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Table S1. Diseases and disorders that could be treated by targeting ECS proteins.1

Protein Ligand type Remarks Evidence References

Pain

CB1 Agonist
Preferable CB1 peripheral agonists
or CB1 PAMs

Well grounded

[1,2]

CB2 Agonist Also CB2 PAMs [3,4]
TRPV1 Antagonist [5]
FAAH Inhibitor [6]
MAGL Inhibitor [7,8]
AEA reuptake proteinsInhibitor [9]

Seizures

CB1 Agonist

Well grounded

[10]
MAGL Inhibitor [11]
AEA reuptake proteinsInhibitor [11]
ABHD6 Inhibitor [11]
TRPV1 Antagonist [11,12]
TRPV1 Agonist Limited evidence [13]

Anxiety

CB1 Agonist

Well grounded

[14–16]
CB2 Agonist [15,16]
FAAH Inhibitor [14,17]
MAGL Inhibitor [16]
TRPV1 Agonist [15]
FAAH Enhancer FAAH in basolateral complex of amygdala

Limited evidence
[18]

CB1 Antagonist CB1 in lateral habenula [19]

Depression

CB1 Agonist
Well grounded

[20]
FAAH Inhibitor [20,21]
MAGL Inhibitor [22]
CB2 Agonist

Limited evidence
[20]

CB1 Antagonist short-term [23,24]
CB2 Antagonist [24]

Addiction

CB1 Antagonist
Preferable neutral antagonist or
peripheral antagonist/inverse agonist Well grounded

[25,26]

CB2 Agonist [27,28]

CB1 Agonist
CB1 in insula;
systemic in withdrawal syndrome

Limited evidence
[29,30]

CB2 Antagonist [28]
MAGL Inhibitor MAGL in insula [29]

Cognitive functions

FAAH Inhibitor

Very complex topic,
more reasearch needed

[31]
MAGL Inhibitor [32]
CB1 Antagonist [33–35]
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CB1 Agonist [36,37]
CB2 Agonist [32,37]

Neurodegeneration

CB1 Agonist

Well grounded

[38–40]
MAGL Inhibitor [41,42]
FAAH Inhibitor [43]
CB2 Agonist [38]
TRPV1 Agonist

Limited evidence

[44]
GPR55 Agonist [40,45]
GPR55 Antagonist [46]
CB1 Antagonist Focal cortical dysplasia [47]

Inflammatory and autoimmune diseases

CB2 Agonist Inflammatory diseases

Well grounded

[48–52]
CB2 Antagonist Immunoparalysis, renal fibrosis [53,54]
FAAH Inhibitor [55–57]
PPARγ Agonist [51,52]
CB1 Antagonist Systemic sclerosis, pulmonary fibrosis [51,58]
CB1 Agonist

Limited evidence

[59]
CB1 Antagonist [60]
TRPV1 Agonist [61]
TRPV1 Antagonist [62]
GPR55 Agonist [50]
GPR55 Antagonist [46]
MAGL Inhibitor [63]

Obesity

CB1 Antagonist Preferable peripheral antagonist/inverse agonist
Well grounded

[64–68]
CB2 Agonist [69]
GPR55 Agonist [70,71]
GPR18 Agonist Limited evidence [71]

Diabetes

CB1 Antagonist Preferable peripheral antagonist/inverse agonist
Well grounded

[72,73]
CB2 Agonist [74,75]
GPR119 Agonist [76]
GPR55 Agonist Limited evidence [77,78]

Hepatic diseases

CB1 Antagonist
Well grounded

[79,80]
CB2 Agonist [81]
GPR119 Agonist Limited evidence [82]

Hypertension

CB1 Agonist Peripheral agonist
Well grounded

[83,84]
FAAH Inhibitor [85,86]

Atherosclerosis

CB1 Antagonist
Well grounded

[87]
CB2 Agonist [88]
MAGL Inhibitor [89]
GPR55 Agonist

Limited evidence
[90]

PPARα Agonist [90]

Myocardial dysfunctions

CB2 Agonist Deleterious effect in myocardial infraction
Limited evidence

[91,92]
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TRPV1 Agonist [83]
MAGL Inhibitor [93]

Cancer

CB1 Agonist

Well grounded

[94,95]
CB2 Agonist [94,96]
GPR55 Antagonist [97–100]
TRPV1 Agonist [101,102]
FAAH Inhibitor [102,103]
MAGL Inhibitor [104–107]
NAAA Inhibitor Limited evidence [108]

Respiratory disorders

CB1 Agonist Well grounded [109]

Gastroenterology

CB1 Agonist Emesis and nausea, anorexia, malnutrition Well grounded [110]
CB2 Agonist

Limited evidence

[110–112]
FAAH Inhibitor [112]
MAGL Inhibitor [112]
GPR55 Antagonist [113]

Osteology

CB1 Antagonist Well grounded [114,115]
CB2 Agonist

Limited evidence
[114]

TRPV1 Antagonist [114]

Reproductive system

CB1 Antagonist
Potential use in erectile dysfunctions,
preferable peripheral antagonist/inverse agonist

Limited evidence [116]

Dermatology

CB1 Agonist Anti-fibrotic effect, hair growth

Well grounded

[117,118]
CB1 Antagonist Anti-inflammatory [117,118]
CB2 Agonist Anti-acne, anti-seborrhea effect [117,118]
CB2 Antagonist Anti-dryness, anti-inflammatory, anti-fibrotic effect [117,118]
eCB reuptake proteins Inhibitor In conditions with inflammation and dryness Limited evidence [119]

Genetic disorders

CB1 Antagonist Duchenne muscular dystrophy Limited evidence [120]



Version April 7, 2020 submitted to Int. J. Mol. Sci. S4 of S12

Table S2. Possible indications for activation or inhibition of the proteins of ECS.2

Protein Ligand type Indication Risk References

CB1

Agonist

Pain

Addiction
Cognitive impairment
Weight gain
Erectile dysfunction

[1,2]
Seizures [10]
Anxiety [14–16]
Depression [20]
Withdrawal syndrome [30]
Neurodegenerative disorders [38–40]
Spasticity in multiple sclerosis [121]
Hypertension [83,84]
Cancer [94,95]
Asthma [109]
Emesis and nausea [110,122]
Anorexia and weight loss [123]
Duchenne muscular dystrophy [120]

Antagonist

Addiction

Anxiety
Depression
Nausea

[25,26]
Cognitive impairment [33–35]
Systemic sclerosis [51]
Pulmonary fibrosis [58]
Obesity [64–68]
Diabetes [72,73]
Nonalcoholic steatohepatitis [79]
Atherosclerosis [87]

CB2
Agonist

Pain [3,4]
Anxiety [15,16]
Addiction [27,28]
Neurodegenerative disorders [38]
Inflammation [48–50]
Rheumatoid arthritis [48]
Atherosclerosis [88]
Systemic sclerosis [51,52]
Obesity [69]
Diabetes [74,75]
Cancer [94,96]
Inflammatory bowel disease [112]
Emesis and nausea [110,111]
Osteoporosis [114]

Antagonist
Immunoparalysis [54]
Renal fibrosis [53]

FAAH Inhibitor

Pain

Seizures
Neurological disorder
Disbalance in the kidney redox system
Disbalance in phospholipid metabolism

[6]
Anxiety [14,17]
Depression [20,21]
Cognitive impairment [31]
Neurodegenerative disorders [43]
Inflammation [55–57]
Hypertension [85,86]
Cancer [102,103]
Inflammatory bowel disease [112]

MAGL Inhibitor

Pain [7,8]
Seizures [11]
Tourette syndrome [124]
Anxiety [16]
Depression [22]
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Cognitive impairment [32]
Neurodegenerative disorders [41,42]
Cancer [104–107]
Inflammatory bowel disease [112]

TRPV1
Agonist

Anxiety

Seizures
Aggravating pulmonary
arterial hypertension

[15]
Neurodegenerative disorders [44]
Hypertension [125,126]
Cancer [101,102]
Emesis and nausea [111]
Osteoporosis [114]

Antagonist
Pain

Hyperthermia
[5,7]

Seizures [11,12]

PPARγ Agonist Systemic sclerosis [51,52]

GPR18 Agonist Obesity Liver and kidney damage [71]

GPR55
Agonist

Neurodegenerative disorders

Liver and kidney damage

[40,45]
Inflammation [50]
Obesity [70,71]
Diabetes [77,78]
Atherosclerosis [90]

Antagonist
Neurodegenerative disorders [46]
Cancer [97–100]

GPR119 Agonist
Diabetes [76]
Dyslipidemia [82]
Nonalcoholic steatohepatitis [82]

ABHD6 Inhibitor Seizures [11]

AEA reuptake proteinsInhibitor
Pain [9]
Seizures [11]
Skin inflammation [119]

Abbreviations3

The following abbreviations are used in the Supplementary Materials:4

5

ABHD6α/β hydrolase domain 6
AEA N-arachidonoylethanolamine (anandamide)
CB1 cannabinoid receptor type 1
CB2 cannabinoid receptor type 2
eCB endocannabinoid
FAAH fatty acid amide hydrolase
GPR18 G protein-coupled receptor 18
GPR55 G protein-coupled receptor 55
GPR119G protein-coupled receptor 119
MAGL monoacylglycerol lipase
NAAA N-acylethanolamine acid amidase
PAM positive allosteric modulator
PPARα peroxisome proliferator-activated receptor α

PPARγ peroxisome proliferator-activated receptor γ

TRPV1 transient receptor potential vanilloid type 1 channel

6
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Pathophysiological Alterations of Redox Signaling and Endocannabinoid System in Granulocytes and184

Plasma of Psoriatic Patients. Cells 2018, 7, 159.185

61. Tsuji, F.; Aono, H. Role of transient receptor potential vanilloid 1 in inflammation and autoimmune186

diseases. Pharmaceuticals 2012, 5, 837–852.187

62. Kim, J.H. The Emerging Role of TRPV1 in Airway Inflammation. Allergy, Asthma & Immunology Research188

2018, 10, 187–188.189

63. Rahmani, M.R.; Shamsizadeh, A.; Moghadam-Ahmadi, A.; Bazmandegan, G.; Allahtavakoli, M. JZL184, as190

a monoacylglycerol lipase inhibitor, down-regulates inflammation in a cannabinoid pathway dependent191

manner. Biomedicine & Pharmacotherapy 2018, 103, 1720–1726.192

64. Chorvat, R.J. Peripherally restricted CB1 receptor blockers. Bioorganic & Medicinal Chemistry Letters 2013,193

23, 4751–4760.194

65. Seltzman, H.H.; Maitra, R.; Bortoff, K.; Henson, J.; Reggio, P.H.; Wesley, D.; Tam, J. Metabolic profiling of195

CB1 neutral antagonists. Methods in Enzymology 2017, 593, 199–215.196

66. Han, J.H.; Shin, H.; Park, J.Y.; Rho, J.G.; Son, D.H.; Kim, K.W.; Seong, J.K.; Yoon, S.H.; Kim, W. A novel197

peripheral cannabinoid 1 receptor antagonist, AJ5012, improves metabolic outcomes and suppresses198

adipose tissue inflammation in obese mice. The FASEB Journal 2019, 33, 4314–4326.199

67. de Azua, I.R.; Lutz, B. Multiple endocannabinoid-mediated mechanisms in the regulation of energy200

homeostasis in brain and peripheral tissues. Cellular and Molecular Life Sciences 2019, 76, 1341–1363.201

68. Ogden, S.B.; Malamas, M.S.; Makriyannis, A.; Eckel, L.A. The novel cannabinoid 1 receptor agonist202

AM11101 increases food intake in female rats. British Journal of Pharmacology 2019, 176, 3972–3982.203

69. Parsons, L.H.; Hurd, Y.L. Endocannabinoid signalling in reward and addiction. Nature Reviews Neuroscience204

2015, 16, 579–594.205

70. Lipina, C.; Walsh, S.K.; Mitchell, S.E.; Speakman, J.R.; Wainwright, C.L.; Hundal, H.S. GPR55 deficiency is206

associated with increased adiposity and impaired insulin signaling in peripheral metabolic tissues. The207

FASEB Journal 2019, 33, 1299–1312.208

71. Simcocks, A.; Jenkin, K.; O’keefe, L.; Samuel, C.; Mathai, M.; McAinch, A.; Hryciw, D. Atypical cannabinoid209

ligands O-1602 and O-1918 administered chronically in diet-induced obesity. Endocrine Connections 2019,210

8, 203—-216.211

72. Hinden, L.; Udi, S.; Drori, A.; Gammal, A.; Nemirovski, A.; Hadar, R.; Baraghithy, S.; Permyakova, A.;212

Geron, M.; Cohen, M.; others. Modulation of renal GLUT2 by the cannabinoid-1 receptor: implications for213

the treatment of diabetic nephropathy. Journal of the American Society of Nephrology 2018, 29, 434–448.214

73. Hinden, L.; Tam, J. Do Endocannabinoids Regulate Glucose Reabsorption in the Kidney? Nephron 2019,215

143, 24—-27.216



Version April 7, 2020 submitted to Int. J. Mol. Sci. S10 of S12

74. Wu, A.; Hu, P.; Lin, J.; Xia, W.; Zhang, R. Activating cannabinoid receptor 2 protects against diabetic217

cardiomyopathy through autophagy induction. Frontiers in Pharmacology 2018, 9, 1292.218

75. Kumawat, V.S.; Kaur, G. Therapeutic potential of cannabinoid receptor 2 in the treatment of diabetes219

mellitus and its complications. European Journal of Pharmacology 2019, 862, 172628.220

76. Huan, Y.; Jiang, Q.; Li, G.; Bai, G.; Zhou, T.; Liu, S.; Li, C.; Liu, Q.; Sun, S.; Yang, M.; others. The dual DPP4221

inhibitor and GPR119 agonist HBK001 regulates glycemic control and beta cell function ex and in vivo.222

Scientific Reports 2017, 7, 4351.223

77. González-Mariscal, I.; Egan, J.M. Endocannabinoids in the Islets of Langerhans: the ugly, the bad, and the224

good facts. American Journal of Physiology-Endocrinology and Metabolism 2018, 315, E174–E179.225

78. Vong, C.T.; Tseng, H.H.L.; Kwan, Y.W.; Lee, S.M.Y.; Hoi, M.P.M. Novel protective effect of O-1602 and226

abnormal cannabidiol, GPR55 agonists, on ER stress-induced apoptosis in pancreatic β-cells. Biomedicine &227

Pharmacotherapy 2019, 111, 1176–1186.228

79. Chang, E.; Kim, D.H.; Yang, H.; Lee, D.H.; Bae, S.H.; Park, C.Y. CB1 receptor blockade ameliorates229

hepatic fat infiltration and inflammation and increases Nrf2-AMPK pathway in a rat model of severely230

uncontrolled diabetes. PloS One 2018, 13, e0206152.231
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Age-specific influences of chronic administration of the fatty acid amide hydrolase inhibitor URB597247

on cardiovascular parameters and organ hypertrophy in DOCA-salt hypertensive rats. Pharmacological248

Reports 2016, 68, 363–369.249

86. Ahmad, A.; Dempsey, S.K.; Daneva, Z.; Li, N.; Poklis, J.L.; Li, P.L.; Ritter, J.K. Modulation of mean arterial250

pressure and diuresis by renomedullary infusion of a selective inhibitor of fatty acid amide hydrolase.251

American Journal of Physiology-Renal Physiology 2018, 315, F967–F976.252

87. Sugamura, K.; Sugiyama, S.; Fujiwara, Y.; Matsubara, J.; Akiyama, E.; Maeda, H.; Ohba, K.; Matsuzawa, Y.;253

Konishi, M.; Nozaki, T.; others. Cannabinoid 1 receptor blockade reduces atherosclerosis with enhances254

reverse cholesterol transport. Journal of Atherosclerosis and Thrombosis 2010, 17, 141–147.255

88. Guillamat-Prats, R.; Rami, M.; Herzig, S.; Steffens, S. Endocannabinoid signalling in atherosclerosis and256

related metabolic complications. Thrombosis and Haemostasis 2019, 119, 567–575.257

89. Prats, R.G.; Rami, M.; Ring, L.; Rinne, P.; Lauer, E.; Lenglet, S.; Thomas, A.; Pagano, S.; Vuilleumier,258

N.; Cravatt, B.F.; others. Deficiency of monoacylglycerol lipase enhances IgM plasma levels and limits259

atherogenesis in a CB2-dependent manner. Thrombosis and Haemostasis 2019, 119, 348–351.260

90. Rinne, P.; Guillamat-Prats, R.; Rami, M.; Bindila, L.; Ring, L.; Lyytikäinen, L.P.; Raitoharju, E.; Oksala, N.;261

Lehtimäki, T.; Weber, C.; others. Palmitoylethanolamide promotes a proresolving macrophage phenotype262

and attenuates atherosclerotic plaque formation. Arteriosclerosis, Thrombosis, and Vascular Biology 2018,263

38, 2562–2575.264

91. Schloss, M.J.; Horckmans, M.; Guillamat-Prats, R.; Hering, D.; Lauer, E.; Lenglet, S.; Weber, C.; Thomas,265

A.; Steffens, S. 2-Arachidonoylglycerol mobilizes myeloid cells and worsens heart function after acute266

myocardial infarction. Cardiovascular Research 2019, 115, 602–613.267



Version April 7, 2020 submitted to Int. J. Mol. Sci. S11 of S12

92. Duerr, G.D.; Heinemann, J.C.; Kley, J.; Eichhorn, L.; Frede, S.; Weisheit, C.; Wehner, S.; Bindila, L.; Lutz,268

B.; Zimmer, A.; others. Myocardial maladaptation to pressure overload in CB2 receptor-deficient mice.269

Journal of Molecular and Cellular Cardiology 2019, 133, 86–98.270

93. Hai, K.; Chen, G.; Gou, X.; Jang, H.; Gong, D.; Cheng, Y.; Gong, C.; Li, X.; Liu, Y.; Li, H.; others.271

Monoacylglycerol Lipase Inactivation by Using URB602 Mitigates Myocardial Damage in a Rat Model of272

Cardiac Arrest. Critical Care Medicine 2019, 47, e144–e151.273
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