suggesting the timing of
interferon therapy is crucial for favorable
responses in COVID-19 patients.
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5. A small randomized trial of inhaled beta interferon in 100 patients, only available via press
release so far, but very encouraging

results synairgen.com/wp-content/upl...

and important caveats here, by @benjmueller
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New Treatment for Covid-19 Shows Promise, but Scientists Urge Caution

A small study of an inhaled form of a commonly available drug, interferon beta, suggests it could
reduce the odds of patients becoming severely ill.
https://www.nytimes.com/2020/07/20/world/covid-19-treatment-synairgen-interferon-beta.html

Key findings:

The odds of developing severe disease (e.g. requiring ventilation or resulting in death)
during the treatment period (day 1 to day 16) were significantly reduced by 79% for
patients receiving SNG001 compared to patients who received placebo (OR 0.21 [95%
Cl 0.04-0.97]; p=0.046).

Patients who received SNG001 were more than twice as likely to recover (defined as
‘no limitation of activities’ or ‘no clinical or virological evidence of infection’) over the
course of the treatment period compared to those receiving placebo (HR 2.19 [95% CI
1.03-4.69]; p=0.043).

Over the treatment period, the measure of breathlessness was markedly reduced in
patients who received SNG001 compared to those receiving placebo (p=0.007).

Three subjects (6%) died after being randomised to placebo. There were no deaths
among subjects treated with SNG001.

6. There are dozens of ongoing trials, an overview by @meredithwadman @ScienceMagazine
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Can interferons stop COVID-19 before it takes hold?
> Science's COVID-19 coverage is supported by the Pulitzer Center. On 30 April, Valerie
McCarthy's test result confirmed that her grinding fatigue and pummeling headaches were

caused by the new cor...
https://science.sciencemag.org/content/369/6500/125

but if this holds up it will be the first class of drugs that can be given early in the course of an
infection, fulfilling a major unmet need

Missing some Tweet in this thread? You can try to force a refresh.
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1,000 American #COVID19 deaths @COVID19Tracking
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> 8 weeks (not 6, my mistake) We haven't seen this level of US #COVID19 hospitalizations
since the April 15th peak

While attention has focused on Texas, Arizona, and Florida, many news states have hit new
hospitalization and death numbers recently or today. Including South Carolina, Mississippi,

Georgia, Tennessee and ldaho

Read 4 tweets

Eric Topol

@EricTopol

Jul 20th 2020

On the 4 published Phase 1/2 #SARSCoV2 vaccine programs (@moderna_tx @UniofOxford
Pfizer CanSino) 1. None have shown prevention of infections or disease; they show an

antibody response, some T cell response, and preliminary safety. Can't be emphasized enough.

2. We have no idea about durability. The virus is only ~8 months old! 3. Only 2 of these

programs presented specific T-cell response data (perhaps a proxy for longer-lasting

protection): Pfizer/BioNTech program CD4+ in 34/36 patients, CD8+ 29/36 patients Moderna

mostly only CD4+

References for T cell data Pfizer/BioNTech medrxiv.org/content/10.110... Moderna

nejm.org/doi/suppl/10.1...

Read 4 tweets

Eric Topol

@EricTopol

Jul 18th 2020

On #diabetes, glucose control, #COVID19, #SARSCoV2 A new @Cell_Metabolism paper on
the mechanism for uncontrolled glucose and severe covid19 cell.com/action/showPdf... A new
@ThelLancetEndo review goes deep on why there are worse outcomes
thelancet.com/journals/landi...
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The one thing | was surprised about in the review was lack of mention of the affinity of
#SARSCoV2 to pancreatic islet B cells. This is thought to be another mechanism for new onset
#T1D; there have been many cases reported and an ongoing registry

Summary of #SARSCoV2 affinity to ACE2, direct pancreas hit and COVIdiab registry

nejm.org/doi/full/10.10...

Editorial June 30, 2020

Is a “Cytokine Storm” Relevant to COVID-19?

Pratik Sinha, MB, ChB, PhDx2: Michael A. Matthay, MD122: Carolyn S. Calfee, MD, MAS%:23
Author Affiliations Article Information

JAMA Intern Med. Published online June 30, 2020. doi:10.1001/jamainternmed.2020.3313

In its most severe form, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
virus that causes coronavirus disease 2019 (COVID-19), leads to a life-threatening pneumonia
and acute respiratory distress syndrome (ARDS). The mortality rate from COVID-19 ARDS can
approach 40% to 50%.# Although the mechanisms of COVID-19—induced lung injury are still
being elucidated, the term cytokine storm has become synonymous with its pathophysiology,
both in scientific publications and the media. Absent convincing data of their effectiveness in
COVID-19, drugs such as tocilizumab and sarilumab, which are monoclonal antibodies targeting
interleukin (IL)-6 activity, are being used to treat patients; trials of these agents typically cite the
cytokine storm as their rationale (NCT04306705, NCT04322773). A critical evaluation of the
term cytokine storm and its relevance to COVID-19 is warranted.

Startup Spotlight: Going after immune requlators when they cause disease instead of prevent it
By ELIZABETH COONEY @cooney _lizMAY 27, 2020

It appears that after infection, the virus replicates itself inside a patient, leading to a disease
phase where the immune system mounts an inflammatory response against the invader, says
Charles Dela Cruz, a pulmonologist at Yale School of Medicine who is researching COVID-19.
Then, in those patients who progress to severe disease, “potentially this inflammatory response
is too much and hyper-inflames, causing a lot of side effects in terms of tissue damage and
organ failure and things like that,” he says.
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CLINICAL PRACTICE Severe Covid-19 David A. Berlin, M.D., Roy M. Gulick, M.D., M.P.H.,
and Fernando J. Martinez, M.D.

The delayed onset of critical illness in patients with Covid-19 suggests a maladaptive host
response to infection.10 Therefore, there is intense interest in the effects of immunomodulating
therapies. Glucocorticoids have been used widely for cytokine storm and respiratory failure in
patients with Covid-19; however, there is concern that they may prolong viral shedding and lead
to secondary infections.58-60 Current guidelines offer conflicting advice on the use of
glucocorticoids. The Surviving Sepsis Campaign suggests a short course of glucocorticoids for
moderate-to-severe ARDS related to Covid-19,18 whereas the Infectious Diseases Society of
America recommends their use only in the context of a clinical trial.62 For reversal of
vasopressor-dependent shock in patients with Covid-19, the Surviving Sepsis Campaign
recommends low-dose glucocorticoids (hydrocortisone at a dose of 200 mg daily by means of
infusion or with intermittent dosing).18

Other immunomodulating agents currently being evaluated for severe Covid-19 include passive
immunotherapy with convalescent plasma,56.57 intravenous immunoglobulin, and interleukin-1
and interleukin-6 pathway inhibition.63 Pending results of randomized trials, the risks and
benefits of these approaches are also unknown. Candidate therapies for Covid-19 warrant
evaluation separately in patients with established severe disease and in those with milder illness
to determine whether they reduce the risk of progression.10

Drugs targeting patients’ immune systems. rather than the virus itself, could be key to recover
from severe cases of the disease. some researchers suggest.

ﬁ

Shawna Williams

Apr 21, 2020

, SAKKMESTERKE

Among the many outstanding questions about COVID-19 is how the same virus, SARS-CoV-2,
can kill some patients and leave others unaware they were ever exposed. Clinical evidence
combined with hints from laboratory research indicate that for at least some patients with severe
cases, the primary danger comes from a runaway immune response that irreparably injures
tissue, researchers say. Understanding the mechanisms behind that response could be key to
finding a treatment for those patients.

It appears that after infection, the virus replicates itself inside a patient, leading to a disease
phase where the immune system mounts an inflammatory response against the invader, says
Charles Dela Cruz, a pulmonologist at Yale School of Medicine who is researching COVID-19.
Then, in those patients who progress to severe disease, “potentially this inflammatory response
is too much and hyper-inflames, causing a lot of side effects in terms of tissue damage and
organ failure and things like that,” he says.
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That picture is backed up by early clinical reports that find elevated levels of biomarkers
associated with inflammation, such as C-reactive protein. Some studies suggest certain patients
with severe disease experience what’s known as cytokine release syndrome, or a cytokine
storm, meaning their immune cells ramp up the production of inflammation-driving cytokines to
dangerously high levels.

In a preprint posted in February, for example, researchers in Guangzhou, China, reported that
eight of 11 COVID-19 patients with severe acute respiratory distress syndrome had hallmarks of
cytokine release syndrome, including fever, an increase in the numbers of CD4/CD8 T cells, and
elevated levels of the cytokine IL-6. Similarly, a study of 150 COVID-19 patients in Wuhan found
that those who died had significantly higher IL-6 levels than did those who were later released
from the hospital. The authors suggest “cytokine storm syndrome” as a possible cause of death
from the disease.

“Cytokine storm syndrome is this kind of an umbrella term for a variety of [physiological
phenomena] named by different types of physicians for different types of diseases,” explains
Randy Cron, a rheumatologist at the University of Alabama at Birmingham whose research
focuses on the phenomenon. For example, cytokine storms are known as macrophage
activation syndrome when they occur as a result of inflammatory diseases, and cytokine release
syndrome when they stem from CAR T cell therapy for leukemia.

In general, the onslaught of cytokines causes blood vessels to leak, allowing immune cells to
get into organs, potentially driving organ failure. Cytokine storms can also cause blood clotting.
In influenza infections, cytokine storms are also tied to abberrant glucose metabolism,
researchers reported recently based on experiments in mice.

Doctors and researchers are scrambling to find therapies to stop the cytokine onslaught.

Cron suspects that the answer to why some patients with COVID-19 develop cytokine storms
while others don’t may be partly genetic. His own past research has identified genes that cause
familial hemophagocytic lymphohistiocytosis, a rare autoimmune disease involving cytokine
storms, when a person inherits two mutated copies. In analyses of patients’ genes and work
with cultured cells, he says, his group has found indications that just one mutated copy could
cause macrophage activation syndrome if cells are exposed to a trigger such as an infection. He
doesn’t know of any current effort to look for such mutations in COVID-19 patients, but expects
they will happen eventually. Some studies looking broadly for genetic variants associated with
COVID-19 severity are already underway.

In the meantime, doctors and researchers are scrambling to find therapies to stop the cytokine
onslaught. One possibility is tocilizumab, an antibody that binds to receptors for IL-6, inhibiting
that cytokine’s action. A recent case report from France found that two doses of the drug were
associated with a marked improvement in symptoms of one COVID-19 patient, and trials of
tocilizumab for the disease are happening now in multiple countries.

Another possibility is anakinra, a drug for rheumatoid arthritis and a condition known as
neonatal-onset multisystem inflammatory disease that blocks receptors for the cytokine IL-1.
Along with other drugs, anakinra is now being trialed as a COVID-19 treatment in separate
studies in Greece, Belgium, and ltaly. Baricitinib, a drug for rheumatoid arthritis that blocks
enzymes that lead to cytokine release, is another drug for which multiple trials are planned.
Dousing the flames of fiery cell death
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As clinicians try existing cytokine-blocking drugs against COVID-19, other researchers are
looking for potential targets that would head off cytokine storms before they begin, says Dela
Cruz. One candidate is a process known as pyroptosis (Greek for “fiery falling”), a form of cell
death that often occurs as a result of infection and spurs cytokine production.

Akiko lwasaki, an immunologist at Yale who sometimes collaborates with Dela Cruz, says the
heightened levels of lactate dehydrogenase (LDH) some studies have reported in the blood of
COVID-19 patients points toward pyroptosis as core to the disease. LDH is an enzyme common
in the body that converts lactate to pyruvate and is released from cells during pyroptosis, or
from tissue damage in general. In addition, she says, pyroptosis would explain elevated levels
of two cytokines, IL-1p and IL-6, that have been associated with severe cases. “I'm just thinking
this kind of smoldering, fiery death that’s happening inside the person is initiating the
downstream cascade . . . that leads to [a] cytokine storm,” she says.

Unlike apoptosis, in which cells typically die quietly without inciting an immune response,
pyroptosis is distinguished by the activation of protein complexes known as inflammasomes by
pathogens, says Kate Fitzgerald, an immunologist at the University of Massachusetts Medical
Center who studies inflammasomes. That activation sets off a chain of events that includes
processing of IL-1 and other cytokines for release from the cell, and the formation of pores in
the cell membrane that let out “danger signals” such as the cytokines and LDH. Eventually, the
cell ruptures and dies. “It's thought that this pyroptotic cell death is particularly important for
exposing intracellular niches of bacteria,” she says, allowing those bacteria to be destroyed.
Based on the clinical evidence she’s seen, Fitzgerald says she thinks it may well be the case
that pyroptosis gone awry could help explain severe COVID-19 cases, but it's not yet proven.
LDH, she notes, seems to be a nonspecific marker of tissue damage, so may not by itself point
to pyroptosis. But inflammasome activation has been found during infections from other RNA
viruses, such as influenza, and overall, “| think there’s a really good rationale to think that these
pathways could be dysregulated in this disease,” she says.

Another piece of evidence that may point to pyroptosis in severe cases of COVID-19 comes
from previous work on SARS-CoV-2’s close relative SARS-CoV, the coronavirus that caused the
2003 SARS outbreak. Two years ago, John Kehrl’s group at the National Institute of Allergy and
Infectious Diseases reported that a genetic region called open reading frame 3a is critical for
SARS-CoV'’s ability to kill mice, and that the protein it codes for triggers the assembly of a type
of inflammasome known as NLRP3, indicating that the protein may induce pyroptosis.

Working in shifts, one person to a room, his team is now working to understand SARS-CoV-2’s
arsenal, including whether the protein from its open reading frame 3a acts in the same way as
SARS-CoV'’s does. “We would be surprised if it's not doing many of the same things [in
SARS-CoV-2] that that open reading frame did in the SARS virus,” he says. “But we obviously
want to test that.”

There is an existing drug, disulfiram, that’s thought to inhibit the pore formation that occurs
during pyroptosis. Although its approved use is to curb alcohol abuse, it's also shown up in
screens for drugs that could inhibit a key SARS-CoV-2 protein, and it's been proposed for use in
COVID-19 clinical trials. In addition, Fitzgerald notes, several companies have been developing
inhibitors of the inflammasome NLRP3 with the goal of halting aberrant pyroptosis in other
conditions, and she expects such drugs will be tried for COVID-19. “When you have too much
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production of inflammatory mediators, that leads to tissue damage, damage to the lung in
particular,” she says. “And maybe if you can reverse that with patients who were really in these
more severe stages of disease, you could improve their outcomes.”

Keywords:

cell deathCOVID-19cytokine release syndromecytokine stormscytokinesimmune cellsimmune
responseimmunologyinfectious

diseaseinflammasomesinflammationinfluenzanecroptosisNewsSARS-CoV-2

NEWS RELEASE 11-JUN-2020
A novel mechanism that triggers a cellular immune response

The Cytokine Storm, target for the treatment of Covid 19 ARDS

While the pathogenicity of COVID-19 is complex, it is important to understand the role of
inflammation in this disease. The virulence and pathogenicity (including acute respiratory
distress syndrome) associated with SARS coronaviruses develops as the result of viral
activation of cytoplasmic NLRP3 inflammasome. This inflammasome within activated
(upregulated NFkB) macrophages and Th1 immune cells releases proinflammatory cytokines,
namely IL-1B and IL-18, which dictate the pathogenic inflammation responsible for the viru-
lence and symptoms of COVID-19.1
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4 Highly pathogenic respiratory viruses, such as influenza A virus, have been associated
with a cytokine storm that describes an uncontrolled pro-inflammatory cytokine response
339 Cytokine storms also seem to be highly relevant for pathogenic human CoVs “.
Contemporary investigations on SARS-CoV-2 strongly suggest the involvement of
cytokine storm with disease severity . COVID-19 mortality is associated with enhanced
IL-6 levels and consistent cell death, as measured by LDH release22. We showed that
ATV and ATV/RTV decreased IL-6 release in SARS-CoV-2- infected human primary
monocytes. Moreover, we also included in our analysis TNF-a, another hallmark of
inflammation during respiratory virus infections %', Our results revealed that cellular
mortality and cytokine storm-associated mediators were reduced after treatment with the
repurposed antiretroviral drugs used in this study.
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(A Hyperinflammatory shock in children during COVID-19 pandemic

The Science Underlying COVID-19: Implications for the Cardiovascular System
Peter P. Liu , Alice Blet, David Smyth, and Hongliang Li
15 Apr 2020

Corona Virus Disease 2019 (COVID-19) pandemic has impacted health and economy
worldwide on an unprecedented scale. Patients have diverse clinical outcomes, but
those with pre-existing cardiovascular (CV) disease, hypertension, and related
conditions incur disproportionately worse outcomes. The high infectivity of the
SARS-CoV-2 virus is in part related to new mutations in the receptor binding domain,
and acquisition of a furin cleavage site in the S spike protein. The continued viral
shedding in the asymptomatic and pre-symptomatic individuals enhances its community
transmission.
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The virus uses the ACE2 receptor for internalization, aided by TMPRSS2 protease. The
tissue localization of the receptors correlates with COVDI-19 presenting symptoms and
organ dysfunction. Virus-induced ACE2 down regulation may attenuate its function,
diminish its anti-inflammatory role, and heightened angiotensin |l effects in the
predisposed patients.

Lymphopenia occurs early and is prognostic, potentially associated with reduction of
the CD4+ and some CD8+ T cells. This leads to imbalance of the innate/acquired
immune response, delayed viral clearance, and hyper stimulated macrophages and
neutrophils. Appropriate type | interferon pathway activation is critical for virus
attenuation, and balanced immune response. Persistent immune activation in
predisposed patients, such as the elderly and those with CV risk, can lead to
hemophagocytosis like syndrome, with uncontrolled amplification of cytokine production,
leading to multi-organ failure and death.

In addition to the airways and lungs, the cardiovascular system is often involved in
COVID-19 early, reflected in the release of highly sensitive troponin and natriuretic
peptides, which are all extremely prognostic, particularly in those showing continued
rise, along with cytokines such as IL-6. Inflammation in the vascular system can result
in diffuse microangiopathy with thrombosis. Inflammation in the myocardium can result in
myocarditis, heart failure, cardiac arrhythmias, acute coronary syndrome, rapid
deterioration and sudden death.

Aggressive support based on early prognostic indicators with expectant management
can potentially improve recovery. Appropriate treatment for heart failure, arrhythmias,
acute coronary syndrome and thrombosis remain important. Specific evidence based
treatment strategies for COVID-19 will emerge with ongoing global collaboration on
multiple approaches being evaluated. To protect the wider population, antibody testing
and effective vaccines will be needed to make COVID-19 history.

Proinflammatory Cytokine Responses in Extra-Respiratory Tissues During Severe Influenza.

Short KR, Veeris R, Leijten LM, van den Brand JM, Jong VL, Stittelaar K, Osterhaus ADME,

Andeweg A, van Riel D .J Infect Dis. 2017 Oct 17;216(7):829-833.
Severe influenza is often associated with disease manifestations outside the respiratory
tract. While proinflammatory cytokines can be detected in the lungs and blood of infected
patients, the role of extra-respiratory organs in the production of proinflammatory
cytokines is unknown. Here, we show that both 2009 pandemic H1N1 influenza A
(H1N1) virus and highly pathogenic avian influenza A (H5N1) virus induce expression of
tumor necrosis factor a, interleukin-6, and interleukin-8 in the respiratory tract and
central nervous system. In addition, H5N1 virus induced cytokines in the heart,
pancreas, spleen, liver, and jejunum. Together, these data suggest that extra-respiratory
tissues contribute to systemic cytokine responses, which may increase the severity of
influenza.
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Immunotherapeutic implications of IL-6 blockade for cytokine storm Tanaka, Toshio ; Narazaki,

Masashi ; Kishimoto, Tadamitsu Immunotherapy, 0, 2016, Vol.8(8), p.959

For example Tanaka, Narazaki, and Kishimoto found that,
IL-6 contributes to host defense against infections and tissue injuries. However,
exaggerated, excessive synthesis of IL-6 while fighting environmental stress leads to an
acute severe systemic inflammatory response known as 'cytokine storm', since high
levels of IL-6 can activate the coagulation pathway and vascular endothelial cells but
inhibit myocardial function. Remarkable beneficial effects of IL-6 blockade therapy using
a humanized anti-IL-6 receptor antibody, tocilizumab were recently observed in patients
with cytokine release syndrome complicated by T-cell engaged therapy. In this review we
propose the possibility that IL-6 blockade may constitute a novel therapeutic strategy for
other types of cytokine storm, such as the systemic inflammatory response syndrome
including sepsis, macrophage activation syndrome and hemophagocytic
lymphobhistiocytosis.'®

Hyperinflammatory states and cytokine storming, including elevated IL-6, has been reported in
severe COVID-19 and were associated with increased mortality in patients in China [36]..

Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Zhou F, Tu T, Du R, et al. Lancet 2020; 395:1054-62.

A preprint (nonpeer reviewed) case series of 21 patients treated with tocilizumab between
February 5 and 14, 2020 in China reported marked success, including rapid resolution of fever
and C-reactive protein, decreased oxygen requirements, and resolution of lung opacities on
computerized tomography imaging [46]

Effective treatment of severe COVID-19 patients with tocilizumab. Xu X, Han M, Li T, et al.
ChinaXiv 2020;

Tocilizumab?®'

Tocilizumab is a humanized monoclonal antibody that inhibits both membrane-bound and
soluble interleukin-6 (IL-6) receptors. Interleukin-6, which is secreted by monocytes and
macrophages, is one of the main drivers of immunologic response and symptoms in patients
with cytokine-release syndrome (CRS). Although tocilizumab was first approved by the FDA in
2010 for the treatment of rheumatoid arthritis, it has gained traction in recent years for treatment
of patients with CRS following chimeric antigen receptor T-cell (CAR T) therapy as a
corticosteroid-sparing agent [42]. Indeed, it received FDA approval for severe or life-threatening
CAR T-associated CRS in 2017 due to its efficacy and safety profile.

The authors state the patients all had “routine treatment for a week” before tocilizumab, which
was described as “standard care according to national treatment guidelines” including lopinavir,
methylprednisolone, and other supportive care. All patients had IL-6 analyzed before
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tocilizumab administration with a mean value of 132.38 + 278.54 pg/mL (normal <7 pg/mL). It
should be noted that in the United States, IL-6 monitoring is a send-out laboratory for most
institutions with a turnaround time of 3—7 days. No adverse events were described in the
Chinese cohort; however, long-term assessment was not done.

Test called the Ella ™ Cytokine Storm Panel to determine when someone infected with
COVID-19 is entering a critical point in their disease. When patients take a turn for the worse,
they are experiencing a burst in their body’s immune response, particularly with a group of
immune molecules called cytokines. This burst of cytokines, called cytokine release syndrome
or a “cytokine storm,” contributes to the severity of COVID-19, because the cytokines attack the
patient’s organs, which can be fatal in some cases.

O Anti—spike 1gG causes severe acute lung injury by skewing macrophage responses
during acute SARS-CoV infection

Li Liu,1,2 Qiang Wei,3 Qingging Lin,1 Jun Fang,1 Haibo Wang,1 Hauyee Kwok,1
Hangying Tang,1 Keniji Nishiura,1 Jie Peng,1 Zhiwu Tan,1 Tongjin Wu,1 Ka-Wai
Cheung,1 Kwok-Hung Chan,1 Xavier Alvarez,4 Chuan Qin,3 Andrew Lackner,4 Stanley
Perlman,5,6 Kwok-Yung Yuen,1 and Zhiwei Chen1,2 JCI Insight February 21, 2019 -
More info

During acute infection, monocytes/macrophages often display a phenotype of classically
activated macrophages. These cells mediate host defenses against viruses and also
promote lung injury by producing nitric oxide (NO); ROS; IL-1, IL-6, and IL-8; and TNF.
Simultaneously, some macrophages may become alternatively activated, exerting
antiinflammatory function and regulating wound healing by producing matrix
metalloproteinases (MMPs), growth factors, and antiinflammatory cytokines, particularly
TGF-B. When the pathogen or inflammatory stimulus is eliminated, proinflammatory
macrophages diminish. The predominant macrophage population assumes a
wound-healing phenotype. At the final recovery stage, macrophages show a
regulatory/suppressive phenotype, secreting increased levels of IL-10, which facilitates
the resolution of wound healing and restores homeostasis. When the wound-healing
response is well organized and controlled, the inflammatory response resolves quickly,
and normal tissue architecture is restored. Disturbances in wound-healing response can
lead to uncontrolled production of inflammatory mediators, contributing to a state of
persistent injury (9—11)
References
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d Licensing Marijuana Cultivation in Compliance with the Single Convention on Narcotic
Drugs Freedman B. Equipoise and the ethics of clinical research. N Engl J Med
1987;317:141-145. Eull Text

4 Tolerating uncertainty — the next medical revolution? Simpkin AL, Schwartzstein RM. N
Engl J Med 2016;375:1713-1715. Eull Text

d Judgment under uncertainty: heuristics and biases. Tversky A, Kahneman D.Science
1974;185:1124-1131.Web of Science Google Scholar

[ Treating COVID-19 — off-label drug use, compassionate use, and randomized clinical
trials during pandemics. Kalil AC. JAMA 2020 March 24 (Epub ahead of print). Google
Scholar

[ SARS: systematic review of treatment effects. Stockman LJ, Bellamy R, Garner P. PLoS
Med 2006;3(9):e343-e343. Crossref

O The State of Cannabis Research Legislation in 2020 Ali J. Zarrabi, M.D., Jennifer K.
Frediani, Ph.D., R.D., Joshua M. Levy, M.D., M.P.H.May 14, 2020 N Engl J Med
2020; 382:1876-1877DOI: 10.1056/NEJMp2003095
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US Marijuana Research Policy Violated International Law For Decades, DEA Lawsuit Memo
Reveals April 29, 2020

1. John D. Loike and Jennifer E. Miller Opinion: Ethically A ing Experimental
Therapies for COVID-19, The Scientist, Apr 8, 2020

Evidence for Health Decision Making — Beyond Randomized. Controlled Trials
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Nagarkatti P, Pandey R, Rieder SA, Hegde VL, Nagarkatti M.

Future Med Chem. 2009 Oct;1(7):1333-49. DOI: 10.4155/fmc.09.93. Review.

PMID: 20191092 Eree PMC Article Future Med Chem. 2009 Oct;1(7):1333-49. doi:
10.4155/fmc.09.93.

Cannabinoids are a group of compounds that mediate their effects through cannabinoid
receptors. The discovery of A9-tetrahydrocannabinol (THC) as the major psychoactive
principle in marijuana, as well as the identification of cannabinoid receptors and their
endogenous ligands, has led to a significant growth in research aimed at understanding
the physiological functions of cannabinoids. Cannabinoid receptors include CB1, which
is predominantly expressed in the brain, and CB2, which is primarily found on the cells of
the immune system. The fact that both CB1 and CB2 receptors have been found on
immune cells suggests that cannabinoids play an important role in the regulation of the
immune system. Recent studies demonstrated that administration of THC into mice
triggered marked apoptosis in T cells and dendritic cells, resulting in
immunosuppression. In addition, several studies showed that cannabinoids
downregulate cytokine and chemokine production and, in some models, upregulate
T-regulatory cells (Tregs) as a mechanism to suppress inflammatory responses. The
endocannabinoid system is also involved in immunoregulation. For example, the
administration of endocannabinoids or use of inhibitors of enzymes that break down the
endocannabinoids, led to immunosuppression and recovery from immune-mediated
injury to organs such as the liver. Manipulation of endocannabinoids and/or use of
exogenous cannabinoids in vivo can constitute a potent treatment modality against
inflammatory disorders. This review will focus on the potential use of cannabinoids as a
new class of anti-inflammatory agents against a number of inflammatory and
autoimmune diseases that are primarily triggered by activated T cells or other cellular
immune components.

PMID: 20191092 PMCID: PMC2828614 DOI: 10.4155/fmc.09.93

Into the Eye of the Cytokine Storm

Jennifer R. Tisoncik,a Marcus J. Korth,a Cameron P. Simmons,b Jeremy Farrar,b
Thomas R. Martin,c and Michael G. Katzefa

We also address evidence for and against the role of the cytokine storm in the pathology

of clinical and infectious disease and discuss why it has been so difficult to use
knowledge of the cytokine storm and immunomodulatory therapies to improve the
clinical outcomes for patients with severe acute infections. Microbiol Mol Biol Rev. 2012
Mar; 76(1): 16-32. doi: 10.1128/MMBR.05015-11

Anti—spike IgG causes severe acute lung injury by skewing macrophage responses
during acute SARS-CoV infection

Li Liu,1,2 Qiang Wei,3 Qingging Lin,1 Jun Fang,1 Haibo Wang,1 Hauyee Kwok,1
Hangying Tang,1 Keniji Nishiura,1 Jie Peng,1 Zhiwu Tan,1 Tongjin Wu,1 Ka-Wai
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Cheung,1 Kwok-Hung Chan,1 Xavier Alvarez,4 Chuan Qin,3 Andrew Lackner,4 Stanley
Perlman,5,6 Kwok-Yung Yuen,1 and Zhiwei Chen1,2 JCI Insight February 21, 2019 -
More info

During acute infection, monocytes/macrophages often display a phenotype of classically
activated macrophages. These cells mediate host defenses against viruses and also
promote lung injury by producing nitric oxide (NO); ROS; IL-1, IL-6, and IL-8; and TNF.
Simultaneously, some macrophages may become alternatively activated, exerting
antiinflammatory function and regulating wound healing by producing matrix
metalloproteinases (MMPs), growth factors, and antiinflammatory cytokines, particularly
TGF-B. When the pathogen or inflammatory stimulus is eliminated, proinflammatory
macrophages diminish. The predominant macrophage population assumes a
wound-healing phenotype. At the final recovery stage, macrophages show a
regulatory/suppressive phenotype, secreting increased levels of IL-10, which facilitates
the resolution of wound healing and restores homeostasis. When the wound-healing
response is well organized and controlled, the inflammatory response resolves quickly,
and normal tissue architecture is restored. Disturbances in wound-healing response can
lead to uncontrolled production of inflammatory mediators, contributing to a state of
persistent injury (9—11) J Infect Dis. 2017 Oct 17;216(7):829-833. doi: 10.1093/infdis/jix281.

O Proinflammatory Cytokine Responses in Extra-Respiratory Tissues During Severe
Influenza.
Short KR1,2, Veeris R1, Leijten LM1, van den Brand JM1, Jong VL1,3, Stittelaar K4,
Osterhaus ADME1,5, Andeweg A1, van Riel D1. Author information
Abstract
Severe influenza is often associated with disease manifestations outside the respiratory
tract. While proinflammatory cytokines can be detected in the lungs and blood of infected
patients, the role of extra-respiratory organs in the production of proinflammatory
cytokines is unknown. Here, we show that both 2009 pandemic H1N1 influenza A
(H1N1) virus and highly pathogenic avian influenza A (H5N1) virus induce expression of
tumor necrosis factor q, interleukin-6, and interleukin-8 in the respiratory tract and
central nervous system. In addition, H5N1 virus induced cytokines in the heart,
pancreas, spleen, liver, and jejunum. Together, these data suggest that extra-respiratory
tissues contribute to systemic cytokine responses, which may increase the severity of
influenza.

Regulating the adaptive immune response to respiratory virus infection Thomas J. Braciale, Jie
Sun & Taeg S. Kim Nature Reviews Immunology 09 March 2012 volume 12, pages
295-305(2012)

Medical Cannabis Research: Issues and Priorities Mark A Ware December 2017
Neuropsychopharmacology volume 43, pages 214-215 (2018)
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Bottorff JL, Bissell LJ, Balneaves LG, Oliffe JL, Capler NR, Buxton J (2013). Perceptions of
cannabis as a stigmatized medicine: a qualitative descriptive study. Harm Reduct J 10: 2.

Chabrol H, Chauchard E, Mabila JD, Mantoulan R, Adele A, Rousseau A (2006). Contributions
of social influences and expectations of use to cannabis use in high-school students.
Addict Behav 31: 2116—-2119. Frieden TR (2017). Evidence for health decision
making—beyond randomized, controlled trials. N Engl J Med 377: 465-475. Frood A (2009).
US drug agency blunts supply of marijuana for research. Nat Med 15: 223. Stark-Adamec C,
Adamec RE, Pihl RO (1981). The subjective marijuana experience: great expectations. Int J
Addict 16: 1169-1181. Wade L (2015). Biomedical research. Canadian registry to track
thousands of pot smokers. Science 348: 846.

Insights Into Cannabis-Based Medicines: Proceedings From the Medical Cannabis 2018
Conference in Vienna

Translating Endocannabinoid Biology into Clinical Practice: Cannabidiol for Stroke Prevention
Eugene L. Scharf 1 Oct 2017https://doi.org/10.1089/can.2017.0033

5. Ware, M. Medical Cannabis Research: Issues and Priorities. Neuropsychopharmacol.
43,214-215(2018).

The n-of-1 randomized controlled trial: clinical usefulness. Our three-year experience.Guyatt

15;112(4):293-9.

Clinical usefulness of n-of-1 randomized controlled trials in patients with nonreversible chronic
airflow limitation.Patel A1, Jaeschke R, Guyatt GH, Keller JL, Newhouse MT. Am Rev Respir

Dis. 1991 Oct;144(4):962-4.

Aggregating single patient (n-of-1) trials in populations where recruitment and retention was
difficult: The case of palliative care VOLUME 64, ISSUE 5, P471-480, MAY 01, 2011 Jane
Nikles Geoffrey K. Mitchell Philip Schluter Tania Shelby-James Sunita Vohra David Currow

:October 11, 2010 DOIl:https://doi.org/10.1016/}.jclinepi.2010.05.009
Designing Robust N-of-1 Studies for Precision Medicine: Simulation Study and Design

Recommendations.Percha B1, Baskerville EB1, Johnson M1, Dudley JT1, Zimmerman N1.J
Med Internet Res. 2019 Apr 1;21(4):e12641. doi: 10.2196/12641.
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Mobile and pervasive computing technologies and the future of Alzheimer’s clinical trials
Brad Moore on the impact of artificial intelligence in the medicinal marijuana market

No PhDs needed: how citizen science is transforming research 23 October 2018
Projects that recruit the public are getting more ambitious and diverse, but the field faces some

growing pains.

Addressing the challenge of cannabis research: Recommendations to Support and Improve The

push to legalize marijuana may overtake research on medical benefits.
By SARAH OWERMOHLE 12/25/2018

The research, policy and political challenges associated with research of cannabis
NIH Staci Gruber

Cannabis bombshell: Pa. throws out all 8 marijuana research applications. What's next?
by Sam Wood, December 5, 2018

Mr. M. is an 80 YO male resident of a retirement community

Opportunity lost

http://nationalacademies.org/hmd/Activities/PublicHealth/MarijuanaHealthEffects/2017-Feb-21/V
ideos/Welcome-Overview/1-Welcome-Video.aspx

O Pharmacologic Treatments for Coronavirus Disease 2019 (COVID-19)

A Review James M. Sanders, PhD, PharmD"?; Marguerite L. Monogue, PharmD"%; Tomasz Z.
Jodlowski, PharmD?; et al_April 13, 2020

Anticytokine or Imnmunomodulatory Agents

Monoclonal antibodies directed against key inflammatory cytokines or other aspects of the
innate immune response represent another potential class of adjunctive therapies for
COVID-19. The rationale for their use is that the underlying pathophysiology of significant organ
damage in the lungs and other organs is caused by an amplified immune response and cytokine
release, or “cytokine storm.”79 IL-6 appears to be a key driver of this dysregulated inflammation
based on early case series from China.80 Thus, monoclonal antibodies against IL-6 could
theoretically dampen this process and improve clinical outcomes. Tocilizumab, a monoclonal
antibody IL-6 receptor antagonist, is FDA approved to treat RA and cytokine release syndrome
following chimeric antigen receptor T-cell therapy. Given this experience, tocilizumab has been
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used in small series of severe COVID-19 cases with early reports of success. A report of 21
patients with COVID-19 showed receipt of tocilizumab, 400 mg, was associated with clinical
improvement in 91% of patients as measured by improved respiratory function, rapid
defervescence, and successful discharge, with most patients only receiving 1 dose.35 The lack
of a comparator group limits the interpretation of the drug-specific effect and warrants caution
until more rigorous data are available. Several RCTs of tocilizumab, alone or in combination, in
patients with COVID-19 with severe pneumonia are underway in China (NCT04310228,
ChiCTR200002976), and it is included in the current Chinese national treatment guidelines.12

Sarilumab, another IL-6 receptor antagonist approved for RA, is being studied in a multicenter,
double-blind, phase 2/3 trial for hospitalized patients with severe COVID-19 (NCT04315298).81
Other monoclonal antibody or immunomodulatory agents in clinical trials in China or available
for expanded access in the US include bevacizumab (anti-vascular endothelial growth factor
medication; NCT04275414), fingolimod (immunomodulator approved for multiple sclerosis;
NCT04280588), and eculizumab (antibody inhibiting terminal complement; NCT04288713).40

Dysreqgulation of immune response in patients with COVID-19 in Wuhan, China

The novel coronavirus might mainly act on lymphocytes, especially T lymphocytes. Surveillance
of NLR and lymphocyte subsets is helpful in the early screening of critical illness, diagnosis and
treatment of COVID-19.

Longitudinal characteristics of lymphocyte responses and cytokine profiles in the peripheral
blood of SARS-CoV-2 infected patients In this retrospective analysis of 11 critically ill pneumonia
patients infected with COVID-19, we defined and identified eight patients (72.7%) with cytokine
release syndrome-like (CRSL). We found that a large area of lung injury (250%) with an
decrease of CD4, CD8 (Lower than 50% minimum normal range) and increase of IL-6 in All
rights reserved. No reuse allowed without permission. author/funder, who has granted medRxiv
a license to display the preprint in perpetuity. The peripheral blood was the highest risk factor of
CRSL. IL-6 was a early indicators of CRSL in COVID-19-infected pneumonia. We also found
that reduce injury to the lung is a useful method to prevent and improve COVID-19-infected
pneumonia-related CRSL in critically ill pneumonia patients.

medRxiv 2020.02.16.20023671; doi: https://doi.org/10.1101/2020.02.16.2002367 1

cytokine release syndrome-like (CRSL)

The Potential Role of 1L-6 in Monitoring Coronavirus Disease 2019

Conclusion: On admission, the baseline level of IL-6, CRP, LDH and ferritin was closely related
to the severity of COVID-19, and the high level of IL-6 was significantly related to the clinical
manifestation of severe type patients. The decrease of IL-6 was closely related to treatment
effectiveness, while the increase of IL-6 indicated disease progression. Collectively, the dynamic
change of IL-6 level can be used as a marker for disease monitoring in patients with severe
COVID-19.
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The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)

Mervyn Singer, MD, FRCP?; Clifford S. Deutschman, MD. MS?% Christopher Warren Seymour,
MD. MSc? et al February 23, 2016

Proinflammatory Cytokine Responses in Extra-Respiratory Tissues During Severe Influenza.
Short KR1,2, Veeris R1, Leijten LM1, van den Brand JM1, Jong VL1,3, Stittelaar K4, Osterhaus
ADME1,5, Andeweg A1, van Riel D1.J Infect Dis. 2017 Oct 17;216(7):829-833. doi: 10.1093/infdis/jix281.
Severe influenza is often associated with disease manifestations outside the respiratory tract.
While proinflammatory cytokines can be detected in the lungs and blood of infected patients, the
role of extra-respiratory organs in the production of proinflammatory cytokines is unknown.
Here, we show that both 2009 pandemic H1N1 influenza A (H1N1) virus and highly pathogenic
avian influenza A (H5N1) virus induce expression of tumor necrosis factor a, interleukin-6, and
interleukin-8 in the respiratory tract and central nervous system. In addition, H5N1 virus induced
cytokines in the heart, pancreas, spleen, liver, and jejunum. Together, these data suggest that
extra-respiratory tissues contribute to systemic cytokine responses, which may increase the
severity of influenza.

S.-L. Puhl, Cannabinoid-sensitive receptors in cardiac health and disease, BBA - Molecular Cell
Research, https://doi.org/10.1016/j.bbamcr.2019.03.009

The CB2 receptor and its role as a requlator of inflammation Caroline Turcotte, Marie-Renée
Blanchet, Michel Laviolette, and Nicolas Flamand® Cell Mol Life Sci. 2016; 73(23): 4449-4470

In light of the evidence that was generated over the past two decades by the scientific
community, we can draw a few general conclusions regarding the role of the CB2
receptor. First, it is mainly found in immune tissues and is expressed in most immune
cell types. Second, its deletion in animals usually causes an exacerbated inflammatory
phenotype in several models, due to an upregulation of immune cell functions. Third,
CB2 activation by cannabinoids, either in vitro or in vivo, usually decreases inflammatory
cell activation. Finally, the administration of CB2 agonists in animal models of
inflammatory disease can slow the progression of some diseases, in addition to reducing
inflammation.

Infection and immune response in the elderly Smith, Philip W ; Roccaforte, Jane S ; Daly,
Pamela B Annals of Epidemiology, 1992, Vol.2(6), pp.813-822

Immunologic function in the elderly Immune parameter Age-related change References
T-lymphocyte function Cell-mediated immunity Serum antibody levels Antibody response to
immunization or infection Complement activity White blood cell activity Febrile response to
infection Decreased |,2 Decreased 384 Variable 5 Decreased 637 Stable 5 Stable 58
Decreased 9

The Endocannabinoid System as an Emerging Target of Pharmacotherapy
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Impact of Cannabis, Cannabinoids, and Endocannabinoids in the Lungs.

Turcotte C1, Blanchet MR1, Laviolette M1, Flamand N1.

Front Pharmacol. 2016 Sep 15;7:317. eCollection 2016.

Abstract

Since the identification of cannabinoid receptors in the 1990s, a research field has been
dedicated to exploring the role of the cannabinoid system in immunity and the inflammatory
response in human tissues and animal models. Although the cannabinoid system is present and
crucial in many human tissues, studying the impact of cannabinoids on the lungs is particularly
relevant because of their contact with exogenous cannabinoids in the context of marijuana
consumption. In the past two decades, the scientific community has gathered a large body of
evidence supporting that the activation of the cannabinoid system alleviates pain and reduces
inflammation. In the context of lung inflammation, exogenous and endogenous cannabinoids
have shown therapeutic potential because of their inhibitory effects on immune cell recruitment
and functions. On the other hand, cannabinoids were shown to be deleterious to lung function
and to impact respiratory pathogen clearance. In this review, we present the existing data on the
regulation of lung immunity and inflammation by phytocannabinoids, synthetic cannabinoids and
endocannabinoids.

Endocannabinoid System in the Airways. Bozkurt TE. Molecules. 2019 Dec 17;24(24).

Cannabinoids and the mammalian endocannabinoid system is an important research
area of interest and attracted many researchers because of their widespread biological
effects. The significant immune-modulatory role of cannabinoids has suggested their
therapeutic use in several inflammatory conditions. Airways are prone to environmental
irritants and stimulants, and increased inflammation is an important process in most of
the respiratory diseases. Therefore, the main strategies for treating airway diseases are
suppression of inflammation and producing bronchodilation. The ability of cannabinoids
to induce bronchodilation and modify inflammation indicates their importance for airway
physiology and pathologies. In this review, the contribution of cannabinoids and the
endocannabinoid system in the airways are discussed, and the existing data for their
therapeutic use in airway diseases are presented.'®’!

Therefore, appropriate cannabinoid receptor ligands may be rational candidates for the
treatment of airway diseases because of their anti-inflammatory and bronchodilatory

effects.'®’
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Type Actions

Interferons Regulation of innate immunity, activation of antiviral properties, antiproliferative
effects

Interleukins Growth and differentiation of leukocytes; many are proinflammatory

Chemokines Control of chemotaxis, leukocyte recruitment; many are proinflammatory

Colony-stimulating Stimulation of hematopoietic progenitor cell proliferation and differentiation

factors

Tumor necrosis factor Proinflammatory, activates cytotoxic T lymphocytes

TNF-a is a pleiotropic cytokine, with a wide range of functions: homeostatic, immune, and

inflammatory. The beneficial homeostatic functions of TNF-a include defense against pathogens,
development of lymphoid organ architecture, resolution of inflammation, tissue regeneration,
immune regulation, and inhibition of tumor growth. The pathogenic functions of TNF-a
comprise triggering of inflammation, stimulation of vascular endothelium, proliferation of
immune cells, and tissue damage [3, 4]. Under physiological conditions, macrophages,
lymphocytes (T and B), natural killer cells, dendritic cells, and monocytes produce TNF-a in the
periphery [5], while in the CNS TNF-a is produced mainly by migroglia, neurons, and astrocytes
[4-7].

Effect of cannabinoids on cytokine and chemokine production®

Ref.

Cannabinoid Receptor Cell/tissue/serum Effect
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THC

THC

THC

THC

In vivo WINS55,212-2

and HU-210

Ajulemic acid

HU-308

CP55,940

WINS5,212-2

2-AG

ND

ND

ND

CB1 and CB2

independent

CB1 dependent

ND

CB2 dependent

CBI1 and CB2

independent

CB2 dependent
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Macrophage cell line

(RAW264.7)

Peritoneal macrophages

Human cell lines

Rat microglial cells

Serum

Human synovial

monocyte-derived macrophage

Serum and liver homogenates

Rheumatoid fibroblast-like

synoviocytes

Promyelocytic leukemia cell

line (HL-60)

Decreases TNF-o

Increases IL-1a and IL-1p

Decreases TNF-0, GM-CSF

and IFN-y, IL-10

Increases 1L-8

Decreases TNF-q, IL-1a,
IL-1B and IL-6

Decreases TNF-a, 1L-12

Increases 1L-10

Decreases IL-6 and IL-13

Decreases TNF-a, MIP-1a
and MIP-2

IL-6 and IL-8

Increases IL-8, CXCL8 and
CCL2

(40]

[41]

[20]

(28]

[29]

[32]

[33]

[34]

[37]

AG: Arachidonoylglycerol; CB: Cannabinoid receptor; CCL: CC-chemokine ligand; CXCLS8: CXC-chemokine ligand §;
ND: Not determined; THC: Tetrahydrocannabinol.
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Dronabinol (marinol) is the principal psychoactive constituent enantiomer form,
(-)-trans-A°-tetrahydrocannabinol, found in cannabis.® Dronabinol does not include any other
tetrahydrocannabinol (THC) isomers or any cannabidiol.

Delta-9-tetrahydrocannabinol suppresses tumor necrosis factor alpha maturation and secretion
but not its transcription in mouse macrophages.
Zheng ZM1, Specter SC. Author information
Abstract
Various in vitro studies have shown that delta-9-tetrahydrocannabinol (THC), the major
psychoactive component of marijuana, has a variety of inhibitory effects on immune
functions including effects on macrophages. The present studies have examined the
mechanism of THC's effects on tumor necrosis factor alpha (TNF-alpha), a major
macrophage-produced cytokine and an important mediator involved in cytokine networks and in
host defense mechanisms. Exposure of macrophages to medium containing THC has resulted
in low levels of soluble TNF-alpha protein and reduced TNF-alpha bioactivity in the culture
supernatant. However, THC did not inhibit the levels of LPS-induced TNF-alpha mRNA and
intracellular TNF-alpha precursor protein, had only a weak effect on expression of
membrane-bound TNF-alpha, but suppressed TNF-alpha maturation/secretion by
macrophages. The higher the THC concentration in the medium during TNF-alpha induction, the
greater the amount of intracellular TNF-alpha precursors that accumulated in the activated
macrophages and the less mature TNF-alpha was released from the cells. Data suggest that
TNF-alpha production by macrophages was altered greatly by exposure to THC at the levels of
TNF-alpha precursor maturation and secretion.

e Published: January 2005

Cannabinoids in Models of Chronic Inflammatory Conditions Raphael Mechoulam, Percy F.
Sumariwalla, Marc Feldmann & Ruth Gallily Phytochemistry Reviews

These results suggest that CBD and HU-320 hold promise as potential novel anti-inflammatory
agents.

Sir Feldmann, 2014 Canada Gairdner International Awardee, talks about his research on anti-TNF

therapy and it's applications for patients with rheumatoid arthritis and other inflammatory diseases.

*Marc Feldmann, marc.feldmann@kennedy.ox.ac.uk Kennedy Institute of Rheumatology, Nuffield
Depart
Age and sexual determined immune function

Sexual-dimorphism in human immune system aging Nature 06 February 2020
“Unexpectedly, genomic differences between sexes increase after age 65, with men having

higher innate and pro-inflammatory activity and lower adaptive activity. Impact of age and sex on
immune phenotypes can be visualized at https://immune-aqging.jax.org to provide insights into
future studies.”
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Tumor necrosis factor alpha - Wikipedia

en.wikipedia.org » wiki > Tumor_necrosis_factor_alpha

Tumor necrosis factor is a cell signaling protein (cytokine) involved in systemic inflammation and
is one of the cytokines that make up the acute phase reaction.

THC requlates TNF-alpha

THC upregulates TNF-alpha

Positive_regulation(C: THC, T: TNF-alpha)

Confidence: Very high

It was found that THC suppressed IL-12, IL-15 and IL-6 and increased IL-1 alpha, IL-1 beta,
and TNF alpha in all of the stimulated cultures. Described in 1 sentence

THC downregulates TNF-alpha

Negative regulation(C: THC, T: TNF-alpha)

Confidence: High

WIN 55,212-2 and delta9-THC induced a concentration-dependent decrease in TNF-alpha
level in the bronchoalveolar lavage fluid (BALF) (maximum inhibition 52.7% and 36.9% for
intranasal doses of 750 nmol x kg(-1) and 2.65 mmol x kg(-1), respectively). Described in 2
sentences

THC requlates TNF-alpha expression

Regulation(C: THC, T: Gene_expression(T: TNF-alpha))

Confidence: Average

To examine the effects of THC on TNF-alpha and IL-1beta gene expression at the
transcriptional level, RT-PCR was performed in the LPS-stimulated BV2 microglial cells.
Described in 2 sentences

THC downregulates TNF-alpha expression

Negative_regulation(C: THC, T: Gene_expression(T: TNF-alpha))

Confidence: Low

The present study clearly showed that THC suppresses LPS-induced expression of
TNF-alpha and IL-1beta and their extracellular release. Described in 4 sentences

THC uprequlates TNF-alpha localization

Positive_regulation(C: THC, T: Localization(T: TNF-alpha))

Confidence: Low

With regard to NC function, neither the cytotoxic activity of the cells nor release of tumor
necrosis factor was interrupted by THC. Described in 1 sentence

Showing 1 to 5 of 5 entries
FirstPrevious1NextLast

CBD regulates TNF-alpha
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CBD downregulates TNF-alpha expression

Negative regulation(C: CBD, T: Gene_expression(T: TNF-alpha))

Confidence: Low

Our present finding that CBD blocked oxidative and nitrative stress, macrophage infiltration,
TNF-alpha production, and prevented retinal neurodegeneration suggest that CBD
represents novel therapeutics in the treatment of inflammation-mediated retinal damage.
Described in 1 sentence

CBD downregulates TNF-alpha

Negative_regulation(C: CBD, T: TNF-alpha)

Confidence: Very low

Additionally, CBD is able to inhibit tumor necrosis factor-alpha (TNF-alpha) in its own right in
a rodent model of rheumatoid arthritis (Malfait et al 2000). Described in 1 sentence

Impact of Cannabis, Cannabinoids, and Endocannabinoids in the Lungs.

Turcotte C1, Blanchet MR1, Laviolette M1, Flamand N1.

Front Pharmacol. 2016 Sep 15;7:317. eCollection 2016.

Abstract

Since the identification of cannabinoid receptors in the 1990s, a research field has been
dedicated to exploring the role of the cannabinoid system in immunity and the inflammatory
response in human tissues and animal models. Although the cannabinoid system is present and
crucial in many human tissues, studying the impact of cannabinoids on the lungs is particularly
relevant because of their contact with exogenous cannabinoids in the context of marijuana
consumption. In the past two decades, the scientific community has gathered a large body of
evidence supporting that the activation of the cannabinoid system alleviates pain and reduces
inflammation. In the context of lung inflammation, exogenous and endogenous cannabinoids
have shown therapeutic potential because of their inhibitory effects on immune cell recruitment
and functions. On the other hand, cannabinoids were shown to be deleterious to lung function
and to impact respiratory pathogen clearance. In this review, we present the existing data on the
regulation of lung immunity and inflammation by phytocannabinoids, synthetic cannabinoids and
endocannabinoids.

Cannabinoids and the immune system: an overview. |mmunobiology. 2010
Aug;215(8):588-97. doi: 10.1016/j.imbio.2009.12.005. Epub 2010 Jan 4.

Tanasescu R1, Constantinescu CS.

Author information

Abstract

Cannabinoids can influence the immune network. Data on the impact of exogenous cannabinoid
ligands on immune function serve not only to understand how the endocannabinoid system
modulates immune phenomena associated with infection or inflammation, but also to identify
therapeutic targets for immune diseases. Cannabinoids can modulate immune reactions in the
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periphery but also in the brain, influence T cell subset balance and cytokine expression and play
a role in the balance between neuroinflammation and neurodegeneration. Immune cells can
synthesize endocannabinoids and also be influenced by cannabinoid analogues. Cannabinoid
receptors show different expression on immune cells depending on activation status and stimuli.
The complexity of relation between cannabinoid ligands of various classes and cannabinoid
receptors brought the need to refine the simple conceptual frame of agonist-antagonists and
offered potential implications for understanding interactions in pathological conditions. The
immune influence of cannabinoid ligands is not fully elucidated. However, aspects of their
immunomodulatory effects provide the basis for a context-dependent targeted therapeutic
approach, thus leading to the possibility for the use of cannabinoids in the treatment of
inflammatory disease.

2010 Elsevier GmbH. All rights reserved.

PMID: 20153077 DOI: 10.1016/j.imbio.2009.12.005

The endocannabinoid system: a revolving plate in neuro-immune interaction in health and
disease. Tanasescu R1, Gran B, Constantinescu CS. Amino Acids. 2013 Jul;45(1):95-112. doi:
10.1007/s00726-012-1252-8. Epub 2012 Feb 26.

Author information

Abstract

Studies of the last 40 years have brought to light an important physiological network, the
endocannabinoid system. Endogenous and exogenous cannabinoids mediate their effects
through the activation of specific cannabinoid receptors. This modulatory homoeostatic system
operates in the regulation of brain function and also in the periphery. The cannabinoid system
has been shown to be involved in regulating the immune system. Studies examining the effect
of cannabinoid-based drugs on immunity have shown that many cellular and cytokine
mechanisms are modulated by these agents, thus raising the hypothesis that these compounds
may be of value in the management of chronic inflammatory diseases. The special properties of
endocannabinoids as neurotransmitters, their pleiotropic effects and the impact on immune
function show that the endocannabinoid system represents a revolving plate of neural and
immune interactions. In this paper, we outline current information on immune effects of
cannabinoids in health and disease.

.Cannabinoids, endocannabinoids. and related analogs in inflammation.

Burstein SH1, Zurier RB. AAPS J. 2009 Mar;11(1):109-19. doi: 10.1208/s12248-009-9084-5.
Epub 2009 Feb 6

Author information

Abstract

This review covers reports published in the last 5 years on the anti-inflammatory activities of all
classes of cannabinoids, including phytocannabinoids such as tetrahydrocannabinol and
cannabidiol, synthetic analogs such as ajulemic acid and nabilone, the endogenous
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cannabinoids anandamide and related compounds, namely, the elmiric acids, and finally,
noncannabinoid components of Cannabis that show anti-inflammatory action. It is intended to
be an update on the topic of the involvement of cannabinoids in the process of inflammation. A
possible mechanism for these actions is suggested involving increased production of
eicosanoids that promote the resolution of inflammation. This differentiates these cannabinoids
from cyclooxygenase-2 inhibitors that suppress the synthesis of eicosanoids that promote the
induction of the inflammatory process.

PMID: 19199042 PMCID: PMC2664885 DOI: 10.1208/s12248-009-9084-5

Immunoactive effects of cannabinoids: considerations for the therapeutic use of cannabinoid

receptor agonists and antagonists.
Greineisen WE, Turner H.

Int Immunopharmacol. 2010 May;10(5):547-55. doi: 10.1016/j.intimp.2010.02.012. Epub 2010
Feb 25. Review.
PMID: 20219697 Eree PMC Article

Immunoregulatory Role of Cannabinoids during Infectious Disease.
Hernandez-Cervantes R, Méndez-Diaz M, Prospéro-Garcia O, Morales-Montor J.

Neuroimmunomodulation. 2017;24(4-5):183-199. doi: 10.1159/000481824. Epub 2017 Nov 18.
Review.

PMID: 29151103 Eree Article

Similar articles

Select item 31861200

Endocannabinoid System in the Airways. Bozkurt TE. Molecules. 2019 Dec 17;24(24). pii:
E4626. doi: 10.3390/molecules24244626. Review. PMID: 31861200 Free PMC Article
Similar articles

Cannabinoids and the immune system.

Klein TW, Newton CA, Friedman H.

Pain Res Manag. 2001 Summer;6(2):95-101. Review.

PMID: 11854771

Similar articles

Effects of marijuana smoking on pulmonary function and respiratory complications: A
systematic review. Tetrault, J. M., K. Crothers, B. A. Moore, R. Mehra, J. Concato, and D. A.
Fiellin. 2007. Archives of Internal Medicine 167:221-228.

Delta 9-tetrahydrocannabinol treatment suppresses immunity and early IFN-gamma, 1L-12, and

IL-12 receptor beta 2 responses to Legionella pneumophila infection.
Klein TW1, Newton CA, Nakachi N, Friedman H.

Author information
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Abstract

The marijuana cannabinoid, delta 9-tetrahydrocannabinol (THC), suppresses immunity to
Legionella pneumophila and development of Th1 activity and cell-mediated immunity. In the
current study, THC effects on cytokines regulating the development of Th1 cells were examined.
BALB/c mice showed significant increases in serum IL-12 and IFN-gamma within hours of
infection; however, the levels of these Th1-promoting cytokines as well as resistance to a
challenge infection were suppressed by THC (8 mg/kg) injected 18 h before priming. The
Th2-promoting cytokine, IL-4, was increased within hours of a Legionella infection and was
further increased by THC treatment. These results suggested that THC injection suppressed the
cytokine environment promoting Th1 immunity. In additional experiments, THC pretreatment and
infection of IL-4 knockout mice showed that serum IL-12 and IFN-gamma were suppressed
equally in both knockout and normal mice. This suggested that the drug-induced increase in
IL-4 was not responsible for the decreases in serum IL-12 and IFN-gamma. However, THC
treatment was shown to suppress the expression of IL-12 receptor beta 2 mRNA, indicating
that, in addition to suppression of IL-12, THC injection suppressed the expression of IL-12
receptors. Finally, the role of cannabinoid receptors in Th1-promoting cytokine suppression was
examined, and results with receptor antagonists showed that both cannabinoid receptors 1 and
2 were involved. It is suggested that suppression of Th1 immunity to Legionella is not due to an
increase in IL-4 production but to a decrease in IFN-gamma and IL-12. Furthermore, both types
of cannabinoid receptors are involved.

Popular Media

The Coronavirus Patients Betrayed by Their Own Immune Systems NYTimes 4/1/2020 By
Apoorva Mandavilli

A “cytokine storm” becomes an all-too-frequent phenomenon, particularly among the young. But
treatments are being tested.

Modulation of Airway Responses to Influenza A/PR/8/34 by A9-Tetrahydrocannabinol in
C57BL/6 Mice

John P. Buchweitz, Peer W. F. Karmaus, Jack R. Harkema, Kurt J. Williams and Norbert E.
Kaminski

“Likewise, the magnitude of inflammation and virus-induced mucous cell metaplasia, as
assessed by histopathology, was reduced in A9-THC-treated mice by 10 dpi. Collectively, these
results suggest that A9-THC treatment increased viral load, as assessed by H1 mRNA levels,
through a decrease in recruitment of macrophages and lymphocytes, particularly CD4+ and
CD8+ T cells, to the lung.”

Unraveling the complexities of cannabinoid receptor 2 (CB2) immune requlation in health and
disease Sreemanti Basu & Bonnie N. Dittel
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It has become clear that the endocannabinoid system is a potent regulator of immune
responses, with the cannabinoid receptor 2 (CB2) as the key component due to its high
expression by all immune subtypes. CB2 has been shown to regulate immunity by a number of
mechanisms including development, migration, proliferation, and effector functions. In addition,
CB2 has been shown to modulate the function of all immune cell types examined to date. CB2
is a Gi-protein-coupled receptor and thus exhibits a complex pharmacology allowing both
stimulatory and inhibitory signaling that depends on receptor expression levels, ligand
concentration, and cell lineage specificities. Here, we discuss both in vitro and in vivo
experimental evidence that CB2 is a potent regulator of immune responses making it a prime
target for the treatment of inflammatory diseases.

Of particular interest is the role played by the endocannabinoid system in response to_traumatic
brain injury (TBI) and potentially acute cardiac inflammation triggered by preceding ischemia.

ACE2 |s the SARS-CoV-2 Receptor Required for Cell Entry, March 18, 2020
George Sakoulas, MD reviewing Hoffmann M et al. Cell 2020 Mar 5

The angiotensin-converting enzyme 2 is the receptor required for cellular entry of COVID-19,
consistent with the epidemiologic risk for severe disease seen in patients with cardiovascular
disease and hypertension in China.
The COVID-19 pandemic is caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which shares high amino-acid sequence homology with the SARS coronavirus
that emerged in 2002. The surface unit (S1) of the spike (S) protein of SARS engages the
angiotensin-converting enzyme 2 (ACE2) as the entry receptor and then uses the host serine
protease TMPRSS2 for S priming, allowing fusion of viral and cellular membranes and viral
entry into the cell. Researchers have now examined how the S protein from SARS-CoV-2
facilitates viral entry into target host cells and compare the process to that used by SARS.
They found that:
e The S proteins of SARS and SARS-2 mediate viral entry into a similar spectrum of cell
lines.
e Like SARS, SARS-CoV-2 employs the same host-cell ACE2 as the receptor for cell
entry.
The host cell serine protease TMPRSS2 primes the S protein of SARS-CoV-2 for entry.
The serine protease inhibitor camostat mesylate, available in Japan to treat chronic
pancreatitis and reflux esophagitis, inhibits TMPRSS2 and partially blocks SARS-CoV-2
infection of lung epithelial cells.
e Antibodies against S1 from convalescent sera of SARS patients inhibited SARS-CoV-2
from infecting cultured cells.

COMMENT

Although offering a promising therapeutic and vaccine target against SARS-CoV-2, these new
findings remind us that the viral pathogenesis of COVID-19 focuses on blood-pressure
homeostasis mediated by the renin-angiotensin system (Future Virology 2010; 5:145). High risk
for severe COVID-19 disease has been assumed to be driven largely by waning innate
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immunity that comes with advanced age, but younger patients with cardiovascular disease or
hypertension may have unappreciated risk (NEJM JW Infect Dis Mar 2020 and Lancet 2020;
395:565). Clinical studies are needed to help translate how the interaction of SARS-CoV-2 with
the renin-angiotensin system can be harnessed therapeutically (Lancet Respir Med 2020 Mar

11: [e-pub] and Drug Dev Res 2020: Mar 4 [e-pub]).’

How doctors can significantly reduce the number of deaths from Covid-19

But during a storm, these cytokines are overproduced, which causes severe inflammation, high
fever, and organ failure. In other words, it’'s not just a sluggish response to infections that can
harm older adults; the immune system’s overreaction to an invader can also kill, Leng said. “The
cause of death of this virus is, No. 1, respiratory failure, and then No. 2, probably the cytokine
storm.” The good news, as two doctors at the University of Alabama Birmingham wrote for Vox,
is that we have treatments for cytokine storm syndrome, which could help save a significant
number of lives in this outbreak.

How doctors can potentially significantly reduce the number of deaths from Covid-19
Why Covid-19 is so dangerous for older adults

We already have medicines for treating cytokine storm syndrome, the immune response that’s
killing many who die of Covid-19.
By Randy Cron and W. Winn Chatham Mar 12, 2020, 3:20pm EDT

Akhmetshina A, Dees C, Busch N, Beer J, Sarter K, Zwerina J, Zimmer A, Distler O, Schett G,
Distler JH (2009) The cannabinoid receptor CB2 exerts antifibrotic effects in experimental
dermal fibrosis. Arthritis Rheum 60:1129-1136 PubMed Article Google Scholar

Baczynsky WO, Zimmerman AM (1983) Effects of A9-tetrahydrocannabinol, cannabinol and
cannabidiol on the immune system of mice. |. in vivo investigation of the primary and secondary
immune response. Pharmacology 26:1-11 CAS PubMed Article Google Scholar

Basu S, Dittel BN (2011) Unraveling the complexities of cannabinoid receptor 2 (CB2) immune
regulation in health and disease. Immunol Res 51:26—-38 CAS PubMed Article Google Scholar

Borner C, Hollt V, Kraus J (2007) Activation of human T cells induces upregulation of
cannabinoid receptor type 1 transcription. Neuroimmunemodulation 14:281-286 Article
Google Scholar
Q Borner C, Smida M, Hollt V, Schraven B, Kraus J (2009) Cannabinoid receptor type 1-
and 2-mediated increase in cyclic AMP inhibits T cell receptor-triggered signaling. J Biol
Chem 284:35450-35460

46


https://www.jwatch.org/na50823
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1002/ddr.21656
https://www.vox.com/2020/3/12/21176783/coronavirus-covid-19-deaths-china-treatment-cytokine-storm-syndrome
https://www.vox.com/2020/3/12/21176783/coronavirus-covid-19-deaths-china-treatment-cytokine-storm-syndrome
https://www.vox.com/2020/3/12/21173783/coronavirus-death-age-covid-19-elderly-seniors
http://www.vox.com/users/Randy%20Cron
http://www.vox.com/users/W.%20Winn%20Chatham
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19333940
https://doi.org/10.1002%2Fart.24395
http://scholar.google.com/scholar_lookup?&title=The%20cannabinoid%20receptor%20CB2%20exerts%20antifibrotic%20effects%20in%20experimental%20dermal%20fibrosis&journal=Arthritis%20Rheum&volume=60&pages=1129-1136&publication_year=2009&author=Akhmetshina%2CA&author=Dees%2CC&author=Busch%2CN&author=Beer%2CJ&author=Sarter%2CK&author=Zwerina%2CJ&author=Zimmer%2CA&author=Distler%2CO&author=Schett%2CG&author=Distler%2CJH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL38XmtVyhur0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6298841
https://doi.org/10.1159%2F000137763
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20%CE%949-tetrahydrocannabinol%2C%20cannabinol%20and%20cannabidiol%20on%20the%20immune%20system%20of%20mice.%20I.%20in%20vivo%20investigation%20of%20the%20primary%20and%20secondary%20immune%20response&journal=Pharmacology&volume=26&pages=1-11&publication_year=1983&author=Baczynsky%2CWO&author=Zimmerman%2CAM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXht1KjtrzK
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21626285
https://doi.org/10.1007%2Fs12026-011-8210-5
http://scholar.google.com/scholar_lookup?&title=Unraveling%20the%20complexities%20of%20cannabinoid%20receptor%202%20%28CB2%29%20immune%20regulation%20in%20health%20and%20disease&journal=Immunol%20Res&volume=51&pages=26-38&publication_year=2011&author=Basu%2CS&author=Dittel%2CBN
https://doi.org/10.1159%2F000117809
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20human%20T%20cells%20induces%20upregulation%20of%20cannabinoid%20receptor%20type%201%20transcription&journal=Neuroimmunemodulation&volume=14&pages=281-286&publication_year=2007&author=B%C3%B6rner%2CC&author=H%C3%B6llt%2CV&author=Kraus%2CJ

Resources: Cannabinoids as anti-inflammatory agents

Bouaboula M, Rinaldi M, Carayon P, Carillon C, Delpech B, Shire D, Le Fur G, Casellas
P (1993) Cannabinoid-receptor expression in human leukocytes. Eur J Biochem
214:173-180 CAS PubMed

4 Article

d Google Scholar
Buchweitz JP, Karmaus PWF, Harkema JR, Williams KJ, Kaminski N (2007) Modulation
of airway responses to influenza A/PR/8/34 by A9-tetrahydrocannabinol in C57BL/6
mice. J Pharmacol Exp Ther 323:675-683

Q CAS

Q PubMed

O Article

1 Google Scholar
Buchweitz JP, Karmaus PW, Williams KJ, Harkema JR, Kaminski NE (2008) Targeted
deletion of cannabinoid receptors CB1 and CB2 produced enhanced inflammatory
responses to influenza A/PR/8/34 in the absence and presence of
A9-tetrahydrocannabinol. J Leukoc Biol 83:785-796

Q CAS

Q PubMed

O Article

1 Google Scholar
Buckley NE, McCoy KL, Mezey E, Bonner T, Zimmer A, Felder CC, Glass M (2000)
Immunomodulation by cannabinoids is absent in mice deficient for the cannabinoid
CB(2) receptor. Eur J Pharmacol 396:141-149

O CAS

O PubMed

4 Article

d Google Scholar
Cabral GA, Marciano-Cabral F (2004) Cannabinoid-mediated exacerbation of brain
infection by opportunistic amebae. J Neuroimmunol 147:127-130

O CAS

d PubMed

4 Article

d Google Scholar
Cabral GA, Mishkin EM, Marciano-Cabral F, Coleman P, Harris L, Munson AE (1986)
Effect of delta-9-tetrahydrocannabinol on herpes simplex virus type 2 vaginal infections
in the guinea pig. Proc Soc Exp Biol Med 182:181-186

Q CAS

Q PubMed

O Article

1 Google Scholar
Castaneda JT, Harui A, Kiertscher SM, Roth JD, Roth MD (2013) Differential expression
of intracellular and extracellular CB2 cannabinoid receptor protein by human peripheral
blood leukocytes. J Neuroimm Pharmacol 8:323-332

47


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXks1aru74%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8508790
https://doi.org/10.1111%2Fj.1432-1033.1993.tb17910.x
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-receptor%20expression%20in%20human%20leukocytes&journal=Eur%20J%20Biochem&volume=214&pages=173-180&publication_year=1993&author=Bouaboula%2CM&author=Rinaldi%2CM&author=Carayon%2CP&author=Carillon%2CC&author=Delpech%2CB&author=Shire%2CD&author=Fur%2CG&author=Casellas%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXht1ynsb%252FJ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17726158
https://doi.org/10.1124%2Fjpet.107.124719
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20airway%20responses%20to%20influenza%20A%2FPR%2F8%2F34%20by%20%CE%949-tetrahydrocannabinol%20in%20C57BL%2F6%20mice&journal=J%20Pharmacol%20Exp%20Ther&volume=323&pages=675-683&publication_year=2007&author=Buchweitz%2CJP&author=Karmaus%2CPWF&author=Harkema%2CJR&author=Williams%2CKJ&author=Kaminski%2CN
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXjtVaqtbk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18073275
https://doi.org/10.1189%2Fjlb.0907618
http://scholar.google.com/scholar_lookup?&title=Targeted%20deletion%20of%20cannabinoid%20receptors%20CB1%20and%20CB2%20produced%20enhanced%20inflammatory%20responses%20to%20influenza%20A%2FPR%2F8%2F34%20in%20the%20absence%20and%20presence%20of%20%CE%949-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=83&pages=785-796&publication_year=2008&author=Buchweitz%2CJP&author=Karmaus%2CPW&author=Williams%2CKJ&author=Harkema%2CJR&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXjsVGntro%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10822068
https://doi.org/10.1016%2FS0014-2999%2800%2900211-9
http://scholar.google.com/scholar_lookup?&title=Immunomodulation%20by%20cannabinoids%20is%20absent%20in%20mice%20deficient%20for%20the%20cannabinoid%20CB%282%29%20receptor&journal=Eur%20J%20Pharmacol&volume=396&pages=141-149&publication_year=2000&author=Buckley%2CNE&author=McCoy%2CKL&author=Mezey%2CE&author=Bonner%2CT&author=Zimmer%2CA&author=Felder%2CCC&author=Glass%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2cXltVOlsg%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14741443
https://doi.org/10.1016%2Fj.jneuroim.2003.10.027
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-mediated%20exacerbation%20of%20brain%20infection%20by%20opportunistic%20amebae&journal=J%20Neuroimmunol&volume=147&pages=127-130&publication_year=2004&author=Cabral%2CGA&author=Marciano-Cabral%2CF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XktFygsLs%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3010327
https://doi.org/10.3181%2F00379727-182-42325
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20delta-9-tetrahydrocannabinol%20on%20herpes%20simplex%20virus%20type%202%20vaginal%20infections%20in%20the%20guinea%20pig&journal=Proc%20Soc%20Exp%20Biol%20Med&volume=182&pages=181-186&publication_year=1986&author=Cabral%2CGA&author=Mishkin%2CEM&author=Marciano-Cabral%2CF&author=Coleman%2CP&author=Harris%2CL&author=Munson%2CAE

Resources: Cannabinoids as anti-inflammatory agents

O Article

1 Google Scholar
Cencioni MT, Chiurchiu V, Catanzaro G, Borsellino G, Bernardi G, Battistini L,
Maccarrone M (2010) Anandamide suppresses proliferation and cytokine release from
primary human T-lymphocytes mainly via CB2 receptors. PLoS ONE 5:e8688 [Electronic
Resource]

1 PubMed Central

Q PubMed

O Article

1 Google Scholar
Condie R, Herring A, Koh WS, Lee M, Kaminski NE (1996) Cannabinoid inhibition of
adenlate cyclase-mediated signal transduction and IL-2 expression in the murine T-cell
line, EL4.IL-2. J Biol Chem 271:13175-13183

O CAS

O PubMed

4 Article

1 Google Scholar
Coopman K, Smith LD, Wright KL, Ward SG (2007) Temporal variation in CB2R levels
following T lymphocyte activation: evidence that cannabinoids modulate
CXCL12-induced chemotaxis. Int Immunopharmacol 7:360-371

Q CAS

Q PubMed

O Article

1 Google Scholar
Costantino CM, Gupta A, Yewdall AW, Dale BM, Devi LA, Chen BK (2012) Cannabinoid
receptor 2-mediated attenuation of CXCR4-tropic HIV infection in primary CD4+ T cells.
PLoS ONE 7:33961 [Electronic Resource]

O CAS

1 PubMed Central

Q PubMed

O Article

1 Google Scholar
Croxford JL, Yamamura T (2005) Cannabinoids and the immune system: potential for
the treatment of inflammatory diseases? J Neuroimmunol 166:3—18

Q CAS

Q PubMed

O Article

1 Google Scholar
Daaka Y, Friedman H, Klein TW (1996) Cannabinoid receptor proteins are increased in
jurkat, human T-cell line after mitogen activation. J Pharmacol Exp Ther 276:776—783

Q CAS

Q PubMed

d Google Scholar

48


https://doi.org/10.1007%2Fs11481-012-9430-8
http://scholar.google.com/scholar_lookup?&title=Differential%20expression%20of%20intracellular%20and%20extracellular%20CB2%20cannabinoid%20receptor%20protein%20by%20human%20peripheral%20blood%20leukocytes&journal=J%20Neuroimm%20Pharmacol&volume=8&pages=323-332&publication_year=2013&author=Castaneda%2CJT&author=Harui%2CA&author=Kiertscher%2CSM&author=Roth%2CJD&author=Roth%2CMD
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2809084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20098669
https://doi.org/10.1371%2Fjournal.pone.0008688
http://scholar.google.com/scholar_lookup?&title=Anandamide%20suppresses%20proliferation%20and%20cytokine%20release%20from%20primary%20human%20T-lymphocytes%20mainly%20via%20CB2%20receptors&journal=PLoS%20ONE&volume=5&publication_year=2010&author=Cencioni%2CMT&author=Chiurchiu%2CV&author=Catanzaro%2CG&author=Borsellino%2CG&author=Bernardi%2CG&author=Battistini%2CL&author=Maccarrone%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XjtlGisL0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8662742
https://doi.org/10.1074%2Fjbc.271.22.13175
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20inhibition%20of%20adenlate%20cyclase-mediated%20signal%20transduction%20and%20IL-2%20expression%20in%20the%20murine%20T-cell%20line%2C%20EL4.IL-2&journal=J%20Biol%20Chem&volume=271&pages=13175-13183&publication_year=1996&author=Condie%2CR&author=Herring%2CA&author=Koh%2CWS&author=Lee%2CM&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtlSltLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17276894
https://doi.org/10.1016%2Fj.intimp.2006.11.008
http://scholar.google.com/scholar_lookup?&title=Temporal%20variation%20in%20CB2R%20levels%20following%20T%20lymphocyte%20activation%3A%20evidence%20that%20cannabinoids%20modulate%20CXCL12-induced%20chemotaxis&journal=Int%20Immunopharmacol&volume=7&pages=360-371&publication_year=2007&author=Coopman%2CK&author=Smith%2CLD&author=Wright%2CKL&author=Ward%2CSG
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XltVyntLk%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3309010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22448282
https://doi.org/10.1371%2Fjournal.pone.0033961
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%202-mediated%20attenuation%20of%20CXCR4-tropic%20HIV%20infection%20in%20primary%20CD4%2B%20T%20cells&journal=PLoS%20ONE&volume=7&publication_year=2012&author=Costantino%2CCM&author=Gupta%2CA&author=Yewdall%2CAW&author=Dale%2CBM&author=Devi%2CLA&author=Chen%2CBK
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXntVCrurw%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16023222
https://doi.org/10.1016%2Fj.jneuroim.2005.04.023
http://scholar.google.com/scholar_lookup?&title=Cannabinoids%20and%20the%20immune%20system%3A%20potential%20for%20the%20treatment%20of%20inflammatory%20diseases%3F&journal=J%20Neuroimmunol&volume=166&pages=3-18&publication_year=2005&author=Croxford%2CJL&author=Yamamura%2CT
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XhtFaktb4%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8632350
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%20proteins%20are%20increased%20in%20jurkat%2C%20human%20T-cell%20line%20after%20mitogen%20activation&journal=J%20Pharmacol%20Exp%20Ther&volume=276&pages=776-783&publication_year=1996&author=Daaka%2CY&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, Gibson D,
Mandelbaum A, Etinger A, Mechoulam R (1992) Isolation and structure of a brain
constituent that binds to the cannabinoid receptor. Science 258:1946-1949

O CAS

O PubMed

4 Article

d Google Scholar
Eisenstein TK, Meissler JJ, Wilson Q, Gaughan JP, Adler MW (2007) Anandamide and
A9-tetrahydrocannabinol directly inhibit cells of the immune system via CB2 receptors. J
Neuroimmunol 189:17-22

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Felder CC, Joyce KE, Briley EM, Mansouri J, Mackie K, Blond O, Lai Y, Ma AL, Mitchell
RL (1995) Comparison of the pharmacology and signal transduction of the human
cannabinoid CB1 and CB2 receptors. Mol Pharmacol 48:443-450

Q CAS

Q PubMed

d Google Scholar
Friedman H, Newton C, Klein TW (2003) Microbial infections, immunomodulation, and
drugs of abuse. Clin Micro Rev 16:209-219

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Galiegue S, Mary S, Marchand J, Dussossoy D, Carriere D, Carayon P, Bouaboula M,
Shire D, Le Fur G, Casellas P (1995) Expression of central and peripheral cannabinoid
receptors in human immune tissues and leukocyte subpopulations. Eur J Biochem
232:54-61

Q CAS

Q PubMed

O Article

1 Google Scholar
Gardner B, Zu LX, Sharma S, Liu Q, Makriyannis A, Tashkin DP, Dubinett SM (2002)
Autocrine and paracrine regulation of lymphcyte CB2 receptor expression by TGF-.
Biochem Biophys Res Comm 290:91-96

O CAS

d PubMed

4 Article

d Google Scholar

49


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXpvVKntg%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1470919
https://doi.org/10.1126%2Fscience.1470919
http://scholar.google.com/scholar_lookup?&title=Isolation%20and%20structure%20of%20a%20brain%20constituent%20that%20binds%20to%20the%20cannabinoid%20receptor&journal=Science&volume=258&pages=1946-1949&publication_year=1992&author=Devane%2CWA&author=Hanus%2CL&author=Breuer%2CA&author=Pertwee%2CRG&author=Stevenson%2CLA&author=Griffin%2CG&author=Gibson%2CD&author=Mandelbaum%2CA&author=Etinger%2CA&author=Mechoulam%2CR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtVWitL%252FK
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17640739
https://doi.org/10.1016%2Fj.jneuroim.2007.06.001
http://scholar.google.com/scholar_lookup?&title=Anandamide%20and%20%CE%949-tetrahydrocannabinol%20directly%20inhibit%20cells%20of%20the%20immune%20system%20via%20CB2%20receptors&journal=J%20Neuroimmunol&volume=189&pages=17-22&publication_year=2007&author=Eisenstein%2CTK&author=Meissler%2CJJ&author=Wilson%2CQ&author=Gaughan%2CJP&author=Adler%2CMW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXosVKhu7k%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7565624
http://scholar.google.com/scholar_lookup?&title=Comparison%20of%20the%20pharmacology%20and%20signal%20transduction%20of%20the%20human%20cannabinoid%20CB1%20and%20CB2%20receptors&journal=Mol%20Pharmacol&volume=48&pages=443-450&publication_year=1995&author=Felder%2CCC&author=Joyce%2CKE&author=Briley%2CEM&author=Mansouri%2CJ&author=Mackie%2CK&author=Blond%2CO&author=Lai%2CY&author=Ma%2CAL&author=Mitchell%2CRL
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3sXjsF2gtrY%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC153143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12692094
https://doi.org/10.1128%2FCMR.16.2.209-219.2003
http://scholar.google.com/scholar_lookup?&title=Microbial%20infections%2C%20immunomodulation%2C%20and%20drugs%20of%20abuse&journal=Clin%20Micro%20Rev&volume=16&pages=209-219&publication_year=2003&author=Friedman%2CH&author=Newton%2CC&author=Klein%2CTW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXnvVKksL8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7556170
https://doi.org/10.1111%2Fj.1432-1033.1995.tb20780.x
http://scholar.google.com/scholar_lookup?&title=Expression%20of%20central%20and%20peripheral%20cannabinoid%20receptors%20in%20human%20immune%20tissues%20and%20leukocyte%20subpopulations&journal=Eur%20J%20Biochem&volume=232&pages=54-61&publication_year=1995&author=Galiegue%2CS&author=Mary%2CS&author=Marchand%2CJ&author=Dussossoy%2CD&author=Carriere%2CD&author=Carayon%2CP&author=Bouaboula%2CM&author=Shire%2CD&author=Fur%2CG&author=Casellas%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38XhsFChtw%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11779138
https://doi.org/10.1006%2Fbbrc.2001.6179
http://scholar.google.com/scholar_lookup?&title=Autocrine%20and%20paracrine%20regulation%20of%20lymphcyte%20CB2%20receptor%20expression%20by%20TGF-%CE%B2&journal=Biochem%20Biophys%20Res%20Comm&volume=290&pages=91-96&publication_year=2002&author=Gardner%2CB&author=Zu%2CLX&author=Sharma%2CS&author=Liu%2CQ&author=Makriyannis%2CA&author=Tashkin%2CDP&author=Dubinett%2CSM

Resources: Cannabinoids as anti-inflammatory agents

Ghosh S, Preet A, Groopman JE, Ganju RK (2006) Cannabinoid receptor CB2
modulates the CXCL12/CXCR4-mediated chemotaxis of T lymphocytes. Mol Immunol
43:2169-2179

O CAS

O PubMed

4 Article

d Google Scholar
Gorantla S, Makarov E, Roy D, Finke-Dwyer J, Murrin LC, Gendelman HE, Poluektova L
(2010) Immunoregulation of a CB2 receptor agonist in a murine model of neuroAIDS. J
Neuroimmune Pharmacol 5:456—-468

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Hanu$ L, Breuer A, Tchilibon S, Shiloah S, Goldenberg D, Horowitz M, Pertwee RG,
Ross RA, Mechoulam R, Fride E (1999) HU-308: a specific agonist for CB2, a peripheral
cannabinoid receptor. Proc Natl Acad Sci 96:14228-14233.
doi:10.1073/pnas.96.25.14228:

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Hegde VL, Hegde S, Cravatt BF, Hofseth LJ, Nagarkatti M, Nagarkatti PS (2008)
Attenuation of experimental autoimmune hepatitis by exogenous and endogenous
cannabinoids: Involvement of regulatory T cells. Mol Pharmacol 74:20-33

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Huemer HP, Lassnig C, Bernhard D, Sturm S, Nowotny N, Kitchen M, Pavlic M (2011)
Cannabinoids lead to enhanced virulence of the smallpox vaccine (vaccinia) virus.
Immunobiology 216:670-677

O CAS

d PubMed

4 Article

d Google Scholar
Huffman JW, Yu S, Showalter V, Abood ME, Wiley JL, Compton DR, Martin BR,
Bramblett RD, Reggio PH (1996) Synthesis and pharmacology of a very potent
cannabinoid lacking a phenolic hydroxyl with high affinity for the CB2 receptor. J Med
Chem 39:3875-3877

O CAS

d PubMed

50


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD28XlsFCns7c%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16503355
https://doi.org/10.1016%2Fj.molimm.2006.01.005
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%20CB2%20modulates%20the%20CXCL12%2FCXCR4-mediated%20chemotaxis%20of%20T%20lymphocytes&journal=Mol%20Immunol&volume=43&pages=2169-2179&publication_year=2006&author=Ghosh%2CS&author=Preet%2CA&author=Groopman%2CJE&author=Ganju%2CRK
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20549374
https://doi.org/10.1007%2Fs11481-010-9225-8
http://scholar.google.com/scholar_lookup?&title=Immunoregulation%20of%20a%20CB2%20receptor%20agonist%20in%20a%20murine%20model%20of%20neuroAIDS&journal=J%20Neuroimmune%20Pharmacol&volume=5&pages=456-468&publication_year=2010&author=Gorantla%2CS&author=Makarov%2CE&author=Roy%2CD&author=Finke-Dwyer%2CJ&author=Murrin%2CLC&author=Gendelman%2CHE&author=Poluektova%2CL
https://doi.org/10.1073/pnas.96.25.14228:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC24419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10588688
https://doi.org/10.1073%2Fpnas.96.25.14228
http://scholar.google.com/scholar_lookup?&title=HU-308%3A%20a%20specific%20agonist%20for%20CB2%2C%20a%20peripheral%20cannabinoid%20receptor&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.96.25.14228%3A&volume=96&pages=14228-14233&publication_year=1999&author=Hanu%C5%A1%2CL&author=Breuer%2CA&author=Tchilibon%2CS&author=Shiloah%2CS&author=Goldenberg%2CD&author=Horowitz%2CM&author=Pertwee%2CRG&author=Ross%2CRA&author=Mechoulam%2CR&author=Fride%2CE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXot1aksLw%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18388242
https://doi.org/10.1124%2Fmol.108.047035
http://scholar.google.com/scholar_lookup?&title=Attenuation%20of%20experimental%20autoimmune%20hepatitis%20by%20exogenous%20and%20endogenous%20cannabinoids%3A%20Involvement%20of%20regulatory%20T%20cells&journal=Mol%20Pharmacol&volume=74&pages=20-33&publication_year=2008&author=Hegde%2CVL&author=Hegde%2CS&author=Cravatt%2CBF&author=Hofseth%2CLJ&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXlvVWgsLk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21131094
https://doi.org/10.1016%2Fj.imbio.2010.11.001
http://scholar.google.com/scholar_lookup?&title=Cannabinoids%20lead%20to%20enhanced%20virulence%20of%20the%20smallpox%20vaccine%20%28vaccinia%29%20virus&journal=Immunobiology&volume=216&pages=670-677&publication_year=2011&author=Huemer%2CHP&author=Lassnig%2CC&author=Bernhard%2CD&author=Sturm%2CS&author=Nowotny%2CN&author=Kitchen%2CM&author=Pavlic%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XlsVCisLg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8831752

Resources: Cannabinoids as anti-inflammatory agents

O Article

1 Google Scholar
Huffman JW, Liddle J, Yu S, Aung MM, Abood ME, Wiley JL, Martin BR (1999)
3-(1',1"-dimethylbutyl)-1-deoxy-delta8-THC and related compounds: synthesis of
selective ligands for the CB2 receptor. Bioorg Med Chem 7:2905-2914

O CAS

O PubMed

4 Article

d Google Scholar
Kaminski NE (1996) Immune regulation by cannabinoid compounds through the
inhibition of the cyclic AMP signaling cascade and altered gene expression. Biochem
Pharmacol 52:1133-1140

Q CAS

Q PubMed

O Article

1 Google Scholar
Kaminski NE, Abood ME, Kessler FK, Martin BR, Schatz AR (1992) Identification of a
functionally relevant cannabinoid receptor on mouse spleen cells that is involved in
cannabinoid-mediated immune modulation. Mol Pharmacol 42:736—742

O CAS

d PubMed Central

Q PubMed

d Google Scholar
Karmaus PWF, Chen W, Crawford RB, Harkema JR, Kaplan BLF, Kaminski NE (2011)
Deletion of cannabinoid receptors 1 and 2 exacerbates APC function to increase
inflammation and cellular immunity during influenza infection. J Leukoc Biol 90:983-995

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Karmaus PW, Chen W, Kaplan BL, Kaminski NE (2012) A9-tetrahydrocannabinol
suppresses cytotoxic T lymphocyte function independent of CB1 and CB 2, disrupting
early activation events. J Neuroimmune Pharmacol 7:843-855

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Klein TW (2005) Cannabinoid-based drugs as anti-inflammatory therapeutics. Nat Rev
Immunol 5:400-411

Q CAS

Q PubMed

O Article

51


https://doi.org/10.1021%2Fjm960394y
http://scholar.google.com/scholar_lookup?&title=Synthesis%20and%20pharmacology%20of%20a%20very%20potent%20cannabinoid%20lacking%20a%20phenolic%20hydroxyl%20with%20high%20affinity%20for%20the%20CB2%20receptor&journal=J%20Med%20Chem&volume=39&pages=3875-3877&publication_year=1996&author=Huffman%2CJW&author=Yu%2CS&author=Showalter%2CV&author=Abood%2CME&author=Wiley%2CJL&author=Compton%2CDR&author=Martin%2CBR&author=Bramblett%2CRD&author=Reggio%2CPH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXntFCnsA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10658595
https://doi.org/10.1016%2FS0968-0896%2899%2900219-9
http://scholar.google.com/scholar_lookup?&title=3-%281%E2%80%B2%2C1%E2%80%B2-dimethylbutyl%29-1-deoxy-delta8-THC%20and%20related%20compounds%3A%20synthesis%20of%20selective%20ligands%20for%20the%20CB2%20receptor&journal=Bioorg%20Med%20Chem&volume=7&pages=2905-2914&publication_year=1999&author=Huffman%2CJW&author=Liddle%2CJ&author=Yu%2CS&author=Aung%2CMM&author=Abood%2CME&author=Wiley%2CJL&author=Martin%2CBR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28Xms1SntLY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8937419
https://doi.org/10.1016%2F0006-2952%2896%2900480-7
http://scholar.google.com/scholar_lookup?&title=Immune%20regulation%20by%20cannabinoid%20compounds%20through%20the%20inhibition%20of%20the%20cyclic%20AMP%20signaling%20cascade%20and%20altered%20gene%20expression&journal=Biochem%20Pharmacol&volume=52&pages=1133-1140&publication_year=1996&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXjt1ynsA%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3657723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1279376
http://scholar.google.com/scholar_lookup?&title=Identification%20of%20a%20functionally%20relevant%20cannabinoid%20receptor%20on%20mouse%20spleen%20cells%20that%20is%20involved%20in%20cannabinoid-mediated%20immune%20modulation&journal=Mol%20Pharmacol&volume=42&pages=736-742&publication_year=1992&author=Kaminski%2CNE&author=Abood%2CME&author=Kessler%2CFK&author=Martin%2CBR&author=Schatz%2CAR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXhsFSjsr%252FL
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21873455
https://doi.org/10.1189%2Fjlb.0511219
http://scholar.google.com/scholar_lookup?&title=Deletion%20of%20cannabinoid%20receptors%201%20and%202%20exacerbates%20APC%20function%20to%20increase%20inflammation%20and%20cellular%20immunity%20during%20influenza%20infection&journal=J%20Leukoc%20Biol&volume=90&pages=983-995&publication_year=2011&author=Karmaus%2CPWF&author=Chen%2CW&author=Crawford%2CRB&author=Harkema%2CJR&author=Kaplan%2CBLF&author=Kaminski%2CNE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3266990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21789506
https://doi.org/10.1007%2Fs11481-011-9293-4
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20suppresses%20cytotoxic%20T%20lymphocyte%20function%20independent%20of%20CB1%20and%20CB%202%2C%20disrupting%20early%20activation%20events&journal=J%20Neuroimmune%20Pharmacol&volume=7&pages=843-855&publication_year=2012&author=Karmaus%2CPW&author=Chen%2CW&author=Kaplan%2CBL&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXjs1Okurg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15864274
https://doi.org/10.1038%2Fnri1602

Resources: Cannabinoids as anti-inflammatory agents

d Google Scholar
Klein TW, Newton CA, Widen R, Friedman H (1985) The effect of

delta-9-tetrahydrocannabinol and 11-hydroxy-delta-9-tetrahydrocannabinol on
T-lymphocyte and B-lymphocyte mitogen responses. J Immunopharmacol 7:451-466

Q CAS

Q PubMed

O Article

1 Google Scholar
Klein TW, Kawakami Y, Newton C, Friedman H (1991) Marijuana components suppress
inducion and cytolytic function of murine cytotoxic T-cells in vitro and in vivo. J Toxicol
Environ Health 32:465-477

O CAS

O PubMed

4 Article

d Google Scholar
Klein TW, Friedman H, Specter S (1998) Marijuana, immunity and infection. J
Neuroimmunol 83:102-115

O CAS

O PubMed

4 Article

d Google Scholar
Klein TW, Newton CA, Nakachi N, Friedman H (2000) A9-tetrahydrocannabinol
treatment suppresses immunity and early IFN-y, IL-12 and IL-12 receptor 2 responses
to legionella pneumophila infection. J Immunol 164:6461-6466

Q CAS

Q PubMed

O Article

1 Google Scholar
LeCapitaine NJ, Zhang P, Winsauer P, Walker E, Stouwe CV, Porretta C, Molina PE
(2011) Chronic A9-tetrahydrocannabinol administration increases lymphocyte CXCR4
expression in rhesus macaques. J Neuroimmune Pharmacol 6:540-545

O PubMed Central

d PubMed

4 Article

d Google Scholar
Lee SF, Newton C, Widen R, Friedman H, Klein TW (2001) Differential expression of
cannabinoid CB2 receptor mRNA in mouse immune cells subpopulations and following B
cell stimulation. Eur J Pharmacol 423:235-241

Q CAS

Q PubMed

O Article

1 Google Scholar

52


http://scholar.google.com/scholar_lookup?&title=Cannabinoid-based%20drugs%20as%20anti-inflammatory%20therapeutics&journal=Nat%20Rev%20Immunol&volume=5&pages=400-411&publication_year=2005&author=Klein%2CTW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XotlWrsA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3003204
https://doi.org/10.3109%2F08923978509026487
http://scholar.google.com/scholar_lookup?&title=The%20effect%20of%20delta-9-tetrahydrocannabinol%20and%2011-hydroxy-delta-9-tetrahydrocannabinol%20on%20T-lymphocyte%20and%20B-lymphocyte%20mitogen%20responses&journal=J%20Immunopharmacol&volume=7&pages=451-466&publication_year=1985&author=Klein%2CTW&author=Newton%2CCA&author=Widen%2CR&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3MXit1Wgsr0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1850002
https://doi.org/10.1080%2F15287399109531496
http://scholar.google.com/scholar_lookup?&title=Marijuana%20components%20suppress%20inducion%20and%20cytolytic%20function%20of%20murine%20cytotoxic%20T-cells%20in%20vitro%20and%20in%20vivo&journal=J%20Toxicol%20Environ%20Health&volume=32&pages=465-477&publication_year=1991&author=Klein%2CTW&author=Kawakami%2CY&author=Newton%2CC&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXitlSru7w%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9610678
https://doi.org/10.1016%2FS0165-5728%2897%2900226-9
http://scholar.google.com/scholar_lookup?&title=Marijuana%2C%20immunity%20and%20infection&journal=J%20Neuroimmunol&volume=83&pages=102-115&publication_year=1998&author=Klein%2CTW&author=Friedman%2CH&author=Specter%2CS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXktFWltLY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10843702
https://doi.org/10.4049%2Fjimmunol.164.12.6461
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20treatment%20suppresses%20immunity%20and%20early%20IFN-%CE%B3%2C%20IL-12%20and%20IL-12%20receptor%20%CE%B22%20responses%20to%20legionella%20pneumophila%20infection&journal=J%20Immunol&volume=164&pages=6461-6466&publication_year=2000&author=Klein%2CTW&author=Newton%2CCA&author=Nakachi%2CN&author=Friedman%2CH
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21484257
https://doi.org/10.1007%2Fs11481-011-9277-4
http://scholar.google.com/scholar_lookup?&title=Chronic%20%CE%949-tetrahydrocannabinol%20administration%20increases%20lymphocyte%20CXCR4%20expression%20in%20rhesus%20macaques&journal=J%20Neuroimmune%20Pharmacol&volume=6&pages=540-545&publication_year=2011&author=LeCapitaine%2CNJ&author=Zhang%2CP&author=Winsauer%2CP&author=Walker%2CE&author=Stouwe%2CCV&author=Porretta%2CC&author=Molina%2CPE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3MXltVGjsL0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11448490
https://doi.org/10.1016%2FS0014-2999%2801%2901122-0
http://scholar.google.com/scholar_lookup?&title=Differential%20expression%20of%20cannabinoid%20CB2%20receptor%20mRNA%20in%20mouse%20immune%20cells%20subpopulations%20and%20following%20B%20cell%20stimulation&journal=Eur%20J%20Pharmacol&volume=423&pages=235-241&publication_year=2001&author=Lee%2CSF&author=Newton%2CC&author=Widen%2CR&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

Lefkowitz S, Klager K (1978) Effect of A9-tetrahydrocannabinol on in vitro sensitization of
mouse splenic lymphocytes. Immunol Commun 7:557-566

Q CAS

Q PubMed

d Google Scholar
Li X, Kaminsky NE, Fischer LJ (2001) Examination of the immunosuppressive effect of
A9-tetrahydrocannabinol in streptozotocin-induced autoimmune diabetes. Int
Immunopharmacol 1:699-712

Q CAS

Q PubMed

O Article

1 Google Scholar
Lombard C, Nagarkatti M, Nagarkatti P (2007) CB2 cannabinoid receptor agonist,
JWH-015, triggers apoptosis in immune cells: Potential role for CB2-selective ligands as
immunosuppressive agents. Clin Immunol 122:259-270

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Lombard C, Hegde VL, Nagarkatti M, Nagarkatti PS (2011) Perinatal exposure to
A9-tetrahydorcannabinol triggers profound defects in T cell differentiation and function in
fetal and postnatal stages of life, including decreased responsiveness to HIV antigens. J
Pharmacol Exp Ther 339:607-317
CAS
PubMed Central
PubMed
Article
Google Scholar
Lu H, Kaplan BL, Ngaotepprutaram T, Kaminski NE (2009) Suppression of T cell
costimulator ICOS by Delta9-tetrahydrocannabinol. J Leukoc Biol 85:322—-329

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Luo YD, Patel MK, Wiederhold MD, Ou DW (1992) Effects of cannabinoids and cocaine
on the mitogen-induced transformations of lymphocytes of human and mouse origins. Int
J Immunopharmacol 14:49-56

O CAS

d PubMed

4 Article

d Google Scholar

oo dono

53


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaE1MXhs1aksw%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=359460
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20%CE%949-tetrahydrocannabinol%20on%20in%20vitro%20sensitization%20of%20mouse%20splenic%20lymphocytes&journal=Immunol%20Commun&volume=7&pages=557-566&publication_year=1978&author=Lefkowitz%2CS&author=Klager%2CK
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3MXit1OhsLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357882
https://doi.org/10.1016%2FS1567-5769%2801%2900003-0
http://scholar.google.com/scholar_lookup?&title=Examination%20of%20the%20immunosuppressive%20effect%20of%20%CE%949-tetrahydrocannabinol%20in%20streptozotocin-induced%20autoimmune%20diabetes&journal=Int%20Immunopharmacol&volume=1&pages=699-712&publication_year=2001&author=Li%2CX&author=Kaminsky%2CNE&author=Fischer%2CLJ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhs1Chu7k%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1864948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17185040
https://doi.org/10.1016%2Fj.clim.2006.11.002
http://scholar.google.com/scholar_lookup?&title=CB2%20cannabinoid%20receptor%20agonist%2C%20JWH-015%2C%20triggers%20apoptosis%20in%20immune%20cells%3A%20Potential%20role%20for%20CB2-selective%20ligands%20as%20immunosuppressive%20agents&journal=Clin%20Immunol&volume=122&pages=259-270&publication_year=2007&author=Lombard%2CC&author=Nagarkatti%2CM&author=Nagarkatti%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXhsFehtbrF
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3199982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21831965
https://doi.org/10.1124%2Fjpet.111.181206
http://scholar.google.com/scholar_lookup?&title=Perinatal%20exposure%20to%20%CE%949-tetrahydorcannabinol%20triggers%20profound%20defects%20in%20T%20cell%20differentiation%20and%20function%20in%20fetal%20and%20postnatal%20stages%20of%20life%2C%20including%20decreased%20responsiveness%20to%20HIV%20antigens&journal=J%20Pharmacol%20Exp%20Ther&volume=339&pages=607-317&publication_year=2011&author=Lombard%2CC&author=Hegde%2CVL&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1MXhslelu70%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2631366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18988696
https://doi.org/10.1189%2Fjlb.0608390
http://scholar.google.com/scholar_lookup?&title=Suppression%20of%20T%20cell%20costimulator%20ICOS%20by%20Delta9-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=85&pages=322-329&publication_year=2009&author=Lu%2CH&author=Kaplan%2CBL&author=Ngaotepprutaram%2CT&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK38XhsVeltLg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1316319
https://doi.org/10.1016%2F0192-0561%2892%2990104-S
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20cannabinoids%20and%20cocaine%20on%20the%20mitogen-induced%20transformations%20of%20lymphocytes%20of%20human%20and%20mouse%20origins&journal=Int%20J%20Immunopharmacol&volume=14&pages=49-56&publication_year=1992&author=Luo%2CYD&author=Patel%2CMK&author=Wiederhold%2CMD&author=Ou%2CDW

Resources: Cannabinoids as anti-inflammatory agents

Maresz K, Pryce G, Ponomarev ED, Marsicano G, Croxford JL, Shriver LP, Ledent C,
Cheng X, Carrier EJ, Mann MK, Giovannoni G, Pertwee RG, Yamamura T, Buckley NE,
Hillard CJ, Lutz B, Baker D, Dittel BN (2007) Direct suppression of CNS autoimmune
inflammation via the cannabinoid receptor CB1 on neurons and CB2 on autoreactive T
cells. Nat Med 13:492—-497

O CAS

O PubMed

4 Article

d Google Scholar
Massi P, Sacerdote P, Ponti W, Fuzio D, Manfredi B, Vigané D, Rubino T, Bardotti M,
Parolaro D (1998) Immune function alterations in mice tolerant to
A9-tetrahydrocannabinol: functional and biochemical parameters. J Neuroimmunol
92:60-66

O CAS

O PubMed

4 Article

d Google Scholar
Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner Tl (1990) Structure of a
cannabinoid receptor and functional expression of the cloned cDNA. Nature
346:561-564

Q CAS

Q PubMed

O Article

1 Google Scholar
McKallip RJ, Lombard C, Martin BR, Nagarkatti M, Nagarkatti PS (2002)
A9-tetrahydrocannabinol-induced apoptosis in the thymus and spleen as a mechanism
of immunosuppression in vitro and in vivo. J Pharmacol Exp Ther 302:451-465

O CAS

O PubMed

4 Article

d Google Scholar
Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE, Schatz AR, Gopher
A, Almog S, Martin BR, Compton DR, Pertwee RG, Griffin G, Bayewitch M, Barg J,
Vogel Z (1995) Identification of an endogenous 2-monoglyceride, present in canine gut,
that binds to cannabinoid receptors. Biochem Pharmacol 50:83-90

O CAS

d PubMed

4 Article

d Google Scholar
Mishkin EM, Cabral GA (1985) Delta-9-tetrahydrocannabinol decreases host resistance
to herpes simplex virus type 2 vaginal infection in the B6C3F1 mouse. J Gen Virol
66:2539-2549

Q CAS

54


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXjvVaqur8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17401376
https://doi.org/10.1038%2Fnm1561
http://scholar.google.com/scholar_lookup?&title=Direct%20suppression%20of%20CNS%20autoimmune%20inflammation%20via%20the%20cannabinoid%20receptor%20CB1%20on%20neurons%20and%20CB2%20on%20autoreactive%20T%20cells&journal=Nat%20Med&volume=13&pages=492-497&publication_year=2007&author=Maresz%2CK&author=Pryce%2CG&author=Ponomarev%2CED&author=Marsicano%2CG&author=Croxford%2CJL&author=Shriver%2CLP&author=Ledent%2CC&author=Cheng%2CX&author=Carrier%2CEJ&author=Mann%2CMK&author=Giovannoni%2CG&author=Pertwee%2CRG&author=Yamamura%2CT&author=Buckley%2CNE&author=Hillard%2CCJ&author=Lutz%2CB&author=Baker%2CD&author=Dittel%2CBN
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXnvVWisrY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9916880
https://doi.org/10.1016%2FS0165-5728%2898%2900177-5
http://scholar.google.com/scholar_lookup?&title=Immune%20function%20alterations%20in%20mice%20tolerant%20to%20%CE%949-tetrahydrocannabinol%3A%20functional%20and%20biochemical%20parameters&journal=J%20Neuroimmunol&volume=92&pages=60-66&publication_year=1998&author=Massi%2CP&author=Sacerdote%2CP&author=Ponti%2CW&author=Fuzio%2CD&author=Manfredi%2CB&author=Vigan%C3%B3%2CD&author=Rubino%2CT&author=Bardotti%2CM&author=Parolaro%2CD
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3cXls1Ghu7w%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2165569
https://doi.org/10.1038%2F346561a0
http://scholar.google.com/scholar_lookup?&title=Structure%20of%20a%20cannabinoid%20receptor%20and%20functional%20expression%20of%20the%20cloned%20cDNA&journal=Nature&volume=346&pages=561-564&publication_year=1990&author=Matsuda%2CLA&author=Lolait%2CSJ&author=Brownstein%2CMJ&author=Young%2CAC&author=Bonner%2CTI
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38Xls1OgsLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12130702
https://doi.org/10.1124%2Fjpet.102.033506
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol-induced%20apoptosis%20in%20the%20thymus%20and%20spleen%20as%20a%20mechanism%20of%20immunosuppression%20in%20vitro%20and%20in%20vivo&journal=J%20Pharmacol%20Exp%20Ther&volume=302&pages=451-465&publication_year=2002&author=McKallip%2CRJ&author=Lombard%2CC&author=Martin%2CBR&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXmsl2ks7Y%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7605349
https://doi.org/10.1016%2F0006-2952%2895%2900109-D
http://scholar.google.com/scholar_lookup?&title=Identification%20of%20an%20endogenous%202-monoglyceride%2C%20present%20in%20canine%20gut%2C%20that%20binds%20to%20cannabinoid%20receptors&journal=Biochem%20Pharmacol&volume=50&pages=83-90&publication_year=1995&author=Mechoulam%2CR&author=Ben-Shabat%2CS&author=Hanus%2CL&author=Ligumsky%2CM&author=Kaminski%2CNE&author=Schatz%2CAR&author=Gopher%2CA&author=Almog%2CS&author=Martin%2CBR&author=Compton%2CDR&author=Pertwee%2CRG&author=Griffin%2CG&author=Bayewitch%2CM&author=Barg%2CJ&author=Vogel%2CZ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XhtVansrc%253D

Resources: Cannabinoids as anti-inflammatory agents

O PubMed

4 Article

d Google Scholar
Molina PE, Amdee A, LeCapitaine NJ, Zabaleta J, Mohan M, Winsauer P, Stouwe CV
(2011) Cannabinoid neuroimmune modulation of SIV disease. J Neuroimmune
Pharmacol 6:516-527

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Molina PE, Amedee AM, LeCapitaine NJ, Zabaleta J, Mohan M, Winsauer PJ, Stouwe
CV, McGoey RR, Auten MW, LaMotte L, Chandra LC, Birke LL (2014) Modulation of
gut-specific mechanisms by chronic D9-tetrahydrocannabinol administration in male
rhesus macaques infected with simian immunodeficiency virus: a systems biology
analysis. AIDS Res Hum Retrovir 30:567-578

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Morahan PS, Klykken PC, Smith SH, Harris LS, Munson AE (1979) Effects of
cannabinoids of host resistance to Listeria monocytogenes and herpes simples virus.
Infect Immun 23:670-674
Munro S, Thomas KK, Abu-Shaar M (1993) Molecular characterization of a peripheral
receptor for cannabinoids. Nature 365:61-65

O CAS

O PubMed

4 Article

d Google Scholar
Nakano Y, Pross S, Friedman H (1992) Contrasting effect of
delta-9-tetrahydrocannabinol on IL-2 activity in spleen and lymph node cells of mice of
different ages. Life Sci 52:41-51

O Article

1 Google Scholar
Newton CA, Klein TW, Friedman H (1994) Secondary immunity to Legionella
pneumophila and Th1 activity are suppressed by delta-9-tetrahydrocannabinol injection.
Infect Immun 62:4015—4020
Newton CA, Chou P, Perkins I, Klein TW (2009) CB1 and CB2 cannabinoid receptors
mediate different aspects of delta-9-tetrahydrocannabinol (THC)-induced T helper cell
shift following immune activation by Legionella pneumophila infection. J Neuroimmune
Pharmacol 4:92—102

55


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2999306
https://doi.org/10.1099%2F0022-1317-66-12-2539
http://scholar.google.com/scholar_lookup?&title=Delta-9-tetrahydrocannabinol%20decreases%20host%20resistance%20to%20herpes%20simplex%20virus%20type%202%20vaginal%20infection%20in%20the%20B6C3F1%20mouse&journal=J%20Gen%20Virol&volume=66&pages=2539-2549&publication_year=1985&author=Mishkin%2CEM&author=Cabral%2CGA
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3208744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21830069
https://doi.org/10.1007%2Fs11481-011-9301-8
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20neuroimmune%20modulation%20of%20SIV%20disease&journal=J%20Neuroimmune%20Pharmacol&volume=6&pages=516-527&publication_year=2011&author=Molina%2CPE&author=Amdee%2CA&author=LeCapitaine%2CNJ&author=Zabaleta%2CJ&author=Mohan%2CM&author=Winsauer%2CP&author=Stouwe%2CCV
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC2cXpsVemu7c%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24400995
https://doi.org/10.1089%2Faid.2013.0182
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20gut-specific%20mechanisms%20by%20chronic%20D9-tetrahydrocannabinol%20administration%20in%20male%20rhesus%20macaques%20infected%20with%20simian%20immunodeficiency%20virus%3A%20a%20systems%20biology%20analysis&journal=AIDS%20Res%20Hum%20Retrovir&volume=30&pages=567-578&publication_year=2014&author=Molina%2CPE&author=Amedee%2CAM&author=LeCapitaine%2CNJ&author=Zabaleta%2CJ&author=Mohan%2CM&author=Winsauer%2CPJ&author=Stouwe%2CCV&author=McGoey%2CRR&author=Auten%2CMW&author=LaMotte%2CL&author=Chandra%2CLC&author=Birke%2CLL
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXmsVWiurk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7689702
https://doi.org/10.1038%2F365061a0
http://scholar.google.com/scholar_lookup?&title=Molecular%20characterization%20of%20a%20peripheral%20receptor%20for%20cannabinoids&journal=Nature&volume=365&pages=61-65&publication_year=1993&author=Munro%2CS&author=Thomas%2CKK&author=Abu-Shaar%2CM
https://doi.org/10.1016%2F0024-3205%2893%2990287-D
http://scholar.google.com/scholar_lookup?&title=Contrasting%20effect%20of%20delta-9-tetrahydrocannabinol%20on%20IL-2%20activity%20in%20spleen%20and%20lymph%20node%20cells%20of%20mice%20of%20different%20ages&journal=Life%20Sci&volume=52&pages=41-51&publication_year=1992&author=Nakano%2CY&author=Pross%2CS&author=Friedman%2CH

Resources: Cannabinoids as anti-inflammatory agents

Ngaotepprutaram T, Kaplan BL, Crawford RB, Kaminski NE (2012) Differential
modulation by A9-tetrahydrocannabinol (A9-THC) of CD40 ligand (CD40L) expression in
activated mouse splenic CD4+ T cells. J Neuroimmune Pharmacol 7:969-980

O PubMed Central

O PubMed

4 Article

d Google Scholar
Pertwee RG (2008) The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinoids: A9-tetrahydrocannabinol, cannabidiol, and A9-tetrahydrocannabivarin. Br
J Pharmacol 153:199-215

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Pross SH, Klein TW, Newton CA, Smith J, Widen R, Friedman H (1990) Differential
suppression of T-cell subpopulations by THC (delta-9-tetrahydrocannabinol). Int J
Immunopharmacol 12:539-544

Q CAS

Q PubMed

O Article

1 Google Scholar
Purohit V, Rapaka RS, Rutter J (2014) Cannabinoid receptor-2 and HIV-associated
neurocognitive disorders. J Neuroimmune Pharmacol 9:447-453

O PubMed

4 Article

d Google Scholar
Ramirez SH, Hasko J, Skuba A, Fan S, Dykstra H, McCormick R, Reichenbach N,
Krizbai I, Mahedevan A, Zhang M, Tuma R, Son Y, Persidsky Y (2012) Activation of
cannabinoid receptor 2 attenuates leukocyte-endothelial cell interactions and
blood—brain barrier dysfunction under inflammatory conditions. J Neurosci
32:4004-4016

Q CAS

O PubMed Central

d PubMed

4 Article

d Google Scholar
Rieder SA, Chauhan A, Singh U, Nagarkatti M, Nagarkatti P (2010)
Cannabinoid-induced apoptosis in immune cells as a pathway to immunosuppression.
Immunobiology 215:598-605

Q CAS

O PubMed Central

d PubMed

56


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3657729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22851303
https://doi.org/10.1007%2Fs11481-012-9390-z
http://scholar.google.com/scholar_lookup?&title=Differential%20modulation%20by%20%CE%949-tetrahydrocannabinol%20%28%CE%949-THC%29%20of%20CD40%20ligand%20%28CD40L%29%20expression%20in%20activated%20mouse%20splenic%20CD4%2B%20T%20cells&journal=J%20Neuroimmune%20Pharmacol&volume=7&pages=969-980&publication_year=2012&author=Ngaotepprutaram%2CT&author=Kaplan%2CBL&author=Crawford%2CRB&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXovFCkuw%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2219532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17828291
https://doi.org/10.1038%2Fsj.bjp.0707442
http://scholar.google.com/scholar_lookup?&title=The%20diverse%20CB1%20and%20CB2%20receptor%20pharmacology%20of%20three%20plant%20cannabinoids%3A%20%CE%949-tetrahydrocannabinol%2C%20cannabidiol%2C%20and%20%CE%949-tetrahydrocannabivarin&journal=Br%20J%20Pharmacol&volume=153&pages=199-215&publication_year=2008&author=Pertwee%2CRG
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3cXls1Ggs70%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2170281
https://doi.org/10.1016%2F0192-0561%2890%2990118-7
http://scholar.google.com/scholar_lookup?&title=Differential%20suppression%20of%20T-cell%20subpopulations%20by%20THC%20%28delta-9-tetrahydrocannabinol%29&journal=Int%20J%20Immunopharmacol&volume=12&pages=539-544&publication_year=1990&author=Pross%2CSH&author=Klein%2CTW&author=Newton%2CCA&author=Smith%2CJ&author=Widen%2CR&author=Friedman%2CH
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25015040
https://doi.org/10.1007%2Fs11481-014-9554-0
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor-2%20and%20HIV-associated%20neurocognitive%20disorders&journal=J%20Neuroimmune%20Pharmacol&volume=9&pages=447-453&publication_year=2014&author=Purohit%2CV&author=Rapaka%2CRS&author=Rutter%2CJ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XkslCmtrs%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3325902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22442067
https://doi.org/10.1523%2FJNEUROSCI.4628-11.2012
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20cannabinoid%20receptor%202%20attenuates%20leukocyte-endothelial%20cell%20interactions%20and%20blood%E2%80%93brain%20barrier%20dysfunction%20under%20inflammatory%20conditions&journal=J%20Neurosci&volume=32&pages=4004-4016&publication_year=2012&author=Ramirez%2CSH&author=Hasko%2CJ&author=Skuba%2CA&author=Fan%2CS&author=Dykstra%2CH&author=McCormick%2CR&author=Reichenbach%2CN&author=Krizbai%2CI&author=Mahedevan%2CA&author=Zhang%2CM&author=Tuma%2CR&author=Son%2CY&author=Persidsky%2CY
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3cXpsVCks70%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3005548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19457575

Resources: Cannabinoids as anti-inflammatory agents

O Article

1 Google Scholar
Robinson RH,Meisser JJ, Breslow-Deckman JM,Gaughan J,AdlerMW, Eisenstein TK
(2013) Cannabinoids inhibit T-cells via cannabinoid receptor 2 in an in vitro assay for
graft rejection, the mixed lymphocyte reaction. J Neuroimmune Pharmacol 8:1239-1250
Roth MD, Tashkin DP, Whittaker KM, Choi R, Baldwin GC (2005) Tetrahydrocannabinol
suppresses immune function and enhances HIV replication in the huPBL-SCID mouse.
Life Sci 77:1711-1722

Q CAS

O PubMed

O Article

1 Google Scholar
Schatz AR, Koh WS, Kaminski NE (1993) A9-tetrahydrocannabinol selectively inhibits
T-cell dependent humoral immune responses through direct inhibition of accessory T-cell
function. Immunopharmacology 26:129-137

O CAS

O PubMed

4 Article

1 Google Scholar
Schwarz H, Blanco FJ, Lotz M (1994) Anandamide, an endogenous cannabinoid
receptor agonist inhibits lymphocyte proliferation and induces apoptosis. J
Neuroimmunol 55:107-115

Q CAS

O PubMed

O Article

1 Google Scholar
Servettaz A, Kavian N, Nicco C, Deveaux V, Chereau C, Wang A, Zimmer A, Lotersztajn
S, Weill B, Batteux F (2010) Targeting the cannabinoid pathway limits the development
of fibrosis and autoimmunity in a mouse model of systemic sclerosis. Am J Pathol
177:187-196

1 PubMed Central

O PubMed

O Article

1 Google Scholar
Singh UP, Singh NP, Singh B, Price RL, Nagarkatti M, Nagarkatti PS (2012) Cannabinoid
receptor-2 (CB2) agonist ameliorates colitis in IL-10(—/-) mice by attenuating the
activation of T cells and promoting their apoptosis. Toxicol Appl Pharmacol 258:256-267
CAS
PubMed Central
PubMed
Article
Google Scholar

oodoo

57


https://doi.org/10.1016%2Fj.imbio.2009.04.001
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-induced%20apoptosis%20in%20immune%20cells%20as%20a%20pathway%20to%20immunosuppression&journal=Immunobiology&volume=215&pages=598-605&publication_year=2010&author=Rieder%2CSA&author=Chauhan%2CA&author=Singh%2CU&author=Nagarkatti%2CM&author=Nagarkatti%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXmvVGitL8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15964028
https://doi.org/10.1016%2Fj.lfs.2005.05.014
http://scholar.google.com/scholar_lookup?&title=Tetrahydrocannabinol%20suppresses%20immune%20function%20and%20enhances%20HIV%20replication%20in%20the%20huPBL-SCID%20mouse&journal=Life%20Sci&volume=77&pages=1711-1722&publication_year=2005&author=Roth%2CMD&author=Tashkin%2CDP&author=Whittaker%2CKM&author=Choi%2CR&author=Baldwin%2CGC
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXms1agtr0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8282537
https://doi.org/10.1016%2F0162-3109%2893%2990005-B
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20selectively%20inhibits%20T-cell%20dependent%20humoral%20immune%20responses%20through%20direct%20inhibition%20of%20accessory%20T-cell%20function&journal=Immunopharmacology&volume=26&pages=129-137&publication_year=1993&author=Schatz%2CAR&author=Koh%2CWS&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXitlams7o%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7962480
https://doi.org/10.1016%2F0165-5728%2894%2990152-X
http://scholar.google.com/scholar_lookup?&title=Anandamide%2C%20an%20endogenous%20cannabinoid%20receptor%20agonist%20inhibits%20lymphocyte%20proliferation%20and%20induces%20apoptosis&journal=J%20Neuroimmunol&volume=55&pages=107-115&publication_year=1994&author=Schwarz%2CH&author=Blanco%2CFJ&author=Lotz%2CM
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2893662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20508030
https://doi.org/10.2353%2Fajpath.2010.090763
http://scholar.google.com/scholar_lookup?&title=Targeting%20the%20cannabinoid%20pathway%20limits%20the%20development%20of%20fibrosis%20and%20autoimmunity%20in%20a%20mouse%20model%20of%20systemic%20sclerosis&journal=Am%20J%20Pathol&volume=177&pages=187-196&publication_year=2010&author=Servettaz%2CA&author=Kavian%2CN&author=Nicco%2CC&author=Deveaux%2CV&author=Chereau%2CC&author=Wang%2CA&author=Zimmer%2CA&author=Lotersztajn%2CS&author=Weill%2CB&author=Batteux%2CF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XosFOqtg%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4117838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22119709
https://doi.org/10.1016%2Fj.taap.2011.11.005
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor-2%20%28CB2%29%20agonist%20ameliorates%20colitis%20in%20IL-10%28%E2%88%92%2F%E2%88%92%29%20mice%20by%20attenuating%20the%20activation%20of%20T%20cells%20and%20promoting%20their%20apoptosis&journal=Toxicol%20Appl%20Pharmacol&volume=258&pages=256-267&publication_year=2012&author=Singh%2CUP&author=Singh%2CNP&author=Singh%2CB&author=Price%2CRL&author=Nagarkatti%2CM&author=Nagarkatti%2CPS

Resources: Cannabinoids as anti-inflammatory agents

d Smith SH, Harris LS, Uwayday IM, Munson AE (1978) Structure-activity relationships of
natural and synthetic cannabinoids in suppression of humoral and cell-mediated
immunity. J Pharmacol Exp Ther 207:165-170

O CAS
O PubMed
1 Google Scholar

4 Specter S, Lancz G, Westrich G, Friedman H (1991) Delta-9-tetrahydrocannabinol
augments murine retroviral induced immunosuppression and infection. Int J
Immunopharmacol 13:411-417

O CAS

O PubMed

4 Article

d Google Scholar

O Springs AEB, Karmaus PWF, Crawford RB, Kaplan BLF, Kaminski NE (2008) Effects of
targeted deletion of cannabinoid receptors CB1 and CB2 on immune competence and
sensitivity to immune modulation by A9-tetrahydrocannabinol. J Leukoc Biol
84:1574-1584

O CAS

d PubMed Central
O PubMed

O Article

1 Google Scholar

[ Storr MA, Keenan CM, Zhang H, Patel KD, Makriyannis A, Sharkey KA (2009) Activation
of the cannabinoid 2 receptor (CB2) protects against experimental colitis. Inflamm Bowel
Dis 15:1678-1685

O PubMed
O Article
1 Google Scholar

4 Watson ES, Murphy JC, El Sohly HN, El Sohly MA, Turner CE (1983) Effects of the
administration of coca alkaloids on the primary immune responses of mice: Interaction
with A9-tetrahydrocannabinol and ethanol. Toxicol Appl Pharmacol 71:1-13

O CAS

d PubMed

4 Article

d Google Scholar

O Winsauer PJ, Molina PE, Amedee AM, Filipeanu CM, McGoey RR, Troxclair DA, Walker
EM, Birke LL, Stouwe CV, Howard JM, Leonard ST, Moerschbaecher JM, Lewis PB
(2011) Tolerance to chronic delta-9-tetrahydrocannabinol (A9-THC) in rhesus macaques
infected with simian immunodeficiency virus. Exp Clin Psychopharmacol 19:154-172

O CAS

d PubMed Central
O PubMed

O Article

58


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaE1MXotVOntA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=702337
http://scholar.google.com/scholar_lookup?&title=Structure-activity%20relationships%20of%20natural%20and%20synthetic%20cannabinoids%20in%20suppression%20of%20humoral%20and%20cell-mediated%20immunity&journal=J%20Pharmacol%20Exp%20Ther&volume=207&pages=165-170&publication_year=1978&author=Smith%2CSH&author=Harris%2CLS&author=Uwayday%2CIM&author=Munson%2CAE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3MXks1Cmu70%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1646773
https://doi.org/10.1016%2F0192-0561%2891%2990011-U
http://scholar.google.com/scholar_lookup?&title=Delta-9-tetrahydrocannabinol%20augments%20murine%20retroviral%20induced%20immunosuppression%20and%20infection&journal=Int%20J%20Immunopharmacol&volume=13&pages=411-417&publication_year=1991&author=Specter%2CS&author=Lancz%2CG&author=Westrich%2CG&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXhsVKhs77O
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2614598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18791168
https://doi.org/10.1189%2Fjlb.0508282
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20targeted%20deletion%20of%20cannabinoid%20receptors%20CB1%20and%20CB2%20on%20immune%20competence%20and%20sensitivity%20to%20immune%20modulation%20by%20%CE%949-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=84&pages=1574-1584&publication_year=2008&author=Springs%2CAEB&author=Karmaus%2CPWF&author=Crawford%2CRB&author=Kaplan%2CBLF&author=Kaminski%2CNE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19408320
https://doi.org/10.1002%2Fibd.20960
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20the%20cannabinoid%202%20receptor%20%28CB2%29%20protects%20against%20experimental%20colitis&journal=Inflamm%20Bowel%20Dis&volume=15&pages=1678-1685&publication_year=2009&author=Storr%2CMA&author=Keenan%2CCM&author=Zhang%2CH&author=Patel%2CKD&author=Makriyannis%2CA&author=Sharkey%2CKA
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL3sXlvV2isrk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6314602
https://doi.org/10.1016%2F0041-008X%2883%2990040-6
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20the%20administration%20of%20coca%20alkaloids%20on%20the%20primary%20immune%20responses%20of%20mice%3A%20Interaction%20with%20%CE%949-tetrahydrocannabinol%20and%20ethanol&journal=Toxicol%20Appl%20Pharmacol&volume=71&pages=1-13&publication_year=1983&author=Watson%2CES&author=Murphy%2CJC&author=Sohly%2CHN&author=Sohly%2CMA&author=Turner%2CCE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXlvFWntLw%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21463073
https://doi.org/10.1037%2Fa0023000

Resources: Cannabinoids as anti-inflammatory agents

d Google Scholar
Xu H, Cheng CL, Chen M, Manivannan A, Cabay L, Pertwee RG, Coutts A, Forrester JV

(2007) Anti-inflammatory property of the cannabinoid receptor-2-selective agonist
JWH-133 in a rodent model of autoimmune uveoretinitis. J Leukoc Biol 82:532—-541

Q CAS

Q PubMed

O Article

1 Google Scholar
Yang X, Hegde VL, Rao R, Zhang J, Nagarkatti PS, Nagarkatti M (2014) Histone
modifications are associated with A9-tetrahydrocannabinol-mediated alterations in
antigen-specific T cell responses. J Biol Chem 289:18707-18718

O CAS

O PubMed

4 Article

d Google Scholar
Yuan M, Kiertscher SM, Cheng Q, Zoumalan R, Tashkin DP, Roth MD (2002)
A9-tetrahydrocannabinol regulates Th1/Th2 cytokine balance in activated human T cells.
J Neuroimmunol 133:124-131

Q CAS

Q PubMed

O Article

1 Google Scholar
Zhang M, Adler MW, Abood ME, Ganea D, Jallo J, Tuma RF (2009a) CB2 receptor
activation attenuates microcirculatory dysfunction during cerebral ischemic/reperfusion
injury. Microvasc Res 78:86-94

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Zhang M, Martin BR, Adler MW, Razdan RJ, Kong W, Ganea D, Tuma RF (2009b)
Modulation of cannabinoid receptor activation as a neuroprotective strategy for EAE and
stroke. J Neuroimmune Pharmacol 4:249-259

O PubMed Central

d PubMed

4 Article

d Google Scholar
Zhu W, Friedman H, Klein TW (1998) A9-tetrahydrocannabinol induces apoptosis in
macrophages and lymphocytes: involvement of bcl-2 and capsase-1. J Pharmacol Exp
Ther 286:1103-1109

Q CAS

Q PubMed

d Google Scholar

59


http://scholar.google.com/scholar_lookup?&title=Tolerance%20to%20chronic%20delta-9-tetrahydrocannabinol%20%28%CE%949-THC%29%20in%20rhesus%20macaques%20infected%20with%20simian%20immunodeficiency%20virus&journal=Exp%20Clin%20Psychopharmacol&volume=19&pages=154-172&publication_year=2011&author=Winsauer%2CPJ&author=Molina%2CPE&author=Amedee%2CAM&author=Filipeanu%2CCM&author=McGoey%2CRR&author=Troxclair%2CDA&author=Walker%2CEM&author=Birke%2CLL&author=Stouwe%2CCV&author=Howard%2CJM&author=Leonard%2CST&author=Moerschbaecher%2CJM&author=Lewis%2CPB
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtValu7rM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17537989
https://doi.org/10.1189%2Fjlb.0307159
http://scholar.google.com/scholar_lookup?&title=Anti-inflammatory%20property%20of%20the%20cannabinoid%20receptor-2-selective%20agonist%20JWH-133%20in%20a%20rodent%20model%20of%20autoimmune%20uveoretinitis&journal=J%20Leukoc%20Biol&volume=82&pages=532-541&publication_year=2007&author=Xu%2CH&author=Cheng%2CCL&author=Chen%2CM&author=Manivannan%2CA&author=Cabay%2CL&author=Pertwee%2CRG&author=Coutts%2CA&author=Forrester%2CJV
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC2cXhtFWitbfL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24841204
https://doi.org/10.1074%2Fjbc.M113.545210
http://scholar.google.com/scholar_lookup?&title=Histone%20modifications%20are%20associated%20with%20%CE%949-tetrahydrocannabinol-mediated%20alterations%20in%20antigen-specific%20T%20cell%20responses&journal=J%20Biol%20Chem&volume=289&pages=18707-18718&publication_year=2014&author=Yang%2CX&author=Hegde%2CVL&author=Rao%2CR&author=Zhang%2CJ&author=Nagarkatti%2CPS&author=Nagarkatti%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38Xoslant7k%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12446015
https://doi.org/10.1016%2FS0165-5728%2802%2900370-3
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20regulates%20Th1%2FTh2%20cytokine%20balance%20in%20activated%20human%20T%20cells&journal=J%20Neuroimmunol&volume=133&pages=124-131&publication_year=2002&author=Yuan%2CM&author=Kiertscher%2CSM&author=Cheng%2CQ&author=Zoumalan%2CR&author=Tashkin%2CDP&author=Roth%2CMD
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1MXnt1Ggs78%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19332079
https://doi.org/10.1016%2Fj.mvr.2009.03.005
http://scholar.google.com/scholar_lookup?&title=CB2%20receptor%20activation%20attenuates%20microcirculatory%20dysfunction%20during%20cerebral%20ischemic%2Freperfusion%20injury&journal=Microvasc%20Res&volume=78&pages=86-94&publication_year=2009&author=Zhang%2CM&author=Adler%2CMW&author=Abood%2CME&author=Ganea%2CD&author=Jallo%2CJ&author=Tuma%2CRF
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19255856
https://doi.org/10.1007%2Fs11481-009-9148-4
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20cannabinoid%20receptor%20activation%20as%20a%20neuroprotective%20strategy%20for%20EAE%20and%20stroke&journal=J%20Neuroimmune%20Pharmacol&volume=4&pages=249-259&publication_year=2009&author=Zhang%2CM&author=Martin%2CBR&author=Adler%2CMW&author=Razdan%2CRJ&author=Kong%2CW&author=Ganea%2CD&author=Tuma%2CRF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXlsVWhtr4%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9694974
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20induces%20apoptosis%20in%20macrophages%20and%20lymphocytes%3A%20involvement%20of%20bcl-2%20and%20capsase-1&journal=J%20Pharmacol%20Exp%20Ther&volume=286&pages=1103-1109&publication_year=1998&author=Zhu%2CW&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

Zhu LX, Sharma S, Stolina M, Gardner B, Roth MD, Tashkin DP, Dubinett SM (2000)
A9-tetrahydrocannabinol inhibits antitumor immunity by a CB2 receptor-mediated,
cytokine-dependent pathway. J Immunol 165:373-380

O CAS

O PubMed

4 Article

d Google Scholar
Ziring D, Wei B, Velazquez P, Schrage M, Buckley NE, Braun J (2006) Formation of B
and T cell subsets require the cannabinoid receptor CB2. Immunogenetics 58:714—-725

O CAS

O PubMed

4 Article

d Google Scholar
Akhmetshina A, Dees C, Busch N, Beer J, Sarter K, Zwerina J, Zimmer A, Distler O,
Schett G, Distler JH (2009) The cannabinoid receptor CB2 exerts antifibrotic effects in
experimental dermal fibrosis. Arthritis Rheum 60:1129-1136

O PubMed

4 Article

d Google Scholar
Baczynsky WO, Zimmerman AM (1983) Effects of A9-tetrahydrocannabinol, cannabinol
and cannabidiol on the immune system of mice. I. in vivo investigation of the primary and
secondary immune response. Pharmacology 26:1-11

Q CAS

Q PubMed

O Article

1 Google Scholar
Basu S, Dittel BN (2011) Unraveling the complexities of cannabinoid receptor 2 (CB2)
immune regulation in health and disease. Immunol Res 51:26-38

Q CAS

Q PubMed

O Article

1 Google Scholar
Borner C, Hollt V, Kraus J (2007) Activation of human T cells induces upregulation of
cannabinoid receptor type 1 transcription. Neuroimmunemodulation 14:281-286

O Article

1 Google Scholar
Borner C, Smida M, Hollt V, Schraven B, Kraus J (2009) Cannabinoid receptor type 1-
and 2-mediated increase in cyclic AMP inhibits T cell receptor-triggered signaling. J Biol
Chem 284:35450-35460
Bouaboula M, Rinaldi M, Carayon P, Carillon C, Delpech B, Shire D, Le Fur G, Casellas
P (1993) Cannabinoid-receptor expression in human leukocytes. Eur J Biochem
214:173-180

Q CAS

60


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXksVKltrg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10861074
https://doi.org/10.4049%2Fjimmunol.165.1.373
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20inhibits%20antitumor%20immunity%20by%20a%20CB2%20receptor-mediated%2C%20cytokine-dependent%20pathway&journal=J%20Immunol&volume=165&pages=373-380&publication_year=2000&author=Zhu%2CLX&author=Sharma%2CS&author=Stolina%2CM&author=Gardner%2CB&author=Roth%2CMD&author=Tashkin%2CDP&author=Dubinett%2CSM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD28XptVGqtbg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16924491
https://doi.org/10.1007%2Fs00251-006-0138-x
http://scholar.google.com/scholar_lookup?&title=Formation%20of%20B%20and%20T%20cell%20subsets%20require%20the%20cannabinoid%20receptor%20CB2&journal=Immunogenetics&volume=58&pages=714-725&publication_year=2006&author=Ziring%2CD&author=Wei%2CB&author=Velazquez%2CP&author=Schrage%2CM&author=Buckley%2CNE&author=Braun%2CJ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19333940
https://doi.org/10.1002%2Fart.24395
http://scholar.google.com/scholar_lookup?&title=The%20cannabinoid%20receptor%20CB2%20exerts%20antifibrotic%20effects%20in%20experimental%20dermal%20fibrosis&journal=Arthritis%20Rheum&volume=60&pages=1129-1136&publication_year=2009&author=Akhmetshina%2CA&author=Dees%2CC&author=Busch%2CN&author=Beer%2CJ&author=Sarter%2CK&author=Zwerina%2CJ&author=Zimmer%2CA&author=Distler%2CO&author=Schett%2CG&author=Distler%2CJH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL38XmtVyhur0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6298841
https://doi.org/10.1159%2F000137763
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20%CE%949-tetrahydrocannabinol%2C%20cannabinol%20and%20cannabidiol%20on%20the%20immune%20system%20of%20mice.%20I.%20in%20vivo%20investigation%20of%20the%20primary%20and%20secondary%20immune%20response&journal=Pharmacology&volume=26&pages=1-11&publication_year=1983&author=Baczynsky%2CWO&author=Zimmerman%2CAM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXht1KjtrzK
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21626285
https://doi.org/10.1007%2Fs12026-011-8210-5
http://scholar.google.com/scholar_lookup?&title=Unraveling%20the%20complexities%20of%20cannabinoid%20receptor%202%20%28CB2%29%20immune%20regulation%20in%20health%20and%20disease&journal=Immunol%20Res&volume=51&pages=26-38&publication_year=2011&author=Basu%2CS&author=Dittel%2CBN
https://doi.org/10.1159%2F000117809
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20human%20T%20cells%20induces%20upregulation%20of%20cannabinoid%20receptor%20type%201%20transcription&journal=Neuroimmunemodulation&volume=14&pages=281-286&publication_year=2007&author=B%C3%B6rner%2CC&author=H%C3%B6llt%2CV&author=Kraus%2CJ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXks1aru74%253D

Resources: Cannabinoids as anti-inflammatory agents

O PubMed

4 Article

d Google Scholar
Buchweitz JP, Karmaus PWF, Harkema JR, Williams KJ, Kaminski N (2007) Modulation
of airway responses to influenza A/PR/8/34 by A9-tetrahydrocannabinol in C57BL/6
mice. J Pharmacol Exp Ther 323:675-683

Q CAS

Q PubMed

O Article

1 Google Scholar
Buchweitz JP, Karmaus PW, Williams KJ, Harkema JR, Kaminski NE (2008) Targeted
deletion of cannabinoid receptors CB1 and CB2 produced enhanced inflammatory
responses to influenza A/PR/8/34 in the absence and presence of
A9-tetrahydrocannabinol. J Leukoc Biol 83:785-796

Q CAS

Q PubMed

O Article

1 Google Scholar
Buckley NE, McCoy KL, Mezey E, Bonner T, Zimmer A, Felder CC, Glass M (2000)
Immunomodulation by cannabinoids is absent in mice deficient for the cannabinoid
CB(2) receptor. Eur J Pharmacol 396:141-149

O CAS

O PubMed

4 Article

d Google Scholar
Cabral GA, Marciano-Cabral F (2004) Cannabinoid-mediated exacerbation of brain
infection by opportunistic amebae. J Neuroimmunol 147:127-130

O CAS

O PubMed

4 Article

d Google Scholar
Cabral GA, Mishkin EM, Marciano-Cabral F, Coleman P, Harris L, Munson AE (1986)
Effect of delta-9-tetrahydrocannabinol on herpes simplex virus type 2 vaginal infections
in the guinea pig. Proc Soc Exp Biol Med 182:181-186

Q CAS

Q PubMed

O Article

1 Google Scholar
Castaneda JT, Harui A, Kiertscher SM, Roth JD, Roth MD (2013) Differential expression
of intracellular and extracellular CB2 cannabinoid receptor protein by human peripheral
blood leukocytes. J Neuroimm Pharmacol 8:323-332

4 Article

d Google Scholar

61


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8508790
https://doi.org/10.1111%2Fj.1432-1033.1993.tb17910.x
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-receptor%20expression%20in%20human%20leukocytes&journal=Eur%20J%20Biochem&volume=214&pages=173-180&publication_year=1993&author=Bouaboula%2CM&author=Rinaldi%2CM&author=Carayon%2CP&author=Carillon%2CC&author=Delpech%2CB&author=Shire%2CD&author=Fur%2CG&author=Casellas%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXht1ynsb%252FJ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17726158
https://doi.org/10.1124%2Fjpet.107.124719
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20airway%20responses%20to%20influenza%20A%2FPR%2F8%2F34%20by%20%CE%949-tetrahydrocannabinol%20in%20C57BL%2F6%20mice&journal=J%20Pharmacol%20Exp%20Ther&volume=323&pages=675-683&publication_year=2007&author=Buchweitz%2CJP&author=Karmaus%2CPWF&author=Harkema%2CJR&author=Williams%2CKJ&author=Kaminski%2CN
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXjtVaqtbk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18073275
https://doi.org/10.1189%2Fjlb.0907618
http://scholar.google.com/scholar_lookup?&title=Targeted%20deletion%20of%20cannabinoid%20receptors%20CB1%20and%20CB2%20produced%20enhanced%20inflammatory%20responses%20to%20influenza%20A%2FPR%2F8%2F34%20in%20the%20absence%20and%20presence%20of%20%CE%949-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=83&pages=785-796&publication_year=2008&author=Buchweitz%2CJP&author=Karmaus%2CPW&author=Williams%2CKJ&author=Harkema%2CJR&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXjsVGntro%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10822068
https://doi.org/10.1016%2FS0014-2999%2800%2900211-9
http://scholar.google.com/scholar_lookup?&title=Immunomodulation%20by%20cannabinoids%20is%20absent%20in%20mice%20deficient%20for%20the%20cannabinoid%20CB%282%29%20receptor&journal=Eur%20J%20Pharmacol&volume=396&pages=141-149&publication_year=2000&author=Buckley%2CNE&author=McCoy%2CKL&author=Mezey%2CE&author=Bonner%2CT&author=Zimmer%2CA&author=Felder%2CCC&author=Glass%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2cXltVOlsg%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14741443
https://doi.org/10.1016%2Fj.jneuroim.2003.10.027
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-mediated%20exacerbation%20of%20brain%20infection%20by%20opportunistic%20amebae&journal=J%20Neuroimmunol&volume=147&pages=127-130&publication_year=2004&author=Cabral%2CGA&author=Marciano-Cabral%2CF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XktFygsLs%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3010327
https://doi.org/10.3181%2F00379727-182-42325
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20delta-9-tetrahydrocannabinol%20on%20herpes%20simplex%20virus%20type%202%20vaginal%20infections%20in%20the%20guinea%20pig&journal=Proc%20Soc%20Exp%20Biol%20Med&volume=182&pages=181-186&publication_year=1986&author=Cabral%2CGA&author=Mishkin%2CEM&author=Marciano-Cabral%2CF&author=Coleman%2CP&author=Harris%2CL&author=Munson%2CAE
https://doi.org/10.1007%2Fs11481-012-9430-8
http://scholar.google.com/scholar_lookup?&title=Differential%20expression%20of%20intracellular%20and%20extracellular%20CB2%20cannabinoid%20receptor%20protein%20by%20human%20peripheral%20blood%20leukocytes&journal=J%20Neuroimm%20Pharmacol&volume=8&pages=323-332&publication_year=2013&author=Castaneda%2CJT&author=Harui%2CA&author=Kiertscher%2CSM&author=Roth%2CJD&author=Roth%2CMD

Resources: Cannabinoids as anti-inflammatory agents

Cencioni MT, Chiurchiu V, Catanzaro G, Borsellino G, Bernardi G, Battistini L,
Maccarrone M (2010) Anandamide suppresses proliferation and cytokine release from
primary human T-lymphocytes mainly via CB2 receptors. PLoS ONE 5:e8688 [Electronic
Resource]

1 PubMed Central

O PubMed

O Article

1 Google Scholar
Condie R, Herring A, Koh WS, Lee M, Kaminski NE (1996) Cannabinoid inhibition of
adenlate cyclase-mediated signal transduction and IL-2 expression in the murine T-cell
line, EL4.IL-2. J Biol Chem 271:13175-13183

O CAS

O PubMed

4 Article

1 Google Scholar
Coopman K, Smith LD, Wright KL, Ward SG (2007) Temporal variation in CB2R levels
following T lymphocyte activation: evidence that cannabinoids modulate
CXCL12-induced chemotaxis. Int Immunopharmacol 7:360-371

Q CAS

O PubMed

O Article

1 Google Scholar
Costantino CM, Gupta A, Yewdall AW, Dale BM, Devi LA, Chen BK (2012) Cannabinoid
receptor 2-mediated attenuation of CXCR4-tropic HIV infection in primary CD4+ T cells.
PLoS ONE 7:33961 [Electronic Resource]

O CAS

1 PubMed Central

O PubMed

O Article

1 Google Scholar
Croxford JL, Yamamura T (2005) Cannabinoids and the immune system: potential for
the treatment of inflammatory diseases? J Neuroimmunol 166:3—18

Q CAS

O PubMed

O Article

1 Google Scholar
Daaka Y, Friedman H, Klein TW (1996) Cannabinoid receptor proteins are increased in
jurkat, human T-cell line after mitogen activation. J Pharmacol Exp Ther 276:776—783

Q CAS

O PubMed

d Google Scholar

62


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2809084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20098669
https://doi.org/10.1371%2Fjournal.pone.0008688
http://scholar.google.com/scholar_lookup?&title=Anandamide%20suppresses%20proliferation%20and%20cytokine%20release%20from%20primary%20human%20T-lymphocytes%20mainly%20via%20CB2%20receptors&journal=PLoS%20ONE&volume=5&publication_year=2010&author=Cencioni%2CMT&author=Chiurchiu%2CV&author=Catanzaro%2CG&author=Borsellino%2CG&author=Bernardi%2CG&author=Battistini%2CL&author=Maccarrone%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XjtlGisL0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8662742
https://doi.org/10.1074%2Fjbc.271.22.13175
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20inhibition%20of%20adenlate%20cyclase-mediated%20signal%20transduction%20and%20IL-2%20expression%20in%20the%20murine%20T-cell%20line%2C%20EL4.IL-2&journal=J%20Biol%20Chem&volume=271&pages=13175-13183&publication_year=1996&author=Condie%2CR&author=Herring%2CA&author=Koh%2CWS&author=Lee%2CM&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtlSltLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17276894
https://doi.org/10.1016%2Fj.intimp.2006.11.008
http://scholar.google.com/scholar_lookup?&title=Temporal%20variation%20in%20CB2R%20levels%20following%20T%20lymphocyte%20activation%3A%20evidence%20that%20cannabinoids%20modulate%20CXCL12-induced%20chemotaxis&journal=Int%20Immunopharmacol&volume=7&pages=360-371&publication_year=2007&author=Coopman%2CK&author=Smith%2CLD&author=Wright%2CKL&author=Ward%2CSG
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XltVyntLk%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3309010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22448282
https://doi.org/10.1371%2Fjournal.pone.0033961
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%202-mediated%20attenuation%20of%20CXCR4-tropic%20HIV%20infection%20in%20primary%20CD4%2B%20T%20cells&journal=PLoS%20ONE&volume=7&publication_year=2012&author=Costantino%2CCM&author=Gupta%2CA&author=Yewdall%2CAW&author=Dale%2CBM&author=Devi%2CLA&author=Chen%2CBK
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXntVCrurw%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16023222
https://doi.org/10.1016%2Fj.jneuroim.2005.04.023
http://scholar.google.com/scholar_lookup?&title=Cannabinoids%20and%20the%20immune%20system%3A%20potential%20for%20the%20treatment%20of%20inflammatory%20diseases%3F&journal=J%20Neuroimmunol&volume=166&pages=3-18&publication_year=2005&author=Croxford%2CJL&author=Yamamura%2CT
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XhtFaktb4%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8632350
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%20proteins%20are%20increased%20in%20jurkat%2C%20human%20T-cell%20line%20after%20mitogen%20activation&journal=J%20Pharmacol%20Exp%20Ther&volume=276&pages=776-783&publication_year=1996&author=Daaka%2CY&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, Gibson D,
Mandelbaum A, Etinger A, Mechoulam R (1992) Isolation and structure of a brain
constituent that binds to the cannabinoid receptor. Science 258:1946-1949

O CAS

O PubMed

4 Article

d Google Scholar
Eisenstein TK, Meissler JJ, Wilson Q, Gaughan JP, Adler MW (2007) Anandamide and
A9-tetrahydrocannabinol directly inhibit cells of the immune system via CB2 receptors. J
Neuroimmunol 189:17-22

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Felder CC, Joyce KE, Briley EM, Mansouri J, Mackie K, Blond O, Lai Y, Ma AL, Mitchell
RL (1995) Comparison of the pharmacology and signal transduction of the human
cannabinoid CB1 and CB2 receptors. Mol Pharmacol 48:443-450

Q CAS

Q PubMed

d Google Scholar
Friedman H, Newton C, Klein TW (2003) Microbial infections, immunomodulation, and
drugs of abuse. Clin Micro Rev 16:209-219

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Galiegue S, Mary S, Marchand J, Dussossoy D, Carriere D, Carayon P, Bouaboula M,
Shire D, Le Fur G, Casellas P (1995) Expression of central and peripheral cannabinoid
receptors in human immune tissues and leukocyte subpopulations. Eur J Biochem
232:54-61

Q CAS

Q PubMed

O Article

1 Google Scholar
Gardner B, Zu LX, Sharma S, Liu Q, Makriyannis A, Tashkin DP, Dubinett SM (2002)
Autocrine and paracrine regulation of lymphcyte CB2 receptor expression by TGF-.
Biochem Biophys Res Comm 290:91-96

O CAS

d PubMed

4 Article

d Google Scholar

63


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXpvVKntg%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1470919
https://doi.org/10.1126%2Fscience.1470919
http://scholar.google.com/scholar_lookup?&title=Isolation%20and%20structure%20of%20a%20brain%20constituent%20that%20binds%20to%20the%20cannabinoid%20receptor&journal=Science&volume=258&pages=1946-1949&publication_year=1992&author=Devane%2CWA&author=Hanus%2CL&author=Breuer%2CA&author=Pertwee%2CRG&author=Stevenson%2CLA&author=Griffin%2CG&author=Gibson%2CD&author=Mandelbaum%2CA&author=Etinger%2CA&author=Mechoulam%2CR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtVWitL%252FK
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2083705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17640739
https://doi.org/10.1016%2Fj.jneuroim.2007.06.001
http://scholar.google.com/scholar_lookup?&title=Anandamide%20and%20%CE%949-tetrahydrocannabinol%20directly%20inhibit%20cells%20of%20the%20immune%20system%20via%20CB2%20receptors&journal=J%20Neuroimmunol&volume=189&pages=17-22&publication_year=2007&author=Eisenstein%2CTK&author=Meissler%2CJJ&author=Wilson%2CQ&author=Gaughan%2CJP&author=Adler%2CMW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXosVKhu7k%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7565624
http://scholar.google.com/scholar_lookup?&title=Comparison%20of%20the%20pharmacology%20and%20signal%20transduction%20of%20the%20human%20cannabinoid%20CB1%20and%20CB2%20receptors&journal=Mol%20Pharmacol&volume=48&pages=443-450&publication_year=1995&author=Felder%2CCC&author=Joyce%2CKE&author=Briley%2CEM&author=Mansouri%2CJ&author=Mackie%2CK&author=Blond%2CO&author=Lai%2CY&author=Ma%2CAL&author=Mitchell%2CRL
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3sXjsF2gtrY%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC153143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12692094
https://doi.org/10.1128%2FCMR.16.2.209-219.2003
http://scholar.google.com/scholar_lookup?&title=Microbial%20infections%2C%20immunomodulation%2C%20and%20drugs%20of%20abuse&journal=Clin%20Micro%20Rev&volume=16&pages=209-219&publication_year=2003&author=Friedman%2CH&author=Newton%2CC&author=Klein%2CTW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXnvVKksL8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7556170
https://doi.org/10.1111%2Fj.1432-1033.1995.tb20780.x
http://scholar.google.com/scholar_lookup?&title=Expression%20of%20central%20and%20peripheral%20cannabinoid%20receptors%20in%20human%20immune%20tissues%20and%20leukocyte%20subpopulations&journal=Eur%20J%20Biochem&volume=232&pages=54-61&publication_year=1995&author=Galiegue%2CS&author=Mary%2CS&author=Marchand%2CJ&author=Dussossoy%2CD&author=Carriere%2CD&author=Carayon%2CP&author=Bouaboula%2CM&author=Shire%2CD&author=Fur%2CG&author=Casellas%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38XhsFChtw%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11779138
https://doi.org/10.1006%2Fbbrc.2001.6179
http://scholar.google.com/scholar_lookup?&title=Autocrine%20and%20paracrine%20regulation%20of%20lymphcyte%20CB2%20receptor%20expression%20by%20TGF-%CE%B2&journal=Biochem%20Biophys%20Res%20Comm&volume=290&pages=91-96&publication_year=2002&author=Gardner%2CB&author=Zu%2CLX&author=Sharma%2CS&author=Liu%2CQ&author=Makriyannis%2CA&author=Tashkin%2CDP&author=Dubinett%2CSM

Resources: Cannabinoids as anti-inflammatory agents

Ghosh S, Preet A, Groopman JE, Ganju RK (2006) Cannabinoid receptor CB2
modulates the CXCL12/CXCR4-mediated chemotaxis of T lymphocytes. Mol Immunol
43:2169-2179

O CAS

O PubMed

4 Article

d Google Scholar
Gorantla S, Makarov E, Roy D, Finke-Dwyer J, Murrin LC, Gendelman HE, Poluektova L
(2010) Immunoregulation of a CB2 receptor agonist in a murine model of neuroAIDS. J
Neuroimmune Pharmacol 5:456—-468

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Hanu$ L, Breuer A, Tchilibon S, Shiloah S, Goldenberg D, Horowitz M, Pertwee RG,
Ross RA, Mechoulam R, Fride E (1999) HU-308: a specific agonist for CB2, a peripheral
cannabinoid receptor. Proc Natl Acad Sci 96:14228-14233.
doi:10.1073/pnas.96.25.14228:

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Hegde VL, Hegde S, Cravatt BF, Hofseth LJ, Nagarkatti M, Nagarkatti PS (2008)
Attenuation of experimental autoimmune hepatitis by exogenous and endogenous
cannabinoids: Involvement of regulatory T cells. Mol Pharmacol 74:20-33

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Huemer HP, Lassnig C, Bernhard D, Sturm S, Nowotny N, Kitchen M, Pavlic M (2011)
Cannabinoids lead to enhanced virulence of the smallpox vaccine (vaccinia) virus.
Immunobiology 216:670-677

O CAS

d PubMed

4 Article

d Google Scholar
Huffman JW, Yu S, Showalter V, Abood ME, Wiley JL, Compton DR, Martin BR,
Bramblett RD, Reggio PH (1996) Synthesis and pharmacology of a very potent
cannabinoid lacking a phenolic hydroxyl with high affinity for the CB2 receptor. J Med
Chem 39:3875-3877

O CAS

d PubMed

64


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD28XlsFCns7c%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16503355
https://doi.org/10.1016%2Fj.molimm.2006.01.005
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor%20CB2%20modulates%20the%20CXCL12%2FCXCR4-mediated%20chemotaxis%20of%20T%20lymphocytes&journal=Mol%20Immunol&volume=43&pages=2169-2179&publication_year=2006&author=Ghosh%2CS&author=Preet%2CA&author=Groopman%2CJE&author=Ganju%2CRK
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3109320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20549374
https://doi.org/10.1007%2Fs11481-010-9225-8
http://scholar.google.com/scholar_lookup?&title=Immunoregulation%20of%20a%20CB2%20receptor%20agonist%20in%20a%20murine%20model%20of%20neuroAIDS&journal=J%20Neuroimmune%20Pharmacol&volume=5&pages=456-468&publication_year=2010&author=Gorantla%2CS&author=Makarov%2CE&author=Roy%2CD&author=Finke-Dwyer%2CJ&author=Murrin%2CLC&author=Gendelman%2CHE&author=Poluektova%2CL
https://doi.org/10.1073/pnas.96.25.14228:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC24419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10588688
https://doi.org/10.1073%2Fpnas.96.25.14228
http://scholar.google.com/scholar_lookup?&title=HU-308%3A%20a%20specific%20agonist%20for%20CB2%2C%20a%20peripheral%20cannabinoid%20receptor&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.96.25.14228%3A&volume=96&pages=14228-14233&publication_year=1999&author=Hanu%C5%A1%2CL&author=Breuer%2CA&author=Tchilibon%2CS&author=Shiloah%2CS&author=Goldenberg%2CD&author=Horowitz%2CM&author=Pertwee%2CRG&author=Ross%2CRA&author=Mechoulam%2CR&author=Fride%2CE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXot1aksLw%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18388242
https://doi.org/10.1124%2Fmol.108.047035
http://scholar.google.com/scholar_lookup?&title=Attenuation%20of%20experimental%20autoimmune%20hepatitis%20by%20exogenous%20and%20endogenous%20cannabinoids%3A%20Involvement%20of%20regulatory%20T%20cells&journal=Mol%20Pharmacol&volume=74&pages=20-33&publication_year=2008&author=Hegde%2CVL&author=Hegde%2CS&author=Cravatt%2CBF&author=Hofseth%2CLJ&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXlvVWgsLk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21131094
https://doi.org/10.1016%2Fj.imbio.2010.11.001
http://scholar.google.com/scholar_lookup?&title=Cannabinoids%20lead%20to%20enhanced%20virulence%20of%20the%20smallpox%20vaccine%20%28vaccinia%29%20virus&journal=Immunobiology&volume=216&pages=670-677&publication_year=2011&author=Huemer%2CHP&author=Lassnig%2CC&author=Bernhard%2CD&author=Sturm%2CS&author=Nowotny%2CN&author=Kitchen%2CM&author=Pavlic%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28XlsVCisLg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8831752

Resources: Cannabinoids as anti-inflammatory agents

O Article

1 Google Scholar
Huffman JW, Liddle J, Yu S, Aung MM, Abood ME, Wiley JL, Martin BR (1999)
3-(1',1"-dimethylbutyl)-1-deoxy-delta8-THC and related compounds: synthesis of
selective ligands for the CB2 receptor. Bioorg Med Chem 7:2905-2914

O CAS

O PubMed

4 Article

d Google Scholar
Kaminski NE (1996) Immune regulation by cannabinoid compounds through the
inhibition of the cyclic AMP signaling cascade and altered gene expression. Biochem
Pharmacol 52:1133-1140

Q CAS

Q PubMed

O Article

1 Google Scholar
Kaminski NE, Abood ME, Kessler FK, Martin BR, Schatz AR (1992) Identification of a
functionally relevant cannabinoid receptor on mouse spleen cells that is involved in
cannabinoid-mediated immune modulation. Mol Pharmacol 42:736—742

O CAS

d PubMed Central

Q PubMed

d Google Scholar
Karmaus PWF, Chen W, Crawford RB, Harkema JR, Kaplan BLF, Kaminski NE (2011)
Deletion of cannabinoid receptors 1 and 2 exacerbates APC function to increase
inflammation and cellular immunity during influenza infection. J Leukoc Biol 90:983-995

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Karmaus PW, Chen W, Kaplan BL, Kaminski NE (2012) A9-tetrahydrocannabinol
suppresses cytotoxic T lymphocyte function independent of CB1 and CB 2, disrupting
early activation events. J Neuroimmune Pharmacol 7:843-855

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Klein TW (2005) Cannabinoid-based drugs as anti-inflammatory therapeutics. Nat Rev
Immunol 5:400-411

Q CAS

Q PubMed

O Article

65


https://doi.org/10.1021%2Fjm960394y
http://scholar.google.com/scholar_lookup?&title=Synthesis%20and%20pharmacology%20of%20a%20very%20potent%20cannabinoid%20lacking%20a%20phenolic%20hydroxyl%20with%20high%20affinity%20for%20the%20CB2%20receptor&journal=J%20Med%20Chem&volume=39&pages=3875-3877&publication_year=1996&author=Huffman%2CJW&author=Yu%2CS&author=Showalter%2CV&author=Abood%2CME&author=Wiley%2CJL&author=Compton%2CDR&author=Martin%2CBR&author=Bramblett%2CRD&author=Reggio%2CPH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXntFCnsA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10658595
https://doi.org/10.1016%2FS0968-0896%2899%2900219-9
http://scholar.google.com/scholar_lookup?&title=3-%281%E2%80%B2%2C1%E2%80%B2-dimethylbutyl%29-1-deoxy-delta8-THC%20and%20related%20compounds%3A%20synthesis%20of%20selective%20ligands%20for%20the%20CB2%20receptor&journal=Bioorg%20Med%20Chem&volume=7&pages=2905-2914&publication_year=1999&author=Huffman%2CJW&author=Liddle%2CJ&author=Yu%2CS&author=Aung%2CMM&author=Abood%2CME&author=Wiley%2CJL&author=Martin%2CBR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK28Xms1SntLY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8937419
https://doi.org/10.1016%2F0006-2952%2896%2900480-7
http://scholar.google.com/scholar_lookup?&title=Immune%20regulation%20by%20cannabinoid%20compounds%20through%20the%20inhibition%20of%20the%20cyclic%20AMP%20signaling%20cascade%20and%20altered%20gene%20expression&journal=Biochem%20Pharmacol&volume=52&pages=1133-1140&publication_year=1996&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXjt1ynsA%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3657723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1279376
http://scholar.google.com/scholar_lookup?&title=Identification%20of%20a%20functionally%20relevant%20cannabinoid%20receptor%20on%20mouse%20spleen%20cells%20that%20is%20involved%20in%20cannabinoid-mediated%20immune%20modulation&journal=Mol%20Pharmacol&volume=42&pages=736-742&publication_year=1992&author=Kaminski%2CNE&author=Abood%2CME&author=Kessler%2CFK&author=Martin%2CBR&author=Schatz%2CAR
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXhsFSjsr%252FL
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3206470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21873455
https://doi.org/10.1189%2Fjlb.0511219
http://scholar.google.com/scholar_lookup?&title=Deletion%20of%20cannabinoid%20receptors%201%20and%202%20exacerbates%20APC%20function%20to%20increase%20inflammation%20and%20cellular%20immunity%20during%20influenza%20infection&journal=J%20Leukoc%20Biol&volume=90&pages=983-995&publication_year=2011&author=Karmaus%2CPWF&author=Chen%2CW&author=Crawford%2CRB&author=Harkema%2CJR&author=Kaplan%2CBLF&author=Kaminski%2CNE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3266990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21789506
https://doi.org/10.1007%2Fs11481-011-9293-4
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20suppresses%20cytotoxic%20T%20lymphocyte%20function%20independent%20of%20CB1%20and%20CB%202%2C%20disrupting%20early%20activation%20events&journal=J%20Neuroimmune%20Pharmacol&volume=7&pages=843-855&publication_year=2012&author=Karmaus%2CPW&author=Chen%2CW&author=Kaplan%2CBL&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXjs1Okurg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15864274
https://doi.org/10.1038%2Fnri1602

Resources: Cannabinoids as anti-inflammatory agents

d Google Scholar
Klein TW, Newton CA, Widen R, Friedman H (1985) The effect of

delta-9-tetrahydrocannabinol and 11-hydroxy-delta-9-tetrahydrocannabinol on
T-lymphocyte and B-lymphocyte mitogen responses. J Immunopharmacol 7:451-466

Q CAS

Q PubMed

O Article

1 Google Scholar
Klein TW, Kawakami Y, Newton C, Friedman H (1991) Marijuana components suppress
inducion and cytolytic function of murine cytotoxic T-cells in vitro and in vivo. J Toxicol
Environ Health 32:465-477

O CAS

O PubMed

4 Article

d Google Scholar
Klein TW, Friedman H, Specter S (1998) Marijuana, immunity and infection. J
Neuroimmunol 83:102-115

O CAS

O PubMed

4 Article

d Google Scholar
Klein TW, Newton CA, Nakachi N, Friedman H (2000) A9-tetrahydrocannabinol
treatment suppresses immunity and early IFN-y, IL-12 and IL-12 receptor 2 responses
to legionella pneumophila infection. J Immunol 164:6461-6466

Q CAS

Q PubMed

O Article

1 Google Scholar
LeCapitaine NJ, Zhang P, Winsauer P, Walker E, Stouwe CV, Porretta C, Molina PE
(2011) Chronic A9-tetrahydrocannabinol administration increases lymphocyte CXCR4
expression in rhesus macaques. J Neuroimmune Pharmacol 6:540-545

O PubMed Central

d PubMed

4 Article

d Google Scholar
Lee SF, Newton C, Widen R, Friedman H, Klein TW (2001) Differential expression of
cannabinoid CB2 receptor mRNA in mouse immune cells subpopulations and following B
cell stimulation. Eur J Pharmacol 423:235-241

Q CAS

Q PubMed

O Article

1 Google Scholar

66


http://scholar.google.com/scholar_lookup?&title=Cannabinoid-based%20drugs%20as%20anti-inflammatory%20therapeutics&journal=Nat%20Rev%20Immunol&volume=5&pages=400-411&publication_year=2005&author=Klein%2CTW
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XotlWrsA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3003204
https://doi.org/10.3109%2F08923978509026487
http://scholar.google.com/scholar_lookup?&title=The%20effect%20of%20delta-9-tetrahydrocannabinol%20and%2011-hydroxy-delta-9-tetrahydrocannabinol%20on%20T-lymphocyte%20and%20B-lymphocyte%20mitogen%20responses&journal=J%20Immunopharmacol&volume=7&pages=451-466&publication_year=1985&author=Klein%2CTW&author=Newton%2CCA&author=Widen%2CR&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3MXit1Wgsr0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1850002
https://doi.org/10.1080%2F15287399109531496
http://scholar.google.com/scholar_lookup?&title=Marijuana%20components%20suppress%20inducion%20and%20cytolytic%20function%20of%20murine%20cytotoxic%20T-cells%20in%20vitro%20and%20in%20vivo&journal=J%20Toxicol%20Environ%20Health&volume=32&pages=465-477&publication_year=1991&author=Klein%2CTW&author=Kawakami%2CY&author=Newton%2CC&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXitlSru7w%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9610678
https://doi.org/10.1016%2FS0165-5728%2897%2900226-9
http://scholar.google.com/scholar_lookup?&title=Marijuana%2C%20immunity%20and%20infection&journal=J%20Neuroimmunol&volume=83&pages=102-115&publication_year=1998&author=Klein%2CTW&author=Friedman%2CH&author=Specter%2CS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXktFWltLY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10843702
https://doi.org/10.4049%2Fjimmunol.164.12.6461
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20treatment%20suppresses%20immunity%20and%20early%20IFN-%CE%B3%2C%20IL-12%20and%20IL-12%20receptor%20%CE%B22%20responses%20to%20legionella%20pneumophila%20infection&journal=J%20Immunol&volume=164&pages=6461-6466&publication_year=2000&author=Klein%2CTW&author=Newton%2CCA&author=Nakachi%2CN&author=Friedman%2CH
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21484257
https://doi.org/10.1007%2Fs11481-011-9277-4
http://scholar.google.com/scholar_lookup?&title=Chronic%20%CE%949-tetrahydrocannabinol%20administration%20increases%20lymphocyte%20CXCR4%20expression%20in%20rhesus%20macaques&journal=J%20Neuroimmune%20Pharmacol&volume=6&pages=540-545&publication_year=2011&author=LeCapitaine%2CNJ&author=Zhang%2CP&author=Winsauer%2CP&author=Walker%2CE&author=Stouwe%2CCV&author=Porretta%2CC&author=Molina%2CPE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3MXltVGjsL0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11448490
https://doi.org/10.1016%2FS0014-2999%2801%2901122-0
http://scholar.google.com/scholar_lookup?&title=Differential%20expression%20of%20cannabinoid%20CB2%20receptor%20mRNA%20in%20mouse%20immune%20cells%20subpopulations%20and%20following%20B%20cell%20stimulation&journal=Eur%20J%20Pharmacol&volume=423&pages=235-241&publication_year=2001&author=Lee%2CSF&author=Newton%2CC&author=Widen%2CR&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

Lefkowitz S, Klager K (1978) Effect of A9-tetrahydrocannabinol on in vitro sensitization of
mouse splenic lymphocytes. Immunol Commun 7:557-566

Q CAS

Q PubMed

d Google Scholar
Li X, Kaminsky NE, Fischer LJ (2001) Examination of the immunosuppressive effect of
A9-tetrahydrocannabinol in streptozotocin-induced autoimmune diabetes. Int
Immunopharmacol 1:699-712

Q CAS

Q PubMed

O Article

1 Google Scholar
Lombard C, Nagarkatti M, Nagarkatti P (2007) CB2 cannabinoid receptor agonist,
JWH-015, triggers apoptosis in immune cells: Potential role for CB2-selective ligands as
immunosuppressive agents. Clin Immunol 122:259-270

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Lombard C, Hegde VL, Nagarkatti M, Nagarkatti PS (2011) Perinatal exposure to
A9-tetrahydorcannabinol triggers profound defects in T cell differentiation and function in
fetal and postnatal stages of life, including decreased responsiveness to HIV antigens. J
Pharmacol Exp Ther 339:607-317
CAS
PubMed Central
PubMed
Article
Google Scholar
Lu H, Kaplan BL, Ngaotepprutaram T, Kaminski NE (2009) Suppression of T cell
costimulator ICOS by Delta9-tetrahydrocannabinol. J Leukoc Biol 85:322—-329

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Luo YD, Patel MK, Wiederhold MD, Ou DW (1992) Effects of cannabinoids and cocaine
on the mitogen-induced transformations of lymphocytes of human and mouse origins. Int
J Immunopharmacol 14:49-56

O CAS

d PubMed

4 Article

d Google Scholar

oo dono

67


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaE1MXhs1aksw%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=359460
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20%CE%949-tetrahydrocannabinol%20on%20in%20vitro%20sensitization%20of%20mouse%20splenic%20lymphocytes&journal=Immunol%20Commun&volume=7&pages=557-566&publication_year=1978&author=Lefkowitz%2CS&author=Klager%2CK
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3MXit1OhsLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357882
https://doi.org/10.1016%2FS1567-5769%2801%2900003-0
http://scholar.google.com/scholar_lookup?&title=Examination%20of%20the%20immunosuppressive%20effect%20of%20%CE%949-tetrahydrocannabinol%20in%20streptozotocin-induced%20autoimmune%20diabetes&journal=Int%20Immunopharmacol&volume=1&pages=699-712&publication_year=2001&author=Li%2CX&author=Kaminsky%2CNE&author=Fischer%2CLJ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhs1Chu7k%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1864948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17185040
https://doi.org/10.1016%2Fj.clim.2006.11.002
http://scholar.google.com/scholar_lookup?&title=CB2%20cannabinoid%20receptor%20agonist%2C%20JWH-015%2C%20triggers%20apoptosis%20in%20immune%20cells%3A%20Potential%20role%20for%20CB2-selective%20ligands%20as%20immunosuppressive%20agents&journal=Clin%20Immunol&volume=122&pages=259-270&publication_year=2007&author=Lombard%2CC&author=Nagarkatti%2CM&author=Nagarkatti%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXhsFehtbrF
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3199982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21831965
https://doi.org/10.1124%2Fjpet.111.181206
http://scholar.google.com/scholar_lookup?&title=Perinatal%20exposure%20to%20%CE%949-tetrahydorcannabinol%20triggers%20profound%20defects%20in%20T%20cell%20differentiation%20and%20function%20in%20fetal%20and%20postnatal%20stages%20of%20life%2C%20including%20decreased%20responsiveness%20to%20HIV%20antigens&journal=J%20Pharmacol%20Exp%20Ther&volume=339&pages=607-317&publication_year=2011&author=Lombard%2CC&author=Hegde%2CVL&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1MXhslelu70%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2631366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18988696
https://doi.org/10.1189%2Fjlb.0608390
http://scholar.google.com/scholar_lookup?&title=Suppression%20of%20T%20cell%20costimulator%20ICOS%20by%20Delta9-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=85&pages=322-329&publication_year=2009&author=Lu%2CH&author=Kaplan%2CBL&author=Ngaotepprutaram%2CT&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK38XhsVeltLg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1316319
https://doi.org/10.1016%2F0192-0561%2892%2990104-S
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20cannabinoids%20and%20cocaine%20on%20the%20mitogen-induced%20transformations%20of%20lymphocytes%20of%20human%20and%20mouse%20origins&journal=Int%20J%20Immunopharmacol&volume=14&pages=49-56&publication_year=1992&author=Luo%2CYD&author=Patel%2CMK&author=Wiederhold%2CMD&author=Ou%2CDW

Resources: Cannabinoids as anti-inflammatory agents

Maresz K, Pryce G, Ponomarev ED, Marsicano G, Croxford JL, Shriver LP, Ledent C,
Cheng X, Carrier EJ, Mann MK, Giovannoni G, Pertwee RG, Yamamura T, Buckley NE,
Hillard CJ, Lutz B, Baker D, Dittel BN (2007) Direct suppression of CNS autoimmune
inflammation via the cannabinoid receptor CB1 on neurons and CB2 on autoreactive T
cells. Nat Med 13:492—-497

O CAS

O PubMed

4 Article

d Google Scholar
Massi P, Sacerdote P, Ponti W, Fuzio D, Manfredi B, Vigané D, Rubino T, Bardotti M,
Parolaro D (1998) Immune function alterations in mice tolerant to
A9-tetrahydrocannabinol: functional and biochemical parameters. J Neuroimmunol
92:60-66

O CAS

O PubMed

4 Article

d Google Scholar
Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner Tl (1990) Structure of a
cannabinoid receptor and functional expression of the cloned cDNA. Nature
346:561-564

Q CAS

Q PubMed

O Article

1 Google Scholar
McKallip RJ, Lombard C, Martin BR, Nagarkatti M, Nagarkatti PS (2002)
A9-tetrahydrocannabinol-induced apoptosis in the thymus and spleen as a mechanism
of immunosuppression in vitro and in vivo. J Pharmacol Exp Ther 302:451-465

O CAS

O PubMed

4 Article

d Google Scholar
Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE, Schatz AR, Gopher
A, Almog S, Martin BR, Compton DR, Pertwee RG, Griffin G, Bayewitch M, Barg J,
Vogel Z (1995) Identification of an endogenous 2-monoglyceride, present in canine gut,
that binds to cannabinoid receptors. Biochem Pharmacol 50:83-90

O CAS

d PubMed

4 Article

d Google Scholar
Mishkin EM, Cabral GA (1985) Delta-9-tetrahydrocannabinol decreases host resistance
to herpes simplex virus type 2 vaginal infection in the B6C3F1 mouse. J Gen Virol
66:2539-2549

Q CAS

68


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXjvVaqur8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17401376
https://doi.org/10.1038%2Fnm1561
http://scholar.google.com/scholar_lookup?&title=Direct%20suppression%20of%20CNS%20autoimmune%20inflammation%20via%20the%20cannabinoid%20receptor%20CB1%20on%20neurons%20and%20CB2%20on%20autoreactive%20T%20cells&journal=Nat%20Med&volume=13&pages=492-497&publication_year=2007&author=Maresz%2CK&author=Pryce%2CG&author=Ponomarev%2CED&author=Marsicano%2CG&author=Croxford%2CJL&author=Shriver%2CLP&author=Ledent%2CC&author=Cheng%2CX&author=Carrier%2CEJ&author=Mann%2CMK&author=Giovannoni%2CG&author=Pertwee%2CRG&author=Yamamura%2CT&author=Buckley%2CNE&author=Hillard%2CCJ&author=Lutz%2CB&author=Baker%2CD&author=Dittel%2CBN
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXnvVWisrY%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9916880
https://doi.org/10.1016%2FS0165-5728%2898%2900177-5
http://scholar.google.com/scholar_lookup?&title=Immune%20function%20alterations%20in%20mice%20tolerant%20to%20%CE%949-tetrahydrocannabinol%3A%20functional%20and%20biochemical%20parameters&journal=J%20Neuroimmunol&volume=92&pages=60-66&publication_year=1998&author=Massi%2CP&author=Sacerdote%2CP&author=Ponti%2CW&author=Fuzio%2CD&author=Manfredi%2CB&author=Vigan%C3%B3%2CD&author=Rubino%2CT&author=Bardotti%2CM&author=Parolaro%2CD
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3cXls1Ghu7w%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2165569
https://doi.org/10.1038%2F346561a0
http://scholar.google.com/scholar_lookup?&title=Structure%20of%20a%20cannabinoid%20receptor%20and%20functional%20expression%20of%20the%20cloned%20cDNA&journal=Nature&volume=346&pages=561-564&publication_year=1990&author=Matsuda%2CLA&author=Lolait%2CSJ&author=Brownstein%2CMJ&author=Young%2CAC&author=Bonner%2CTI
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38Xls1OgsLc%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12130702
https://doi.org/10.1124%2Fjpet.102.033506
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol-induced%20apoptosis%20in%20the%20thymus%20and%20spleen%20as%20a%20mechanism%20of%20immunosuppression%20in%20vitro%20and%20in%20vivo&journal=J%20Pharmacol%20Exp%20Ther&volume=302&pages=451-465&publication_year=2002&author=McKallip%2CRJ&author=Lombard%2CC&author=Martin%2CBR&author=Nagarkatti%2CM&author=Nagarkatti%2CPS
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXmsl2ks7Y%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7605349
https://doi.org/10.1016%2F0006-2952%2895%2900109-D
http://scholar.google.com/scholar_lookup?&title=Identification%20of%20an%20endogenous%202-monoglyceride%2C%20present%20in%20canine%20gut%2C%20that%20binds%20to%20cannabinoid%20receptors&journal=Biochem%20Pharmacol&volume=50&pages=83-90&publication_year=1995&author=Mechoulam%2CR&author=Ben-Shabat%2CS&author=Hanus%2CL&author=Ligumsky%2CM&author=Kaminski%2CNE&author=Schatz%2CAR&author=Gopher%2CA&author=Almog%2CS&author=Martin%2CBR&author=Compton%2CDR&author=Pertwee%2CRG&author=Griffin%2CG&author=Bayewitch%2CM&author=Barg%2CJ&author=Vogel%2CZ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL28XhtVansrc%253D

Resources: Cannabinoids as anti-inflammatory agents

O PubMed

4 Article

d Google Scholar
Molina PE, Amdee A, LeCapitaine NJ, Zabaleta J, Mohan M, Winsauer P, Stouwe CV
(2011) Cannabinoid neuroimmune modulation of SIV disease. J Neuroimmune
Pharmacol 6:516-527

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Molina PE, Amedee AM, LeCapitaine NJ, Zabaleta J, Mohan M, Winsauer PJ, Stouwe
CV, McGoey RR, Auten MW, LaMotte L, Chandra LC, Birke LL (2014) Modulation of
gut-specific mechanisms by chronic D9-tetrahydrocannabinol administration in male
rhesus macaques infected with simian immunodeficiency virus: a systems biology
analysis. AIDS Res Hum Retrovir 30:567-578

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Morahan PS, Klykken PC, Smith SH, Harris LS, Munson AE (1979) Effects of
cannabinoids of host resistance to Listeria monocytogenes and herpes simples virus.
Infect Immun 23:670-674
Munro S, Thomas KK, Abu-Shaar M (1993) Molecular characterization of a peripheral
receptor for cannabinoids. Nature 365:61-65

O CAS

O PubMed

4 Article

d Google Scholar
Nakano Y, Pross S, Friedman H (1992) Contrasting effect of
delta-9-tetrahydrocannabinol on IL-2 activity in spleen and lymph node cells of mice of
different ages. Life Sci 52:41-51

O Article

1 Google Scholar
Newton CA, Klein TW, Friedman H (1994) Secondary immunity to Legionella
pneumophila and Th1 activity are suppressed by delta-9-tetrahydrocannabinol injection.
Infect Immun 62:4015—4020
Newton CA, Chou P, Perkins I, Klein TW (2009) CB1 and CB2 cannabinoid receptors
mediate different aspects of delta-9-tetrahydrocannabinol (THC)-induced T helper cell
shift following immune activation by Legionella pneumophila infection. J Neuroimmune
Pharmacol 4:92—102

69


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2999306
https://doi.org/10.1099%2F0022-1317-66-12-2539
http://scholar.google.com/scholar_lookup?&title=Delta-9-tetrahydrocannabinol%20decreases%20host%20resistance%20to%20herpes%20simplex%20virus%20type%202%20vaginal%20infection%20in%20the%20B6C3F1%20mouse&journal=J%20Gen%20Virol&volume=66&pages=2539-2549&publication_year=1985&author=Mishkin%2CEM&author=Cabral%2CGA
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3208744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21830069
https://doi.org/10.1007%2Fs11481-011-9301-8
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20neuroimmune%20modulation%20of%20SIV%20disease&journal=J%20Neuroimmune%20Pharmacol&volume=6&pages=516-527&publication_year=2011&author=Molina%2CPE&author=Amdee%2CA&author=LeCapitaine%2CNJ&author=Zabaleta%2CJ&author=Mohan%2CM&author=Winsauer%2CP&author=Stouwe%2CCV
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC2cXpsVemu7c%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24400995
https://doi.org/10.1089%2Faid.2013.0182
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20gut-specific%20mechanisms%20by%20chronic%20D9-tetrahydrocannabinol%20administration%20in%20male%20rhesus%20macaques%20infected%20with%20simian%20immunodeficiency%20virus%3A%20a%20systems%20biology%20analysis&journal=AIDS%20Res%20Hum%20Retrovir&volume=30&pages=567-578&publication_year=2014&author=Molina%2CPE&author=Amedee%2CAM&author=LeCapitaine%2CNJ&author=Zabaleta%2CJ&author=Mohan%2CM&author=Winsauer%2CPJ&author=Stouwe%2CCV&author=McGoey%2CRR&author=Auten%2CMW&author=LaMotte%2CL&author=Chandra%2CLC&author=Birke%2CLL
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXmsVWiurk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7689702
https://doi.org/10.1038%2F365061a0
http://scholar.google.com/scholar_lookup?&title=Molecular%20characterization%20of%20a%20peripheral%20receptor%20for%20cannabinoids&journal=Nature&volume=365&pages=61-65&publication_year=1993&author=Munro%2CS&author=Thomas%2CKK&author=Abu-Shaar%2CM
https://doi.org/10.1016%2F0024-3205%2893%2990287-D
http://scholar.google.com/scholar_lookup?&title=Contrasting%20effect%20of%20delta-9-tetrahydrocannabinol%20on%20IL-2%20activity%20in%20spleen%20and%20lymph%20node%20cells%20of%20mice%20of%20different%20ages&journal=Life%20Sci&volume=52&pages=41-51&publication_year=1992&author=Nakano%2CY&author=Pross%2CS&author=Friedman%2CH

Resources: Cannabinoids as anti-inflammatory agents

Ngaotepprutaram T, Kaplan BL, Crawford RB, Kaminski NE (2012) Differential
modulation by A9-tetrahydrocannabinol (A9-THC) of CD40 ligand (CD40L) expression in
activated mouse splenic CD4+ T cells. J Neuroimmune Pharmacol 7:969-980

O PubMed Central

O PubMed

4 Article

d Google Scholar
Pertwee RG (2008) The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinoids: A9-tetrahydrocannabinol, cannabidiol, and A9-tetrahydrocannabivarin. Br
J Pharmacol 153:199-215

Q CAS

O PubMed Central

O PubMed

4 Article

d Google Scholar
Pross SH, Klein TW, Newton CA, Smith J, Widen R, Friedman H (1990) Differential
suppression of T-cell subpopulations by THC (delta-9-tetrahydrocannabinol). Int J
Immunopharmacol 12:539-544

Q CAS

Q PubMed

O Article

1 Google Scholar
Purohit V, Rapaka RS, Rutter J (2014) Cannabinoid receptor-2 and HIV-associated
neurocognitive disorders. J Neuroimmune Pharmacol 9:447-453

O PubMed

4 Article

d Google Scholar
Ramirez SH, Hasko J, Skuba A, Fan S, Dykstra H, McCormick R, Reichenbach N,
Krizbai I, Mahedevan A, Zhang M, Tuma R, Son Y, Persidsky Y (2012) Activation of
cannabinoid receptor 2 attenuates leukocyte-endothelial cell interactions and
blood—brain barrier dysfunction under inflammatory conditions. J Neurosci
32:4004-4016

Q CAS

O PubMed Central

d PubMed

4 Article

d Google Scholar
Rieder SA, Chauhan A, Singh U, Nagarkatti M, Nagarkatti P (2010)
Cannabinoid-induced apoptosis in immune cells as a pathway to immunosuppression.
Immunobiology 215:598-605

Q CAS

O PubMed Central

d PubMed

70


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3657729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22851303
https://doi.org/10.1007%2Fs11481-012-9390-z
http://scholar.google.com/scholar_lookup?&title=Differential%20modulation%20by%20%CE%949-tetrahydrocannabinol%20%28%CE%949-THC%29%20of%20CD40%20ligand%20%28CD40L%29%20expression%20in%20activated%20mouse%20splenic%20CD4%2B%20T%20cells&journal=J%20Neuroimmune%20Pharmacol&volume=7&pages=969-980&publication_year=2012&author=Ngaotepprutaram%2CT&author=Kaplan%2CBL&author=Crawford%2CRB&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXovFCkuw%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2219532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17828291
https://doi.org/10.1038%2Fsj.bjp.0707442
http://scholar.google.com/scholar_lookup?&title=The%20diverse%20CB1%20and%20CB2%20receptor%20pharmacology%20of%20three%20plant%20cannabinoids%3A%20%CE%949-tetrahydrocannabinol%2C%20cannabidiol%2C%20and%20%CE%949-tetrahydrocannabivarin&journal=Br%20J%20Pharmacol&volume=153&pages=199-215&publication_year=2008&author=Pertwee%2CRG
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3cXls1Ggs70%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2170281
https://doi.org/10.1016%2F0192-0561%2890%2990118-7
http://scholar.google.com/scholar_lookup?&title=Differential%20suppression%20of%20T-cell%20subpopulations%20by%20THC%20%28delta-9-tetrahydrocannabinol%29&journal=Int%20J%20Immunopharmacol&volume=12&pages=539-544&publication_year=1990&author=Pross%2CSH&author=Klein%2CTW&author=Newton%2CCA&author=Smith%2CJ&author=Widen%2CR&author=Friedman%2CH
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25015040
https://doi.org/10.1007%2Fs11481-014-9554-0
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor-2%20and%20HIV-associated%20neurocognitive%20disorders&journal=J%20Neuroimmune%20Pharmacol&volume=9&pages=447-453&publication_year=2014&author=Purohit%2CV&author=Rapaka%2CRS&author=Rutter%2CJ
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XkslCmtrs%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3325902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22442067
https://doi.org/10.1523%2FJNEUROSCI.4628-11.2012
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20cannabinoid%20receptor%202%20attenuates%20leukocyte-endothelial%20cell%20interactions%20and%20blood%E2%80%93brain%20barrier%20dysfunction%20under%20inflammatory%20conditions&journal=J%20Neurosci&volume=32&pages=4004-4016&publication_year=2012&author=Ramirez%2CSH&author=Hasko%2CJ&author=Skuba%2CA&author=Fan%2CS&author=Dykstra%2CH&author=McCormick%2CR&author=Reichenbach%2CN&author=Krizbai%2CI&author=Mahedevan%2CA&author=Zhang%2CM&author=Tuma%2CR&author=Son%2CY&author=Persidsky%2CY
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3cXpsVCks70%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3005548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19457575

Resources: Cannabinoids as anti-inflammatory agents

O Article

1 Google Scholar
Robinson RH,Meisser JJ, Breslow-Deckman JM,Gaughan J,AdlerMW, Eisenstein TK
(2013) Cannabinoids inhibit T-cells via cannabinoid receptor 2 in an in vitro assay for
graft rejection, the mixed lymphocyte reaction. J Neuroimmune Pharmacol 8:1239-1250
Roth MD, Tashkin DP, Whittaker KM, Choi R, Baldwin GC (2005) Tetrahydrocannabinol
suppresses immune function and enhances HIV replication in the huPBL-SCID mouse.
Life Sci 77:1711-1722

Q CAS

O PubMed

O Article

1 Google Scholar
Schatz AR, Koh WS, Kaminski NE (1993) A9-tetrahydrocannabinol selectively inhibits
T-cell dependent humoral immune responses through direct inhibition of accessory T-cell
function. Immunopharmacology 26:129-137

O CAS

O PubMed

4 Article

1 Google Scholar
Schwarz H, Blanco FJ, Lotz M (1994) Anandamide, an endogenous cannabinoid
receptor agonist inhibits lymphocyte proliferation and induces apoptosis. J
Neuroimmunol 55:107-115

Q CAS

O PubMed

O Article

1 Google Scholar
Servettaz A, Kavian N, Nicco C, Deveaux V, Chereau C, Wang A, Zimmer A, Lotersztajn
S, Weill B, Batteux F (2010) Targeting the cannabinoid pathway limits the development
of fibrosis and autoimmunity in a mouse model of systemic sclerosis. Am J Pathol
177:187-196

1 PubMed Central

O PubMed

O Article

1 Google Scholar
Singh UP, Singh NP, Singh B, Price RL, Nagarkatti M, Nagarkatti PS (2012) Cannabinoid
receptor-2 (CB2) agonist ameliorates colitis in IL-10(—/-) mice by attenuating the
activation of T cells and promoting their apoptosis. Toxicol Appl Pharmacol 258:256-267
CAS
PubMed Central
PubMed
Article
Google Scholar

oodoo

71


https://doi.org/10.1016%2Fj.imbio.2009.04.001
http://scholar.google.com/scholar_lookup?&title=Cannabinoid-induced%20apoptosis%20in%20immune%20cells%20as%20a%20pathway%20to%20immunosuppression&journal=Immunobiology&volume=215&pages=598-605&publication_year=2010&author=Rieder%2CSA&author=Chauhan%2CA&author=Singh%2CU&author=Nagarkatti%2CM&author=Nagarkatti%2CP
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2MXmvVGitL8%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15964028
https://doi.org/10.1016%2Fj.lfs.2005.05.014
http://scholar.google.com/scholar_lookup?&title=Tetrahydrocannabinol%20suppresses%20immune%20function%20and%20enhances%20HIV%20replication%20in%20the%20huPBL-SCID%20mouse&journal=Life%20Sci&volume=77&pages=1711-1722&publication_year=2005&author=Roth%2CMD&author=Tashkin%2CDP&author=Whittaker%2CKM&author=Choi%2CR&author=Baldwin%2CGC
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3sXms1agtr0%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8282537
https://doi.org/10.1016%2F0162-3109%2893%2990005-B
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20selectively%20inhibits%20T-cell%20dependent%20humoral%20immune%20responses%20through%20direct%20inhibition%20of%20accessory%20T-cell%20function&journal=Immunopharmacology&volume=26&pages=129-137&publication_year=1993&author=Schatz%2CAR&author=Koh%2CWS&author=Kaminski%2CNE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK2MXitlams7o%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7962480
https://doi.org/10.1016%2F0165-5728%2894%2990152-X
http://scholar.google.com/scholar_lookup?&title=Anandamide%2C%20an%20endogenous%20cannabinoid%20receptor%20agonist%20inhibits%20lymphocyte%20proliferation%20and%20induces%20apoptosis&journal=J%20Neuroimmunol&volume=55&pages=107-115&publication_year=1994&author=Schwarz%2CH&author=Blanco%2CFJ&author=Lotz%2CM
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2893662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20508030
https://doi.org/10.2353%2Fajpath.2010.090763
http://scholar.google.com/scholar_lookup?&title=Targeting%20the%20cannabinoid%20pathway%20limits%20the%20development%20of%20fibrosis%20and%20autoimmunity%20in%20a%20mouse%20model%20of%20systemic%20sclerosis&journal=Am%20J%20Pathol&volume=177&pages=187-196&publication_year=2010&author=Servettaz%2CA&author=Kavian%2CN&author=Nicco%2CC&author=Deveaux%2CV&author=Chereau%2CC&author=Wang%2CA&author=Zimmer%2CA&author=Lotersztajn%2CS&author=Weill%2CB&author=Batteux%2CF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC38XosFOqtg%253D%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4117838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=22119709
https://doi.org/10.1016%2Fj.taap.2011.11.005
http://scholar.google.com/scholar_lookup?&title=Cannabinoid%20receptor-2%20%28CB2%29%20agonist%20ameliorates%20colitis%20in%20IL-10%28%E2%88%92%2F%E2%88%92%29%20mice%20by%20attenuating%20the%20activation%20of%20T%20cells%20and%20promoting%20their%20apoptosis&journal=Toxicol%20Appl%20Pharmacol&volume=258&pages=256-267&publication_year=2012&author=Singh%2CUP&author=Singh%2CNP&author=Singh%2CB&author=Price%2CRL&author=Nagarkatti%2CM&author=Nagarkatti%2CPS

Resources: Cannabinoids as anti-inflammatory agents

d Smith SH, Harris LS, Uwayday IM, Munson AE (1978) Structure-activity relationships of
natural and synthetic cannabinoids in suppression of humoral and cell-mediated
immunity. J Pharmacol Exp Ther 207:165-170

O CAS
O PubMed
1 Google Scholar

4 Specter S, Lancz G, Westrich G, Friedman H (1991) Delta-9-tetrahydrocannabinol
augments murine retroviral induced immunosuppression and infection. Int J
Immunopharmacol 13:411-417

O CAS

O PubMed

4 Article

d Google Scholar

O Springs AEB, Karmaus PWF, Crawford RB, Kaplan BLF, Kaminski NE (2008) Effects of
targeted deletion of cannabinoid receptors CB1 and CB2 on immune competence and
sensitivity to immune modulation by A9-tetrahydrocannabinol. J Leukoc Biol
84:1574-1584

O CAS

d PubMed Central
O PubMed

O Article

1 Google Scholar

[ Storr MA, Keenan CM, Zhang H, Patel KD, Makriyannis A, Sharkey KA (2009) Activation
of the cannabinoid 2 receptor (CB2) protects against experimental colitis. Inflamm Bowel
Dis 15:1678-1685

O PubMed
O Article
1 Google Scholar

4 Watson ES, Murphy JC, El Sohly HN, El Sohly MA, Turner CE (1983) Effects of the
administration of coca alkaloids on the primary immune responses of mice: Interaction
with A9-tetrahydrocannabinol and ethanol. Toxicol Appl Pharmacol 71:1-13

O CAS

d PubMed

4 Article

d Google Scholar

O Winsauer PJ, Molina PE, Amedee AM, Filipeanu CM, McGoey RR, Troxclair DA, Walker
EM, Birke LL, Stouwe CV, Howard JM, Leonard ST, Moerschbaecher JM, Lewis PB
(2011) Tolerance to chronic delta-9-tetrahydrocannabinol (A9-THC) in rhesus macaques
infected with simian immunodeficiency virus. Exp Clin Psychopharmacol 19:154-172

O CAS

d PubMed Central
O PubMed

O Article

72


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaE1MXotVOntA%253D%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=702337
http://scholar.google.com/scholar_lookup?&title=Structure-activity%20relationships%20of%20natural%20and%20synthetic%20cannabinoids%20in%20suppression%20of%20humoral%20and%20cell-mediated%20immunity&journal=J%20Pharmacol%20Exp%20Ther&volume=207&pages=165-170&publication_year=1978&author=Smith%2CSH&author=Harris%2CLS&author=Uwayday%2CIM&author=Munson%2CAE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK3MXks1Cmu70%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1646773
https://doi.org/10.1016%2F0192-0561%2891%2990011-U
http://scholar.google.com/scholar_lookup?&title=Delta-9-tetrahydrocannabinol%20augments%20murine%20retroviral%20induced%20immunosuppression%20and%20infection&journal=Int%20J%20Immunopharmacol&volume=13&pages=411-417&publication_year=1991&author=Specter%2CS&author=Lancz%2CG&author=Westrich%2CG&author=Friedman%2CH
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1cXhsVKhs77O
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2614598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18791168
https://doi.org/10.1189%2Fjlb.0508282
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20targeted%20deletion%20of%20cannabinoid%20receptors%20CB1%20and%20CB2%20on%20immune%20competence%20and%20sensitivity%20to%20immune%20modulation%20by%20%CE%949-tetrahydrocannabinol&journal=J%20Leukoc%20Biol&volume=84&pages=1574-1584&publication_year=2008&author=Springs%2CAEB&author=Karmaus%2CPWF&author=Crawford%2CRB&author=Kaplan%2CBLF&author=Kaminski%2CNE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19408320
https://doi.org/10.1002%2Fibd.20960
http://scholar.google.com/scholar_lookup?&title=Activation%20of%20the%20cannabinoid%202%20receptor%20%28CB2%29%20protects%20against%20experimental%20colitis&journal=Inflamm%20Bowel%20Dis&volume=15&pages=1678-1685&publication_year=2009&author=Storr%2CMA&author=Keenan%2CCM&author=Zhang%2CH&author=Patel%2CKD&author=Makriyannis%2CA&author=Sharkey%2CKA
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaL3sXlvV2isrk%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6314602
https://doi.org/10.1016%2F0041-008X%2883%2990040-6
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20the%20administration%20of%20coca%20alkaloids%20on%20the%20primary%20immune%20responses%20of%20mice%3A%20Interaction%20with%20%CE%949-tetrahydrocannabinol%20and%20ethanol&journal=Toxicol%20Appl%20Pharmacol&volume=71&pages=1-13&publication_year=1983&author=Watson%2CES&author=Murphy%2CJC&author=Sohly%2CHN&author=Sohly%2CMA&author=Turner%2CCE
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC3MXlvFWntLw%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21463073
https://doi.org/10.1037%2Fa0023000

Resources: Cannabinoids as anti-inflammatory agents

d Google Scholar
Xu H, Cheng CL, Chen M, Manivannan A, Cabay L, Pertwee RG, Coutts A, Forrester JV

(2007) Anti-inflammatory property of the cannabinoid receptor-2-selective agonist
JWH-133 in a rodent model of autoimmune uveoretinitis. J Leukoc Biol 82:532—-541

Q CAS

Q PubMed

O Article

1 Google Scholar
Yang X, Hegde VL, Rao R, Zhang J, Nagarkatti PS, Nagarkatti M (2014) Histone
modifications are associated with A9-tetrahydrocannabinol-mediated alterations in
antigen-specific T cell responses. J Biol Chem 289:18707-18718

O CAS

O PubMed

4 Article

d Google Scholar
Yuan M, Kiertscher SM, Cheng Q, Zoumalan R, Tashkin DP, Roth MD (2002)
A9-tetrahydrocannabinol regulates Th1/Th2 cytokine balance in activated human T cells.
J Neuroimmunol 133:124-131

Q CAS

Q PubMed

O Article

1 Google Scholar
Zhang M, Adler MW, Abood ME, Ganea D, Jallo J, Tuma RF (2009a) CB2 receptor
activation attenuates microcirculatory dysfunction during cerebral ischemic/reperfusion
injury. Microvasc Res 78:86-94

O CAS

d PubMed Central

Q PubMed

O Article

1 Google Scholar
Zhang M, Martin BR, Adler MW, Razdan RJ, Kong W, Ganea D, Tuma RF (2009b)
Modulation of cannabinoid receptor activation as a neuroprotective strategy for EAE and
stroke. J Neuroimmune Pharmacol 4:249-259

O PubMed Central

d PubMed

4 Article

d Google Scholar
Zhu W, Friedman H, Klein TW (1998) A9-tetrahydrocannabinol induces apoptosis in
macrophages and lymphocytes: involvement of bcl-2 and capsase-1. J Pharmacol Exp
Ther 286:1103-1109

Q CAS

Q PubMed

d Google Scholar

73


http://scholar.google.com/scholar_lookup?&title=Tolerance%20to%20chronic%20delta-9-tetrahydrocannabinol%20%28%CE%949-THC%29%20in%20rhesus%20macaques%20infected%20with%20simian%20immunodeficiency%20virus&journal=Exp%20Clin%20Psychopharmacol&volume=19&pages=154-172&publication_year=2011&author=Winsauer%2CPJ&author=Molina%2CPE&author=Amedee%2CAM&author=Filipeanu%2CCM&author=McGoey%2CRR&author=Troxclair%2CDA&author=Walker%2CEM&author=Birke%2CLL&author=Stouwe%2CCV&author=Howard%2CJM&author=Leonard%2CST&author=Moerschbaecher%2CJM&author=Lewis%2CPB
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD2sXhtValu7rM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17537989
https://doi.org/10.1189%2Fjlb.0307159
http://scholar.google.com/scholar_lookup?&title=Anti-inflammatory%20property%20of%20the%20cannabinoid%20receptor-2-selective%20agonist%20JWH-133%20in%20a%20rodent%20model%20of%20autoimmune%20uveoretinitis&journal=J%20Leukoc%20Biol&volume=82&pages=532-541&publication_year=2007&author=Xu%2CH&author=Cheng%2CCL&author=Chen%2CM&author=Manivannan%2CA&author=Cabay%2CL&author=Pertwee%2CRG&author=Coutts%2CA&author=Forrester%2CJV
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC2cXhtFWitbfL
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24841204
https://doi.org/10.1074%2Fjbc.M113.545210
http://scholar.google.com/scholar_lookup?&title=Histone%20modifications%20are%20associated%20with%20%CE%949-tetrahydrocannabinol-mediated%20alterations%20in%20antigen-specific%20T%20cell%20responses&journal=J%20Biol%20Chem&volume=289&pages=18707-18718&publication_year=2014&author=Yang%2CX&author=Hegde%2CVL&author=Rao%2CR&author=Zhang%2CJ&author=Nagarkatti%2CPS&author=Nagarkatti%2CM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD38Xoslant7k%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12446015
https://doi.org/10.1016%2FS0165-5728%2802%2900370-3
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20regulates%20Th1%2FTh2%20cytokine%20balance%20in%20activated%20human%20T%20cells&journal=J%20Neuroimmunol&volume=133&pages=124-131&publication_year=2002&author=Yuan%2CM&author=Kiertscher%2CSM&author=Cheng%2CQ&author=Zoumalan%2CR&author=Tashkin%2CDP&author=Roth%2CMD
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1MXnt1Ggs78%253D
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19332079
https://doi.org/10.1016%2Fj.mvr.2009.03.005
http://scholar.google.com/scholar_lookup?&title=CB2%20receptor%20activation%20attenuates%20microcirculatory%20dysfunction%20during%20cerebral%20ischemic%2Freperfusion%20injury&journal=Microvasc%20Res&volume=78&pages=86-94&publication_year=2009&author=Zhang%2CM&author=Adler%2CMW&author=Abood%2CME&author=Ganea%2CD&author=Jallo%2CJ&author=Tuma%2CRF
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19255856
https://doi.org/10.1007%2Fs11481-009-9148-4
http://scholar.google.com/scholar_lookup?&title=Modulation%20of%20cannabinoid%20receptor%20activation%20as%20a%20neuroprotective%20strategy%20for%20EAE%20and%20stroke&journal=J%20Neuroimmune%20Pharmacol&volume=4&pages=249-259&publication_year=2009&author=Zhang%2CM&author=Martin%2CBR&author=Adler%2CMW&author=Razdan%2CRJ&author=Kong%2CW&author=Ganea%2CD&author=Tuma%2CRF
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADyaK1cXlsVWhtr4%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9694974
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20induces%20apoptosis%20in%20macrophages%20and%20lymphocytes%3A%20involvement%20of%20bcl-2%20and%20capsase-1&journal=J%20Pharmacol%20Exp%20Ther&volume=286&pages=1103-1109&publication_year=1998&author=Zhu%2CW&author=Friedman%2CH&author=Klein%2CTW

Resources: Cannabinoids as anti-inflammatory agents

d Zhu LX, Sharma S, Stolina M, Gardner B, Roth MD, Tashkin DP, Dubinett SM (2000)
A9-tetrahydrocannabinol inhibits antitumor immunity by a CB2 receptor-mediated,
cytokine-dependent pathway. J Immunol 165:373-380

O CAS

O PubMed

4 Article

1 Google Scholar

 Ziring D, Wei B, Velazquez P, Schrage M, Buckley NE, Braun J (2006) Formation of B

and T cell subsets require the cannabinoid receptor CB2. Immunogenetics 58:714—-725
O CAS
O PubMed
4 Article

d Google Scholar

UNITED STATES FOOD AND DRUG ADMINISTRATION PATHOGEN REDUCTION
TECHNOLOGIES (PRT) FOR BLOOD SAFETY
https://www.fda.qov/media/123886/download

Keck Medicine studies anti-Inflammatory drug as COVID-19 treatment
9:10 PM CT on 5/7/2020

Physicians at Keck Medicine of USC are launching a clinical trial to evaluate the efficacy and
safety of the anti-inflammatory drug baricitinib in treating COVID-19. It is used to treat
rheumatoid arthritis.

Baricitinib has been shown to lower levels of a cytokine known as interleukin-6, as well as other
cytokines. Some COVID-19 patients experience a “cytokine storm,” or overproduction of the
small proteins in the body that help the immune system battle infection. The excess
inflammation caused by that reaction causes tissue damage and organ failure.

Researchers plan to enroll 144 patients from Keck Hospital of USC, USC Verdugo Hills Hospital
and Los Angeles County + USC Medical Center. The pharmaceutical company Eli Lilly and
Company provided funding for this study.

But Lilly is hoping that a lower price-tag can give it an edge. The company is launching
the drug with a wholesale acquisition cost of $25,000 per year, 60% below Humira's list
price of $60,000 per year, said Lilly

Trials of anti-tumour necrosis factor therapy for COVID-19 are urgently needed

74


https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD3cXksVKltrg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10861074
https://doi.org/10.4049%2Fjimmunol.165.1.373
http://scholar.google.com/scholar_lookup?&title=%CE%949-tetrahydrocannabinol%20inhibits%20antitumor%20immunity%20by%20a%20CB2%20receptor-mediated%2C%20cytokine-dependent%20pathway&journal=J%20Immunol&volume=165&pages=373-380&publication_year=2000&author=Zhu%2CLX&author=Sharma%2CS&author=Stolina%2CM&author=Gardner%2CB&author=Roth%2CMD&author=Tashkin%2CDP&author=Dubinett%2CSM
https://link.springer.com/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD28XptVGqtbg%253D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16924491
https://doi.org/10.1007%2Fs00251-006-0138-x
http://scholar.google.com/scholar_lookup?&title=Formation%20of%20B%20and%20T%20cell%20subsets%20require%20the%20cannabinoid%20receptor%20CB2&journal=Immunogenetics&volume=58&pages=714-725&publication_year=2006&author=Ziring%2CD&author=Wei%2CB&author=Velazquez%2CP&author=Schrage%2CM&author=Buckley%2CNE&author=Braun%2CJ
https://www.fda.gov/media/123886/download
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930858-8

Resources: Cannabinoids as anti-inflammatory agents

With more than 81000 deaths worldwide from coronavirus disease 2019 (COVID-19) by April 8,
2020," it is incumbent on researchers to accelerate clinical trials of any readily available and
potentially acceptably safe therapies that could reduce the rising death toll. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) gains access to host cells via
angiotensin-converting enzyme 2, which is expressed in the type Il surfactant secreting alveolar
cells of the lungs.? Severe COVID-19 is associated with a major immune inflammatory response
with abundant neutrophils, lymphocytes, macrophages, and immune mediators. Which
mediators are most important in driving the immune pathology remains to be elucidated. Deaths
from COVID-19 are chiefly due to diffuse alveolar damage with pulmonary oedema, hyaline
membrane formation, and interstitial mononuclear inflammatory infiltrate compatible with
early-phase adult respiratory distress syndrome (ARDS).® Prevention of ARDS and death in
patients with COVID-19 is a pressing health emergency. There is evidence of an inflammatory
excess in patients with COVID-19. Lung pathology in COVID-19 is characterised by capillary
leakage of fluid and recruitment of immune-inflammatory lymphocytes, neutrophils, and
macrophages,® implying a role for adhesion molecules, chemokines, and cytokines targeting
vascular endothelium. Cytokine upregulation is documented in COVID-19. In patients with
COVID-19, there is upregulation of pro-inflammatory cytokines in the blood, including
interleukin (IL)-1, IL-6, TNF, and interferon y,7,8 and patients in intensive care units have
increased concentrations of many cytokines. Initial reports comprising a trial of 21 severe
and critical COVID-19 patients in China (ChiCTR2000029765) and a case study from France® of
clinical benefit with the anti-IL6 receptor antibody'™ tocilizumab in COVID-19 suggest that
cytokines are of importance in the “cytokine storm” and further controlled clinical trials are in
progress.

Preliminary data from Salford Royal Hospital and the University of Manchester in the UK
document the presence of proliferating excess monocytes expressing TNF by intracellular
staining in patients with COVID-19 in intensive care (Hussell T, Grainger J, Menon M, Mann E,
University of Manchester, Manchester, UK, personal communication). Available cytokine data on
immunology and inflammation in COVID-19 are summarised in the appendix.

Anti-tumour necrosis factor (TNF) antibodies, have been used for more than 20 years in severe
cases of autoimmune inflammatory disease such as rheumatoid arthritis, inflammatory bowel
disease, or ankylosing spondylitis. (In the US millions of patients utilize state sponsored medical
cannabis) There are ten (as reported on Sept 29, 2019) US Food and Drug Administration
approved and four off-label indications for anti-TNF therapy,* indicating that TNF is a valid target
in many inflammatory diseases. TNF is present in blood and disease tissues of patients with
COVID-19° and TNF is important in nearly all acute inflammatory reactions, acting as an
amplifier of inflammation.

We propose that anti-TNF therapy should be evaluated in patients with COVID-19 on hospital
admission to prevent progression to needing intensive care support.
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Although there are many potential drug candidates for reducing inflammation in COVID-19, only
a few drugs such as the anti-TNF antibodies infliximab or adalimumab are potentially effective,
widely available, and have a well established safety profile. The potential role of anti-TNF
therapy thus warrants consideration. Preclinical studies suggest that the response to severe
respiratory syncytial virus (RSV) and influenza in mice is ameliorated by anti-TNF therapy, which
reduces weight loss, disease duration, and cell and fluid infiltrate." This research suggests a
potential rationale for use of anti-TNF therapy in viral pneumonia, especially given the known
mechanism of action of TNF and the reversal of TNF-induced immunopathology by TNF
blockade in multiple diseases. It is known TNF is produced in most types of inflammation,
especially in the acute phase, and is important in the coordination and development of the
inflammatory response. However, too much production of TNF for too long becomes immune
suppressive.” Blockade of TNF alone is clinically effective in many circumstances and
diseases, despite the presence of many other pro-inflammatory cytokines and mediators.

There is evidence of a “TNF dependent cytokine cascade” in rheumatoid arthritis tissue and
upon bacterial challenge in baboons.™" Thus, if TNF is blocked, there is a rapid (ie, <12 h)
decrease of IL-6 and IL-1 concentrations in patients with active rheumatoid arthritis'® and,
importantly, a reduction of adhesion molecules and vascular endothelial growth factor, which is
also known as vascular permeability factor, denoting its importance in capillary leak.>"
Furthermore, a reduction in leucocyte trafficking occurs in inflamed tissues of joints due to
reduction in adhesion molecules and chemokines® with reduction in cell content and exudate.
Finally, after anti-TNF infusion tissue TNF is reduced as it passes into the blood bound to the
antiTNF antibody. Blood concentrations of immunoreactive, but biologically inactive, TNF
increase more than ten times after infusion.’ For these reasons it is possible that a single
infusion of anti-TNF antibody might reduce some of the processes that occur during COVID-19
lung inflammation, reducing TNF and other inflammatory mediators, cellularity, and exudate.
What would be the best time for intervention with antiTNF therapy in patients with COVID-19?
We postulate that the earlier the better after hospital admission might be the answer because
patients will already have initiated anti-viral immunity for several days. There is a balance to be
struck between stage of intervention and ensuring patients are at sufficient risk of a poor
outcome and can be appropriately monitored. We propose that initial assessment of anti-TNF
therapy in clinical trials should be in patients with moderate disease admitted to hospital and
who require oxygen support but not intensive care. If this treatment approach proved beneficial
with a good safety profile, treatment in the community for people identified as being at high risk
of progressing to hospital admission might be considered. The range of available formulations
and administration routes of anti-TNF products could facilitate this treatment approach. Is there
a trade-off between immunity and virus clearance? The use of powerful anti-inflammatory drugs
in acute viral diseases has to be approached with caution because of the risk of increasing viral
replication or bacterial infections. For lung viral infections, the higher the infectious dose, the
greater the tissue damage from viral replication and the ensuing immune response. In animal
models that resemble lung viral infection in humans, the immune response to the virus is so
great that even a moderate reduction in inflammation is beneficial—eg, mice with severe
pneumonia from RSV or influenza benefit from anti-TNF treatment without compromising viral
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clearance" because more of the lung architecture is preserved. However, concerns about safety
are important when considering new therapy. Would anti-TNF therapy increase the risk of
bacterial or fungal super-infections? After respiratory viral infection, superinfections with other
organisms occur at the most severe end of the disease spectrum. Many research groups have
elucidated the mechanisms responsible?’ and anecdotal evidence suggests that bacteria might
have a role in COVID-19,>? although this remains to be confirmed. Bacteria gain a foothold
faster in a lung that is damaged. Experimental studies suggest that if the duration of
inflammation is limited, with its associated collateral lung damage, then bacterial superinfection
is reduced.?® There is concern that anti-TNF therapy might increase the risk of bacterial
infection.24 Yet two randomised studies in critically unwell patients with septic shock?*?° showed
that monoclonal antiTNF therapy had good safety data with no evidence of increased secondary
bacterial infections in the anti-TNF treated group. In an observational trial in rheumatoid arthritis
patients with serious infections, the risk of sepsis and death was reduced in patients on TNF
inhibitors compared with those on synthetic disease-modifying anti-rheumatic drugs
(DMARDS).27 46 (11%) of 399 patients on TNF inhibitors developed sepsis after serious
infection, of whom 20 (43%) died, compared with 74 (17%) of 444 patients on DMARDS who
developed sepsis, of whom 54 (74%) died.?” Paradoxically, another class of TNF inhibitor, a
TNF-R2 Ig-Fc fusion protein, etanercept, was associated with moderately increased mortality in
a randomised trial of this treatment for sepsis,? possibly due to its faster offrate for TNF
potentially resulting in some redistribution and bioavailability of pathogenic TNF rather than its
clearance.

There has been interest as to whether the safety of anti-TNF therapy in patients with COVID-19
might be gleaned from analysis of the course of COVID-19 in patients with inflammatory bowel
disease (IBD) or rheumatoid arthritis who are already on anti-TNF treatment. As of April 6, 2020,
on SECURE-IBD, a coronavirus and IBD reporting database with a register of outcomes of IBD
patients with COVID-19, there were 116 patients on anti-TNF therapy alone, 99 of whom
recovered without hospitalisation and one patient died. By contrast, about half of 71 patients on
sulfasalazine/ mesalamine recovered without hospital admission and six patients died. Thus IBD
patients with COVID-19 on anti-TNF therapy do not fare worse than those treated with other
drugs, but there are insufficient data to make conclusions about a better outcome. We believe
there is sufficient evidence to support clinical trials of anti-TNF therapy in patients with
COVID-19. With an average of 2 days between hospital admission and ARDS,’ we propose
anti-TNF therapy should be initiated as early as is practicable. If there is preliminary evidence of
benefit and safety of antiTNF therapy in hospitalised patients, we suggest consideration should
be given to out of hospital treatment for patients with COVID-19 at high risk, such as older
people and those with pre-existing conditions, and who can be monitored appropriately.
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