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Case Report

Synthetic cannabinoids revealing adrenoleukodystrophy

Avi Fellner *, Felix Benninger, Ruth Djaldetti

Department of Neurology, Rabin Medical Center, Beilinson Hospital, 39 Jabotinski Street, Petah Tikva 49100, Israel
Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

ARTICLE INFO ABSTRACT

Article history: We report a 41-year-old man who presented with a first generalized tonic-clonic seizure after recent con-
Received 16 July 2015 sumption of a synthetic cannabinoid. MRI showed extensive bilateral, mainly frontal, white matter
Accepted 23 July 2015 lesions. Blood analysis for very long chain fatty acids was compatible with adrenoleukodystrophy, and
Available online xoo0x a missense mutation in the ABCD1 gene confirmed the diagnosis. We hypothesize that cannabinoid
use might have contributed to metabolic decompensation with subacute worsening of the underlying
Keywords: condition.

Adrenoleukodystrophy © 2015 Elsevier Ltd. All rights reserved.
Cannabinoids

Leukodystrophies

MRI

Seizures

1. Case report hemagglutination test, cryptococcal antigen, polymerase chain
reaction for John Cunningham virus and toxoplasma. CSF showed
A 41-year-old man presented to the emergency department two monoclonal bands which were stronger in the CSF than in
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Involvement of TRPM2 in Peripheral Nerve Injury-Induced Infiltration©

Peripheral Immune Cells into the Spinal Cord in Mouse Neuropathic Pain Model

Kouichi Isami B, Kayo Haraguchi B, Kanako So, Kayoko Asakura, Hisashi Shirakawa, Yasuo Mori, Takayuki Nakagawa [E], Shuji Kaneko
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Introduction

Materials and Methods Subject Areas (2]

Recent evidence suggests that transient receptor potential melastatin 2 (TRPM2) expressed in
Results immune cells plays an important role in immune and inflammatory responses. We recently
reported that TRPM2 expressed in macrophages and spinal microglia contributes to the Immune cells
pathogenesis of inflammatory and neuropathic pain aggravating peripheral and central M hages
pronociceptive inflammatory responses in mice. To further elucidate the contribution of TRPM2
References expressed by peripheral immune cells to neuropathic pain, we examined the development of Microglial cells

peripheral nerve injury-induced neuropathic pain and the infiltration of immune cells (particularly

macrophages) into the injured nerve and spinal cord by using bone marrow (BM) chimeric mice Nerves
Reader Comments (0) by crossing wildtype (WT) and TRPM2-knockout (TRPM2-KO) mice. Four types of BM chimeric
Figures mice were prepared, in which irradiated WT or TRPM2-KO recipient mice were transplanted
with either WT-or TRPM2-KO donor mouse-derived green fluorescence protein-positive (GFP*) Sclatie narvas
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Abstract
BACKGROUND: Synthetic cannabinoids (SC) are a heterogeneous group of compounds developed
to probe the endogenous cannabinoid system or as potential therapeutics. Clandestine laboratories
subsequently utilized published data to develop SC variations marketed as abusable designer
drugs. In the early 2000s, SC became popular as "legal highs" under brand names such as Spice
and K2, in part due to their ability to escape detection by standard cannabinoid screening tests.
The majority of SC detected in herbal products have greater binding affinity to the cannabinoid CB4
receptor than does Ag-tetrahydrocannabinol (THC), the primary psychoactive compound in the
cannabis plant, and greater affinity at the CB4 than the CB; receptor. In vitro and animal in vivo
studies show SC pharmacological effects 2-100 times more potent than THC, including analgesic,
anti-seizure, weight-loss, anti-inflammatory, and anti-cancer growth effects. SC produce
physiological and psychoactive effects similar to THC, but with greater intensity, resulting in
medical and psychiatric emergencies. Human adverse effects include nausea and vomiting,
shortness of breath or depressed breathing, hypertension, tachycardia, chest pain, muscle
twitches, acute renal failure, anxiety, agitation, psychosis, suicidal ideation, and cognitive
impairment. Long-term or residual effects are unknown. Due to these public health consequence:
many SC are classified as controlled substances. However, frequent structural modificg
clandestine laboratories results in a stream of novel SC that may not be legally cop

detectable by routine laboratory tests.

METHODS: We present here a comprehensive review, based on a systematic el
search, of SC ep iol and ph I and their clinical implications.

Published by Elsevier Ireland Ltd.
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» apoptosis ™™ W)EE )EE VYT MEEE FScholar, Entrez, Google, WikiPedia
(BEFICc 7OV 7 LS ncEBNGERSE) PR =X, PR7 =YX, 70455 L8, FEE
[B83#3R] apoptotic, PCD, programmed cell death, programmed death
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» apoptosis-inducing factor * vy —35x 33stE%5 33Scholar, Entrez, Google, WikiPedia
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[B8#3R] AIF
» apoptosis induction *™* xst@#®®E »3Scholar, Entrez, Google, WikiPedia
FPiRb—Y AN
[B83#3R] induction of apoptosis
» apoptosis regulatory protein ** 3> v—35x :sti®sE 3»Scholar, Entrez, Google, WikiPedia
FPiRb— @Y VI H
[B83#:R] anti-apoptotic protein, pro-apoptotic protein
» apoptosis signal-regulating kinase 1 ™ >y -3 #st@%s rScholar, Entrez, Google, WikiPedia
PRb=V AT FIVEHFF—E1
[BE3#ER] ASK1, MAP kinase kinase kinase 5
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Methylation has emerged as a key regulator of
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$H2TEETRELTWS) [&] emergence (HIR)
accelerate

[8)] B9 3, MET 3, £#H3
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Alcoholics have less urine output than

do control subjects in response to a
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BILT : W7V VUREBHE, N\Z04 RZEEH1E, TRPV1 FvRIL,

capsaicin receptor, vanilloid receptor type 1, VR1 protein, transient
receptor potential vanilloid 1, TRPV1 channel

EE&R: JO0J3>2, JOKEYD, Prograf, Protopic, 20U AR
(7k%042), tacrolimus (hydrate), FK(-)506, FR(-)900506

R IBERRE, 1BERR, 1YV Y[M VY2V VIIREE[B]FERR,
B R & ERERR, diabetes mellitus type 1, type 1 DM, insulin-
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E#4 = D (Vitamin D) % Gocgle Scholar, Entrez,
E&EE (RKiC)
« Vitamin D
By —:
« EA{LEY Polycyclic Compound
« 2704 K Steroid
« X704 K Secosteroid
« E9 =D Vitamin D
« L AL 7 x0O—JL Cholecalciferol +
e TN 7 zO—)L Ergocalciferol +

EBERR (HRELDEFEDLE TCGoogleE )

HILT L (Calcium); HILY kU A—ILBEE (Calcitriol Receptor); BIFRIRRILE Y (Parathyroid Hormone); E% 2
Deficiency); HJL¥ kU A—JL (Calcitriol); B#{tfE (Osteomalacia); < 59§ (Rickets); 125-Ye KOF> 93D (1
D), B S4E (Osteoporosis); BFE (Bone Density); &ALV AMEE (Hypercalcemia); LAY 7 =O—Jb (Chole
(Vitamin); 847 (Bone Fracture); R #1:&% & (Metabolic Bone Disease); U VB2 (Phosphate); B SH SRR R FINEE
Oxygenase); f£# (Metabolism); ¥4 v b (Diet); =R ERRIRBEE/THAE (Secondary Hyperparathyroidism);
¥ AMfE (Hypocalcemia); f&E#H (Mineral); 48 (Therapeutics), B €7 Y >4 (Bone Remodeling); XX (Su
Disease); {§#X M (Confidence Interval); 250 K (Steroid); 3% (Tumor); 4% (Incidence); Bi# (Kidney); Ziifi
U'#ARZ AR (Cytoplasmic and Nuclear Receptor);, 7R (Placebo); iEEEEES (Body Mass Index); &2 (Skin);
#¥ (Homeostasis); MREF (Risk Factor); #8482 (Follow-Up Study); # v Xtt (Odds Ratio); %X#ER % (Conger
E—4 —4%51E (Promoter Region); #4548 (Orug Therapy); 27 (Diagnosis); FF&& (Liver); 2 T-% (Mortality); ZR (M
0126)
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« diabetes
« Diabetes Mellitus
« DM
gavyy—:
o RIRBIER  Nutritional and Metabolic Disease
« {RBEME Metabolic Disease
« BHYBIRE  Glucose Metabolism Disorder
o $iRM Diabetes Mellitus
o RERVFERM Experimental Diabetes Mellitus
o 1BUESERIE  Type 1 Diabetes Mellitus +
o 2BUBEERIE  Type 2 Diabetes Mellitus +
o EIRFERN Gestational Diabetes
o BEERMMES R 72 K—2 X Diabetic Ketoacidosis
o KFEa1—fERE Donohue Syndrome
« SEFRNEIE Prediabetic State

« N FRER  Endocrine System Disease
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drug A drug AfliHIDM (%) drug AJEfJHDM (%) A& v R (95% 251X 1)
PIFTEY 10809/65453 (16.51) 37373/4482388 (0.83) 23.53 (22.99 - 24.07)
*5 Y 6514/32483 (20.05) 41668/4515358 (0.92) 26.93 (26.17 - 27.72)
FTYVEFFIV—)L 2175/28894 (7.53) 46007/4518947 (1.02) 7.91( 7.57 - +8.28)

PIFTEYRE T VHETKEDMYENT Y ALLTRI > TW5 2 EWahot:

RIZ, 72X F7EVICK SEIMEE (BERpE, DM) z2ikd 2Pz iti7 ) TRL %

drug B drug BfiHIDM (%) drug BJEfEIHIDM (%) A » Rk (95%I21HIX )
TLHNY v 184/1377 (13.36) 10625/64076 (16.58) 0.78 (0.66 - 0.91)
FEFNYFY 422/4055 (10.41) 10387/61398 (16.92) 0.57 (0.51 - 0.63)
43D 66/1171 (5.64) 10743/64282 (16.71) 0.30 (0.23 - 0.38)
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Prevention of antipsychotic-induced hyperglycaemia by vitamin D:
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a data mining prediction followed by experimental exploration of the molecular mechanism
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Takuya Nagashima, Hisashi Shirakawa, Takayuki Nakagawa, Shuji Kaneko
Scientific Reports 6:26375 (2016) 5H20H 18Ik¥52
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HT™ML) Cloning and expression of a cDNA for the rat< i> k</i>-opioid receptor
..., KMaekawa, S Nakamura, T Onogi, S Kaneko... - FEBS letters, 1993 - Elsevier

Abstract We cloned a cDNA for the rat K-opioid receptor from a rat thalamus cDNA library.

The deduced amino acid sequence consists of 380 residues with features shared by

members of the G protein-coupled receptor family. The specific binding of [3 H] ...
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Noradrenergic inhibition of the release of substance P from the primary afferents in the rabbit
spinal dorsal horn

Y Kuraishi, N Hirota, Y Sato, S Kaneko, M Satoh... - Brain research, 1985 - Elsevier

To investigate pre-synaptic influence of the descending noradrenergic system on the

primary afferents containing substance P (SP), effects of noradrenergic manipulations on the

in situ release of immunoreactive SP (iSP) from the dorsal horn were examined in the ...
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TRPM2-mediated Ca2+ influx induces chemokine production in monocytes that aggravates
inflammatory neutrophil infiltration

..., T Negoro, T Hiroi, Y Kiuchi, T Okada, S Kaneko... - Nature medicine, 2008 - nature.com

Abstract Reactive oxygen species (ROS) induce chemokines responsible for the recruitment

of inflammatory cells to sites of injury or infection. Here we show that the plasma membrane

Ca 2+-permeable channel TRPM2 controls ROS-induced chemokine production in ...
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Nicotinic acetylcholine receptor-mediated neuroprotection by donepezil against glutamate
neurotoxicity in rat cortical neurons

..., A'Yonezawa, T Kume, H Katsuki, S Kaneko... - ... of Pharmacology and ..., 2003 - ASPET

Abstract Donepezil is a potent and selective acetylcholinesterase (AChE) inhibitor

developed for the treatment of Alzheimer's disease. To elucidate whether donepezil shows

neuroprotective action in addition to amelioration of cognitive deficits, we examined the ...
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Prostaglandin E< sub> 2</sub> protects cultured Jl‘ﬁ‘g 7;: 6
d-aspartate receptor-mediated glutamate cytotoxi

A Akaike, S Kaneko, Y Tamura, N Nakata, H Shiomi... - Brain re —a e S
Abstract The effects of prostaglandin (PG) E 2 on glutamate-indt ﬂ ::ﬁ ‘6‘ %) ﬁ& %
examined using primary cultures of rat cortical neurons. The cell IIIII H
reduced when cultures were briefly exposed to either glutamate ur view wie viauvic svurve
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Review

Synthetic cannabinoids: Epidemiology, pharmacodynamics, and

clinical implications™

Marisol S. Castaneto®”, David A. Gorelick®, Nathalie A. Desrosiers®?,
Rebecca L. Hartman®P, Sandrine Pirard?, Marilyn A. Huestis®*
3 Chemistry and Drug Metabolism, Intramural Research Program, National Institute on Drug Abuse, NIH, Baltimore, MD,

b Program in Toxicology, University of Maryland Baltimore, Baltimore, MD, United States
© Department of Psychiatry, University of Maryland School of Medicine, Baltimore, MD, United States

ARTICLE INFO ABSTRACT

Article history: Background: Synthetic cannabinoids (SC) are a heterc
Received 6 June 2014 the endogenous cannabinoid system or as potential t
1‘:“““’@‘(11 '5“;\@‘“5“‘12[8;2‘ 4 August 2014 utilized published data to develop SC variations mark
ceepte Eust SC became popular as “legal highs” under brand name

Available online xxx : e i
escape detection by standard cannabinoid screening t

3.3.6. Mortality. We identified only 4 fatalities associated with SC

intake. MAM2201 (dose and route of administration unknown) was

linked to the death of a 59-year-old Japanese man who was found
dead at home (Saito et al., 2013) with MAM2201 detected in his
femoral blood (1.24 pg/L), brain, body organs, and adipose tissues.
Because there were no signs of physical injury and the deceased was

assumed healthy, MAM2201 intoxication was considered cause of
death.
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Development of an expanded-field irradiation technique using a gimbaled x-ray head.

Ono T, Miyabe Y, Yamada M, Yokota K, Kaneko S, Sawada A, Monzen H, Mizowaki T, Kokubo M,
Hiraoka M.
Med Phys. 2014 Oct;41(10):101706. doi: 10.1118/1.4895016.
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Related citations

Focal Transplantation of Human iPSC-Derived Glial-Rich Neural Progenitors Improves Lifespan of
ALS Mice.
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Kondo T, Funayama M, Tsukita K, Hotta A, Yasuda A, Nori S, Kaneko S, Nakamura M, Takahashi R, ;[:%F)f‘% Ijil /ﬁ- z “:Iﬂj H‘ji
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Professor Shinya Yamanaka received his M.D. from Kobe University in 1987 and a Ph.D. from Osaka City University Graduate School in 1993. After
working as a postdoctoral fellow at the Gladstone Institute of Cardiovascular Disease in San Francisco, he became an assistant professor at Osaka
City University in 1996. He was appointed as an associate professor at the Nara Institute of Science and Technology in 1999, and a professor in 2003.
He moved to Kyoto University in 2004, and since 2008, Yamanaka serves as the director of the Center for iPS Cell Research and Application (CiRA) at
Kyoto University. He has received awards including “Albert Lasker Basic Medical Research Award” in 2009, “Imperial Prize and Japan Academy Prize”
in 2010, “Kyoto Prize" in 2010, and “Wolf Prize” in 2011, and “Nobel Prize in Physiology or Medicine” in 2012. He also serves as a senior investigator at
Gladstone, a foreign associate of the U.S. National Academy of Sciences, and a member of the Japan Academy.
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(RE

We reported the world’s first generation of mouse iPS cells in 2006 and the generation of human iPS cells in 2007. Our team also reported the
establishment of mouse iPS cells using plasmid DNA vectors in 2008, one of the first methods to generate such cells without requiring gene insertion.
Many researchers around the world are now working on studies with the use of iPS cells, which may oine day find applications in regenerative
medicine and as a research tool in drug discovery. In order for such applications to become a reality, however, it will be necessary to establish optimal
protocols for the generation of iPS cells by deepening our understanding of the mechanisms that underlie the reprogramming of differentiated cells
into an undifferentiated state. The Department of Reprogramming Science plays a role in laying down a solid foundation that will be essential for iPS
cell applications, by solving problems in the establishment of optimal methods for the generation of iPS cells. We will dedicate our work to advancing
fundamental iPS cell research by coordinating the efforts of all the research groups in this department.
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SUMMARY

Dif iated cells canber toan

or by fusion with ES cells (Cowan et al, 2005; Tada
etal., 2007), indicating that unfertiized eggs and ES cells

‘embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and Kif4, under ES cell culture conditions.

contain can confer
to somatic cells. We hypothesized that the factors that
play important roles in the maintenance of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic calls.

Several transcription factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al., 2003; Mitsui et al., 2003),

function in the maintenance of pluripotency in both early
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