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POPULAR SCIENCE SUMMARY OF THE THESIS 
The immune system, or, simplified, “the white blood cells” normally protects us 
from infections and it also tries to kill defect and cancerous cells in our bodies. 

The immune system is made up by several different cell types, with various tasks 

and specializations. The B lymphocyte (or B cell) is one of the white blood cells. 

Normally it lies waiting within a lymph node for other white blood cells to come 
and show evidence of an ongoing infection. It then starts to multiply and adjust 

itself according to what infection is present so it can start producing antibodies 

which in turn can help the immune system defeat the infection.  

 

Sometimes the B lymphocyte itself becomes damaged and when that happens 
the cell can start to ignore the normal rules of behaviour and instead multiply 

uncontrollably. If this continues, a cancer can form and multiply and it is then 

called a lymphoma. Because cells of the healthy immune system normally travel 

via blood, cancers that arise from these cells are often already spread 
throughout the body when discovered. In fact, several types of lymphomas are 

almost always present in the blood. These diseases are among those that were 

named “leukaemia” when discovered.  

Lymphomas that originate from the B lymphocytes are often treatable even 

when the disease is spread to several parts of the body. If the lymphoma is fast 
growing then intravenous chemotherapy can be effective enough to cure 

patients without the need to operate and remove the cancer. If the lymphoma is 

slow growing or “indolent”, then treatment as we know it today can not cure the 

patients. Instead, it pushes the lymphoma back (the patient attains “remission”) 
so we can not see it anymore and the patients can then often go back to living 

their lives as normal for 5 or even 10 years before the disease starts growing 

again. When this happens, the disease is often treatable again with new 

therapies. The problem is that the treatments often contain chemotherapy 
which have side effects and can lead to problems with for example infections 

and fatigue and that, finally the patients will run out of available treatments. 

Therefore, doctors and researchers are constantly looking for new and less toxic 

ways to treat lymphomas. One such possible treatment are the chemicals that 

are found in the cannabis-plant. These chemicals, or “cannabinoids” as they are 

called, are known to have several different effects in humans and have been 
used for both medical and recreational purposes for a long time in human 



history. My group has previously investigated what effects cannabinoids have on 

two types of lymphomas which often overexpress the genes for the cannabinoid 

receptors. We saw that lab-grown cells that mimic the behaviour of mantle cell 

lymphoma (MCL) died when exposed to high concentrations of cannabinoids 

and also that when we put live lymphoma cells into mice, their tumors shrank 
after we gave them cannabinoids.  

For my PhD-project, I have recruited patients with slow growing lymphomas 

which have spread to the blood. They have then been given a mouth-spray 

containing cannabinoids. We could see that lymphoma cells in the blood clearly 

decreased in number after the treatment, but we could not see anything that 
indicated that the lymphoma cells had died. Instead, we think that the 

cannabinoids made the cancer cells move away from the blood into other parts 

of the body. We also investigated how long after their administration, the 

cannabinoids were detectable in the patients by analysing saliva, breath, blood 
and urine. The most interesting finding here was that even a small dose of 

cannabinoids could be detected in the patient’s urine also one week after 

treatment. Our next studies tried to explain what cannabinoids do to the 

lymphoma cells by analysing how the cells move in an experimental setting as 
well as looking at how the cells change their expression of genes. In those 

studies, we could see that cannabinoids do affect lymphoma cell migration and 

that genes connected to migration and proliferation seemed to be activated 

more after cells were exposed to cannabinoids. 

In conclusion, we could not see any evidence that cannabinoids could be used 
to kill lymphoma cells in humans. One likely possibility is that we couldn’t get to 

the high doses needed to kill the lab-grown cells since the side effects of the 

cannabinoids started to be too severe. Our suggestion is that cannabinoids 

should not be used when treating lymphomas since the lymphoma cells are 
likely harder to kill when they have left the blood stream. 

 

  



 

 

ABSTRACT 
The overexpression of cannabinoid receptors is well described in several 
indolent lymphomas but the relevance of this finding is more uncertain. Our 

group has previously shown that mantle cell lymphoma (MCL)-derived cell lines 
known to overexpress the cannabinoid receptor 1 entered apoptosis after 

exposure to cannabinoids and that lymphomas xenografted onto mice shrank in 

size after exposure to cannabinoids. To further understand the potential effects 

of cannabinoids on indolent lymphomas, we therefore undertook a clinical trial 
and subsequent correlational studies which are described in this thesis.  

In the trial, we recruited 23 patients with leukemic indolent B-cell lymphomas 
from our hematologic out-patient clinic. The patients were given cannabinoids in 

the form of a mouth-spray (Sativex®) with doses escalating between the 

patients to identify the maximal tolerated dose. The patients were blood 

sampled at regular intervals, both during a control day and on the day on the 
cannabinoid study drug administration. After a week, a final sample was taken. 

This longitudinal sampling allowed us to investigate what, if any, effects the 

cannabinoids had on the indolent B-cell lymphoma cells. Our analysis told us 

that the absolute number of circulating lymphocytes decreased after 
administration of cannabinoids but there was no evidence of apoptosis, neither 

was there any evidence of decreased proliferation, in the lymphoma cells. 

Instead, we surmised that a migration of lymphocytes away from the blood 

stream was the most likely explanation to our findings.  

The second study focused on the pharmacological perspectives of the above-
described clinical trial. All 23 patients underwent testing of captured breath, 

saliva, urine and blood during their participation in the study. From this we 

learned that the newer method of captured breath to detect cannabinoids was 

very sensitive and gave false positives if not very carefully handled. We also 
found that the urine analysis was surprisingly sensitive for a long period of time 

and in some cases cannabinoids were detected a week after administration in 

patients that received very small doses of the study drug. Both these findings 

have practical implications, for example when testing is conducted in workplaces 
and in traffic monitoring. 

Our third study investigated the possible interplay between the two types of 

cannabinoid receptors and how they affect cell migration. We used primary cells 

from patients and several different MCL-cell lines to discern what type of 



cannabinoid receptor was important in cell migration. We also investigated how 

the receptors communicate with each other and interact with the known potent 

chemokine receptor C-X-C Chemokine Receptor type 4 (CXCR-4). 

Paper IV is a manuscript detailing our ongoing work to identify the effects 

cannabinoids have on lymphoma cells. In this paper we take frozen lymphoma 

cells from the clinical trial and analyse them using RNA-sequencing (RNA-seq). 
Since we had cells saved from all the various timepoint of the study, we could 

produce a longitudinal analysis of how mRNA-levels changed after 

administration of cannabinoids.  
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INTRODUCTON 
Indolent B-cell lymphomas are hematological disease entities which are 
considered uncurable with the treatments available today (1). Most of the 

patients with a newly discovered indolent lymphoma does not need treatment 

at diagnosis (1). Instead, the disease it typically monitored through what is called 

“wait-and-watch” and then treated if and when the disease starts to cause 
symptoms such as weight loss, night sweats, fevers, and/or growth of lymph 

nodes which can compress and impair surrounding organs such as blood vessels 

and for example kidneys (2).  

Treatment for indolent B-cell lymphomas has traditionally been a combination of 

antibodies, such as the CD20-targeting monoclonal antibody Rituximab, and 
chemotherapy, such as bendamustin, or the cyclophosphamide, doxorubicin, 

vincristine sulfate, prednisone (CHOP)-regimen (3). Typically, the indolent B-cell 

lymphoma is treated to remission and the patient then returns to the wait-and-

watch monitoring (4).  

There are however complications associated with both the disease itself and 

with the treatments which lead to an excess mortality in patients with indolent 
B-cell lymphomas compared to a control population. Typically, the period of 

time a patient is in remission between treatments decreases for each time 

treatment is administered, leading to a scenario where we have no more 

tolerable treatments to offer (5).  

There has been a rapid development of new treatments the last 10 years with 
new, more targeted, therapies being available to patients. In 2013 the novel drug 

ibrutinib was approved in the US, followed by approval in the EU in 2014 (6). This 

drug is a Bruton’s tyrosine kinas (BTK)-inhibitor and it is taken continuously and 

typically has milder side effects compared to the traditional antibody + 
chemotherapy treatment options. BTK inhibitors were followed by other targeted 

therapies such as phosphoinositide 3-kinase (PI3K)-inhibitors, B-cell lymphoma 

2 (BCL-2)-inhibitors and new generations of BTK-inhibitors (7–9). 

Still, the underlying problem persists and most of the patients with indolent B-

cell lymphomas will progress through treatments if given enough time. Therefore, 
there is a continuous search for new therapeutic options with tolerable toxicity 

for patients with indolent B-cell lymphomas.  

https://en.wikipedia.org/wiki/Phosphoinositide_3-kinase
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Cannabinoids have been suggested to have antineoplastic effects in lymphomas 

and other malignancies. Our group have previously shown that cannabinoids can 

induce apoptosis in MCL cell lines and to decrease the proliferation of malignant 

cells and shrink lymphomas xenografted onto mice. In this thesis we continue to 

investigate the effects of cannabinoids in indolent B-cell lymphomas.  

 

 

 



 

 1 

1 LITERATURE REVIEW 
 

1.1 A BRIEF HISTORY OF CANNABINOIDS 

The use of Cannabis has been recorded throughout human history. 

Archaeologists have detected remnants of Cannabis sativa in Chinese 
agricultural societies dating back 8000 years, using the fibres of the plant for 

rope manufacture but the seeds and leaves for nutrition and possibly medicinal 

uses (10). In Assyria 800 B.C., Cannabis sativa had two names, one when used as 

medicine against epileptic seizures (azaullu) and one when recreationally used 
(gan-zi-gun-nu, which translates to “the drug that takes away the mind”) (11). 

Both words trace their origin to the much older Sumerian language and 

civilization. The knowledge of Cannabis sativa as a recreational drug and possible 

medical substance was carried on in India, Persia and throughout mediaeval 
Arabic cultures (12). The first modern description of the medicinal qualities of the 

plant was done in 1839 when the Irish physician O’Shaughnessy showed the 

effect of hemp extracts on tetanus and rabies, two infectious diseases in which 

the extract of Cannabis indica was supposed to lessen the symptoms of 
muscular rigidity and spasticity (13).  

 

In the 1960s several groups identified the active compounds in the plant and a 
whole group of chemical compounds was described and given the name 

“cannabinoids”. Δ9-tetrahydrocannabinol (Δ9-THC) was found to be the only 

cannabinoid to induce all four symptoms of the tetrad of clinical features 

associated with the use of Cannabis sativa in mice – catalepsy, hypokinesia, 
hypothermia and antinociception – and was therefore recognised as the 

principal active agent (14). In 1988 the cannabinoid receptor-1 (CB1) was 

discovered (15) and in 1992 an endogenous ligand, N-arachidonoyl-ethanolamine 

(AEA or anandamide) was found (16) and further investigations have led to the 
description of a whole cannabinoid system of various receptors and ligands. 
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2. THE ENDOCANNABINOID SYSTEM (ECS) 

2.1 CANNABINOID RECEPTOR 1 AND 2 

After the discovery of CB1 (encoded by the gene CNR1), the 
cannabinoidreceptor-2 (CB2) (encoded by the gene CNR2) was characterised in 
1993 (17). CB2 was predominantly found on immune cells in peripheral blood and 
in lymphatic tissue such as the marginal zone of the spleen and the Peyer’s 
patches of the gastrointestinal tract whereas CB1 initially was found solely in 
neurons in the CNS. This led to a model of a cannabinoid system which was 
anatomically divided into a “central” and a “peripheral” part. This paradigm lasted 
for a decade until there was sufficient evidence that there is a considerate 
overlap between the locations of CB1 and CB2. It is now known that also CB2 is 
present in the CNS and that CB1 is found in physiologically relevant levels in cells 
in organs such as the liver, skeletal muscles, adipose tissue and the pancreas 
(18). 

Both receptors belong to the rhodopsin subfamily of G protein coupled 
receptors (GPCRs) and share the ability to influence several different signalling 
pathways when active. The main effect seen when CB1 and/or CB2 is activated is 
inhibition of adenyl cyclase and activation of mitogen-activated protein kinase 
(MAPK) cascades. CB1 activation alone has also been shown to modulate Ca2+-
channels and to activate channels which facilitate an influx of K+ into cells (19). 
All GPCRs share certain characteristics. They are defined by their structure: 
seven transmembrane helical domains linked together by loops and with an 
extra-cellular N-terminus and intra-cellular C-terminus (20). Canonically, a GPCR 
is activated by its ligand which leads to conformation changes at its intracellular 
domains and subsequent recruitment of heterotrimeric G protein complexes. 
The G protein complex then undergoes dissociation and the various sub-units 
activates other pathways and thus induce effects in the target cell. After 
activation a GPCR is marked by β-arrestin (21). This often initiates internalization 
of the receptor and the GPCR can then be either degraded or recycled back to 
the cell surface. This allows the cells to regulate the number of available 
receptors and thus also the continued response to stimulation. β-arrestin has 
also been shown to initiate its own downstream signalling apart from simply 
initializing internalization. This function, in which one ligand to one receptor can 
initiate two separate downstream signals is called “biased signalling” (22,23). It 
has perhaps been best investigated in the opioid- and dopamine- GPCRs (24–
26). For the opioid-receptor there is evidence that that the sought after 
analgetic effects are induced by the G protein sub-unit signalling and that 
unwanted side effects such as constipation and respiratory depression instead 
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depend on the biased signalling from β-arrestin (27). In 2021 the US Food and 
Drug Administration (FDA) approved olicerdine, a synthetic ligand for the opioid-
receptor (28). Ligation of olicerdine to its receptor results in recruitment of β-
arrestin in only 14% of events, meaning that fewer biased signals are initiated and 
much fewer receptors are internalized. In studies the substance has shown 
better efficacy than standard morphine and possibly have lesser adverse events 
and might represent a shift in how GPCRs can be targeted with drugs (29,30). 

 

Figure 1 Schematic illustration of the activating procedure of GPCR as well as the agonist-induced 
signalling event. a (Up) The heterotrimeric G protein complex interacts with the activated GPCRs, 
therefore triggers the dissociation of the Gα and Gβγ subunit, where the latter recruits GRKs to 
phosphorylate the C-terminal tail of GPCR. b (Down) The β-arrestin tends to preferentially interact 
with activated and phosphorylated GPCRs than the phosphorylation-only GPCRs. (reprinted under the 
Creative Commons Attribution 4.0 International License from Xu Z and Shao Z. Dynamic mechanism 
of GPCR-mediated β-arrestin: a potential therapeutic agent discovery of biased drugs Signal 

Transduct Target Ther. 2022; 7; 283) 

GPCRs are capable of functioning as monomers but that they often form other 
structures, either with another GPCR of the same type (homodimerization) or 
with another type of GPCR (heterodimerization) (31–33). Higher forms of 
structures are also described such as tetramers and various oligomers (34). 
GPCR-heterodimers are the most extensively studied of these various forms and 
results show both synergistic and inhibitory downstream signalling depending on 
which GPCRs make up the heterodimer and also that formation of various 
heterodimers can influence how GPCRs get internalized and recycled (35–38). A 
brief overview of possible results from GPCR-heterodimerization is presented in 
Figure 2.  
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Figure 2. Functional consequences of GPCR heterodimerization. (A). Co-expression of a second 
receptor can lead to increased G protein activation by the stimulated receptor; (B). In the presence of 
agonists of both receptors, there can be dampened response to a receptor's cognate ligand in the 
presence of a second receptor as compared to when each receptor is expressed singly; (C). 
Conversely, the addition of a second receptor can increase G protein activation in response to a 
receptor's cognate ligand; (D). Heterodimerization with a second receptor can also change receptor 
trafficking with stimulation of either R1 or R2 leading to co-endocytosis of both receptors; (E). Addition 
of an antagonist against one of the two receptors prevents the other receptor from binding agonist 
and/or activating, leading to trans-inhibition; (F). Alternatively, one receptor's ligand can lead to 
transactivation of the second receptor's signalling pathway as opposed to activating R1's cognate 
pathway. (adapted with permission from Haack K and McCarty N. Functional Consequences of GPCR 
Heterodimerization: GPCRs as Allosteric Modulators Pharmaceuticals. 2011; 4(3), 503-53) 

Recent studies have also demonstrated that the localisation of CB2 can vary in 
healthy B-cells and that CB2 is no longer detectable on the cell surface on B-
cells with activated IgD- (39). Interestingly, CB2 is then still exerting effect on the 
cell from intracellular niches which might represent yet another layer of 
modulation of CB2 signalling in that B-cells could then prevent CB2-containing 
GPCR heterodimers from forming on the cell surface while still retaining signalling 
through CB2 since the lipophilic ligands can transverse the cell membrane.  

 

2.2 LIGANDS FOR THE CANNABINOID RECEPTORS 

With over 15 endogenous ligands for CB1 and/or CB2 found and with a wide 

variety of synthetic cannabinoids being constructed, a nomenclature has been 
adopted. “Endocannabinoids” are endogenously produced substances that have 

effects mainly through CB1/CB2. Exclusivity is not a criterion; an 

endocannabinoid can induce activity in other receptors than CB1/CB2 and thus 

AEA was not only the first endocannabinoid found but also the first endogenous 
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ligand to the Transient receptor potential (TRP) subfamily V (40,41). 

“Phytocannabinoids” are defined as compounds found within plants from the 

Cannabaceae family that exhibit effects on CB1/CB2, either directly as a ligand or 

indirectly by affecting the concentrations of the endocannabinoids by 

inhibition/activation of enzymes responsible for their production and/or 
degradation. “Synthetic cannabinoids” constitute the third group of relevant 

compounds: substances designed and produced for specific effects on CB1/CB2 

or on the enzymes important for the production or degradation of 

endocannabinoids.  

Going through the full list of ligands for the cannabinoid receptors is beyond the 
scope of this thesis. Instead, we here present the most relevant endo- and 

phytocannabinoids. Δ9-THC acts as a partial agonist with high affinity to both CB1 

and CB2 but is far from the only compound in Cannabis sativa with the ability to 

bind to these receptors. Cannabidiol (CBD) was discovered in 1963 (42). It shows 
low affinity to CB1 and thus it does not induce the typical tetrad of symptoms in 

mice described above. CBD has instead been shown to act as a weak antagonist 

on CB1 in mice (43) and as a weak inverse agonist on CB2 (18), meaning that it 

binds to CB2 and but instead of activating it, CBD turns off some of the 
continuous activity of the CB2 receptor. CBD also acts as an “indirect agonist” on 

CB1 and CB2 by inhibiting hydrolysis and removal of AEA (19) and of 2-

arachidonoylglycerol (2-AG). 2-AG is considered the most abundant 

endogenous cannabinoid and is a full agonistic ligand to CB1 and CB2 (44). The 
second most common endocannabinoid is AEA which functions as a partial 

agonist to CB1 and CB2 (45). There are over 120 known compounds that qualify 

as phytocannabinoids (46) but few of these have clinically recorded relevant 

effects. There is however evidence that the various phytocannabinoids interacts 
when whole plant Cannabis sativa is used and, just to mention a few, 

cannabigerol (CBG), cannabichromene (CBC) and tetrahydrocannabivarin 

(THCV) have been shown to act as ligands on CB1 and/or CB2 and also to exert 

influence on the ECS by inhibition of the endocannabinoid-degrading enzyme 
fatty acid aminohydrolase (FAAH) (47–49) in a similar fashion as CBD. 
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2.3 PRODUCTION AND DEGRADATION OF CANNABINOIDS 

Studies of the production, transportation and degradation of endocannabinoids 
have mostly been performed on AEA and 2-AG. They are described as produced 
“on demand” and not continuously produced and/or stored in vesicles (50). 
However, some studies have suggested that some storage capabilities might 
exist in microglial cells which could use extracellular membrane vesicles called 
“exosomes” both as storage and as a mean to transport the strongly 
hydrophobic endocannabinoids over the intracellular space in the synaptic gap 
(51).  
 
AEA is mainly produced from N-arachidonoyl phosphatidyl ethanol (NAPE) and 
2-AG is produced from phospholipids containing 2-arachidonoyl (52–54). 2-AG 
is also, in itself, an intermediate in the synthesis of lipids and is especially 
important for the production of prostaglandins where it is a major source of 
arachidonic acid. Any intervention in the production of 2-AG is highly likely to 
affect production of prostaglandins which have key functions in a wide variety of 
organs such as kidneys, liver, lungs, heart and the gastrointestinal (GI)-tract (55).  
 
The degradation of AEA and 2-AG are also mainly separate but has some 
possible interplay. AEA is mainly degraded by FAAH and, to a lesser extent by, 
cyclooxygenase-2 (COX-2) whereas 2-AG is predominantly degraded by the 
hydrolytic enzymes alpha/beta domain containing hydrolase 6 (ABHD6), 
alpha/beta domain containing hydrolase 12 (ABHD12) and monoacylglycerol 
lipase (MGL). Under certain conditions, 2-AG can also be oxidized by COX-2 and 
then further hydrolyzed by FAAH and thus interact with the degradation of AEA 
(56).  
 



 

 7 

 
 
Figure 3 Potential synthetic and degradative pathways for anandamide and 2-arachidonoyl glycerol 
(2-AG). (A) Primary synthetic pathways for anandamide. (B) Primary degradative pathways for 
anandamide. (C) Primary synthetic pathways for 2-AG. (D) Primary degradative pathways for 2-AG. 
Only major pathways are shown. AA, arachidonic acid; ABHD4, alpha/beta domain containing 
hydrolase 4; ABHD6, alpha/beta domain-containing hydrolase 6; ABHD12, alpha/beta domain-
containing hydrolase 12; COX-2, cyclooxygenase-2; DAG, diacylglycerol; DAGL, diacylglycerol lipase; 
FAAH, fatty acid aminohydrolase; GDE-1, glycerophosphodiester phosphodiesterase I; IP3, inositol 
trisphosphate; LPA, lyso-phosphatidic acid; lyso-PLC, lyso-phospholipid-preferring phospholipase C; 
MAGL, monoacyl glycerol lipase; NAAA, N-acyl ethanolamine amino hydrolase; NAPE-PLD, N-
arachidonoyl phosphatidyl ethanol-preferring phospholipase D; PIP2, phosphatidyl inositol bis-
phosphate; Pi, PO4; PLA2, phospholipase A2; PLC, phospholipase C. (reprinted under Fair Use 
Protocol from Lu H and Mackie K. An Introduction to the Endogenous Cannabinoid System Biol 
Psychiatry. 2016; Apr 1; 79(7): 516–525.) 
 

 

2.4 TARGETS OUTSIDE ECS 

CBD has also demonstrated effects on several receptors not classically 

designated as cannabinoid receptors. This includes several GPCRs, which are 

classified as “orphan receptors”, such as GPR18 (partial agonist) (57) and GPR55 
(antagonist) (58–62). CBD also binds to receptors of the transient receptor 

potential family (TRP), especially on the vanilloid (TRPV) subfamily (63–65). 

Furthermore, CBD acts as a positive allosteric modulator on glycine receptors 

(66), activates PPARγ-receptors (67) and has a slight affinity for the 5HT1a-

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26698193
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receptor (68). CBD is not the only compound in Cannabis sativa to have such a 

multi-target effect. Δ9-THC has also been shown to exert influence on other 

receptors than CB1/CB2, with the allosteric modulation of the 5HT3a-receptor 

being the most clinically relevant finding (69). Apart from these two constituents 

the other phytocannabinoids found in Cannabis s. also demonstrate various 
direct/indirect effects on receptors outside of ECS with several acting as ligands 

on TRP- and PPARγ-receptors (46). 

 

3. CLINICAL ASPECTS OF CANNABINOIDS 

3.1 APPETITE, METABOLIC SYNDROME AND EMESIS  

In 1992 FDA approved dronabinol, a synthetic cannabinoid analogue of Δ9-THC, 

for use against HIV/AIDS-associated weight loss (70). Dronabinol has also been 

used against chemotherapy-induced nausea and vomiting (CINV) and weight 

loss associated with CINV or malignancy (71,72). Effects on CINV are likely due to 
dual activity on CB1 and 5HT3a but the use is limited by general activation of CB1 

in the CNS and subsequent psychoactive effects. CBD has shown antiemetic 

properties in animal models, acting through activation of 5HT1a-receptors in the 

brainstem but there are no well-designed studies in humans.  

In 2005 the European Medicines Agency (EMA) approved rimonabant for 
treatment of obesity. Rimonabant is an CB1 antagonist and was tested in a 

clinical study with weight loss as main end point (73). The study showed that 

administration of 5mg or 20mg of rimonabant in combination with diet and 

exercise resulted in significantly greater weight loss than diet and exercise alone 
with 3.4kg and 6.6kg of weight loss respectively for the rimonabant-arms as 

compared to 1.8kg of weight loss with diet and training alone. Adverse events 

reported in the study was mostly mild but follow-up data showed that over 30% 

of patients using rimonabant developed psychiatric adverse events such as 
depression and anxiety, likely due to inhibition of CB1 in the CNS but also with 

likely off-target effects on other GPCRs in the CNS such as dopamine (74). This 

eventually led to the discontinuation of the drug in 2009 (75). Several 

companies are developing monoclonal antibodies with CB1-agonisitic properties 
(76). Furthest along is nimacimab which is starting a phase 2-trial 2024. This 

antibody is described as a negative allosteric-modulator of CB1 with tolerable 

side effects and does not pass over the blood-brain-barrier and should thus not 
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induce the same psychiatric adverse events as rimonabant (77). The intended 

purpose of the antibody is not weight loss but regulation of the metabolic 

syndrome with hopes to improve the cardiac-, kidney and liver function in 

patients with obesity and poor metabolic control. Rimonabant has also been 

refurbished in a nanoparticle capsule form in an effort to utilize CB1-modulation 
without the risk of CNS-mediated adverse events (Figure 4) (78). The rationale 

for this approach is that the nanoparticle capsule will break down in the liver and 

deposit the drug locally and thus with fewer CNS-mediated side effects.  

 

Figure 4 A Summary of the concept with administration of Rimonabant in capsulated form. Arrow in 
green indicates local effect in target organ (liver) without effect in CNS. Pictures bottom right indicates 
decreased severity of fatty liver. (printed with permission from Hirsch S et al. Hepatic targeting of the 
centrally active cannabinoid 1 receptor (CB1R) blocker rimonabant via PLGA nanoparticles for 
treating fatty liver disease and diabetes J Control Release. 2023 Jan; 353: 254–269.) 

 

 

3.2 PAIN, ANTI-INFLAMMATION AND GLAUCOMA 

Δ9-THC modulates acute and chronic pain in animal models. Signalling through 

CB1 alone seems to be important for modulation of acute pain (78) whereas 

modulation of chronic pain, of either neuropathic or inflammatory origin, requires 

activation of both CB1 and CB2 (79,80). CBD has the capacity to modulate 
neuropathic and inflammatory pain in rodents through indirect effects on 

CB1/CB2 via inhibition of AEA degradation and modulation of the TRPV1-receptor 

(81). Both CBD and Δ9-THC modulate inflammatory pain through anti-

inflammatory actions in animal models such as altering the production of the 

chemokines such as TNF-, IL-1, IL-6, IL-12 and IL-10 (82). Δ9-THC also affects 
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the expression of adhesion molecules, affecting migration, proliferation and 

apoptosis of immunological cells engaged in inflammatory responses (83). 

In 2016, a phase I study investigating the potential use of an FAAH-inhibitor was 

terminated prematurely as one patient died and 5 others were hospitalized due 

to serious adverse events (84). The rational for this study was that inhibition of 

FAAH would lead to increased and persisting concentrations of 
endocannabinoids since they would not be degraded. This in turn would lead to 

analgetic effects. The serious adverse events that manifested were headaches, 

hemiparesis, memory impairment, loss of consciousness and diplopia. On 

magnetic resonance imaging anomalies were seen which indicated vascular 
bleeding in hippocampus, pons, thalamus and the cerebral cortex. After further 

analyses, no direct cause for the adverse events could be found and other 

FAAH-inhibitors that were being tested in studies showed no similar adverse 

events. Neither of these did however show efficacy and no FAAH-inhibitor is 
available as a registered drug today.  

The effect of Cannabis sativa on glaucoma is well investigated and it is known 

since the 1970s that inhalation or ingestion of the plant can decrease the 

intraorbital pressure associated with the condition by relaxation of the 

trabecular meshwork (85–87). More recent studies have also demonstrated 
potential neuroprotective properties facilitated by cannabinoid receptors in the 

retina due to inhibition of the production of nitric oxide (88,89). This could 

potentially decrease the neurodegeneration in the retina which is otherwise a 

potential result of long-term glaucoma. A locally administered ophthalmic 
emulsion with the synthetic CB1 agonist SBI-100 finished enrolment for its phase 

2 study in February 2024 but results are at the time of printing of this thesis not 

yet published (90). 

 

3.3 NEUROLOGICAL AND PSYCHIATRIC DISEASES 

CBD and Δ9-THC have been investigated for their anticonvulsant properties. 

Treatment with Δ9-THC alone has a variety of dose-dependent effects in 

animals, including a rebound hyperexcitability leading to increased sensibility for 
new convulsions. It is thus unsuitable as a therapeutic drug for humans (91,92). 

CBD has been shown, both in in vitro and in vivo-models, to have anti-

epileptiform and anticonvulsant qualities by regulating Ca2+ and through 
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activation/inactivation of TRPV1, TRPV2 and GPR55 (93–95). The FDA has 

approved CBD for the treatment of two rare congenital forms of epilepsy, Dravet 

and Lennox-Gastaut, after showing effect in several randomised controlled trials; 

the product is also approved by EMA to be used together with standard 

antiepileptic drugs (96,97). Δ9-THC has well-known psychoactive properties 
through its activation of CB1 and has been studied several times in an effort to 

understand its potential role in schizophrenia (98). Use of Δ9-THC can induce 

symptoms of psychosis in healthy individuals depending on dose, much as any 

intoxicating substance. In individuals with a genetic predisposition for 
schizophrenia, Δ9-THC might induce an earlier onset of the disorder, and also 

aggravate its course. CBD has been tested to treat psychosis based on its 

properties as a weak antagonist of CB1 with demonstrated effects in small 

clinical trials (99,100). When given prior to the intake of Δ9-THC, CBD alleviates 
some of the risk for acute psychotic symptoms, congruent with its activities on 

CB1 (101). In mouse models of multiple sclerosis (MS), Δ9-THC decreases and CBD 

aggravates symptoms of spasticity, indicating a clear role of CB1/CB2 activation 

(102). In the same models, Δ9-THC has been shown to lessen CNS inflammation 
and prolong survival (102). The oral Δ9-THC/CBD-drug Sativex® was approved to 

treat MS related pain and spasticity in USA and EU after showing a significant 

reduction in spasticity with tolerable adverse events (103). This drug is a C. 

sativa whole-plant extract with a fixed amount of 2.7mg Δ9-THC and 2.5mg CBD 
in each actuation. Single-agent treatment with Δ9-THC has also been tried but 

did not show any significant delay of progression of symptoms in a well-

constructed phase III-study spanning over 3 years when compared with placebo, 

except in a small sub-group of patients with a more aggressive variant of MS 
(104).  

 

3.4 ANTINEOPLASTIC EFFECTS 

CBD has shown antiproliferative and apoptotic properties in breast, colorectal, 
prostate carcinoma cell lines (105). When exposed to 10 µM CBD, activation of 

the intrinsic apoptosis pathway could be detected in prostate carcinoma cell 

lines (106). Furthermore, an increased production of radical oxygen species with 

known apoptotic features could also partly explain these apoptotic qualities as 
this could be seen in several cell lines and in an animal model of glioblastomas 

(105,107,108)). Inhibition of PPARγ, COX-2, TRPV1, TRPM8 or CB2 reversed the 
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anti-proliferative effects of CBD in vitro (109) and also in mice xenografted with 

human lung carcinoma cells, highlighting the PPARγ-receptors potential role in 

this process (109). CBD in concentrations between 6 and 10.6 µM suppresses 

metastasis and cancer cell infiltration in a cell line used as model for 

metastasizing breast carcinoma (106,109,110), partly through inhibition of 
epidermal growth factor (EGF), NF-κβ, ERK/AKT, and matrix metalloproteinase 2 

and 9 pathways (111). CBD in levels ranging from 1 to 9 µM reduces angiogenesis 

in vitro and in mice xenografted with human umbilical vein endothelial cells (112). 

 

Δ9-THC in concentrations 3-20 µM inhibits growth of several malignant cell lines 

in vitro and in xenografted mice-models, corresponding to doses of ≥3 mg/kg 
(113–116). The anti-proliferative and apoptotic effects of Δ9-THC vary between 

the cell lines but several studies have indicated that increased production of 

pro-apoptotic sphingolipid ceramides is important (114). In glioma cell lines a 

ceramide-dependent upregulation of the stress protein p8 resulted in the 
upregulation of the endoplasmic reticulum stress-related genes ATF-4, TRB3 and 

CHOP and in increased autophagy-mediated apoptosis via activation of the 

mTORC1 complex axis (117). Similar mTORC1 activation with autophagy-mediated 

apoptosis was also seen in hepatocellular carcinoma cell lines (118). In a cell line 
derived from acute T lymphoblastic leukaemia, elevated ceramide levels were 

detected after the administration of a synthetic Δ9-THC-analogue, which led to 

downregulation of the Raf-1/MEK/ERK/RSK pathway, resulting in activation of pro-

apoptotic BAD (119). Activation of p38 MAPK could be seen in another study of 
the same cell line with a resulting increased apoptotic activity (120). In cell lines 

representing colorectal cancer inhibition of RAS-MAPK/ERK and PI3K-AKT 

activates BAD, leading to increased apoptosis (121).  

Through in situ proximity ligation assays, which can identify physical closeness of 

proteins in vitro, it has been shown that CB2 can form heterodimers with GPR55, 

which has known tumour-promoting functions (122). The heterodimers are active 

and influence intracellular cAMP-levels and signalling through the p-ERK-1/2 
pathways. The heterodimers are activated by low concentrations of Δ9-THC 

through CB2 but as concentrations of Δ9-THC rise it starts to act as an 

antagonist to the heterodimers, likely through activity on GPR55. How common 

such heterodimers are in normal biological processes are not well investigated 
but functional CB1/GPR55-hetromers have been found in the striatum of the CNS 
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in both rat and monkeys (123) and active CB1/CB2-heterodimers have been 

detected in several parts in the CNS of rats (124)) indicating that the ability to 

form heterodimers could be common for CB1 and CB2. 

There are no real epidemiologic data on whether cannabinoid use decreases or 

increases risk for malignancy (125). Cannabis smoke has shown carcinogenic 

effects in bacterial models and in mice but it has not been shown to lead to an 

increase of cancer in human cohorts (125,126). No prevention of cancer 
development has been shown from cannabinoid use.  

 

4. B-CELL MALIGNANCIES 

B-cells can give rise to a multitude of different types of lymphomas. This is 

explained by the several different steps of development the benign B-cell 

undergoes during its lifetime and the major development stages are described 

here in Figure 5. 
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.  

Figure 5 Illustration of major steps in a B-cells development and a selection of B-cell lymphomas that 
can arise from the different stages of development. Abbreviations: BL, Burkitt lymphoma; DLBCL, 
diffuse large B-cell lymphoma; FL, follicular lymphoma; HSC, haematopoietic stem cell; MCL, mantle 
cell lymphoma; M-CLL, Immunoglobulin gene mutated chronic lymphocytic leukaemia; MM, multiple 
myeloma; MZL, marginal zone lymphoma; SMZL, splenic marginal zone lymphoma; U-CLL, 
Immunoglobulin gene unmutated chronic lymphocytic leukaemia; WM, Waldenstrom 
macroglobulinaemia. (adapted with permission from Burger, J.A. & Wiestner, A. (2018) Targeting B 
cell receptor signalling in cancer: preclinical and clinical advances. Nat Rev Cancer, 18, 148-167) 
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Translocations are genetic insults which are potentially potent oncogenic drivers 

and these are more likely to occur as the more immature B-cells undergo heavy- 

and light chain recombination in the bone marrow as compared to in a cell 

undergoing normal mitosis (127). Similarly, as the more mature B-cells undergo 

somatic hypermutation of immunoglobulin genes (and other genes as a 
bystander effect) and immunoglobulin class switch in the germinal centre, there 

is also an increased possibility for genetic alterations leading to lymphoma 

development (128).  

Homing to different tissues during different stages of the B-cells’ life is a key 

feature for normal B-cell development. Malignant B-cells can dysregulate 

chemokines and adhesion molecules to allow the cell to stay in a certain 
microenvironment in which it receives proliferative and antiapoptotic signals. It 

has been shown that the cells in several leukemic B-cell malignancies upregulate 

and/or auto-activate the B-cell receptor (129,130). The lymph node 

microenvironment promotes NF-κβ signalling in malignant B-cells (131,132). Key 
receptors involved in the homing to tissues are the chemokine receptors C-X-C 

chemokine receptor type 4 (CXCR4), C-X-C chemokine receptor type 5 

(CXCR5) and C-C chemokine receptor 7 (CCR7). These receptors are part of the 

same GPCR-superfamily of receptors as the cannabinoid receptors and have 
specific ligands to activate them under healthy circumstances – the chemokine 

C-X-C motif chemokine ligand 12 (CXCL12) activates CXCR4 to home the B-cells 

to the bone marrow,  C-X-C motif chemokine ligand 13 (CXCL13 acts on CXCR5 

for positioning cells in the germinal centre of the lymph node and C-C motif 
chemokine ligand 21 (CCL21) activates CCR7 to allow B-cells to enter lymph 

nodes (133).   

 

4.1.1 CHRONIC LYMPHOCYTIC LEUKEMIA  

Chronic lymphocytic leukemia (CLL) is the most common indolent lymphoma 

type and has a variable clinical course (133). CLL is classically associated with 
four chromosomic abnormalities that all leads to increased cell survival. Loss of 

the important tumour suppressor TP53 by deletion of the short arm of 

chromosome 17 (del 17p) causes an aggressive form of CLL which responds 

poorer to standard antibody + chemotherapy (134,135) whereas deletion of the 
long arm of chromosome 11 (del 11q) and subsequent loss of the ATM gene 

involved in DNA damage detection leads to a disease with a generally shorter 
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time to first treatment from diagnosis but with a more favourable response to 

standard treatment when the two are compared (134,136). Deletion of the long 

arm of chromosome 13 (del 13q) leads to loss of BCL2 silencing factors and 

subsequent upregulation of the anti-apoptotic B-cell lymphoma 2 (BCL2) 

protein and has the most favourable general outcome of the known aberrations 
(134,137). Trisomy of chromosome 12 (+12) correlates to several distinct clinical 

features such as non-leukemic manifestation of the disease, increased risk of 

autoimmune complications and an increased risk of Richter transformation, in 

which part of the CLL gains additional mutations and behave as an aggressive 
lymphoma (138). The exact mechanics as to how +12 can lead to these various 

phenotypes are not fully discovered but could be in part driven by activation of 

the Bruton’s tyrosine kinase (BTK) through aberrant activity in the nuclear factor 

of activated T-cells (NFAT) pathway and by overexpression of the immune 
checkpoint molecule NT5E (CD73). 

 

4.1.2 FOLLICULAR LYMPHOMA 

Follicular Lymphoma (FL) is a disease arising from germinal centre B-cells. A key 
event for FL is the chromosomal translocation t(14;18)(q32;q21)IGH::BCL2 which is 

found in 70-90% of all FL patients. With this translocation, the encoding gene for 

BCL2 is moved to the vicinity of the IGH enhancer, leading to an overexpression 

of BCL2 and subsequent anti-apoptotic features (139). This aberration alone is 
not enough for FL to develop as shown by studies in which as many as 53% of 

healthy test subjects was found to carry B-cells with the translocation (140). The 

t(14;18) takes place during the V(D)J heavy chain recombination of the pro-B-cell 

and is believed to create a cell that mimics a normal B-cell in its development 
until it reaches the germinal centre. There, the t(14;18)-carrying B-cell are less 

likely to initiate apoptosis after antigenic selection due to the overexpression of 

BCL2. This results in an accumulation of t(14;18)-carrying B-cell which can accrue 

further mutations, progressing them into FL (141,142). Mutations to chromatin 
modifying genes (CMG) is observed in around 90% of FL and likely benefit the 

lymphoma through epigenetic changes which allow the cells to remain in the 

germinal centre instead of being forced to exit it or differentiate to a memory B-

cell or plasma cell (143). This is important for FL since it relies heavily on signals 
from the germinal centre microenvironment for proliferation and it has been 

shown that the composition of the microenvironment predicts prognosis (144).  
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4.1.3 MANTLE CELL LYMPHOMA  

Mantle cell lymphoma (MCL) is a disease which is typically described as a semi-
aggressive lymphoma, with rapid onset of symptoms and often in need of 

treatment at diagnosis (145). MCL shares with indolent lymphomas the inability 

to be completely cured with available treatments, with the exception of the rare 

cases when the patient presents with localised disease and curative 
radiotherapy can be administered. The development of MCL starts with a 

translocation of t(11;14)(q13;q32)CCND1::IGH during the pre-B-cell stage when the 

cell undergoes V(D)J heavy chain recombination (139). This translocation leads 

to overexpression of the cell cycle promoting protein cyclin D1 since its encoding 
gene, CCND1, is moved to be under the influence of the IGH enhancer. This 

enhancement of proliferation is not enough for the development of MCL and the 

translocation itself can be found in circulating lymphocytes in healthy individuals 

without signs of MCL (146,147). Additional mutations, most often in genes 
involved in cell cycle control, DNA repair and/or cell survival must occur and thus 

mutated BCL2, TP53, CDK4 and/or RB1 is often seen in MCL (148–151). MCL can 

be further divided into classical MCL (cMCL) and non-nodal leukemic MCL 

(nnMCL) (152). cMCL typically presents with an unmutated IGHV gene and is 
believed to not have entered the germinal centre and thus have not undergone 

somatic hypermutation of IGHV. These cells originally reside in the mantle zone 

of the lymph node but can also grow diffusely and give rise to the classical 

symptoms of an aggressive lymphoma with enlarged lymph nodes and rapid 
onset of symptoms. nnMCL was initially thought to be an atypical CLL due to its 

leukemic presentation and mutated IGHV but as it also carries t(11;14) it was later 

classified as MCL (153). nnMCL is clinically characterized by a more indolent 

progression of disease in that the patients do not need to undergo treatment 
until burden of disease starts to grow. This correlates well with that nnMCL 

generally carries fewer additional mutations as compared to cMCL (154,155). 

 

4.1.5 MARGINAL-ZONE LYMPHOMA 

The marginal-zone lymphomas (MZL) represent an entity of indolent lymphomas 

that are particularly associated with underlying chronic inflammation and/or 

infection. MZL are mainly divided into three separate types: the splenic MZL 
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(sMZL) and nodal MZL (nMZL), which are often associated with systemic 

inflammations such as the ones caused by chronic hepatitis C, and extra nodal 

MZL of mucosa associated lymphoid tissue (MALT lymphoma). MALT 

lymphomas in turn are driven more by more organ specific 

infections/inflammations (156). 

The development of gastric MALT lymphomas is the best studied pathogenesis 
of the various MZLs and is often used as a model for all MZL development (157). 

The classic driver for gastric MALT is chronic infection by Helicobacter p. which 

generate an immune response that preferentially expand B-cell clones with B-

cell receptors reactive to the pathogen. This clone is embedded in the 
supportive immune microenvironment but, as the infections fails to clear and 

becomes chronic, the sustained proliferation signals can lead to deregulation of 

pathways which can then be aggravated by acquired molecular lesions and 

eventually leading to a tumour which is no longer reliant on the 
microenvironment for support. There are distinct genetic features associated 

with the various underlying triggers, and thus with the various MZLs, but the 

molecular lesions tend to result in dysregulated NF-κB, B-cell receptor and/or 

NOTCH (158–161).  

Clinically, NMZL and SMZL are often systemically spread when diagnosed (157). 
As with the other indolent lymphomas, MZLs are only treated if symptomatic. 

The various MALT lymphomas are more often diagnosed due to symptoms such 

as gastric pain and/or reflux but en passant-findings are also common (162,163). 

The finding of an M-component of IgM-type can result in the diagnosis of a MZL 
since 30% of patient with MZL have an M-component producing disease (164). 

 

 

5. CANNABINOIDS AS POTENTIAL DRUGS FOR INDOLENT LYMPHOMAS  

Some evidence supports the hypothesis that cannabinoids have antineoplastic 

activity especially in hematologic malignancies. In MCL, it has been shown that 

the genes coding for CB1 and CB2, CNR1 and CNR2, are overexpressed in nearly 

all patients (165) and that this overexpression might be clinically relevant 
because low expression of CNR1 correlates with lymphocytosis and indolent 

disease (166). Accordingly, cMCL is associated with higher levels of CNR1-

overexpression as compared to nnMCL (167). Furthermore, dysregulations in the 
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production and degradation of endocannabinoids have also been detected in 

samples from MCL patients. NAPE-PLD, a main enzyme in the production of both 

AEA and 2-AG is upregulated in nearly all investigated MCL-patients and the 

main degrading enzyme FAAH downregulated, suggesting elevated levels of 

endocannabinoids in tissues (166). Approximately 50% of investigated CLL 
samples overexpressed CNR1 and CNR2 compared to healthy B-cells and the 

CLL patients who overexpressed CNR1 had shorter treatment-free and overall 

survival (116,168). When stimulated with endogenous-, synthetic- or 

phytocannabinoids, MCL cell-lines go into apoptosis (116,169) and/or paraptosis, 
a programmed cell death which shares several features with necrosis (170). 

When cells from an CNR1 and CNR2-overexpressing MCL cell line were 

xenografted into mice and treated with a synthetic AEA-analogue, this led to 

reduced cell proliferation and approximately 40% smaller tumour (116). When the 
same synthetic cannabinoid was tested on cell lines from other lymphomas that 

overexpress only either CNR1 or CNR2, no induced cell death could be seen, but 

when tested on cell lines overexpressing both genes, cell death could again be 

detected. This indicates that cannabinoids might induce cell death and that it 
appears to be dependent on both CB1 and CB2.  
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2 RESEARCH AIMS  
 

Our main goal with this project was to explore the clinical effects of 

cannabinoids on the indolent B-cell lymphomas that are known to overexpress 
the cannabinoid receptors. We therefore conducted our clinical trial which is the 

first study of its kind in humans. As we planned for the study, we also wanted to 

investigate potential explanations for our clinical findings as well as further the 

knowledge of cannabinoids pharmacokinetic properties. 

 

Specific aims for the studies: 

I. Do cannabinoids induce significant changes in circulating malignant 

lymphocytes without inducing intolerable adverse events? 
II. Are the non-invasive methods used to detect THC and CBD effective 

and safe to use? For how long can THC be detected in urine in 

previously cannabis-naïve patients? 

III. How does the endocannabinoid 2-AG influence chemotaxis of benign 
and malignant lymphocytes and what, if any, are the interactions with 

CXCL12? 

IV. Can the results seen in Paper I be explained by longitudinal RNA-

sequencing of the lymphoma cells? 
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3 MATERIALS AND METHODS 
 

3.1 CANNABINOIDSTUDIEN-1 

In order to answer our questions, we initiated a prospective non-randomized, 

open label clinical study using the, in US and EU, registered drug Sativex. As 

described in section “3.3 NEUROLOGICAL AND PSYCHIATRIC DISEASES” of the 
literature review, this drug is registered to treat spasticity in MS and is an oral 

spray of whole plant Cannabis s. The spray dispenses 100 microliter per 

actuation corresponding to a fixed dose of 2.7mg Δ9-THC and 2.5mg CBD per 

actuation. We received ethical permission from the proper authority. We also 
applied to the Swedish Medical Products Agency (Läkemedelsverket). We 

applied because we aimed to give a drug with known psychotropic side-effects 

outside of its registered use, and we wanted our study to undergo as extensive 

review beforehand as possible. After setting up a formal clinical trial protocol 
including case report forms (CRFs), dose escalation program, grading of adverse 

events (AEs) and informed consents, we received permission to start our study 

(Dnr 5.1-2015-91825). We also registered the study in EU Clinical Trials Registry 

(EudraCT 2014-005553-39). 

Initially, the patients were enrolled the same day they came to the out-patient 
clinic to receive the study drug at 9:00 AM and then stayed during the work day 

to be tested repeatedly and monitored for adverse events. They returned to the 

out-patient clinic the morning after and the week after for continued sampling 

and were then done in the study (Figure 6). 

 

Figure 6 Illustration of a patient’s participation in the Cannabinoidstudien-1. “9:00 AM” indicates that 
the patient arrives to the out-patient clinic and also that the patient leaves a urine sample. Thin arrow 
above the line indicates each time the patient undergoes sampling of blood, oral fluid and exhaled 
breath. Thick arrow below the line indicates when study drug is administered. 

We had decided on a dose escalation based on registered AEs in pairs of 

patients in order to find the maximum tolerated dose. This meant that every two 
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patients received identical amount of Sativex, starting with one single actuation, 

and we then evaluated the adverse events. 

If the adverse events were “mild or non-existing” and “non-severe” according to 
grading with the help of Common Terminology Criteria for Adverse Events 
(CTCAE) v4.0 the next two patients increased the dose with two more 
actuations. The same applied if the AEs had been “moderate” but still “non-
severe” and if the investigator thought the AE was non-related. If the AE was 
“moderate” and “possibly related” or “related” to the study drug, then the next 
two patients stayed on the same dose and if the next two patients also had 
“moderate” and “possibly related” or “related” AEs, then the maximum tolerated 
dose was decided and no further dose escalation would take place. 
 
We had a pre-planned interim analysis after our 10th patient had participated. We 
could at this time see an emerging pattern with decreasing circulating 
lymphocytes but with no evidence of apoptosis. We decided that we needed to 
expand the study with a control day to further sample our patients for a full day 
without any cannabinoid intervention and also to take an extra sample of the 
patients already one hour after administration of Sativex in order to try and see 
any rapidly induced changes. We paused the study to apply for these changes 
with both the Ethical board and the Medical Products Agency. After these 
changes were approved the study could restart and all patients thereafter 
undertook a full day of testing during a “control day” and then came back to the 
out-patient clinic a period of time later for the “intervention day” (Figure 7). 
 

 
 

Figure 7 Illustration of a patient’s participation in the Cannabinoidstudien-1 post interim analysis. 
Furthest to the left is the “control day” where the patient arrives at 9:00 AM and is sampled for blood at 
the time points of the thin arrows. “9:00 AM” after the broken timeline indicates when the patient 
arrives to the out-patient clinic to start the “intervention day” and also when the patient leaves a urine 
sample. Thin arrow above the line indicates each time the patient undergoes sampling of blood, oral 
fluid and exhaled breath. Thick arrow below the line indicates when study drug is administered. 

 

 

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
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3.1 ETHICAL CONSIDERATIONS 

The major ethical issue regarding this thesis is that of the safety of the patients 

enrolled in our clinical intervention study. Since we could not assume that one 
administration of cannabinoids would induce any long-term beneficiary effects, 

we could not allow the patients to be put in a situation where they suffered 

potentially severe adverse events from the study drug. The patients who 

participated in the trial had known their doctors for a long time. They had thus 
likely built a relationship with a lot of trust involved in said clinicians. We had to 

take precautions to make sure that the patients joined the study out of their own 

free will and not a misguided sense of loyalty towards their treating clinician as 

well as to be careful with the doses of the cannabinoid study drug involved so no 
harm was done to the patients.  

In order to resolve this issue, the patient’s own clinician was not allowed to do 
the recruiting and enrolment of patients. Instead, another doctor involved in the 

trial would recruit and enrol. This led to a process in which we had a far from 

100% success with the enrolment which at least indicates that patients joined or 

passed up on the study out of their own free will. Regarding the potential harm to 
the patients, we constructed a careful dose-finding part of the study with a slow 

increase of the dose between the patients included in the study. We also did set 

an absolute limit in that if a patient would suffer such a difficult adverse event so 

that he or she would need to be admitted to the hospital, then we would stop all 
further enrolment in the study. The informed consent used was approved by 

both the Ethics committee and the Swedish Medical Products Agency 

(Läkemedelsverket). 

Ethical Permits: 

Paper I, II and IV: 2015/281-31/2 with amendments 2016/210-32 and 2017/556-32 

Paper III: 2003-12-08/689-03 with amendments 2009-1244-31-4, 2011/1053-31, 

2014/48-32, 1222/12-631 

I have met most of the 23 included patients on routine clinical follow-ups. I have 

then taken the opportunity to ask them if they would hypothetically join a new 
study with cannabinoids under the same premises as the first one. The response 

from the patients have been that of 50/50 between positive and negative 

attitudes towards rejoining a such a hypothetical follow-up study with the ones 
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having more pronounced adverse events naturally having a more negative 

attitude. No patient however expressed remorse for having joined the study. 

 

3.2 PATIENTS AND PATIENT SAMPLES  

We collected in vivo data as well as material for ex vivo-experiments. As the 

psychotropic adverse events became more frequent and persistent with 

increased dose of the study drug, the patients needed monitoring. This was 
managed by collaboration between the study nurse and the principal 

investigator or sub-investigator on duty so that the patient was never alone in 

the clinic.  

Due to the prevalence of the diseases, we knew that most of our patients in 

paper I would have CLL. We had hoped to accrue at least two and hopefully 

three patients with MCL since this is a lymphoma that is known to have a 

frequent and strong over-expression of CB1 and was of special interest for us 
when we were setting up the study but we also decided that we should not try 

to select our patients but instead just enrol suitable patients as they showed up 

in the clinic. In the end, 20 of our patients included had CLL and only 3 had 

another kind of leukemic indolent lymphoma (1 MCL, 1 FL and 1 MZL) and 
whenever one of the 3 “non-CLL” patients had a divergent result, we could never 

know if it was because of individual properties of that patient or due to 

something present/missing due to their disease.  

A key step for preparing patient samples of peripheral blood for our ex vivo-

experiments was to purify the B cells. This was done through enrichment with 

antibodies (RosetteSep®) designed to target platelets and all leukocytes except 

B-lymphocytes. The targeted cells then adhere to erythrocytes and separate 
from the B-cells when centrifugated using Ficoll-Paque. This procedure left us 

with very high-purity B-cells of which the overwhelming majority were malignant 

(verified by flow cytometry) and represented the patient’s disease. This step 

required two people to work simultaneously in the laboratory as new patient 
samples came in too frequently for one person to handle.  
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3.3 MCL CELL LINES AND PRIMARY CELLS  

For paper III, we performed several experiments involving MCL cell lines. Cell lines 

are very convenient to use due to their ability to be grown and thus can be used 
to reproduce experiments is a predictable and plannable manner. But it should 

also be remembered that cell lines often diverge from their cell-of-origin in key 

ways and that the results from cell line experiments should be reproduced in 

primary cells if possible. In paper III we encountered a typical such issue as we 
moved between cell lines and primary cells in the migration experiment. We 

started with using cells from MCL cell lines to calibrate and get familiar with the 

method and could get reliable and reproducible data, but when we switched to 

using primary cells with the same settings, we got no real usable data. After 
reviewing the method and the experiment, we found that the cells from the cell 

line were substantially larger in diameter than the primary cells which affected 

their capability to migrate through the pores in the plates used in the 

chemotaxis assay and that using the same settings for both would never give 
comparable data.  

Furthermore, there are no reliable cell lines for CLL. This is a major issue since 
most of our patients had CLL and thus cannot be adequately represented in cell 

line-experiments.  

Many indolent lymphomas are also especially reliant on tumor microenvironment 

for their sustained growth and normal malignant behavior, and this cannot be 

reproduced in cell line experiments even though co-culturing cells from cell lines 
can partially alleviate that issue.  

Despite these objections towards cell lines, they are still integral to furthering our 

understanding of have malignant diseases work and function if used correctly. 
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3.4 CHEMOTAXIS ASSAY  

We used a standard Boyden chamber to asses chemotaxis (Figure 8) 

 

Figure 8 Schematic image of a chemotaxis experiment using a Boyden chamber. A Cells labelled 
with a  fluorescent dye are inserted into the top. A porous membrane separates them from B which is 
a chamber containing the chemical to be investigated as a possible chemotactic inducer. C is a 
camera fixed under the chamber to allow read-out of migrated cells.  

An important step to make to chemotaxis assay as reliable as possible was to 
ensure that the fluorescent staining was not released from the stained cells while 

incubating. Any release of staining would invariably lead to inconsistent and 

unreliable readings in the Boyden chamber.  

The Boyden chamber itself needed to be fitted with different inserts for the 

pores since the cells from cell lines had an average size of 8 µm while the 
primary cells were on average 5 µm. We also needed to adjust the read-out from 

between the experiments. The primary cells and cells from the Jeko-1 cell line 

could be analyzed by standard measurement of number of fluorescent cells in 

the bottom chamber. But the cells from the Granta519 and JVM-2 cell-lines tend 
to form aggregates which make individual cell reading impossible. Instead, we 

opted to measure the intensity of the fluorescent activity as a surrogate marker 

when doing experiments with these cells.  

 

3.5 FLOW CYTOMETRY 

Flow cytometry on peripheral blood was performed using the pathology labs 

standard equipment. Flow cytometry was of great benefit to us in paper I since it 

gave us the possibility to assess ongoing apoptosis using the PhiPhiLux 
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fluorogenic protease substrate. This method allowed us to investigate if caspase 

3 dependent apoptosis had been initiated in live cells and was our read out to 

determine cannabinoid-initiated cell death in the indolent lymphoma cells. Flow 

cytometry also allowed us to determine the surface expression of CXCR4 on the 

cells which is of key interest when investigating substances with chemotactic 
potential.  

 

3.6 REAL-TIME PCR 

There were no suitable antibodies for investigating the expression of 
cannabinoid receptors via flow cytometry, immunohistochemistry or western 

blot when we started working on paper I. Instead, we used rtPCR to quantify the 

expression of CNR1 (coding for CB1) and CNR2 (coding for CB2) as surrogates. To 

ensure relevant read-outs, we correlated the expression to the house-holding 
gene ACTB and also compared the expression of the study patients B-

lymphocytes to that of B-lymphocytes from donated blood from healthy donors 

in order to determine “high” or “low” expression.  

 

3.7 THC/CBD DETECTION 

Oral fluid (OF) was obtained using the commercially available Quantisal 
collection device. With this system, the patient inserts a plastic spatula with a 
soft top buccally and waits until an indicator turns blue to ensure that the top is 
sufficiently saturated with OF. The entire device is then entered into a tube with 
a buffer solution and can then be frozen or instantly analyzed (Figure 9).  

 

 

Figure 9 Schematic illustration of how to use the Quantisal collection device for oral fluid. (printed 
under Fair Use Protocol, copywrite Immunalysis Corp.) 
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We had issues with patients having dry mouth as an adverse event to their 
intake of cannabinoids. This led to failure to properly saturate the collections 
device, leading to failure to collect a sample all together from that timepoint as 
we had no back up planned for this eventuality even though it is a common side 
effect to use of cannabinoids. 

Captured breath was obtained by the use of the SensAbues collection device 
(Figure 10). It is not the breath itself which is captured and analyzed. Instead, the 
device captures aerosol particles from alveolar cells, mostly consisting of 
fragmented alveolar cell membranes.  

 

Figure 10 Schematic illustration of how to use the SensAbues collection device for captured breath 
(left) and real-life picture of the device (right). The mouthpiece is discarded and the housing containing 
the micro-particle filter is sealed and subjected for analytical investigation. (printed under Fair Use 
Protocol, copywrite SensAbues AB) 

With this device we initially experienced several false positives, likely caused by 
contamination of the collection device by the research nurse as she handled the 
study drug. After stricter routines were in place, the device proved reliable. 

The OF and captured breath was then frozen awaiting analysis using liquid 
chromatography coupled to a quadrupole tandem mass spectrometer (LC-
MS/MS) as routine by our collaborators in the department of Clinical 
Pharmacology. 

3.8 RNA-SEQUENCING 

For paper IV, the mRNA was prepared by members of our group and delivered to 
the Bioinformatic and Expression Analysis (BEA) core facility in KI Huddinge. 
There the mRNA was sequenced on the Illumina platform using the stranded 
ligation assay (Figure 11).  



 

 31 

 

 

Figure 11 Illustration of the stranded ligation assay used for the RNA-seq. (printed with permission of 
Illumina Inc) 

Reads were then mapped to the human genome using Spliced Transcripts 
Alignment to a Reference (STAR) and then the statistical computer program R 
was used with the DESeq2-package to normalize counts and identify 
differentially expressed genes. 

 

3.9 STATISTICS 

For paper I, II and III comparisons between repeated measurements were done, 
using the Wilcoxon matched-pairs signed-ranks test. Assessments of other 
associations were conducted using Fisher’s exact, Spearman, or Mann–Whitney–
Wilcoxon tests, according to the nature of the involved variables. p values are 
two-tailed and were calculated using Stata version 14.2 (StataCorp LLC, College 
Station, TX). For paper I, apoptosis and proliferation data were analyzed using 
GraphPad Prism version 8.3.0 (GraphPad software Inc., La Jolla, CA). p < 0.05 was 
considered significant. For paper II, Area under curve was calculated using Mann-
Whitney U Test with Stata version 14.2 (StataCorp LLC, College Station, TX). For 
paper IV, Wards test was used to determine significance for the RNA-seq and 
was then adjusted for false discovery rate due to multiple testing correction 
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using the Benjamini and Hochberg-procedure. p < 0.05 was considered 
significant in combination with a log2-fold change of mRNA outside of -1 to 1. 
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4 RESULTS 
 

Paper I: 23 patients were enrolled in the study, 20 with CLL and one each with FL, 

MCL and MZL. As expected, the cohort consisted mainly of elderly patients 
(median age of 73). The first two patients (patient 1 and patient 2) received 1 

actuation of Sativex and reported just a mild AE of dry mouth. Thus, the dose 

was increased to 3 actuations. Again, the AEs were mild with one possibly 

unrelated AE. As the dose was then increased to 5 actuations, both patient 4 and 
5 reported several AEs with a moderate euphoria in one patient. Following the 

trial protocol, the same dose of 5 actuation was given patient 6 and 7 . These 

two reported only mild AEs and the dose was again increased. At 7 actuations 

(corresponding to 18.9mg Δ9-THC and 17.5mg CBD), we saw several moderate AEs 
in the next pair of patients (patient 8 and 9) and, per protocol, gave the same 

dose to the next two patients again (patient 10 and 11). As these two also 

reported moderate AEs, we had determined out maximum tolerated dose which 

was given to the remaining 12 patients. AEs continued to be noticeable but 
manageable during the study (Table 1). 

 

Table 1 Summary of Adverse events of the 23 patients included. One patient could report several 
various AEs. (reprinted with permission from C. M. Melén et al. Clinical effects of a single dose of 
cannabinoids to patients with chronic lymphocytic leukemia Leukemia & Lymphoma (2022) 
Jun;63(6):1387-1397.) 
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The main finding in this paper is that there was a significant reduction in 

leukemic cells (median, 11%) which occurred within two hours after 

administration of the study drug (p = 0.014) (Figure 12). The effect remained for 6 

h without evidence of apoptosis or change in proliferation. Patients with no 

overexpression of CB1 mRNA experienced a faster and more pronounced 
decrease as compared to the patients whose malignant cells overexpressed CB1 

mRNA (Figure 13). Non-malignant B-cells and T-cells were also reduced. All 

effects were gone by 24 h. Secondly, we detected a possible diurnal rhythm of 

the circulating CLL-cells. This is not something that the study was set up to 
investigate but was detected during the longitudinal testing during the control 

day. We could also conclude that the study drug was tolerable to an elderly 

cohort even though psychotropic adverse events were common.  

 

Figure 12 Changes in median levels of leukemic B-cells during the days without and with THC/CBD. 
For simplicity, only median values are shown here. One asterisk (*) and two asterisks (**) indicate 
significant changes at the day with treatment, with respect to baseline with p < 0.05 and p < 0.005, 
respectively. (reprinted with permission from C. M. Melén et al. Clinical effects of a single dose of 
cannabinoids to patients with chronic lymphocytic leukemia Leukemia & Lymphoma (2022) 
Jun;63(6):1387-1397.) 
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Figure 13 Reduction of leukemic B-cells after THC/CBD in CB1 positive (dashed gray line; n = 17) 
and CB1 negative (dotted gray line; n = 6) cases. One asterisk (*) indicate significant changes at the 
day with treatment, with respect to baseline with p < 0.05. (reprinted with permission from C. M. Melén 
et al. Clinical effects of a single dose of cannabinoids to patients with chronic lymphocytic leukemia 
Leukemia & Lymphoma (2022) Jun;63(6):1387-1397.) 

 

 

Paper II: Δ9-THC and CBD could be detected in plasma, OF, and exhaled breath 

in all 23 patients. Δ9-THC and CBD could be detected for a longer time in OF and 
exhaled breath than in blood (Figure 14). Urine analysis detected the Δ9-THC 

metabolite (THC-COOH) 7 days after administration, also in a patient who 

received the low dose of 8.1/7.5 mg Δ9-THC/CBD. Relative ease of sample 

collection in combination with high sensitivity makes OF and exhaled breath a 
valuable addition when samples are handled correctly by trained personnel .  

 

Figure 14 Visualization of increase of negative tests for (A) Δ9-THC and (B) CBD. Time points 1 and 
2 h are omitted since the frequency of negative tests was 0% for all matrices at those time points, and 
thus, there was no difference to plot. (reprinted with permission from C. M. Melén et al. Δ9-THC and 
CBD in Plasma, Oral Fluid, Exhaled Breath, and Urine from 23 Patients Administered Sativex 
Cannabis Cannabinoid Res (2023) Apr 19.) 
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Paper III: 2-AG induces chemotaxis in 20 out of 22 primary CLL cell samples and 
3 out of 5 primary MCL cell samples (Figure 15). 2-AG also induced, in a dose-

dependent manner, migration of JeKo-1 cell line via CB1 and CB2 (Figure 16). 2-

AG affected the CXCL12-mediated chemotaxis but did not impact the 

expression or internalization of CXCR4. We also show that 2-AG modulated p38 
and p44/42 MAPK activation (Figure 17). These results suggest that 2-AG has a 

previously unrecognized role in mobilization of lymphoma cells by effecting the 

CXCL12-induced migration and the CXCR4 signalling pathways, and that the 

effects differ in MCL compared to CLL. 

 

Figure 15 Chemotaxis towards 2-AG and cannabinoid receptor expression in MCL and CLL. (A) MCL 
(n = 5) and (B) CLL (n = 22) cells were subjected to chemotaxis towards vehicle or 2-AG, number of 
migrated cells is shown as percentage of input (log10 scale) at 4 h time point, line represents paired 
samples, ns: non-significant, **** p < 0.0001. (reprinted with permission from M. Merrien et al. 2-
arachidonoylglycerol Modulates CXCL12-Mediated Chemotaxis in Mantle Cell Lymphoma  and 
Chronic Lymphocytic Leukemia Cancers (2023) 2023 Mar 3;15(5):1585.) 
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Figure 16 2-AG-mediated chemotaxis in MCL cell line JeKo-1. (A) JeKo-1 cells were subjected to 
chemotaxis towards vehicle or 2-AG at three different concentrations: 100 nM, 1µM and 10µM, or 
CXCL12 (200 ng/mL) as a positive control of chemotaxis, bars represent average of seven 
experiments and error bars are standard deviation; Paired t-test, * p < 0.05, ** p < 0.01. (B–D) 
Chemotaxis assays towards vehicle or 2-AG (100 nM) after JeKo-1 cells were incubated for 20 min 
with the CB1 antagonists (B) SR141716 (10 nM; n = 4), (C) AM6545 (10 nM; n = 5), or (D) with the 
CB2 inverse agonist SR144528 (10 nM; n = 8); Paired t-test, * p < 0.05, ns: non-significant, Wilcoxon 
matched-pairs signed rank test, ## p < 0.01. (reprinted with permission from M. Merrien et al. 2-
arachidonoylglycerol Modulates CXCL12-Mediated Chemotaxis in Mantle Cell Lymphoma  and 
Chronic Lymphocytic Leukemia Cancers (2023) 2023 Mar 3;15(5):1585.) 
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Figure 17 Activation of signalling pathways. (A) JeKo-1, (B) Granta519 and (C) JVM-2 were 
incubated for 2 min with CXCL12 (200 ng/mL) or 2-AG (100 nM) or the combination, and the 
activation of the signalling pathways ERK1/2, Akt and p38 was assessed by Western blotting, 
normalizing phospho/GAPDH band intensity to total/GAPDH, bars represent an average of the ratio of 
at least four repeats and error bars are standard error of the mean; paired t-test, * p < 0.05, ** p < 
0.01, *** p < 0.001, ns: non-significant, a representative blot for each experiment is shown. (reprinted 
with permission from M. Merrien et al. 2-arachidonoylglycerol Modulates CXCL12-Mediated 
Chemotaxis in Mantle Cell Lymphoma  and Chronic Lymphocytic Leukemia Cancers (2023) 2023 Mar 
3;15(5):1585.) 
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Paper IV: We compared the mRNA expression levels of sampling at the two-, 

four- or six-hour-timepoint with the zero-hour timepoints and found no 

significant changes and likewise we saw no significant changes between 

timepoint zero on control day and timepoint zero on intervention day. We did 

see significant changes of gene expression during the control day at the four-
hour timepoint (Figure 18). We could also see significant changes in gene 

expression during the control day if we identified the various timepoints of 

maximum reduction in those patients that achieved a predefined reduction of 

lymphocytes of 15% (Figure 19). After identifying the overexpressed genes, we 
could see that several genes are connected to the AP-1 complex and PI3K-

pathway which are previously known to be able to regulate lymphocyte activity 

and cell migration. When comparing the timepoints during the day patients 

received study drug, we could not see any significant changes in gene 
expression, indicating that the faster reduction that day was not mediated by 

transcription-changes. Instead, we can speculate on how the complex cross-talk 

and down-stream signalling between cannabinoid receptors and chemokine 

receptors influence the behaviour of the malignant B-cells. 

 

 

Figure 18 Volcano plot demonstrating changes in gene expression over the control day – comparing 
4 hour control day versus 0 hour. Genes overexpressed with adjusted p ≤ 0.05 in combination with a 
log2-fold change of mRNA outside of -1 to 1 are shown with names written out. 
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Figure 19 Volcano plot demonstrating changes in gene expression in patients with a profound 
decrease of lymphocytes on control day when comparing the timepoint of maximum decrease and 
timepoint zero hour. Genes overexpressed with adjusted p ≤ 0.05 in combination with a log2-fold 
change of mRNA outside of -1 to 1 are shown with names written out. 
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5 DISCUSSION 
In this thesis I have explored what effects cannabinoids have on indolent B-cell 

lymphomas. Based on pre-clinical experiments we designed a clinical study with 
a pragmatic approach that allowed us to build a cohort of patients with an easy-

to-access disease since we included only patients with a leukemic spread of 

their lymphoma. The study drug we chose to use was an already approved 

compound of whole-plant cannabis with a fixed ratio of Δ9-THC and CBD. The 
rational for choosing this drug to investigate was foremost one of availability – 

using an already approved product outside of its formal indication is generally 

easier than to apply to use untested products in humans. This did however limit 

us in what we could investigate since we could not define which cannabinoid 
had which effect and at what concentration. If possible, it would have been of 

high interest to construct a multi-arm study with patients receiving only Δ9-THC 

in one arm, only CBD in a second arm and then a mixture of Δ9-THC/CBD in a 

third arm. This would have allowed us to possibly discern the separate effects of 
the cannabinoids and also to investigate their interaction more in detail.  

Our method of reaching maximum tolerated dose meant that we could fairly 

quickly reach the doses of Δ9-TCH and CBD where we could hope to see 

relevant effects based on previous studies and still ascertain a high safety for 

our patients. What we could not achieve with this approach was a proper 
analysis of any dose-response since the cohorts receiving one, three and give 

actuations were too small.  

It would also have been of great interest to also have sampled the lymph nodes 

of the study patients (in the cases where such disease was present). 

Simultaneous testing of peripheral blood and lymph nodes could have provided 
us with evidence of a relocation of cannabis-affected malignant cells from the 

blood stream to lymphatic organs. If such a population could have been 

identified then RNA-seq of that population could then possibly have revealed 

why and how that subgroup responded with relocation to lymph nodes after 
exposure to the cannabinoids.  

In paper III, we try to systematically discern what chemotactic effects can be 
seen after stimulation of CB1 and CB2, together and individually, by the 

endocannabinoid 2-AG. A limiting factor was the relatively low prevalence of 

leukemic MCL-patients, which made it difficult to source primary MCL-cells, as 

well as the lack of a functioning CLL-cell lines. Thus, we could see significant 
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effects in primary CLL-cells but where then forced to use MCL-cell lines to 

further investigate potential underlying mechanisms. During this study we tested 

several new antibodies for detecting CB1 and CB2 and we identified reliable 

monoclonal antibodies which seem to be specific for CB1 and CB2. This will make 

it possible to investigate the surface expression of the receptors in addition to 
measuring the expression of the genes coding for the receptors at the mRNA 

level. 
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6 CONCLUSIONS 
Paper I: We conclude that there were no signs of apoptosis in the malignant 

indolent lymphoma cells after a single administration of cannabinoids. The dose 
administered induced considerable and frequent AEs. We surmised that the 

study drug induced a redistribution of malignant cells away from peripheral 

blood and, most likely, to lymphoid tissue such as lymph nodes or bone marrow. 

If so, using cannabinoids concomitant with lymphoma treatment might result in a 
poorer outcome and thus we advise against this.  

Paper II: We conclude that detection of THC and CBD in OF and captured breath 

were both good options to the invasive golden standard of detection in plasma. 

OF and captured breath had their drawbacks that need to be managed in future 

clinical studies and when applied to workplace testing and law enforcement. 
THC-COOH, a metabolite to THC was detectable in urine for a longer time than 

previously described in cannabis-naïve users.  

Paper III: We conclude that there is an interplay between CR1 and CR2 when 

stimulated by 2-AG and that this interplay could affected how malignant cells 

home to various tissues. The two chemokines 2-AG and CXCL12 had different 
effects on MCL and on CLL-cells which further highlights the complexity of cell 

migration and tissue homing since it is a system in which a multitude of factors 

are involved.  

Paper IV: We conclude that the most affected cells during the intervention day 

are likely not properly analysed by the RNA-seq since they have egressed away 

from the peripheral blood. During the control day, genes involved in the AP-1 
complex and PI3K-pathway are significantly overexpressed in patient with 

profound decrease which might indicate a role for them in tissue homing and 

possible diurnal rhythm of CLL-cells.  
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7 POINTS OF PERSPECTIVE 
Even though we could answer our most important and fundamental question 

with the clinical study in paper I and determine that there was no antineoplastic 
effect of cannabinoids on the indolent lymphoma cells in this experimental 

setting, there are several more questions left unanswered. Due to the complexity 

of the endocannabinoid system, and it’s not yet fully mapped out down-stream 

regulation, it is difficult to ascertain which effect is induced by what cannabinoid 
and through which receptor. Since frequent anecdotal data and case reports 

exists of patients with lymphomas using recreational Cannabis s and then 

experiencing remissions, it had its merits to use a whole-plant extract of 

Cannabis s. in our clinical study as a pragmatic way to examine its effects. But 
the lack of single-cannabinoid drugs left us without the possibility to properly 

investigate what effects are induced by what cannabinoid in vivo. Instead, we did 

more in vitro experiments in paper III, using both primary cells and MCL cell lines 

and the endocannabinoid 2-AG to try and discern how stimulation of either CB1 
and/or CB2 affected the cells capability to undergo chemotaxis. It would have 

been interesting to not only test 2-AG but also the study drug used in paper I 

and II. That could have provided us with an ex vivo-model for the supposed 

migration of lymphocytes that we likely saw in paper I. The main focus of paper III 
was to try and discern the various mechanisms by which an agonist to CB1 and 

CB2 induced migration and since the study drug from paper I was whole plant 

Cannabis s., with over 120 potential ligands for the cannabinoid receptors, it was 

considered not appropriate to include it in the study. Also, when paper III was 
planned, we didn’t know the results of paper I and that whole plant Cannabis s . 

likely induce migration. In retrospect, it would have been of interest to 

pragmatically investigate Sativex in a chemotaxis experiment. When the later 

part of the experiments for paper III was being performed, we had identified 
antibodies to detect CB1 and CB2 protein but had not yet developed a suitable 

method for performing additional experiments using for instance proximity 

ligation assays to fully investigate the possibility of CB1-CB2 heterodimerisation. 

Investigating this and additional formation of inert or functional GPCR-
heterodimers could be an important step to further understand how the ECS 

functions and how it interplays with the various other GPCRs. Since there are few 

cells, that we know of today, that express both CB1 and CB2 in significant 

amounts on its cell surface, the possible formation of CB1-CB2 heterodimers on 
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MCL and CLL cells could even be a favourable target if a dual-anchoring 

antibody could be constructed.  

Paper II stands out as a work of its own with very practical implications for 

handling non-invasive drug detection kits which are becoming more frequently 

used in for example workplace testing and also in the hands of traffic police. The 

method to capture breath could also be of interest for a wider range of use since 
it is actually not breath but fragments of alveolar cells that are being analysed. 

These fragments could very well also be used to detect proteins specific for 

infectious pathogens such as fungi, viruses and bacteria and could then be used 

as an analysis for deep respiratory infections when diagnostic bronchoscopy is 
not advisable.  

For paper IV, we discussed first to use phosphoproteomics to analyse our 

collected cells. This method is appealing since it can more accurately identify 

rapid intracellular changes such as activation of signalling pathways. This could 

have resulted in finding effects of the administered study drug on the circulating 
lymphocytes before they, supposedly, egressed away from the blood stream. 

The drawback of the method is that it requires more viability frozen cells than 

the RNA-seq we eventually choose to use and thus not all patients in the study 

would have been eligible for analysis. Furthermore, the method was not yet fully 
set up at the proteomics core facility. We will now move on with mixed effects 

modal-testing of the data to further try and find trends and changes that wasn’t 

detected in the first step of the RNA-seq analysis.  

 

 



 

 47 

8 ACKNOWLEDGEMENTS 
I would like to thank all those that have participated in the completion of this 

thesis. In particular, I would like to thank: 

Björn Wahlin who casually wondered if I thought it “might be fun to look at what 
cannabis does to lymphomas” when I brought up some questions about possible 

research projects. As with many things, you were right. 

Birgitta Sander for allowing me to be a part of her group. You always made me 

feel welcome even when the clinical reality or parental leaves had kept me away 

from PhD-life for long periods of time. Your utter professionalism combined with 
humility is inspiring. 

Agata Wasik and Magali Merrien, I owe you thanks for your patience with my 
untrained hands in the lab and for always offering your time, help and great 

explanations whenever problems arose. This work absolutely would not have 

been possible without you. 

Kristina Sonnevi for being a great colleague and my on-and-off boss during 

residency and again in the lymphoma department. Working magic with the 
schedules to fit in my courses and adjusting on the fly to make room for me to 

combine clinical rotations with my projects. And for keeping a much-

appreciated watchful eye over Björns doings and things that should be done but 

was not. 

Martin Jädersten for being my clinical supervisor during residency. You inspired 
me to always be curios and your dedication is amazing. 

Henna-Riikka Junlén, Birger Christensson, Olof Beck and Georgios 
Panagiotidis for great cooperation with the articles.  

All my great colleagues at the Hematology department! I enjoy every day with 

you all, I can hardly imagine a better group of people to do this job with. I look 

forward to seeing you all in the sauna.  

Torsten Dahlén for stepping up as the head of lymphoma section and doing a 

great job at it! 

Marit Hoglund for giving me my introduction-papers and setting me up in 2013 

when I started at the Hematology Department in Huddinge. And for still being 
here, running basically everything behind the scenes. 



 

48 

All the nurses and the care staff in our wards and out-patient clinics, together 

we try our best to help and often we succeed. A special thanks to Eva Eriksson, 

Elisabeth Allenbrant, Sandra Lindé and Sofia Dovborg in Solna for your 

outstanding work with the patients in my care. A special thanks also to Hannele 

Kleemola and Katarina Malmsten in Huddinge for your support and friendly 
words during my years there. 

All the patients who participated in the studies. You did not have to do it; I hope 

you do not regret it and I want to believe that this work will be of benefit to the 

patients that came after you. 

All my friends, old and new. I am so happy to have you. For adventures had and 

for those to come.  

Glamorama for providing me the opportunity to meet and share experiences 

with a most unlikely gathering of great people.  

My mother, sister, Ragge and all my aunts and their great families. It is amazing 
to have so many people in my life that supports me and my family so much. 

Looking forward to enjoying the world cup (in Madeira?) again. 

Louise for proof-reading my papers and listening to my presentations. Again. 

And again. And again... For always offering help and support. For understanding 

and caring. 

Liv and Karin for being the wonderful persons that you are. For teaching me so 

much about the world and myself. I am so happy to have you and look forward to 
seeing you grow up to become whoever you will be. 

 

 

 

 



 

 49 

9 REFERENCES 
 

1.  Lunning MA, Vose JM. Management of indolent lymphoma: where are we now and where 
are we going. Blood Rev [Internet]. 2012 Nov [cited 2018 Sep 22];26(6):279–88. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/23063143 

2.  Armitage JO, Gascoyne RD, Lunning MA, Cavalli F. Non-Hodgkin lymphoma. Lancet 
(London, England). 2017 Jul;390(10091):298–310.  

3.  Dotan E, Aggarwal C, Smith MR. Impact of Rituximab (Rituxan) on the Treatment of B-Cell 
Non-Hodgkin’s Lymphoma. P T. 2010 Mar;35(3):148–57.  

4.  Mugnaini EN, Ghosh N. Lymphoma. Prim Care. 2016 Dec;43(4):661–75.  

5.  Lunning MA, Vose JM. Management of indolent lymphoma: where are we now and where 
are we going. Blood Rev. 2012 Nov;26(6):279–88.  

6.  Byrd JC, Furman RR, Coutre SE, Flinn IW, Burger JA, Blum KA, et al. Targeting BTK with 
ibrutinib in relapsed chronic lymphocytic leukemia. N Engl J Med. 2013 Jul;369(1):32–42.  

7.  Stilgenbauer S, Eichhorst B, Schetelig J, Coutre S, Seymour JF, Munir T, et al. Venetoclax in 
relapsed or refractory chronic lymphocytic leukaemia with 17p  deletion: a multicentre, 
open-label, phase 2 study. Lancet Oncol. 2016 Jun;17(6):768–78.  

8.  Brown JR, Eichhorst B, Hillmen P, Jurczak W, Kaźmierczak M, Lamanna N, et al. Zanubrutinib 
or Ibrutinib in Relapsed or Refractory Chronic Lymphocytic Leukemia. N Engl J Med. 2023 
Jan;388(4):319–32.  

9.  Markham A, Dhillon S. Acalabrutinib: First Global Approval. Drugs. 2018 Jan;78(1):139–45.  

10.  Long T, Wagner M, Demske D, Leipe C, Tarasov PE. Cannabis in Eurasia: origin of human use 
and Bronze Age trans-continental connections. Veg Hist Archaeobot [Internet]. 2017 Mar 
27 [cited 2018 Jan 26];26(2):245–58. Available from: 
http://link.springer.com/10.1007/s00334-016-0579-6 

11.  Wilson J V, Reynolds EH. Texts and documents. Translation and analysis of a cuneiform 
text forming part of  a Babylonian treatise on epilepsy. Med Hist. 1990 Apr;34(2):185–98.  

12.  Mechoulam R. The Pharmacohistory of Cannabis Sativa. Cannabinoids as Therapeutic 
Agents. 2019. 1–20 p.  

13.  O’Shaughnessy WB. On the Preparations of the Indian Hemp, or Gunjah: Cannabis Indica 
Their Effects  on the Animal System in Health, and their Utility in the Treatment of Tetanus 
and other Convulsive Diseases. Vol. 5, Provincial Medical Journal and Retrospect of the 
Medical Sciences. 1843. p. 363–9.  

14.  Gaoni Y, Mechoulam R. Isolation, Structure, and Partial Synthesis of an Active Constituent 
of Hashish. J Am Chem Soc [Internet]. 1964 Apr 1;86(8):1646–7. Available from: 
https://doi.org/10.1021/ja01062a046 

15.  Devane WA, Dysarz FA, Johnson MR, Melvin LS, Howlett AC. Determination and 
characterization of a cannabinoid receptor in rat brain. Mol Pharmacol [Internet]. 1988 Nov 
[cited 2018 Sep 22];34(5):605–13. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/2848184 

16.  Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin G, et al. Isolation and 



 

50 

structure of a brain constituent that binds to the cannabinoid  receptor. Science. 1992 
Dec;258(5090):1946–9.  

17.  Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a peripheral receptor for 
cannabinoids. Nature [Internet]. 1993 Sep 2 [cited 2018 Sep 22];365(6441):61–5. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/7689702 

18.  McPartland JM, Duncan M, Di Marzo V, Pertwee RG. Are cannabidiol and Δ(9) -
tetrahydrocannabivarin negative modulators of the  endocannabinoid system? A 
systematic review. Br J Pharmacol. 2015 Feb;172(3):737–53.  

19.  Ligresti A, De Petrocellis L, Di Marzo V. From Phytocannabinoids to Cannabinoid Receptors 
and Endocannabinoids: Pleiotropic  Physiological and Pathological Roles Through Complex 
Pharmacology. Physiol Rev. 2016 Oct;96(4):1593–659.  

20.  Bockaert J, Pin JP. Molecular tinkering of G protein-coupled receptors: an evolutionary 
success. EMBO J. 1999 Apr;18(7):1723–9.  

21.  Cahill TJ 3rd, Thomsen ARB, Tarrasch JT, Plouffe B, Nguyen AH, Yang F, et al. Distinct 
conformations of GPCR-β-arrestin complexes mediate desensitization,  signaling, and 
endocytosis. Proc Natl Acad Sci U S A. 2017 Mar;114(10):2562–7.  

22.  Gurevich V V, Gurevich E V. Biased GPCR signaling: Possible mechanisms and inherent 
limitations. Pharmacol Ther. 2020 Jul;211:107540.  

23.  Gurevich E V, Gurevich V V. Arrestins: ubiquitous regulators of cellular signaling pathways. 
Genome Biol. 2006;7(9):236.  

24.  Siuda ER, Carr R 3rd, Rominger DH, Violin JD. Biased mu-opioid receptor ligands: a 
promising new generation of pain  therapeutics. Curr Opin Pharmacol. 2017 Feb;32:77–84.  

25.  Shen Y, McCorvy JD, Martini ML, Rodriguiz RM, Pogorelov VM, Ward KM, et al. D(2) 
Dopamine Receptor G Protein-Biased Partial Agonists Based on Cariprazine. J Med Chem. 
2019 May;62(9):4755–71.  

26.  Tan L, Yan W, McCorvy JD, Cheng J. Biased Ligands of G Protein-Coupled Receptors 
(GPCRs): Structure-Functional  Selectivity Relationships (SFSRs) and Therapeutic 
Potential. J Med Chem. 2018 Nov;61(22):9841–78.  

27.  Che T, Dwivedi-Agnihotri H, Shukla AK, Roth BL. Biased ligands at opioid receptors: Current 
status and future directions. Sci Signal. 2021 Apr;14(677).  

28.  DA Approves New Opioid for Intravenous Use in Hospitals, Other Controlled Clinical 
Settings [Internet]. FDA Approves New Opioid for Intravenous Use in Hospitals, Other 
Controlled Clinical Settings. 2020 [cited 2024 Apr 6]. Available from: 
https://www.fda.gov/news-events/press-announcements/fda-approves-new-opioid-
intravenous-use-hospitals-other-controlled-clinical-settings 

29.  Viscusi ER, Skobieranda F, Soergel DG, Cook E, Burt DA, Singla N. APOLLO-1: a randomized 
placebo and active-controlled phase III study  investigating oliceridine (TRV130), a G 
protein-biased ligand at the µ-opioid receptor, for management of moderate-to-severe 
acute pain following bunionectomy. J Pain Res. 2019;12:927–43.  

30.  Singla NK, Skobieranda F, Soergel DG, Salamea M, Burt DA, Demitrack MA, et al. APOLLO-2: 
A Randomized, Placebo and Active-Controlled Phase III Study  Investigating Oliceridine 
(TRV130), a G Protein-Biased Ligand at the μ-Opioid Receptor, for Management of 
Moderate to Severe Acute Pain Following Abdominoplasty. Pain Pract. 2019 Sep;19(7):715–
31.  



 

 51 

31.  Nielsen TB, Totsuka Y, Kempner ES, Field JB. Structure of the thyrotropin receptor and 
thyroid adenylate cyclase system as  determined by target analysis. Biochemistry. 1984 
Dec;23(25):6009–16.  

32.  Conn PM, Venter JC. Radiation inactivation (target size analysis) of the gonadotropin-
releasing  hormone receptor: evidence for a high molecular weight complex. 
Endocrinology. 1985 Apr;116(4):1324–6.  

33.  Gredal O, Nielsen M, Hyttel J. Target size of dopamine D-1 receptors in rat corpus striatum 
estimated by binding  of the benzazepine 3H-SCH 23390. Pharmacol Toxicol. 1987 
Apr;60(4):255–7.  

34.  Sleno R, Hébert TE. The Dynamics of GPCR Oligomerization and Their Functional 
Consequences. Int Rev Cell Mol Biol. 2018;338:141–71.  

35.  Sohy D, Parmentier M, Springael J-Y. Allosteric transinhibition by specific antagonists in 
CCR2/CXCR4 heterodimers. J Biol Chem. 2007 Oct;282(41):30062–9.  

36.  Vilardaga J-P, Nikolaev VO, Lorenz K, Ferrandon S, Zhuang Z, Lohse MJ. Conformational 
cross-talk between alpha2A-adrenergic and mu-opioid receptors  controls cell signaling. 
Nat Chem Biol. 2008 Feb;4(2):126–31.  

37.  Jordan BA, Devi LA. G-protein-coupled receptor heterodimerization modulates receptor 
function. Nature. 1999 Jun;399(6737):697–700.  

38.  Terrillon S, Barberis C, Bouvier M. Heterodimerization of V1a and V2 vasopressin receptors 
determines the interaction  with beta-arrestin and their trafficking patterns. Proc Natl 
Acad Sci U S A. 2004 Feb;101(6):1548–53.  

39.  Castaneda JT, Harui A, Roth MD. Regulation of Cell Surface CB(2) Receptor during Human B 
Cell Activation and  Differentiation. J neuroimmune Pharmacol  Off J Soc  NeuroImmune 
Pharmacol. 2017 Sep;12(3):544–54.  

40.  De Petrocellis L, Bisogno T, Maccarrone M, Davis JB, Finazzi-Agro A, Di Marzo V. The activity 
of anandamide at vanilloid VR1 receptors requires facilitated  transport across the cell 
membrane and is limited by intracellular metabolism. J Biol Chem. 2001 
Apr;276(16):12856–63.  

41.  Di Marzo V, Bisogno T, De Petrocellis L. Anandamide: some like it hot. Trends Pharmacol Sci. 
2001 Jul;22(7):346–9.  

42.  Mechoulam R, Shvo Y. Hashish. I. The structure of cannabidiol. Tetrahedron. 1963 
Dec;19(12):2073–8.  

43.  Thomas A, Baillie GL, Phillips AM, Razdan RK, Ross RA, Pertwee RG. Cannabidiol displays 
unexpectedly high potency as an antagonist of CB1 and CB2  receptor agonists in vitro. Br 
J Pharmacol. 2007 Mar;150(5):613–23.  

44.  Sugiura T, Kondo S, Sukagawa A, Nakane S, Shinoda A, Itoh K, et al. 2-Arachidonoylglycerol: 
a possible endogenous cannabinoid receptor ligand in  brain. Biochem Biophys Res 
Commun. 1995 Oct;215(1):89–97.  

45.  Mackie K, Devane WA, Hille B. Anandamide, an endogenous cannabinoid, inhibits calcium 
currents as a partial  agonist in N18 neuroblastoma cells. Mol Pharmacol. 1993 
Sep;44(3):498–503.  

46.  Morales P, Hurst DP, Reggio PH. Molecular Targets of the Phytocannabinoids: A Complex 
Picture. Prog Chem Org Nat Prod. 2017;103:103–31.  



 

52 

47.  Jastrząb A, Jarocka-Karpowicz I, Skrzydlewska E. The Origin and Biomedical Relevance of 
Cannabigerol. Int J Mol Sci. 2022 Jul;23(14).  

48.  Romano B, Borrelli F, Fasolino I, Capasso R, Piscitelli F, Cascio M, et al. The cannabinoid 
TRPA1 agonist cannabichromene inhibits nitric oxide production in  macrophages and 
ameliorates murine colitis. Br J Pharmacol. 2013 May;169(1):213–29.  

49.  Tudge L, Williams C, Cowen PJ, McCabe C. Neural effects of cannabinoid CB1 neutral 
antagonist tetrahydrocannabivarin on  food reward and aversion in healthy volunteers. Int 
J Neuropsychopharmacol. 2014 Dec;18(6).  

50.  Di Marzo V, De Petrocellis L, Bisogno T, Melck D. Metabolism of anandamide and 2-
arachidonoylglycerol: an historical overview and  some recent developments. Lipids. 
1999;34 Suppl:S319-25.  

51.  Gabrielli M, Battista N, Riganti L, Prada I, Antonucci F, Cantone L, et al. Active 
endocannabinoids are secreted on extracellular membrane vesicles. EMBO Rep. 2015 
Feb;16(2):213–20.  

52.  Di Marzo V, Fontana A, Cadas H, Schinelli S, Cimino G, Schwartz JC, et al. Formation and 
inactivation of endogenous cannabinoid anandamide in central  neurons. Nature. 1994 
Dec;372(6507):686–91.  

53.  Leung D, Saghatelian A, Simon GM, Cravatt BF. Inactivation of N-acyl 
phosphatidylethanolamine phospholipase D reveals multiple  mechanisms for the 
biosynthesis of endocannabinoids. Biochemistry. 2006 Apr;45(15):4720–6.  

54.  Kohnz RA, Nomura DK. Chemical approaches to therapeutically target the metabolism and 
signaling of the  endocannabinoid 2-AG and eicosanoids. Chem Soc Rev. 2014 
Oct;43(19):6859–69.  

55.  Lu H-C, Mackie K. Review of the Endocannabinoid System. Biol psychiatry Cogn Neurosci 
neuroimaging. 2021 Jun;6(6):607–15.  

56.  Di Marzo V. Endocannabinoids: synthesis and degradation. Rev Physiol Biochem 
Pharmacol. 2008;160:1–24.  

57.  McHugh D, Page J, Dunn E, Bradshaw HB. Δ(9) -Tetrahydrocannabinol and N-arachidonyl 
glycine are full agonists at GPR18  receptors and induce migration in human endometrial 
HEC-1B cells. Br J Pharmacol. 2012 Apr;165(8):2414–24.  

58.  Chiba T, Ueno S, Obara Y, Nakahata N. A synthetic cannabinoid, CP55940, inhibits 
lipopolysaccharide-induced cytokine  mRNA expression in a cannabinoid receptor-
independent mechanism in rat cerebellar granule cells. J Pharm Pharmacol. 2011 
May;63(5):636–47.  

59.  Chiurchiù V, Lanuti M, De Bardi M, Battistini L, Maccarrone M. The differential 
characterization of GPR55 receptor in human peripheral blood  reveals a distinctive 
expression in monocytes and NK cells and a proinflammatory role in these innate cells. Int 
Immunol. 2015 Mar;27(3):153–60.  

60.  Li K, Fichna J, Schicho R, Saur D, Bashashati M, Mackie K, et al. A role for O-1602 and G 
protein-coupled receptor GPR55 in the control of colonic  motility in mice. 
Neuropharmacology. 2013 Aug;71(100):255–63.  

61.  Sylantyev S, Jensen TP, Ross RA, Rusakov DA. Cannabinoid- and lysophosphatidylinositol-
sensitive receptor GPR55 boosts  neurotransmitter release at central synapses. Proc Natl 
Acad Sci U S A. 2013 Mar;110(13):5193–8.  



 

 53 

62.  Ryberg E, Larsson N, Sjögren S, Hjorth S, Hermansson N-O, Leonova J, et al. The orphan 
receptor GPR55 is a novel cannabinoid receptor. Br J Pharmacol. 2007 Dec;152(7):1092–
101.  

63.  De Petrocellis L, Ligresti A, Moriello AS, Allarà M, Bisogno T, Petrosino S, et al. Effects of 
cannabinoids and cannabinoid-enriched Cannabis extracts on TRP  channels and 
endocannabinoid metabolic enzymes. Br J Pharmacol. 2011 Aug;163(7):1479–94.  

64.  Qin N, Neeper MP, Liu Y, Hutchinson TL, Lubin M Lou, Flores CM. TRPV2 is activated by 
cannabidiol and mediates CGRP release in cultured rat  dorsal root ganglion neurons. J 
Neurosci  Off J Soc  Neurosci. 2008 Jun;28(24):6231–8.  

65.  Bisogno T, Hanus L, De Petrocellis L, Tchilibon S, Ponde DE, Brandi I, et al. Molecular targets 
for cannabidiol and its synthetic analogues: effect on  vanilloid VR1 receptors and on the 
cellular uptake and enzymatic hydrolysis of anandamide. Br J Pharmacol. 2001 
Oct;134(4):845–52.  

66.  Ahrens J, Demir R, Leuwer M, de la Roche J, Krampfl K, Foadi N, et al. The nonpsychotropic 
cannabinoid cannabidiol modulates and directly activates  alpha-1 and alpha-1-Beta 
glycine receptor function. Pharmacology. 2009;83(4):217–22.  

67.  O’Sullivan SE, Sun Y, Bennett AJ, Randall MD, Kendall DA. Time-dependent vascular actions 
of cannabidiol in the rat aorta. Eur J Pharmacol. 2009 Jun;612(1–3):61–8.  

68.  Russo EB, Burnett A, Hall B, Parker KK. Agonistic properties of cannabidiol at 5-HT1a 
receptors. Neurochem Res. 2005 Aug;30(8):1037–43.  

69.  Barann M, Molderings G, Brüss M, Bönisch H, Urban BW, Göthert M. Direct inhibition by 
cannabinoids of human 5-HT3A receptors: probable involvement  of an allosteric 
modulatory site. Br J Pharmacol. 2002 Nov;137(5):589–96.  

70.  Gorter R, Seefried M, Volberding P. Dronabinol effects on weight in patients with HIV 
infection. Vol. 6, AIDS (London, England). England; 1992. p. 127.  

71.  May MB, Glode AE. Dronabinol for chemotherapy-induced nausea and vomiting 
unresponsive to  antiemetics. Cancer Manag Res. 2016;8:49–55.  

72.  Badowski ME, Yanful PK. Dronabinol oral solution in the management of anorexia and 
weight loss in AIDS  and cancer. Ther Clin Risk Manag. 2018;14:643–51.  

73.  Boyd ST, Fremming BA. Rimonabant--a selective CB1 antagonist. Ann Pharmacother. 2005 
Apr;39(4):684–90.  

74.  Porcu A, Melis M, Turecek R, Ullrich C, Mocci I, Bettler B, et al. Rimonabant, a potent CB1 
cannabinoid receptor antagonist, is a Gα(i/o) protein  inhibitor. Neuropharmacology. 2018 
May;133:107–20.  

75.  Christensen R, Kristensen PK, Bartels EM, Bliddal H, Astrup A. Efficacy and safety of the 
weight-loss drug rimonabant: a meta-analysis of  randomised trials. Lancet (London, 
England). 2007 Nov;370(9600):1706–13.  

76.  Amato G, Khan NS, Maitra R. A patent update on cannabinoid receptor 1 antagonists (2015-
2018). Expert Opin Ther Pat. 2019 Apr;29(4):261–9.  

77.  Rommel K, Beach S, Us CA, Bird A, Bio R, Jolla L. ( 12 ) United States Patent. Vol. 2. 2019.  

78.  Hirsch S, Hinden L, Naim MB-D, Baraghithy S, Permyakova A, Azar S, et al. Hepatic targeting 
of the centrally active cannabinoid 1 receptor (CB(1)R) blocker  rimonabant via PLGA 
nanoparticles for treating fatty liver disease and diabetes. J Control release  Off J Control 



 

54 

Release  Soc. 2023 Jan;353:254–69.  

79.  Cox ML, Haller VL, Welch SP. The antinociceptive effect of Delta9-tetrahydrocannabinol in 
the arthritic rat  involves the CB(2) cannabinoid receptor. Eur J Pharmacol. 2007 
Sep;570(1–3):50–6.  

80.  De Vry J, Kuhl E, Franken-Kunkel P, Eckel G. Pharmacological characterization of the 
chronic constriction injury model of  neuropathic pain. Eur J Pharmacol. 2004 May;491(2–
3):137–48.  

81.  Costa B, Trovato AE, Comelli F, Giagnoni G, Colleoni M. The non-psychoactive cannabis 
constituent cannabidiol is an orally effective  therapeutic agent in rat chronic 
inflammatory and neuropathic pain. Eur J Pharmacol. 2007 Feb;556(1–3):75–83.  

82.  Klein TW. Cannabinoid-based drugs as anti-inflammatory therapeutics. Nat Rev Immunol. 
2005 May;5(5):400–11.  

83.  Walter L, Stella N. Cannabinoids and neuroinflammation. Br J Pharmacol. 2004 
Mar;141(5):775–85.  

84.  Rocha J-F, Santos A, Gama H, Moser P, Falcão A, Pressman P, et al. Safety, Tolerability, and 
Pharmacokinetics of FAAH Inhibitor BIA 10-2474: A  Double-Blind, Randomized, Placebo-
Controlled Study in Healthy Volunteers. Clin Pharmacol Ther. 2022 Feb;111(2):391–403.  

85.  Hepler RS, Frank IR. Marihuana smoking and intraocular pressure. JAMA. 1971 
Sep;217(10):1392.  

86.  Hepler RS, Petrus RJ. Experiences with Administration of Marihuana to Glaucoma Patients 
BT  - The Therapeutic Potential Of Marihuana. In: Cohen S, Stillman RC, editors. Boston, MA: 
Springer US; 1976. p. 63–75. Available from: https://doi.org/10.1007/978-1-4613-4286-1_5 

87.  Cooler P, Gregg JM. Effect of delta-9-tetrahydrocannabinol on intraocular pressure in 
humans. South Med J. 1977 Aug;70(8):951–4.  

88.  Rapino C, Tortolani D, Scipioni L, Maccarrone M. Neuroprotection by (endo)Cannabinoids 
in Glaucoma and Retinal Neurodegenerative  Diseases. Curr Neuropharmacol. 
2018;16(7):959–70.  

89.  Marsicano G, Goodenough S, Monory K, Hermann H, Eder M, Cannich A, et al. CB1 
cannabinoid receptors and on-demand defense against excitotoxicity. Science. 2003 
Oct;302(5642):84–8.  

90.  Diego SAN. Skye Bioscience Completes Enrollment of Phase 2a Clinical Trial of SBI-100 
Ophthalmic Emulsion in Glaucoma and Ocular Hypertension. 2024;1–3.  

91.  Lutz B. On-demand activation of the endocannabinoid system in the control of neuronal  
excitability and epileptiform seizures. Biochem Pharmacol. 2004 Nov;68(9):1691–8.  

92.  Karler R, Calder LD, Turkanis SA. Prolonged CNS hyperexcitability in mice after a single 
exposure to  delta-9-tetrahydrocannabinol. Neuropharmacology. 1986 Apr;25(4):441–6.  

93.  Detyniecki K, Hirsch L. Marijuana Use in Epilepsy: The Myth and the Reality. Curr Neurol 
Neurosci Rep. 2015 Oct;15(10):65.  

94.  Jones NA, Hill AJ, Smith I, Bevan SA, Williams CM, Whalley BJ, et al. Cannabidiol displays 
antiepileptiform and antiseizure properties in vitro and in  vivo. J Pharmacol Exp Ther. 2010 
Feb;332(2):569–77.  

95.  Gray RA, Whalley BJ. The proposed mechanisms of action of CBD in epilepsy. Epileptic 



 

 55 

Disord. 2020 Jan;22(S1):10–5.  

96.  Devinsky O, Cross JH, Wright S. Trial of Cannabidiol for Drug-Resistant Seizures in the 
Dravet Syndrome. N Engl J Med. 2017/08/17. 2017;377(7):699–700.  

97.  Devinsky O, Patel AD, Cross JH, Villanueva V, Wirrell EC, Privitera M, et al. Effect of 
Cannabidiol on Drop Seizures in the Lennox-Gastaut Syndrome. N Engl J Med. 2018 
May;378(20):1888–97.  

98.  Patel S, Khan S, M S, Hamid P. The Association Between Cannabis Use and Schizophrenia: 
Causative or Curative? A  Systematic Review. Cureus. 2020 Jul;12(7):e9309.  

99.  Zuardi AW, Crippa JAS, Hallak JEC, Pinto JP, Chagas MHN, Rodrigues GGR, et al. Cannabidiol 
for the treatment of psychosis in Parkinson’s disease. J Psychopharmacol. 2009 
Nov;23(8):979–83.  

100.  Leweke FM, Piomelli D, Pahlisch F, Muhl D, Gerth CW, Hoyer C, et al. Cannabidiol enhances 
anandamide signaling and alleviates psychotic symptoms of  schizophrenia. Transl 
Psychiatry. 2012 Mar;2(3):e94.  

101.  Karniol IG, Shirakawa I, Kasinski N, Pfeferman A, Carlini EA. Cannabidiol interferes with the 
effects of delta 9 - tetrahydrocannabinol in man. Eur J Pharmacol. 1974 Sep;28(1):172–7.  

102.  Baker D, Pryce G, Croxford JL, Brown P, Pertwee RG, Huffman JW, et al. Cannabinoids 
control spasticity and tremor in a multiple sclerosis model. Nature. 2000 
Mar;404(6773):84–7.  

103.  Russo EB, Guy GW, Robson PJ. Cannabis, pain, and sleep: lessons from therapeutic clinical 
trials of Sativex, a  cannabis-based medicine. Chem Biodivers. 2007 Aug;4(8):1729–43.  

104.  Pryce G, Riddall DR, Selwood DL, Giovannoni G, Baker D. Neuroprotection in Experimental 
Autoimmune Encephalomyelitis and Progressive  Multiple Sclerosis by Cannabis-Based 
Cannabinoids. J neuroimmune Pharmacol  Off J Soc  NeuroImmune Pharmacol. 2015 
Jun;10(2):281–92.  

105.  Ligresti A, Moriello AS, Starowicz K, Matias I, Pisanti S, De Petrocellis L, et al. Antitumor 
activity of plant cannabinoids with emphasis on the effect of  cannabidiol on human 
breast carcinoma. J Pharmacol Exp Ther. 2006 Sep;318(3):1375–87.  

106.  De Petrocellis L, Ligresti A, Schiano Moriello A, Iappelli M, Verde R, Stott CG, et al. Non-THC 
cannabinoids inhibit prostate carcinoma growth in vitro and in vivo:  pro-apoptotic effects 
and underlying mechanisms. Br J Pharmacol. 2013 Jan;168(1):79–102.  

107.  McAllister SD, Murase R, Christian RT, Lau D, Zielinski AJ, Allison J, et al. Pathways mediating 
the effects of cannabidiol on the reduction of breast cancer  cell proliferation, invasion, 
and metastasis. Breast Cancer Res Treat. 2011 Aug;129(1):37–47.  

108.  Massi P, Solinas M, Cinquina V, Parolaro D. Cannabidiol as potential anticancer drug. Br J 
Clin Pharmacol. 2013 Feb;75(2):303–12.  

109.  McAllister SD, Soroceanu L, Desprez P-Y. The Antitumor Activity of Plant-Derived Non-
Psychoactive Cannabinoids. J neuroimmune Pharmacol  Off J Soc  NeuroImmune 
Pharmacol. 2015 Jun;10(2):255–67.  

110.  Ramer R, Merkord J, Rohde H, Hinz B. Cannabidiol inhibits cancer cell invasion via 
upregulation of tissue inhibitor of  matrix metalloproteinases-1. Biochem Pharmacol. 2010 
Apr;79(7):955–66.  

111.  Elbaz M, Nasser MW, Ravi J, Wani NA, Ahirwar DK, Zhao H, et al. Modulation of the tumor 



 

56 

microenvironment and inhibition of EGF/EGFR pathway:  novel anti-tumor mechanisms of 
Cannabidiol in breast cancer. Mol Oncol. 2015 Apr;9(4):906–19.  

112.  Solinas M, Massi P, Cantelmo AR, Cattaneo MG, Cammarota R, Bartolini D, et al. Cannabidiol 
inhibits angiogenesis by multiple mechanisms. Br J Pharmacol. 2012 Nov;167(6):1218–31.  

113.  Preet A, Ganju RK, Groopman JE. Delta9-Tetrahydrocannabinol inhibits epithelial growth 
factor-induced lung cancer  cell migration in vitro as well as its growth and metastasis in 
vivo. Oncogene. 2008 Jan;27(3):339–46.  

114.  Galve-Roperh I, Sánchez C, Cortés ML, Gómez del Pulgar T, Izquierdo M, Guzmán M. Anti-
tumoral action of cannabinoids: involvement of sustained ceramide  accumulation and 
extracellular signal-regulated kinase activation. Nat Med. 2000 Mar;6(3):313–9.  

115.  McKallip RJ, Lombard C, Fisher M, Martin BR, Ryu S, Grant S, et al. Targeting CB2 
cannabinoid receptors as a novel therapy to treat malignant  lymphoblastic disease. 
Blood. 2002 Jul;100(2):627–34.  

116.  Gustafsson K, Wang X, Severa D, Eriksson M, Kimby E, Merup M, et al. Expression of 
cannabinoid receptors type 1 and type 2 in non-Hodgkin lymphoma: growth inhibition by 
receptor activation. Int J Cancer. 2008/06/12. 2008;123(5):1025–33.  

117.  Carracedo A, Lorente M, Egia A, Blázquez C, García S, Giroux V, et al. The stress-regulated 
protein p8 mediates cannabinoid-induced apoptosis of tumor  cells. Cancer Cell. 2006 
Apr;9(4):301–12.  

118.  Vara D, Salazar M, Olea-Herrero N, Guzmán M, Velasco G, Díaz-Laviada I. Anti-tumoral 
action of cannabinoids on hepatocellular carcinoma: role of  AMPK-dependent activation 
of autophagy. Cell Death Differ. 2011 Jul;18(7):1099–111.  

119.  Jia W, Hegde VL, Singh NP, Sisco D, Grant S, Nagarkatti M, et al. Delta9-
tetrahydrocannabinol-induced apoptosis in Jurkat leukemia T cells is  regulated by 
translocation of Bad to mitochondria. Mol Cancer Res. 2006 Aug;4(8):549–62.  

120.  Herrera B, Carracedo A, Diez-Zaera M, Guzmán M, Velasco G. p38 MAPK is involved in CB2 
receptor-induced apoptosis of human leukaemia cells. FEBS Lett. 2005 
Sep;579(22):5084–8.  

121.  Greenhough A, Patsos HA, Williams AC, Paraskeva C. The cannabinoid delta(9)-
tetrahydrocannabinol inhibits RAS-MAPK and PI3K-AKT  survival signalling and induces 
BAD-mediated apoptosis in colorectal cancer cells. Int J cancer. 2007 Nov;121(10):2172–80.  

122.  Moreno E, Andradas C, Medrano M, Caffarel MM, Pérez-Gómez E, Blasco-Benito S, et al. 
Targeting CB2-GPR55 receptor heteromers modulates cancer cell signaling. J Biol Chem. 
2014 Aug;289(32):21960–72.  

123.  Martínez-Pinilla E, Reyes-Resina I, Oñatibia-Astibia A, Zamarbide M, Ricobaraza A, Navarro 
G, et al. CB1 and GPR55 receptors are co-expressed and form heteromers in rat and 
monkey  striatum. Exp Neurol. 2014 Nov;261:44–52.  

124.  Callén L, Moreno E, Barroso-Chinea P, Moreno-Delgado D, Cortés A, Mallol J, et al. 
Cannabinoid receptors CB1 and CB2 form functional heteromers in brain. J Biol Chem. 2012 
Jun;287(25):20851–65.  

125.  Hall W, Christie M, Currow D. Cannabinoids and cancer: causation, remediation, and 
palliation. Lancet Oncol. 2005 Jan;6(1):35–42.  

126.  Marselos M, Karamanakos P. Mutagenicity, developmental toxicity and carcinogenicity of 
cannabis. Addict Biol. 1999;4(1):5–12.  



 

 57 

127.  Rowley JD. Chromosomal translocations: revisited yet again. Blood. 2008 Sep;112(6):2183–
9.  

128.  Dunn-Walters D, Thiede C, Alpen B, Spencer J. Somatic hypermutation and B-cell 
lymphoma. Philos Trans R Soc London Ser B, Biol  Sci. 2001 Jan;356(1405):73–82.  

129.  Burger JA, Gribben JG. The microenvironment in chronic lymphocytic leukemia (CLL) and 
other B cell  malignancies: insight into disease biology and new targeted therapies. Semin 
Cancer Biol. 2014 Feb;24:71–81.  

130.  Burger JA, Wiestner A. Targeting B cell receptor signalling in cancer: preclinical and clinical  
advances. Nat Rev Cancer. 2018 Mar;18(3):148–67.  

131.  Herishanu Y, Pérez-Galán P, Liu D, Biancotto A, Pittaluga S, Vire B, et al. The lymph node 
microenvironment promotes B-cell receptor signaling, NF-kappaB  activation, and tumor 
proliferation in chronic lymphocytic leukemia. Blood. 2011 Jan;117(2):563–74.  

132.  Saba NS, Liu D, Herman SEM, Underbayev C, Tian X, Behrend D, et al. Pathogenic role of B-
cell receptor signaling and canonical NF-κB activation in  mantle cell lymphoma. Blood. 
2016 Jul;128(1):82–92.  

133.  Pawig L, Klasen C, Weber C, Bernhagen J, Noels H. Diversity and Inter-Connections in the 
CXCR4 Chemokine Receptor/Ligand Family:  Molecular Perspectives. Front Immunol. 
2015;6:429.  

134.  Döhner H, Stilgenbauer S, Benner A, Leupolt E, Kröber A, Bullinger L, et al. Genomic 
aberrations and survival in chronic lymphocytic leukemia. N Engl J Med. 2000 
Dec;343(26):1910–6.  

135.  Strati P, Keating MJ, O’Brien SM, Ferrajoli A, Burger J, Faderl S, et al. Outcomes of first-line 
treatment for chronic lymphocytic leukemia with 17p  deletion. Haematologica. 2014 
Aug;99(8):1350–5.  

136.  Goy J, Gillan TL, Bruyere H, Huang SJT, Hrynchak M, Karsan A, et al. Chronic Lymphocytic 
Leukemia Patients With Deletion 11q Have a Short Time to  Requirement of First-Line 
Therapy, But Long Overall Survival: Results of a Population-Based Cohort in British 
Columbia, Canada. Clin Lymphoma Myeloma Leuk. 2017 Jun;17(6):382–9.  

137.  Yi S, Li H, Li Z, Xiong W, Liu H, Liu W, et al. The prognostic significance of 13q deletions of 
different sizes in patients with  B-cell chronic lymphoproliferative disorders: a 
retrospective study. Int J Hematol. 2017 Sep;106(3):418–25.  

138.  Abruzzo L V, Herling CD, Calin GA, Oakes C, Barron LL, Banks HE, et al. Trisomy 12 chronic 
lymphocytic leukemia expresses a unique set of activated and  targetable pathways. 
Haematologica. 2018 Dec;103(12):2069–78.  

139.  Küppers R. Mechanisms of B-cell lymphoma pathogenesis. Nat Rev Cancer. 2005 
Apr;5(4):251–62.  

140.  Janz S, Potter M, Rabkin CS. Lymphoma- and leukemia-associated chromosomal 
translocations in healthy  individuals. Genes Chromosomes Cancer. 2003 Mar;36(3):211–
23.  

141.  de Jong D. Molecular pathogenesis of follicular lymphoma: a cross talk of genetic and  
immunologic factors. J Clin Oncol  Off J Am Soc  Clin Oncol. 2005 Sep;23(26):6358–63.  

142.  Kumar E, Pickard L, Okosun J. Pathogenesis of follicular lymphoma: genetics to the 
microenvironment to clinical  translation. Br J Haematol. 2021 Sep;194(5):810–21.  



 

58 

143.  Green MR. Chromatin modifying gene mutations in follicular lymphoma. Blood. 2018 
Feb;131(6):595–604.  

144.  Wahlin BE, Aggarwal M, Montes-Moreno S, Gonzalez LF, Roncador G, Sanchez-Verde L, et 
al. A unifying microenvironment model in follicular lymphoma: outcome is predicted by  
programmed death-1--positive, regulatory, cytotoxic, and helper T cells and macrophages. 
Clin cancer Res  an Off J Am Assoc  Cancer Res. 2010 Jan;16(2):637–50.  

145.  Dreyling M. Mantle cell lymphoma: biology, clinical presentation, and therapeutic 
approaches. Am Soc Clin Oncol Educ book Am Soc  Clin Oncol Annu Meet. 2014;191–8.  

146.  Hirt C, Schüler F, Dölken L, Schmidt CA, Dölken G. Low prevalence of circulating 
t(11;14)(q13;q32)-positive cells in the peripheral  blood of healthy individuals as detected 
by real-time quantitative PCR. Vol. 104, Blood. United States; 2004. p. 904–5.  

147.  Lecluse Y, Lebailly P, Roulland S, Gac A-C, Nadel B, Gauduchon P. t(11;14)-positive clones 
can persist over a long period of time in the peripheral  blood of healthy individuals. Vol. 
23, Leukemia. England; 2009. p. 1190–3.  

148.  Beà S, Salaverria I, Armengol L, Pinyol M, Fernández V, Hartmann EM, et al. Uniparental 
disomies, homozygous deletions, amplifications, and target genes in  mantle cell 
lymphoma revealed by integrative high-resolution whole-genome profiling. Blood. 2009 
Mar;113(13):3059–69.  

149.  Hernandez L, Fest T, Cazorla M, Teruya-Feldstein J, Bosch F, Peinado MA, et al. p53 gene 
mutations and protein overexpression are associated with aggressive  variants of mantle 
cell lymphomas. Blood. 1996 Apr;87(8):3351–9.  

150.  Pinyol M, Bea S, Plà L, Ribrag V, Bosq J, Rosenwald A, et al. Inactivation of RB1 in mantle-cell 
lymphoma detected by nonsense-mediated mRNA  decay pathway inhibition and 
microarray analysis. Blood. 2007 Jun;109(12):5422–9.  

151.  Sander B, Quintanilla-Martinez L, Ott G, Xerri L, Kuzu I, Chan JKC, et al. Mantle cell 
lymphoma--a spectrum from indolent to aggressive disease. Virchows Arch. 2016 
Mar;468(3):245–57.  

152.  Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al. The 2016 revision of the 
World Health Organization classification of lymphoid  neoplasms. Blood. 2016 
May;127(20):2375–90.  

153.  Orchard J, Garand R, Davis Z, Babbage G, Sahota S, Matutes E, et al. A subset of t(11;14) 
lymphoma with mantle cell features displays mutated IgVH  genes and includes patients 
with good prognosis, nonnodal disease. Blood. 2003 Jun;101(12):4975–81.  

154.  Fernàndez V, Salamero O, Espinet B, Solé F, Royo C, Navarro A, et al. Genomic and gene 
expression profiling defines indolent forms of mantle cell  lymphoma. Cancer Res. 2010 
Feb;70(4):1408–18.  

155.  Navarro A, Clot G, Royo C, Jares P, Hadzidimitriou A, Agathangelidis A, et al. Molecular 
subsets of mantle cell lymphoma defined by the IGHV mutational status  and SOX11 
expression have distinct biologic and clinical features. Cancer Res. 2012 Oct;72(20):5307–
16.  

156.  Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe ES. The 2008 WHO classification of 
lymphoid neoplasms and beyond: evolving concepts  and practical applications. Blood. 
2011 May;117(19):5019–32.  

157.  Rossi D, Bertoni F, Zucca E. Marginal-Zone Lymphomas. N Engl J Med. 2022;386(6):568–81.  



 

 59 

158.  Xochelli A, Bikos V, Polychronidou E, Galigalidou C, Agathangelidis A, Charlotte F, et al. 
Disease-biased and shared characteristics of the immunoglobulin gene repertoires  in 
marginal zone B cell lymphoproliferations. J Pathol. 2019 Apr;247(4):416–21.  

159.  Zucca E, Bertoni F. The spectrum of MALT lymphoma at different sites: biological and 
therapeutic  relevance. Blood. 2016 Apr;127(17):2082–92.  

160.  Rinaldi A, Mian M, Chigrinova E, Arcaini L, Bhagat G, Novak U, et al. Genome-wide DNA 
profiling of marginal zone lymphomas identifies subtype-specific  lesions with an impact 
on the clinical outcome. Blood. 2011 Feb;117(5):1595–604.  

161.  Cascione L, Rinaldi A, Bruscaggin A, Tarantelli C, Arribas AJ, Kwee I, et al. Novel insights into 
the genetics and epigenetics of MALT lymphoma unveiled by  next generation sequencing 
analyses. Vol. 104, Haematologica. Italy; 2019. p. e558–61.  

162.  El Asmar A, Khattar F, Alam M, El Rassi Z. Spontaneous perforation of primary gastric B-cell 
lymphoma of MALT: a case report  and literature review. Vol. 4, Clinical case reports. 
England; 2016. p. 1049–52.  

163.  Zinzani PL, Broccoli A. Marginal Zone B-Cell Lymphomas. In: Kaushansky K, Lichtman MA, 
Prchal JT, Levi MM, Press OW, Burns LJ, et al., editors. Williams Hematology, 9e [Internet]. 
New York, NY: McGraw-Hill Education; 2015. Available from: 
http://accessmedicine.mhmedical.com/content.aspx?aid=1121100619 

164.  Asatiani E, Cohen P, Ozdemirli M, Kessler CM, Mavromatis B, Cheson BD. Monoclonal 
gammopathy in extranodal marginal zone lymphoma (ENMZL) correlates  with advanced 
disease and bone marrow involvement. Am J Hematol. 2004 Oct;77(2):144–6.  

165.  Islam TC, Asplund AC, Lindvall JM, Nygren L, Liden J, Kimby E, et al. High level of 
cannabinoid receptor 1, absence of regulator of G protein signalling 13 and differential 
expression of Cyclin D1 in mantle cell lymphoma. Leukemia. 2003/09/13. 2003;17(9):1880–
90.  

166.  Wasik AM, Nygren L, Almestrand S, Zong F, Flygare J, Wennerholm SB, et al. Perturbations of 
the endocannabinoid system in mantle cell lymphoma: correlations to clinical and 
pathological features. Oncoscience [Internet]. 2014;1(8):550–7. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25594062 

167.  Clot G, Jares P, Giné E, Navarro A, Royo C, Pinyol M, et al. A gene signature that 
distinguishes conventional and leukemic nonnodal mantle  cell lymphoma helps predict 
outcome. Blood. 2018 Jul;132(4):413–22.  

168.  Freund P, Porpaczy EA, Le T, Gruber M, Pausz C, Staber P, et al. Cannabinoid Receptors Are 
Overexpressed in CLL but of Limited Potential for Therapeutic Exploitation. PLoS One. 
2016/06/02. 2016;11(6):e0156693.  

169.  Flygare J, Gustafsson K, Kimby E, Christensson B, Sander B. Cannabinoid receptor ligands 
mediate growth inhibition and cell death in mantle  cell lymphoma. FEBS Lett. 2005 
Dec;579(30):6885–9.  

170.  Wasik AM, Almestrand S, Wang X, Hultenby K, Dackland Å-L, Andersson P, et al. WIN55,212-
2 induces cytoplasmic vacuolation in apoptosis-resistant MCL cells. Cell Death Dis 
[Internet]. 2011 Nov 3 [cited 2018 Sep 20];2(11):e225. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22048168 

 




