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ABSTRACT

Cannabis sativa ismadptanallthatohash
year s. I n recent decadesahcient ¢ehestapiynhaasnig
and numerous preclinical -csatnucdeire sa bhialviet i deesmoo

of human cancer typeesst uHdoineesy ehra v emobsete no fi nt ho
and tumors and have al most entirely wused i

we demonst-caneet habiahitii es of a cannabis e;

brain tumors, nealrobérmaast omd/ amabaoiyei cumor
extremely common pediatric soli-di $kkmor of
iterations pose a clinical problem requiri

teratoid/rhabdoid tumors are extremely rar
that occur al most exclusively in bbs| dren
the investigation of novel treatment strat
demonstrate t hat tcoanneadbuicse evxitarbaiclti tiys aanbdl e n
cycle arrest in models of both tumor types
constituent cannabinoids of atshda nextvriaata,l b

cannabinoid and terpene components of the

failed to repnceuceffletanboWe tales ovhdd rro rescttr
t wo of these tetpedesneci areneapabbandf i n
effects, i nsl udi mgpabeduty) osmal | i ncreases
mechani sms of <cell cycle arrest as whol e e
agent s, even i n combionkadeanmeanfcaeislo fetfavlermdt @ a p
extract. Overall, this r esearccahn ndeebmosn set xrtarta



is a novel and worthwhile pursuit for pedi

novel therapies.
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CHAPTER NIFRODUCTI ON

Cannabinoids

Cannabinoids are classified into one of
neurotransmitters produced in the human bo
phytocannabinoids, wBaohabreCepmmamwiae di bhgi @
(Acanpabndoppynt hepiedeaadcaibn nohelsl, ab to ag
specific cannabinoid reoaeptor $ hef respemnichne

phyoo endoc a(nMaadorianso,i d2sO0 15)

Canndlmesdi ci ne

Cannhbssbeen used medicinally for thous
its earliest uses around 4000BC in China a
conditions such as pain, nausea, infection
west ©Orftetnteurd, was also used for sedati on,
It fell aiwte cfs paphwelrardf ogst wese gdavpbepseda

psychoparcotpiagvretsiue ¢ ed i n( £uamdinal 2@&a8) on

Cannabis Phgabsabndoi ds

Cannabis produces khnowmbgstonofahc ovdnp ocdn d s
are C21 terpenophenolic coMmMpobBads!| andd&cBd
200R¢r haps the most well known phytocannabi
(Gaoni & Mecaod!| aanndB(BMecono (lCBD )& Swhv a,h 19
wer e bot labiodiga nt6iOf iyeedar s ago. However, canna

cannabinoids such a(sAlcvaensn,a bA ndai rvaalr,tdrl e(i &BD U )a
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Silva, arkMabinol (CBN), cannabigerol (CBG.
cannabichromene (CBC), and Ttoentkrog h whryoodnn &

Dupre,. 2020)

Endocannabi nbn ddesc aammda tihreoi d Syst em

The endocannabimefidr ssytsch eaphyd WsCtfg mre vaafl en't
extracell ul areappgbhonbBeabembhnonl body that res
(Mai da & Dadmi mawknanxs(Qlg)lkeaotwwo rmaecep-twelsl ar e
protein coupled receptors ( GPCRSsMatksnuodwen, as
Lol ait, Brownsteinandoucmagnadi  Bon@dueciedPq d)
Ab-Shaar, & Tholmatsh d9989ver edBiln itshd oaardl yn
t he brain and naenrdv chuasg cshyosntoednu | taitwdsriyle ee fCFBE2cC ti <
seen more commonly in the amihumas sg st elme ain
processes such as( DiaiMa raznod, i2n0f1 8a; mnitki aonn, N a
201Bhe | i gands f,ork ntohwans ea sr endpzams @aibd oo Wdls
et hanol aminer@ABAdoang Gy | Al roibruds2h@B1l poor
affinitywBAGEBRs affinity .foBotbhotahc tCBals aangdo

these M&Rkegpt @r,s 2010)

However, there are many mgtrrea nrse ceenptt orresc e
potenti al cation channel vafliiMul died , r Moe ptl e
Reggioand0&a®her ionotropic cannabinoid rec

TRP mel ast atpenr o8x i(sToRPeM8ptr,ioV a tf ed at ®c eop,t or ga
and other GPCRs known as GPR18, 560. and 19

Koval chuk & Kohvheelrcehuks, e 240k)n @aer dt laxtt i ABA ema

2



TRPYISmart et and ,al29®@0)i nd @bhe Reatrrgoallzies

2007)
AEA aA@ WwWere both found tORYbherdg aemtd alct, vaQ

Endocannabinoid receptors and phytocannabi
Much | i ke endocannabinoids, phytocannahb
endocannabinoid (FicleippioucsThé 4ihecibb@&d) of t

di scussed bel ow.

g@-THC binds and agoni zes CB1l dyaldiicng t o
adenosmine moAMPhasghihies (effecdBTHEL ®trong:
CBN, though wealt eare ntt Fbard dvdi, tCHR tsry nt het i ¢ can
designed to agoghTliHG dOBslp. | aAyts CBRak ewnt aboat s
199 THC i s al so an( Raygboenrigs teatath IGRR®2230 0 7 )

Petrocellislet iasl al sd»0BbX)DantPaedommicetl lofs ERP

CBD is known to be an imdeces agomrifstect
with the opposite péspohbeCB8fL anda@B8RRi secCe
this effect on cells contadimdege@GHEnwasmebaé
(Thomas et @GBD ,al2000 7di spl ays i nvéRgbeagont s
al ., , TRPOMMBi sogno ,etamd .(TRE2NBL) ocel | Thi 8t a
behavioungawhiychhies o HLCI, t enagyf bteh avthyo fCBD i
to mitigate some®DHCFheembdeecetelbtets20019¢!

acts as an a@gbei BetfocellRP¥2et al ., 2011)



Somewhat | ess is known about the effect
endocannabi @i dKoeakphaoks &Tek orvaahl dcyhr uokc, a n2n0a2b0i
(AMCYhas been schoonwpne ttiot ibvee aant agoni st of bot
(Thomas el tadddcmi2DO®S) TRP¥ANRN ab oglhh@Wi D e
Petrocell iiGBG@,t carmchab@aeCiBpydAi Ici qarce dt i( et al . ,
cCBGVY, CBG, THCV, CBDV, and CBN (wke e al so fc
Petrocel lilsn edr cadr. ,0f2 0elfifpteett r shy@magd doan n £LWBIGn
( THGA)CBN, THCV, CBDV, CBGA, THCVA, CBGV, a |l

antagoni ¢®eTREM8B8o0cCcellis et al., 2011)
Phytocannabinoids and cancer

Cannabinoids, byhaavcet ibnege no ns tohwen CBoRsi,nduce
cells via a variety of mechanisms. These i
CAMP |l evels via interferamcdcde vaitteh tdedemruylsapta
They also often generate oxidative stress
pat hway o.f Baoptohp toofsitshese geneemattdbpl asmiot ve
reti cEuUflsu mleGGasl varuso, Pell eri t.o,CaNontaabdrion,oi & s
may al so aalctteirvamietdogpernot ei n iki maxceh (@MARK) ac
induce cell death andphaose hmhedmmsab@ewre 30 a
P13Kr ot ei n AKifmamma IBi ¢ n ptaanrygdalt@)Raif gmal | i ng
pat hway to decreas.e Bhuewimay aligmn ail sd e woee
aut opeliatghyer i nstead of or i n( Gadldviatriuosno teot dac
2012; Pisanti, Picardi, DO6Al essandro, Laez

& LuszczkKapnadabil6di ds h avcea uasles oc ebl eaennd yfcol uen da r
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' imit tumor ared | meihaaatsd vielncecskssangi thpesessar
pat hwagisntiybi ti ng proteins such-2asomatri x r
upr eg elxagtriersigti somi wift or, ti ssue i nhibitor of
(TI-MpP or by inhibiting vascul(aPri seanndtoit heetl iaal

2013; PyszniTalke seec aaaricteiy 201 érts have been s

tumors, including breasboneyobkymp(eNi khaond gb r .
et al., 2016; .Ehhsangeakiattalk. ECE0MmAayYy al so
t hough it is not always clear whet(hCr this

Koval chuk & Kdwalrcehawske,d 20cZaneadi oomi df rtelcept
(CBRer their endongdmans blei gaasmsddsc i at ed wi t h i
(Pisanti ,ebual the2023ults are mixed and so
(Pyszni ak.Feotr tauln.at e2l0yl 6 )t hinmse ainrsc rceaansnead i enxop rde
treat ment may be more effective and | ess |

underexploited.

The -caanntder effects of wma@&ott riereanr woed n n sk iurd
eafilny andr e o ment sme®di es show that minor cann
CBDV andnhnaGmBeN anter effects. For ot her canna

not yet any -ceawicdee n(cdeo hokfo Ra@r@tOial B, Wang et al
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The antineoplastic effestacaf 1S8a hEmralkihe h

ntification of the compone(EE€ISHft hédhe9 @,
earch into the potential of cannabinoid
cer research. However, nearly all this
mi ne thegevddegoteenti al clinicabnaoerl it
atment in chil dr ebnas eVh idlreu gtsh et ou sceo notfr ocla
umented in sever al clinical trials, wit

attiengse of crafnonrabainsy iont hcékh il¢dermesd ivtait@m g e
il epsy suggests canndbatlssfdafsi cnaocti oounsl,y nsoas
or matiitosnd ea beofuftect s comes f r oimm subtuedrioe s o f
adol es Berctatulskeeed ervaenigoep.s early and t here
el opment al outcomes of cannabis exposur
governing boidnieecso mngemgiadd nu @ uitn oalsi | dr en.
mi sing pr eicn ilniincea | Wieawtd udtetnacteameen warr ant

estigation of cannabis not justThiils ot he
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ough rare, childhood cancer i s one
n itnhkeanbhdakamda is the most common
nd cent(rCaN8memnuwyhuds heydtagmer i s resp
I ¢ (c'aCmcnecrerdeant iCshi | dren and Adol esce

i cs, " : Landi er, Ar meni an, Meadows,

most noticeable difference between
tly different t yipnecsl uodcec utrh o sCeo norfo nt hae
s, and breast, while pediCaNtSri ¢ canc
nner et al ..Pe ®i0a2t0r;ia tSoaa vkdt &f, e 20 2i10n i t
rrence, and | ow participant number s
are not possi bl eFowi tthh ipw ldiieesa sgoanne, d cva

tional studies are often more pract

tligyuwiarh regard to canC@&hesutdédrt laumo,

n

2016)
causes of pediatric cancer are | ess
ment al exposures present in adults

that pediatric cancers are more often the

a bonr ma l

ties that occur during nor mal devel



and a child with identical hi stology often
must be tre@bendny, fWealxltdry, & Sakamoto, 2C¢C
Sheurer eDi fafler,e 2d0els6 )i n devel oping tissues
established tissues seen in adults may al s
(Downing et AaPR Oclabn2cpear@ )anal y spiesd ioaft rneca rtluymolrQ
that the somatic mutational burden is much
and that significantly mutated genes (gene
exclusively, whi chmudtiaftfeeasse efartonm tahdeu | hti gcha ncc
Additionally, only about 30% of significan-
overl|l apped with previously identified sign
(Gr°bner etChill.dr M 18l)so have fewer somat i c
devel opment, and a subset of pediatric tum

epigenetic rdduwleathery.epd @ @i, i nRiongdl)y, about

with cancer do not have pathogenic germlin
of canddr &thaalgl et al ., 2015)

| mportantly, children also respond sl ig
as chemoMbeeragdyet @ilven 1t9MWi29, it i s not unt
targeted or novel therapies, including can
to adults, and may even act differently be
Therefore, thie waveasnti gathensepamaaty poten
children as their own distinct group.



Standard treatment of pediatric cancer

As pediatric cancers differ greatly fro
antancer therapy, including cannabis, may ¢
aduThe. mbetdousf erence between adult and chi
frequently different types occur. Common a:
pancreas, and breast, while pediCNtSri ¢ canc
tumoBsenner et al ..Th2O0O2AGQusB8ecbDéetped@ko)c
well wunderstood, as the cumulative environ
not present in children. It i s thought tha

significant/ oat avdtnoomail ¢ctérsotshat occur du

a result, tumors from an adult and a chil d
di fferent biology, and consequently must b
di fferent lryeatdn@temer ys &me atl ., 2016 ; Downi ng
201bi)fferences in developing tissues seen |
ti ssues seen in adults may al sloDacwmitmd beaitt e
al .,. 2DH& ) mut ati onal background of pediatr.i
tumors. Their somatic mumat abnahs bius deac lanl
in adult cancer. Additionally, onlycabout

cancers overlapped with previously identif

candé&nrd® bner etChaill.dr 0 18l)so have fewer som
tumor devel opment , and some pediatric tumo
epigenetic rédduleathery.ep® @t @n, inKRionl)y , about

with cancer do not have pathogenic germlin
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can¢dr athaalgl eGi meén ,t RO 1mwany di fference.

iatric cancer, the separate investiogat.
their own dwatiactedr oTllpi $ si wel u-des i nv
cer potesnti al of cannabi

The introduction of chemotherapy to ped
matically i mproved survival rates. Howe
son why cancer treatment i s unsuccessfu
r manceotki cs -odnmestdangs have been well st
ients, but the same canmn®Atdabns ongi Bl famrey
atell, Skolnik, & Balis, 2016)

Pediatric tumors may also be treated wi
rmal 6 chemot hesAdihe st ita etart enetnrhents potent
ientso6 i mmune cells are extracted, froz
rse of high dos eTycphiecnaoltlhye r arpeyl aipss efdi noirs hr
eive thPandosean mef hado sheyehltlk nown as hi g
e chemotherapy wiSSChRmay eal celwd nomeeruap € Ht

nNts to bett érr ag enn ebtarrati ee rt kmee dbplioamsde o e é f £ lo

i h etanadl .al |200Ww0 8)oung patients to avoid t
own et al ., 2013th®Pdgboskanapy mhy, akeal
h-SHIRC t o fisal vagd®hrn énl aeps éddh ep at2i0D18t) s

ropsychol ogi-SGR heafvfee cbhtese no ff oHUDhGd t o b e mi

ients are | ess (sSuasncdesp tei.tbddeli .¢,;0t Z20hleds)teh el rf ¢

tumors who undenago athfsios r tt fr eaamtsmpd smim(sB riomnwfne c t i
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et al.Whi2®13)he treatment i s ipnateinesnret,s tihnep ra

fradmm®»0 %o %®&® % with thPanosyan mental ., 2011)

Unfortunately, thB8CRNt egs me nmaetanrelayn saf It | &®:

patients whembdhdeedg@mwen si de elfifgicade Iplaog d d

t oxi dti diisee .tlhiakelayw aSC&bFregHmMENS have I|ikely
maxi mum possible intensification, as furth
toxicity widlhi mioc &l d&resggef su anresest al ., 2011)

Exposure to ionizing radiation is one o
of childhood cancer, and for this reason i
cancer {Leaadmemt et al ., 2016; Ward, DeSant
2014)As a result, the use of radiation in t
decreased drastically over the past 30 yea
treatment, I mprovements in medicaledradi at:i
applications have made it safer for pediat

of pediatric tumors also ensures radiation
severity warrants aggressive treatment, an

successfully treated (Wwrtekenl €ess adggr 94i3v e Ha

| t i s estimated that as of 2020 there w

childhood cdmRodi siom &hd#edudBB8em,alO0&d)survi vi

the toxicities associated with i1ts treat me
adults, these survivors often suffer | ate
not realized untri.l Theasresn €ary uded Gaeddda st olrayt,e or
compl i;oeuir oc ® gnpiati irvme nt i ncluding deficits
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ognition, and hi(dédh &wegalthwué& mpuaorted nfauonlcrt
f cardiovascular, pul monary, ;ghgtoiodnt est |
rowt h, and musamnd oiskseUd ed awi tits squeersa d a | horr
ex devel opmédmits atnrde d temerstuti mheyydnaVy esloop ment o
ubsequent cancers; the exact tnhbeypeeandd 1t h

ose of chemot hehlaopceauttiiocn aagnedn tdso saem donfe | rl a daiso

age of the patiéandderi.ey Blreat Oedb6)

Whil e historical studies show the risks
revious eras, 1t is not yet known how sur
artially because there are not yet any cl

urovrisv t o ev al(uReotbe sloant e& efufifébcothse 2 G &4 ) ypes
sed in cancer treatment remain | argely th
ignificant changes have been made to reco
adiation, i mprovements i n ,teard oiltogiys huasvesc
requently agGdiesauesedl abo2®@1l1IpgHudeon eh
uggest that survivors today may be somewh

rom their treat ment.

Given the doses of many chemotherapeut.i
nd the toxicities associated with them, m
n supportive care; that is, care rcalrated
s a result dfAdaarsoar ett rFepdrt nad 210 b6 ) t hese r e
herapies are desperately needed for child

oxic side effects of treat ment .
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The endocannabinoid system and the devel op
The endogenous cannabinoid system (ECS)
body have remained through sever al mi |l | i on
that the ECS evolved W{eMaorda t&h & aclamematti,os 2®
maiEfCEec eipn omaman<LLB1l. aBdoCB2ed and cloned in
bot h-paroga eG n coupled receptors. WMNSH «€B@B1 sis
found mainly in i(MmumMarcel | 20d4d8d tMastswasa et
1993)Their endogenous | i-grnadki doaroylheet hapnadals
andA@-drrachi dono¢Pl gMaceobhO0tlBgr apeutic eff e
antagonism of both receptors have been foun:
(Di Marzo, 2018; HPiwearetri, dtheale.n,doZxz@®Inh)abi noi
more receptor st laededeangatnedrsmeadn d hhea.sbedocanna
scale of the endocannabinoidome makes it a |
i ncludi(n@i cMarczént,he20 1lr8ceptors that have bee
endocannabinoidome include transient recept.
( TRPV) (IMudnder2 etpadoxi 2@@edOt)pvatl ed eracept or
(PPARNd previoupld gt orphamep! &&d receptors GPF
The endogenous c¢ aMmG ahba vneo i bdese PA EdAe mards t2r at ed t

these recepPt oKsevakclwek| & Koval chuk, 2020)

I n addition to the eff ect sCaonfn abnidso gseantoiuvsa
pl ants produce phytocannabinoids that act o
(O. Kovalchuk & TKbesakékchaskknlowmdnd 20ehter avhepldir oc ann

THQ)Gaoni & Me cahnodu | caam, n allPildddigdlo u( @BD)& Shwet 1
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identified nearly 60 years ago. fheséedwo p!
However, cannabis also contains many other
(CBDVAl ves gt calnnaba2m»dd) (CBN), cannabigerol
cannbichromene (CBC), and tetrahydrocannabi

and fl avomkbodst al ., 2020)

The endocannabinoid system and early brain

There is concehrastehlat ramay meannalkicei ved
i mpact their brain devel opment, as the maj
in the brain, including functioAGlaldl rec
AEA, raerseenpt around gestational week 19 in h
early behayFer nBmdegsBesrender o, Hern8ndez
1999; E. Fride, 2008; Ma€twjj dPeceOFmom &aPa
t hat more than simply being present, CB1l r
funct(ivonall i s. efThak. sy2068&,h) may al so contrib
growth, migration, andewierliompg nayfE swarail oFlbs dae
2004; E. Fride, 2008; HaThkangx pMaskii@n &f Dt

receptor ailmibtamgelsr aihmoughout human devel op

|l evel s and | ocations of expression differ
early life when c(oFnepawBaenddztzetadul.t, HAMPO®i9ns Ma
Any evaluat thams edf taogemtaneing s in children, t
potenti al effects of this treatment on the

functional ECS that has the potebasad to b

treatieenrtes.are numerous existing protocol s
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effects of childhood cancer on survivors i
for future patients tor ediantiend zneo rthoixd ictiyt ya mad
(Ward et. allt. ,i s20nlodt) u n tbhaisrekda It Ihee rtahpd te sc aammda b

nicely into these existing structures.

Antancer pphytadhnabi abi ds

PITHC was first-chaooerd ebfbatve BntlLewis | u
197®Munson, Harris, Friednam,ereswey,n & hGa rpcoht
cannabis for cescét gohridgatcnaennt rheatalrecdhz iims kih,
Zeyl and, SlomskiThé& mMowakpr @adBént,&€B@&nnabi nc
CBNMave been shown to adtfecan@keiowdald am,d 20 b3

Koval chuk & KbevatchaekealOBOdn the effectivel

curative agent in cancer focuses only on th:
synthetic analogues; very |ittle has been p!
of tedpeand fl avonoids, which (&r. e Kalvsad crhaijko |

Koval chuk, 2020; MahWllae &p IDaretni enxctkr, a Qt0sL 69 r e k
acti ve tmodde/c bllesso have cytotoxic properties,
s@e@all ed combi ned( Bilaernatno uerta gael .e,f f2e0clt9s;. 60O. Kov e
202mMdgditionally, different combinations of
than the use of( Sxiondl, e Dad mgn.@bdisrhei &dt Boupol6
propaganabivwi sshhparitniscul abesbtmpasttithbhe heed:
patienti,n wthaerthhter rofage, sy mgtChman,drd@rhet20dn t
that different combinations oifsphgltioeaadat:

due to the fAentourage effecto that many ot
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and flavonoids, may have( Mai da e& alza @ minrsc ko,f
McPartl and &l Rufsaswmt,, 2r0ddent research has st
extract is more effective than pure THC al
many di ffer en(tBatryapme setDéaslp.iaane2e@rh9)s evi dence
het erogeneous mi x of cannabinoids maoy be mo

cannabi syditeees deaeé oped and tested specific

Numerous recent reviews have detail ed t
ant wmoati on of cannabinoids in a variety of
scope of this review to fully evaluate thi

excellentCaslumamaunuyo et Nahl er202217Li Naka& el
Pisanti et al., 2013; Pyszniak et al ., 201

Her n 8hideedzr a , Dg§vil a, & Lorent e, 2016 ; G. Ve

The mechani sms by whcahcemrnefabeatos disaeea el
i nvestiignactteddnea ndi t i on tohfen dumgi ogenefsi apoptosi
autophatgg,ovainndg of (&pigdr€allihabrowtlds seem t
of weabiwvn aunndd ewesltlood pat hways assoamicdtuald nwi tt
i nduction @fh ncpemtsesiign wieamcti ve oxygen spec
increased ceramide productaicdn vartd otnh e fER astp
inhibition of protein kinase B (AKT); the i
pat hways; the inhibition of exBcd&sniase pradlhiw
and through decr enaosneosp hions pchyactlei ¢ caAdvEPn) o sviinae 1 n
cyclase; inhi bmdasemchymalhet regn sihteblcaad g nEIMIT;) v

and inhibition of angiogenesis via inhibiti
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GTPase |l eading to inhibition of downstream
vascul ar endothelial growth f2c(tMWPFiIiWRGFR) k6 .
1)These afefeancett stii rect hy omeathid€EBR ,r ace wtedd s as
GPCRs potentially i ncl u(dreidg ¢ @a It ther [ECES, e tmealt .
Marzo, 2018; O. Kovalchuk & Kovalchuk, 2020
Sledzinski et al ., . ThG1ls8 mamGer Veleapom set sale.ms
tumor type, stage, and evef Ot h&Kowmalebdwka& b.

Koval chuk, 2020)

Conversely, a small number of studies ha:
may contribute to the development, progress
and AEA in tumors have been found to overex,|

(Mukhopadhyay Ténte £IB1l, r2€@Ek4$4)t or may al so acti
transcriptiF®@OXOflactiomcrRAX3 HdMacasmaeéd ,cédlalgugi o
GrosveldTr2@tnent of cancer celderiwigdh a va
cannabinoids was found to i nemxdasaeeed-dlull apr &
rel ated ERRIKds®d AkP éurvival paf(tavraty,s Wil @ac HEr
Ullrich,Hi2gbhO40B1 and CB2 | evels have also be
| eukemi(aFr(eQiln,d) eManeyt ans 2@t ) r ERfEmMtaomep st amtei
upregul ated in different cancers and the po

not with cannabirf®Prevars&kayleeZhaxngl, o&kedarr

Most of these mol eccaunlcaerr peaftfhewatyss, awhd |aen
only been shown to function in adult cance

antancer effects of cannabinoids in pediat:H
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di fferences between pediatric and adult tu
devel opment i Aac acnhcielrd reefnf,e ctthse oafntciannabi s ne

pediatric cancer specifically.

. CB2

1 !
777777777777777777 P . o T M

’\hxﬁrhxﬁxﬁxﬁxh A COMBTERRER O OO K] ; hxhxhxhxﬁyﬁ) l I 1'1)‘hxﬁxnxﬁxhxh:(hxhlhfhxl
(U XUIU)HX?IUXU & ;xyxuxyxgxyxgx - pxuxyxijyxgxuxuxgxgxpxl

a.r eThe mechani sms by whicamcea nHedérileier ¢ isd s
e boxes represent proteins and mol ecul e
the bottom represent cellular processes
rease of the process, and gr eemr orwespr es e
icate influence, with redpohdntatatngnin
es indicate where an effect has been ab
nhi bits B, and B nor noan loyf w® ublyd Bachta sv abte
ogated by A inhibiting B, thus the arro\
ow between B and C would be dashed gree
eptor images are from Bi oRender.
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Potenti al uses of cannabis in pediatric on

Mootf the research i nbalseidngrtuvlyse wse mefi
mar i j uanahasabreemhiolndrtenat mentf oflolrowepd lbeypsy (

chemot-hedapgd nausen andewwmséeiagntrolling
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effects of candémaand ,i Reetdr Neasment s & Wol f
Wi |l ens., WHIll7e t here are |l egitimate concer ns

pediatric popul ations based on evidence fr

participants, the decision of how best to
termigaill, alters the risk/ benef(iAnamtaH y s
et al.At 2D@tefBerng i s no conclusive | iteratur.
pedi atr i c( Acnadnrcaedra sc,arTer uong, Byrne, & Enders

Most studies where pedi-based gatutgeni sval

administration, typically oil drops or oro
obviously preferable to inhalation, sgiven
|l ow bioavailability, @(Borgalt ),y Mbreaweem, 5N S
Wang, .20Wh3) e intravenously administered ca

inhal ed( Bangabi sett haelr.e, halvle3)been no invest

of administration in children.
Cannabi s harse odd ¢ymdodeteend t o kil |l or treat
ot her data is currently preclinical from e

xenogr aft
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Tabl e Summary of publiinylod & i ;mlgi mpiedalattrriicalpati ents and some f

Identifier Title Patients Disease Study type Cannabinoid | Concomitant Results Side effects | Ref

Drug Used Treatment?

NCT02987114 | A Phase Il, Operabel, Children aged | Treatment | Interventional,| Cannabidiol | - 81.9% + Sleep (Mitelpunkt
Singlecenter Clinical Study| 2-15 resistant | single group | capsules 24.6% disturbance/ | etal., 2019)
to Evaluate the Safety, epilepsy assessment, | (PTL101), reduction insomnia
Tolerability, and Efficacy of open label twice daily, baseline 25%,

Oral Administration of 25mg/kg/day median somnolence
PTL101 up to seizures, 73.4| 18.8%,
450mg/kg/day| + 24.6% increased
reduction seizure
monthly frequency
seizure 18.8%,
frequency restlessness
18.8%, No
SAE

NCT01898520 | The Efficacy, Safety and Children aged | Cerebral | Interventional,| Sativex (THC | - No difference | 39% had (Fairhurst,
Tolerability of Sativexas an | 8-18 palsy or parallel 27mg/ml: in caregiver | treatmert Kumar,
Adjunctive Treatment to traumatic | assignment, | CBD reported related Checketts,
Existing Antispasticity CNS doubleblind, | 25mg/ml), spasticity adverse Tayo, &
Medications in Children injury placebe dose of 2.7mg events, only | Turner,
Aged 8 to 18 Years With controlled THC and 23% in 2020)
Spasticity Due to Cerebral 2.5mg CBD, placebo
Palsy or Traumatic Central up to 12 doseg controlled
Nervous System Injury Whq per day group

Have Not Responded
Adequately to Their
Existing Anti-spasticity
Medicatins: a Parallel
Group Randomised, Doublg

blind, Placebecontrolled

20
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Study Followed by a 24
week Open Label

NCT02324673 | A Phase % Study to assesg Children aged | Treatment | Interventional,| CBD at either | - Cannabidiol | Somnolence | (Wheless et
the pharmacokinetics and | 1-17 resistant | randomized, | 10, 20, or 40 levels variable| 21.3%, al., 2019)
safety of Multiple Doses of seizure parallel mg/kg/day across anemia 18%,
Pharmaceutical Cannabidig disorder assignment, patients, but | diarrhea
Oral Solution in Pediatric placebo overall welt 16.4%. 3
Patients with Treatment controlled, tolerated. (1.6%) SAEs
Resistant Seizure Disorders double blind related to
study drug:
skin rash.
NCT02091206 | A Double Blind, Placebo Children aged | Dravet Interventional, | CBD Clobazam, When taking | Pyrexia, (Orrin
controlled, Twepart Study | 4-10 syndrome | randomized, | (Epidiolex) at | Levetiraccetam] AED with somnolence, | Devinsky
to Investigate the Dose parallel either 5, 10, | Stiripentol, CBD, CBD decreased et al., 2018)
ranging Safety and assignment, or Topiramate, did notaffect | appetite,
Pharmacokinetics, Followe( placebo 20mg/kg/day | Valproate AED levels sedation,
by the Efficacy and Safety controlled, vomiting,
of Cannabidiol(GWP42003 double blind ataxia, and
P) in Children and Young abnormal
Adults With Dravet behavior. Two
Syndrome discontinued
for AEs:
pyrexia and
rash, and
elevated
transaminases
NCT02091375 | A Double Blind, Placebo Children aged | Dravet Interventional, | Epidiolex Clobazam, 43% of Diarrhea, (Orrin
Controlled Twepart Study | 2-18 syndrome | randomized, | 20mg/kg/day | Levetiraccetam) patients had | vomiting, Devinsky
to Investigate the Dose parallel Stiripentol, 50% fatigue, et al., 2017)
ranging Safety and assignment, Topiramate, reduction in pyrexia,
Pharmacokinetics, Followe placebo Valproate convulsive somnolence,
by the Efficacy and Safety seizure and abnormal
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of Cannabidiol (GWP420063 controlled, frequency, liver-function
P) in Children and Young double blind frequency of | tests, more
Adults With Dravet all seizures withdrawals
Syndrome significantly | in CBD
reduced, group. 93% of
excepting CBD group
nonconvulsive| experienced
seizures AE vs 75%
placebo, SAE
for 16.4%
CBD patients
and 5.1%
placebo
NCT02224703 | A Randomized, Double Children aged | Dravet Interventional, | CBD Reduction 88% (Miller et
blind, Placebecontrolled 2-18 Syndrome | randomized, | (Epidiolex) at from baseline | experience al., 2020)
Study to Investigate the parallel either 10 or in convulsive | adverse event
Efficacy and Safety assignment, 20 mg/kg/day seizures: (89.9%
of Cannabidiol(GWP42003 placebo 48.7% for 20mg/kg/day,
P) in Children and Young controlled, 20mg/kg/day, | 87.%
Adults With Dravet double blind 45.7% for 10mg/kg/day,
Syndrome 10mg/kg/day, | 89.2%
29.8% placebo);
placebo. decreased
Reduction appetite,
from baseline | diarrhea,
in total somnolence,
seizure pyrexia,
frequency: fatigue.
47.3% for 22.7% SAEs.
20mg/kg/day, | 51.7% AEs
56.4% for resolved by
10mg/kg/day, | end of trial for
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29.7% CBD, 60.3%
placebo resolved for
placebo
NCT02224560 | A Randomized, Double Children and | Lennox Interventional, | Epidiolex, Clobazam, Patients AEs occurred | (O.
blind, Placebecontrolled adults aged2 | Gastaut randomized, | either 10 or Levetiraccetam| receiving for 94% of Devinsky
Study to Investigate the 55 syndrome | parallel 20mg/kg/day | Stiripentol, 20mg/kg/day | 20mg group, | etal., 2018)
Efficacy and Safety assignment, Topiramate, had 41.9% 84% of 10mg
of Cannabidio(GWP42003 placebo Valproate reduction in | group, and
P; CBD) as Adjunctive controlled, drop seizures | 72% of
Treatment for Seizures double blind and those placebo
Associated With Lennox receiving group. 89% of
Gastaut Syndrome in 10mg/kg/day | all AEs mild
Children and Adults. had 37.2% (somnolence,
reduction, decreased
placebo had | appetite,
17.2% pyrexia,
reduction vomiting). 26
had SAE in
either CBD
group, 7 of
which were
related to
CBD
NCT02224690 | A Randomized, Double Children and | Lennox Interventional, | Epidiolex, Clobazam, Median AEsin 86% | (E. A.
blind, Placebecontrolled adults aged2 | Gastaut randomized, | 20mg/kg/day | Levetiraccetam| reduction in | of patients in | Thiele et
Study to Investigate the 55 syndrome | parallel Stiripentol, monthly drop | CBD group, | al., 2018)
Efficacy and Safety of assignment, Topiramate, seizure 69% in
Cannabidiol (GWP420068) placebo Valproate frequency placebo
as Adjunctive Treatment fo controlled, from baseline | group, most
SeizuresdAssociated with double blind 43.9% in ml_ld/moderate
LennoxGastaut Syndrome CBD group, | (diarrhea,
in Children and Adults somnolence,
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21.8% in pyrexia,

placebo. decreased
appetite,
vomiting).

NCT02224573 | An OpenLabel Extension | Children and | Dravet Interventional, | Epidiolex, Clobazam, Median 92.1% had (E. Thiele
Study to Investigate the adults over 2 | Syndrome;| single group | concentration | Levetiraccetam| reduction adverse et al., 2019)
Safety of Cannabidiol years who had| Lennox assignment, not specified | Stiripentol, from baseline | events, 32.5%
(GWP42003P; CBD) in completed Gastaut open label Topiramate, in drop mild and
Children and Young Adults| NCT02224960, Syndrome Valproate seizure 43.4%
with Inadequately NCT02224560, frequency moderate
Controlled Dravet or NCT02224703, from 48-60% | (diarrhea,
LennoxGastaut Syndrome | NCT02091206, over 48 somnolence,

or weeks, convlusion).
NCT02091375 median 9.6%
reduction in discontinued
monthly due to AEs.
seizure
frequency 48
57% over 48
weeks.

NCT0254476] A Doubleblind, Children and | Tuberous | Interventional,| CBD solution,| Clobazam, Percent Diarrhea and | (Elizabeth
Randomized, Placebo adults aged-1l | Sclerosis | randomized, | either 25 or Levetiracetam, | reduction somnolence | A Thiele et
controlled Study to 65 Complex | parallel 50mg/kg/day | Valproate, from baseline | occurred moreg al., 2020)
Investigate the Efficacy and assignment, Vigabatrin in seizures for CBD
Safety of Cannabidiol placebe 47.5% for groups than
(GWP42003P, CBD) as controlled, 50mg/kg/day | placebo, and
Add-on Therapy in Patients doubleblind CBD, 48.56% | more in
with Tuberous Sclerosis for 50mg/kg/day
Complex Who Experience 25mg/kg/day | group than
Inadequately Controlled CBD, 26.5% | 25mg/kg/day
Seizures for placebo group. All

patients in
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50mg/kg/day

group
experienced
AEs. SAEs in
14%
50mg/kg/day,
21%
25mg/kg/day,
3% placebo
NCT0295622( Cannabinoids foBehavioral | Children and | Autism Interventional, | Mix of pure - No change in | No SAEs. (Aran et al.,
Problems in Autism young adults | Spectrum | randomized, | CBD and behavioral Common 2021)
Spectrum Disorder: A aged 521 Disorder | parallel THC in 20:1 problems adverse
Double Blind, Randomized, assignment, ratio, or generally, but | events were
Placebecontrolled Trial placebe whole plant improvement | somnolence
with Crossover controlled, extract of disruptive | (28% plant
doubleblind enriched in behavior 49% | extract, 23%
CBD and on whole pure
THC to 20:1 plant extract | cannabinoids,
ratio. Dose vs placebo. 8% placebo)
maximum and decreaseg
10mg/kg/day appetite (25%
plant extract,
21% pure
cannabinoids,
and 15%
placebo)
Identifier Title Patients Disease Study Type Cannabinoid | Concomitant Results Side effects | Ref.
Drug Used Treatment?
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A 2016 review of studies of antiemetic
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eviewed bel ow.
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is safe and effective for controlling seiz
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et al., 2018; Orrin Devinsky et al , 2018;
2013; E. Thiele et al , 201BieEétienbel h, A2
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Tab2 e Currently ongoing or unpublished clinicaannabiahsi dntvioé a:
Identifier Title Patients Disease Study type Cannabinoid drug Status
used
NCT03467113| A study to assess the Children (218) | Dravet or Interventional, ZX008, fenfluramine | ANR
safety and tolerability of LennoxGastaut| single group hydrochloride 0.2mg or
ZX008 in children and syndromes assignment, open | 0.8mg/day, but patients
young adults with DS or label must also be taking
LGS currently taking CBD CBD
NCT03024827| Cannabidiol in children | Children (£10) | Epileptic Interventional, Cannimed 1:20 ANR
with refractory epileptic Encephalopathy single group (CBD:THC)
encephalopathy (CARE) assignment, open
label
NCT02523183| The use of medicinal Children and | Medically Observational, Medical cannabis ANR
cannabinoids as adjunctiyy young adults | refractory cohort, prospective
treatment for medically | (0-20) epilepsy
refractory epilepsy
NCT02983695| Cannabinoid Therapy for | Children (:18) | Dravet Interventional, TIL-TC150 (contains | ANR
Pediatric Epilepsy syndrome single group THC and CBD)
assignment, open
label
NCT02660255| Safety and Tolerability of | Children and | Drug-resistant | Expanded access | CBD (epidiolex) AfM

Cannabidiol in Subjects
with Drug Resistant

Epilepsy

adults (:60)

epilepsy
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NCT02397863| Epidiolex and Drug Children (218) | Drugresistant | Expanded access | CBD (epidiolex, A
Resistant Epilepsy in epilepsy 25mg/kg/day, up to
Children (excluding 50mg/kg/day)

Dravet
Syndrome or
LennoxGastaut
Syndrome)

NCT03196934| Expanded use of Children (218) | Treatmert Expanded access | CBD A
cannabidiol oral solution resistant seizure

disorder

NCT03676049| Cannabidiol for drug Children and | Drugresistant | Expanded access | CBD, between 2.5 A
resistant pediatric epileps| young adults | epilepsy 7.5mg/kg/day
(expanded access use) | (5-19)

NCT02987114| A study to evaluate the | Children(2-15) | Refractory Interventional, Cannabidiol (PTL101), | CNP
safety, tolerability, and epilepsy single group capsules taken twice
efficacy of oral assignment, open | daily. Capsules are
administration of PTL101 label either 50mg or 100mg
(Cannabidiol) as an and taken up to
adjunctive treatment for 25mg/kg/day up to
pediatric intractable 450mg/kg/day
epilepsy

NCT02286986| Cannabidiol (CBD) to 27 | Children and | Drugresistant | Interventional, Cannabidiol CNP

patients (aged 2 years9
years) with drug resistant

epilepsy

young adults
(2-25)

epilepsy

open label, single
group assignment
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NCT01898520| A safety, efficacy, and Children (818) | Patients with CH Interventional, THC:CBD 27:25mg/ml | CNP
tolerability study of or traumatic parallel spray(Sativex), given
sativex for the treatment ¢ CNS injury with | assignment, 100uL per spray up to
spasticity in children aged non-progressive| doubleblind, 12 per day
8-18 years spasticity placebecontrolled
NCT02224573| GWPCARES5 an open Children and | LennoxGastaut| Interventional, Epidiolex CNP
label extension study of | adults (2+) syndrome, single group
cannabidiol (GWP42003 Dravet assignment, open
P) in children and young syndrome label
adults with Dravet or
LennoxGastaut sydrome
NCT02953548| Trial of cannabidiol (CBD; Children Infantile spasmg Interventional, Epidiolex, 40mg/kg/day| CNP
GWP42003P) for (0.0832) and single group
infantile spasms hypsarrythmia | assignment, open
label
NCT02954887| Phase 3 trial of Children Infantile spasmg Interventional, Epidiolex, 40mg/kg/day| CNP
cannabidiol (CBD; (0.0832) and single group
GWP42003P) for hypsarrythmia | assignment, open
infantile spasms: open label
label extension phase
(GWPCARE?7)
NCT02073474| An observational post All ages Anyone taking | Observational, Sativex (27mg/ml THC,| CNP
marketing safety registry | (including Sativex prospective 25mg/ml CBD)
of Sativex children)
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NCT02229032| Genetic analysis between Children and | Dravet Observational, Charl ott edsCNP
charlotte's web responder adults (650) syndrome cohort, cross medical marijuana
versus nosresponders in g sectional
Dravet population

NCT04406948| Study of safety and Children (218) | Drugresistant | Interventional, MGCNDOOEP1 NYR
efficacy of epilepsy randomized, (cannabis oil with 20:1
MGCNDOOEP1 as an add parallel CBD:THC ratio), up to
on treatment in children assignment, 25mg/kg/day
and adolescents with placebo controlled
resistant epilepsies double blind

NCT02332655| Cannabidiol expanded Children and | Refractory Interventional, Epidiolex 2mg/kg/day | NYR
access study in medically| adults (0.083 | SturgeWeber | single group up to 25mg/kg/day
refractory SturgaVeber | 45) syndrome assignment, open
syndrome label

NCT04485104| Safety, pharmacokinetics| Infants (Ime | Tuberous Interventional, Epidiolex NYR
and exploratory efficacy | 11mo) sclerosis randomized,
assessment of adjunctive complex parallel

cannabidiol oral solution
(GWP42003P) compared
with standard of care
antiepileptic therapy, in
patients age 1 month to
<12 months of age with
tuberous sclerosis comple

who experence

assignment, open
label
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inadequately controlled
seizures
NCT02783092| A doubleblind trial to Children (218) | Refractory Interventional, CBD in corn oil, 5
evaluate efficacy and epilepsy randomized, 25mg/kg/day
safety of cannabidiol as a doubleblind,
addon therapy for placebecontrolled
treatment in refractory
epilepsy
NCT03848481| CBDV vs Placebo in Children and | PraderWilli Interventional, CBDV (cannabidivarin)
children and adults up to | young adults | syndrome randomized, compound at
age 30 with Pradewilli (0-30) parallel 10mg/kg/day, contains
syndrome assignment, <0.2% THC
placebo controlled
double blind
NCT04611438| Research on cognitive Children (218) | LennoxGastaut | Interventional, Cannabidiol 5mg/kg/da
effect of cannabidiol on syndrome, single group up to 10mg/kg/day
Dravet syndrome and Dravet assignment, open
LennnoxGastaut syndrome label
syndrome
NCT03196466| Population Children(0-18) | Epilepsy Observational, CBD
pharmacokinetics of cohort,
antiepileptic in pediatrics retrospective
(EPIPOP)
NCT03052738| Medical marijuana in the | Children (218) | Central nervous| Observational, Medicalmarijuana
pediatric central nervous system tumor | cohort, prospective
system tumor population
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NCT03848832| Efficacy and Safety of Children (218) | Rett Syndrome | Interventional, Epidiolex 100mg/ml ANR
Cannabidiol Oral Solution randomized, twice a day
(GWP42003P, CBDOS) parallel
in Patients with Rett assignment, doubl
Syndrome (ARCH) blind

NCT00153192| Study to Evaluate the Anyone Chronic pain Interventional, N/A CNP
Efficacy of Dronabinol (includes average score | randomized,
(Marinol) as AddOn children) 4/10 or more crossover
Therapy for Patients on assignment, doubl
Opioids for Chronic Pain blind

NCT03614663| Clinical Study of Children (317) | Fragile X Interventional, ZYNOO2- CBD clear CNP
caNNabidiol in childrEn Syndrome randomized, transdermal gel; patient
and adolesCenTs With (FMR1 full parallel up to 35kg get 125mg
Fragile X (CONNECT mutation) assignment, doubl| CBD, above that get
FX) blind 250mg CBD

NCT03824405| Study of the Safety, Children and | Atopic Interventional, BTX 1204 (synthetic CNP
Tolerability, and Efficacy | adults(12-70) | Dermatitis randomized, cannabinoid)
of BTX 1204 in Patients parallel
with Moderate Atopic assignment, doubl
Dermatitis blind

NCT03573518| Evaluation of BTX 1503 | Children and | Acne Vulgaris | Interventional, BTX 1503 (synthetic CNP

in Patients with Moderate
to Severe Acne Vulgaris

adults (1240)

randomized,
parallel

cannabinoid)
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assignment, doubl
blind

NCT03699527| Medical CannabiRegistry| Children and | Autism Observational, Any cannabis product | CNP
and Pharmacology (Med | young adults cohort,prospective
Can Autism) (1-21)
NCT04252586| An Openlabd Extension | Children (218) | Have completed Interventional, Epidiolex 100mg/ml EBI
Study of cannabidiol Oral RCT single group twice a day
Solution (GWP4200%, GWND18064 | assignment, open
CBD-0S) in Patients with (NCT02848832) label
Rett Syndrome (ARCH)
NCTO03734731| Cannabis vs Opioids Pain Children and | Pain Interventional, Any cannabis product | NYR
Management Objective | adults (G90) single group
Testing Comparisons assignment, open
label
NCT04520685| Cannabidiol Study in Children (517) | Autism Interventional, CBD up to 10mg/kg/day NYR
Children with Autism Spectrum randomized,
Spectrum DisordEr Disorder crossover

(CASCADE)

assignment, doubl
blind

NCT04721691

Efficacy of Epidiolex in
Patients with Electrical
Status Epilepticus of Slee
(ESES)

Children (217)

Electrical status
epilepticus of
sleep

Interventional,
randomized,
crossover
assignment, doubl
blind

Epidiolex up to
20mg/kg/day

NYR
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NCT04517799| Trial of Cannabidiol to Male children | Autism Interventional, Epidiolex up to
Treat Severe Behavior (7-14) randomized, 20mg/kg/day
Problems in Children With crossover
Autism assignment, doubl
blind
NCT03944447| Outcomes Mandate Children and | Clinical Interventional, Medical cannabis, must
National Integration with | adults (7+) diagnosis of a | nonrandomized, |be | egal i N
Cannabis as Medicine for qualifying single group
Prevention and Treatmen condition for assignment, open
of COVD-19 (OMNI-Can) medical label
marijuana
NCT03866941| Acute and Chronic Anyone Admitted to Observational, Any cannabis product
Toxicity of Some (includes psychiatric prospective
Synthetic Cannabinoids i} children) facility for
Assiut Psychiatric cannabinoid
Hospitals toxicity
NCT03900923| Cannabidiol for ASD Children (#17) | Autism Interventional, CBD 3,6,0r9
Open Trial Spectrum single group mg/kg/day
Disorder assignment, open

label

NCT03802799

Open LabeExtension to
Assess the Lon@erm
Safety and Tolerability of
ZYNOO2 in Children and

Adolescents with FXS

Children (318)

Have completed
NCT03614663

Interventional,
single group
assignment, open
label

ZYNOO2- CBD clear
transdermal gel.
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NCT04447846| Novel Cognitive Children and | SturgeWeber | Interventional, Epidiolex up to R
Treatment Targets for adults (350) syndrome single group 20mg/kg/day
Epidiolex in SturgeNeber assignment, open
Syndrome label
NCT04634136| Full-spectrum Medical Children and | Cerebral palsy | Interventional, HemPhar cannabis R
Cannabis for Treatment o young adults | with spasticity | randomized, extract THC:CBD 1:10
Spasticity in Patients With (5-25) crossover
Severe Forms of Cerebra assignment, doubl
Palsy (HemPhar) blind
Identifier Title Patients Disease Study type Cannabinoid drug Status
used
Abbr eviidAtNIiRongActive, not recruiting); AAfMO (Approved for
published); ANYRO (Not yet recruiting); ARO (Recruiting);
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adverse events can | argely be resolved by
AED, o(rGa&loarmh & Miller, 2020; Gaston & Szaf/l
Bruno, & Thiele, 201 %5t udi bwesetdr @ H&tg sa lh.a,v e2
findings, and did not find evidence of hahb
cannladsesd drugs to t(hias rphatrisentetpa@apul, at2i0@m
2016)

chi

adyv

eff

ma k

Ef f

The use of cannabis for t hese disorders

l dren in a safe and effective way with
erse events. This provides a strong rat
ectiveness in treating other conditions
idence of cannabisdé effectiveness is str

uages concerns about the safrme,t ya offaautsdarn

ich often stands in the way of physician

cabasbdsdrugs to this patient po-pul atio

cer effects of cannabis, abtmbined &i NN,
e It an attractive treatment option for
ect obfasceadn ndarbuigss on quality of [|ife

A common use of medical marijuana in pe
cer populations, i's palliation to incre

ficult andAidneeasieptireatsntewmdy .of the us

€

pital in | srael for pediatric cancer pa

ng patients and parents for alleviation

39



treatment, with no negative side effects r
to medical mar i aqwtamar 4 r altadt enke mat ft. e idehdedntei v e s
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Postovsky, 2019)

At Chil drends Hospital Col orado, there
study recruiting pediatric CNS tumor patie
mar i jdeanaed products concurrently with eit

(NCT03052738) .
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Research using pediatric brain tumor ce
antancer mechanisms and the potential of c:
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Tab3d e Summary of availablecaneet i actciaVi eyidenpgediodt aintcicancer
Cancer type Cannabinoid Experiment ProposedMechanism Ref
Used/ECS Details
component
investigated
Pediatric lowgrade | CB1 receptor Tumor samples High CNR1levels seen at diagnosis in tumol (Sredni et al.,

glioma

levels

from 33 patients

that remained stable or underwent spontang
involution, implying CB1 receptor activation
may participate in this phenomenon.

2016)

Brain tumors

CB2 receptor
levels

Tumor samples
from 20 adult
patients and 25
pediatric patients

CB2 levels are higher in more malignant
tumors and in areas of tumors with very
proliferative/invasive cells

(Ellert-
Miklaszewska et
al., 2006)

downregulation of hamiRNA-1972. These
were confirmed to be responsible for increa
in casp3 and GAS7 (by hadet-7a) and
decreases in BCL2L1, SIRT1, and MYCN (k
hasmiRNA-1972). CBD also decreased
AKT1 and increased PTEN, caused apopto
inhibited cell migration, and shifted the

cellular metabolism towards glycolysis.

Neuroblastoma CBD SK-N-SH CBD reduces proliferation, induces apoptos (Fisher et al., 2016
and increases caspaddevels of SKN-SH
cellsin vitro andin vivo.
Neuroblastoma CBD SH-SY5Y CBD altered expression of many miRNAs, | (Alharris, Singh,
IMR32 including upregulation of haet-7a and Nagarkatti, &

Nagarkatti, 2019)

4 2




Neuroblastoma AM404 SK-N-SH AMA404 inhibits the transcriptional activity of| (Caballero et al.,
both NFAT and NFeB through CB1 and 2015)
TRPV1- independent pathways. AM404 alsc
inhibits invasion and decreases expression
MMP-1, 3, and 7.
Neuroblastoma FG160a, SH-SY5Y, SK-N- Synthetic cannabinoids designed to have il (Gado et al., 2022)
FG161a, BE CB2 affinity based on the structure of a
FG158a, and previous synthetic CB2 agonist. All agonists
LV62 synthetic were able to decrease viability of NB cell
cannabinoids lines, and FG158a could modulate ERK1/2
CB2.
Neuroblastoma High-CBD SH-SY5Y 3 highCBD cannabis extracts found to redu| (SanchezSanchez

cannabis extracts

viability of SH-SY5Y NB cells. There was a
significant correlation between THC content
in the extract and its ability to decrease cell
viability and kill cels. This was mitigated wit
antioxidant preareatment. The mechanism
involved THGinduced inhibition of
cytochrome c oxidase activity.

et al., 2023)

Neuroblastoma MAGL enzyme | SH-SY5Y MAGL, which degrades endocannabinoid 2| (Szeremeta et al.,
AG, is expressed at low levels in S§Y5Y 2019)
cells, and has low activity in these cells. Thi
is not due to epigenetic silencing of its
expression.
Neuroblastoma THC, CBN, SH-SY5Y THC and CBN isolated from cannabis extra( (TapiaTapia et al.,
cannabis were more effective than whole extract at | 2024)
essential oil reducing NB cell viability and killing cells, as

4 3




evidenced by increased cleavesbpases 3
and 7. Acetylation of these cannabinoids mj
no difference in their anttancer abilities.

Neuroblastoma

CBD

SH-SY5Y

CBD increases cells in s#B1 phase,
increases LC3I expression, indicating
autophagy, increases phosphorylated ERK]
and decreases phosphorylated AKT. All
effects were attenuated by inhibitors of CB1
CB2, or TRPV1 receptors, but not by
mMTORCL1 inhibition, suggesting autophagy
induction ismTORCtindependent.

(Vrechi et al.,
2021)

Neuroblastoma

CBN

SK-N-AS, IMR5

CBN inhibits viability of both cell lines and
decreases invasion ability, but decreases
apoptosis as well. The effects and which
molecules were activated varied between cg
lines. MicroRNA miR34a was found to
mediate these activities.

(B. Wang et al.,
2022)

Neuroblastoma

GW405833

NB-PDX2, NB-
PDX3, SKN-
BE(2), SKN-SH

Synthetic CB2 modulator GW405833
decreased viability of NB cell lines and
increase apoptotic markers. This drug was
found to workin vivoin zebrafish and mouse
tumor models, and was the most selective
compared to other screened drugs that did
act via CB2.

(Almstedt et al.,
2020)

Neuroblastoma,
Leukemia

Hemp essential

oil and hydrolates

SH-SY5Y, HL60

Found that hemp essential oil could decreas
viability of SH-SY5Y cell line, more so than
essential oil of hops, and both essential oils

(Ovidi et al., 2022)
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decreased HL60 viability. Similar results we
seen for hydrolates. HL60 and SY5Y cell
lines also showed the best selectivity of hen
essential oil and hydrolates compared to a
variety of other cancer cell lines.

Leukemia

CBD

Jurkat, EL4 (mouse
lymphoma),
MOLT-4 (adult
ALL)

CBD decreases cell viability and increases
apoptosis, botin vitro andin vivo. In vitro
only, CBD increased PARP and caspase
cleavage, decreased mitochondrial membrg
potential, and increased ROS, all of which
were dependent on CB2 receptor activation
CBD-induced decrease inrg88 MAPK also
depended on ROS production.

(McKallip et al.,
2006)

Leukemia

THC

Jurkat cells

THC triggers extrinsic (cleavage of casp 8,
and intrinsic (mitochondrial membrane
potential, cytochrome c release, cleavage o
casp 3, 9) apoptotic pathways, but primarily
the intrinsic pathway is responsible

(Lombard,
Nagarkatti, &
Nagarkatti, 2005)

Leukemia

THC

Jurkat cells

THC downregulated Ral/MEK/ERK
signaling pathway by altering phosphorylati(
status, causing BAD to relocate to
mitochondria and triggering intrinsic
apoptosis.

(Jia et al., 2006)

Leukemia

THC

Jurkat cells

THC induced apoptosis via CB2 receptor ar
increase irde novoceramide production

upstream of the intrinsic apoptotic pathway

(Herrera et al.,
2006)
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(mitochondrial hyperpolarization and
cytochrome c release)

Leukemia CPP95540 Jurkat cells Apoptosis induced via production of ROS al (SotacMercado,
Patient samples (T | activation of the mitochondrial intrinsic Mendivil-Perez,
ALL) apoptosis pathway. This is not mediated via JimenezDel-Rio,
CB1 or CB2 receptors. This occurred both il Fox, & Velez
an established cell line and in bone marrow| Pardo, 2020)
samples from three-ALL patients
Leukemia CBD Pediatric Leukemic| High concentrations of CBD inhibihigration | (OlivasAguirre et
lines: Jurkat (¥ and increases apoptosis and autophagy at | al., 2019)
ALL), CCFR-CEM | concentrations in-RALL cells while low CBD
(T-ALL) concentrations increase proliferation. CBD
Adult Leukemic directly increases mitochondrial Ca2+, whic
lines: MOLT-3 (T- | induces cytosolic 2+ and leads to apoptosis
ALL), K562 CBD also increases RQ8&vels and activates
(CML), Reh (B caspases 3 and 9.
ALL), and RS4;11
(B-ALL)
Chronic AM251 Patientderived cell | High CNR1 expression correlated with poor| (Freund et al.,
lymphocytic ACEA cultures outcomes. Treatment with CB1 and/or CB2| 2016)
leukemia JWH133 agonists and antagonists did not alter viabil
AMG630 or invasion significantly, in patient cells or
R-(+)- normal peripheral blood lymphocytes
methanandamide
CBD
Leukemia CBD, CBG, THC| CEM (ALL, Combinations of any 2/3 cannabinoids are | (Scott et al., 2017)

pediatric)

better at reducing cell viability than any
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HL60
(promyelocytic
leukemia, adult)

cannabinoid alone, particularly combination
with CBD, especially the CBD/THC
combination. These combinations worked
synergistically with vincristine and cytarabin
but the synergy was better when cells were
treated with cytarabine or vincristine before
cannabinoid treatment.

Rhabdomyosarcom THC, HU-210, Rh4, Rh28 Cannabinoid treatment decreased viability ¢ (Oesch et al., 2009
Met-F-AEA (translocation translocatiorpositive rhabdomyosarcoma
positive (tposRMS), mediated through CB1 receptor
rhabdomyosarcomg This was via the Akt/ERK pathway and
RMS13, RD, MRGC | required the upregulation of p8.
5 (lung fibroblasts)
Medulloblastoma, | THC, CBD D425, D283, Both cannabinoids increased apoptosis, (Clara Andradas e
ependymoma PER547, IC autophagy, and induced cell cycle arrest on| al., 2021)

1425EPN, DKFZ
EPINS

tested cell line# vitro and had synergy with
the chemotherapy drug cyclophosphamide,
these effects were not seil@rvivowhen

cannabinoids were given orally, though they
did not have adverse effects or worsen tum

growth.
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|l i pase (MAGL), the enzyme tAh&@atwldeghadesr e h
to consider when evaluating pd¢gtSertrieamet aamrn

al .,. 20109)

Regarding the mechanism by which cannab
there are 200L6 stwdCEBBawsAd btlleatt o decr ease
i nduce apopt osice labsts ,wneel ulr oabsl adsetcorneaans ev itwaomo r
xenog(rFaifsthser @6Ats &IB.D, dod®k6 )nhot have a parti cl
CBLPisanti ,ethabk. f u? 0dare fesfruegcgtess tnsa ya nbtei t r i
maki ng use of r eclenptaonrost hoetrh esrt utdhyan CBHEL .i ncr

neuroblcestl c-®a np,sasbet ophagy, and pBRKI/ 2, wt

and these effects were al/l partly attenuat
suggesting al/l pat hwa ycsa nacreer uesfefde cttos eoxne rnte u
(Vrechi eGBDlwas 2al2slo found to affect mi RNA

downr egudl &ta nagn dh suap r-mig B NL8t7i2ng Tthseass e al t er ed

-

esulted in alter edl etae vienlcsr ecafs i pnrgo tl eeivne,| swiotf

(@]

as pasagrdowt hs maaiefsitcGAAF)andimmsRANIAY 72 decreasi
expr esanaopno potfot iBec eprlo tley2mmpsh kkrea BC lLoA)lsli nt Li 6O
1S(RT1awyedl ocyt-NOMACNSICBD in this cell i ne
of AKddephe@d phatase anRITHM eSpnebBamebdg (
apoptosis, inhibited migration, and shifte
(Al harri s.Aebotakr, caobh@api noicgancéBNegféeettss v

mi RNA as well; by wupr egiutl awa sn ga belxep rteocs sd eocnr €

4 8



and invasive potential( B.n Wawpg netm ealb.l ,a s2 Gan
compound with the abi AMA94t ohasi mekentenvas
neur obl astoma as well. Though not demonstr
i nvasion via decr elasedd, eaxmpd e7s,siaomd oifn IMMPI t s
activi-tymof pranscuchphbeéaonf datecteolNBsAHhR(adt i vat
nucl ear flaicgttotai rk agpmpmancere INFBB){ bt bughe €@BB ar
TRPMIndependeritCapal hwawpySynt meéti,c 2d0drmyabi noi

been testedd itEYNEB aNBESKNd found Itig decr ea:

(Gado et. al ., 2022)
Whol e cannabis extracts, which may cont
flavonoids and terpenoids, have ®&@lasi@eaeemerg

effects bBgaanstudBDoftadnkabgls extracts, al/l
decrease t heSWisiYatlcielliltsy aonfd SSH so kil |l t hese
correlated with the amount of THC the extr
prter eat mentc edbft stuandd t hrough THCG6s inhibit

acvtiit 8n8Beezhez et Aamlot,he20Zx3)udy of hemp ess

hydrol ates found that hemp essentival oil ¢
cel]ltshough the essenti al oil was better. Tt
NB cells over cell |l i neBeofabtbeof tumerct

vs NB cel |l s( Owasdiv eertSt allolw a202her paper four
essenti al oi | could reduce NB ce$SY5V, abili

t hough the authors of this study found the
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THC and CBN isolated from the essenti al oi

|l evel s of 3 earnaeg d7 ,c aismpd(isTessf a pniga aepto patlo.s,i s2 0 2

However, one study of medull obl ast oma a
that primarily affect young children, foun
increases inhnawbpbo$HE 8erdnCBD treavmeont w

Addi tionally, synergy with the cheimotherap:
Vi wae ndtn svd®ibi |l e the authors did not note
outcomesn ferammabinoid treatment compared to
i mporttaesti mg promising prec(Clnarcaal Amredrudda

al .,. 2021)

Regarding clinical indicatai adrescafi ptthe ee
of pediatric cancer patients who chose to
| srfaceulinod i ndi c a tcioonnvsishtehdantineadnitcial mar i j uana i

negatively in chi(lOdrign ewT th@ .ibm BRa0ONMadt)iuon r lsy

recreationally was suspected to be involve
astrocytomas, as the patients received no

resection. However, t hendtiuwnosr sanhda dgelgardesspsri 00
pil ocyti c sasa rkoncoyw ng noansc kiir m g ntchei s evi dence r
unconv( hhaoricmgghi , Hendson, .Fhegenstu&i 8seent
that cannadbhioxicamnbehmndémdren with cancer in
cannabis does have the clinical potenti al

investigation.

Cannabicsabnaert ipotenti al : pediatric | uekemia
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pat
rec

200

Much of the investigation into the effe

clisbheamnliyn hlaeukemia (Tabl e 3).

THC has received th-eamost ageastbhtionpasc

kemia models. In 2005, researchers foun
uman T cell ' ine. This apoptosis was tr
avageaspases 8 and 10, and by the intrin
ochondri al me mbr ane pot(elnotmbaar da nedt raell.e,a
ther investigati onr riingtgoe rtehde anpeocphtaonsii ssm ion
nd that it arlaspoi dilnyt earcfceerleet(RaatI)rdh tfeigberno s ar

i vated pr oMERKDNERK nsai sgen akliinnags ep a(t hway, mai
sphoryl ation status of thesBcmol ecul es.
ociated 8ADtd tphe moitteacHondria, resul tir

rinsic apfpdptotit.c apnacthheery 6s)t udy al so f oun

uce apoptosis of Jurkat cells via ceram
hway via the mitochondria. Jurkat <cell s
eptors, and aldund et aa bmer emeeH & eetce tba weetr e€ E

6)This is notable as CBl-insutkd psgephbac

a major concern when considering the use o

medi at ed. More recent st udi easn ahl aovgeu ei nC/PePs5t5i 9
i nkhur cell s and found that it iIinduces apop
species (ROS) which triggers -tama -{4CB2r i nsi c
independent mechani sm, and that notably, t
| ympc ytSeedeor cado et al ., 2020)
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CBD has also been shown to induce apopt
monstrated to act on mitochondria to ind
tophagy i#AL& wdaddebgaisorfr el dtt all.s,o0 201lco)e a
ability and nraigtneavs sasoppmp timscirsease of ROS
tion on thHMcRBRI rpcletpdrad .i,s 201069 evi dence
ent ouwlh g eceaenfinfacbdtnoi d combi nati ons consi s
d THC have been found hdeltoe mvotrke rsaymesutgii st a
ncristineeamaedioXiBDy+adMHIChe ombParati oml ar |l vy
teresting is the finding that wusing cann
emot herapy agents was more effective tha

emot herapy (Sicmultt atnea@auwsl,y 2017)

One study used hemp essential <oiahcand h
ilities of these rather than individual

' s was inhibitaeaddlfyachotthh etshee tcteehd rst @ etshpeo
eat ments than many other cell l i nes test
l ective for | eukaevhiesn celmparteldan on ort rhalr d
eir appropriate nor mal cel | cowhroh. magi
ntain components succhanashatveenpenntescandgi tl

individuaOvicdhnabiabi ds2022)

There has been some -ceamicdkeancaec taw2 & dB nanb ip

se stuayndbfiBoadmaegdvi d amoea a@fctantiity i n the

ye-altd patient with aggressive acute | ympho

Phil adel phia chromosomal transl ocation, wh
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intense, treatmanitent was recommentdreed f or p
family began treatment with numerous diffe

frequency and concentration of doses over

closely correlated with increaskut eédstages,
spontaneous regression. Additionally, many
were not observed with hemp oil droeualmetnyt

of whiflee being tr.&wht ked whehphemenoi eventual
complications related to their disease, th
the prior treatment may have been rel ated

prior aggressi VvVeaeidrramdtohareapy alsaed bl ast cel
devastating side effects, whil&i mgimp &o Blal i
2018nother investigation into the expressi (
CB2 in chronic |Ilymphocytic | eukemia (CLL)

measured via mMmMRNA | evels) was correlated w
cells and normal <cell controls from health
response to cannabinoid treatment (pri mar.
with expression |l evels of CB1 or CB2, sugg
despite the use of synthetic cannabinoids

(Freund et al ., 2016)
Cannabicsabnaert ipotenti al : ot her pediatric tu

A 2009 study found that CB1l gene expres:
rhabdomyosarcoma, a rame asmomdtsti msluat icamce!

THC anadl™HU a synthetic THC atntwd adpue., twerod ¢
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Ear

sho
ef f
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del

( Ca
al s

hav

pro

Est

er al rhabdomylfdhd ar aovamma medlilatleidnevs .a Akt p
ggering increased caspase 3 and therefo
Caspase 3 activation andideq@Oeadcds eitn

.. 20009)

c eartbrout use of cannabis in a pediatric p

l' y cannabis exposure and brain developm
Di st urebiEdCgr phgnat al and earllyagposdemmt al
wn to have dr ast if dordbtehh arva tosr ad n dc ohnusneagnuse, n
ectsipersdsgltti mgod and others vanishing :
rnard et al ., .A20 Op5;e skesntte, r aFdroil dees,c e2n0cOe4 )s e
icate time for cannabis use; the develo
nectivity between various regions of th
mc hong, Lim, & Kumra, Z201%; ddeyeé¢rnpibhge E
0O be to the beneadny endpeadnmaabicopadat $ ga
e thémaec adske endocannabinoid system i s n
nger patients, cannabis treatments that
duce the undesirabl(eElMiekd asfzfeavstk aofetp ay

er Fride, 2004)

k of clinical studi es
Mostt udi es conducted on medi cal cannabi s
es and adequate control s, mgaal ngyt hat

ormation to use when concSAmdamtimgepralscy

54



Wong & Wil.enfshyi s201s7)a maj or issue in the pr

medi cal marijuana studies are focused prim

However, things rneacye nbte rienvpireow ionfg.p uvAbl i c |
evidence regarding cannabis in pediatric c
avail able were of at | east satisfactory qu

particularly cacsees¢exacelkyttatecmuhe enf fi c:

formu( sewumwmg et al ., 2020)
Potential for addiction

Though there is concern regarding the a
ability to alter brain development with co

mu c h eo & s eihmr cthhh ass areeean done on adol escent s
adol escents are considered pediatric patie
that of a child, and risks efaswed nd emadi eas

t h

S t iammee pneorti ogtleon ecrhgilAindarachnd@ @ e®@neal cl, i ni cal t
has evaluated t hepITHCKk tofe altaneinttuatni @re dwiatt i

found no r i s(kkuohfl ena beitt vadt.i, o2 016)

Additionally, cannabis treatment in chi
forms of taudddiiecst iionn . miS e and rat s9THdLi cat e t
may alter the potenti al for adults to beco

devel opment of (ofpea ron-Rlweidzazect .naelu.r,onls9 9 9)
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Physic
Pub
reason

and ad

phyians
potent
Unfort
cannab
i neffe

2016)

i an ome rpsepdd cattirviecs cannabi s use

|l icly accessible data on the use of

s why to use or not to use it. Reaso
dictive potential, potenti al i nterac
ce of Dbfecrafdsggtess morRe &aommMmon, with a fo

ide effects of chemotherapy such as n

social concerns. Nearly half the art
e the facng tthhaits ries elaarcchénleyn dp raeackli inroi ¢

sive published pediat¢V¥euwcdgiaical . t r.

t her commotnhaev 88 Uabse®rmdtdmeer f|atduvriec e o f

ians. Mang Ipdhgrsagamamestt bamely deci si ¢
i's based on a | ack of evide(hYeumnggar
, 1 ”Rt0rm0g§gstingly, other research into
ric oncology patients indicates that
l'ling to help these patients access

y t o g(oAnmabnotuht edto Tamlg.r,.s 02 1 &) so some s
arse¢duasged i T aninmbli y because they are u
i al benefits of ¢(&Mandhi & Daeceocancéabi
unately, physician unwillingness to
is for patients | eads them to seek i

ctive strains that m@aMaihda e& hDaerd iyn ak
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As oftmeorwe is | ittle tophypyscahandat abhooco
such as dosing, risks ananghereeféibse,atmedi ca
Fisher, &.Tdrmoemula@Qidns and doses of canna
uncontarso ktllheediabbd sst ry remains private and ul
physirceacaoommendi ng medi cal marijuana wil |l no
prescriptionoat exespececichbimme@As antshpeeti falc. ,s
Fotrhese reasons, physicians are curious but
cannabis to pediatspecipfait¢ etmtisalusitwhi ol deé xa:
this use not only on killing the @aadcer, b

ot her potemim askagluehi@ee n( eounndgu cettedal ., 2020)

Reports of adverse events with pediatric c
As di scusCBelDd iesaral ipebrp,ul a s e odpune otho lidtrse nl a
psychoactive side effects, wodamt edasalin
Pisanti et al ., 2017; Schonthooweevne ret maalny, @B
products may cnloai nbheed ,asnoruraer east hey al ways |
amount of ,CBabhipcrhesmeanyt | ead to patients unin
undaebsiede fefrdmcitmpreci §SchhasnagA,dodd GABM al | vy,
some evidence that CBD may be able to bind
receptor raises concerns-mellatatietd mapciestsers

(Schonhofen et al ., 2018)

I n the US, there were 518 CBD poisoning

20XSchuman, TRO€4® preaey hawvwennesuraately | abell
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Sc

Reg

ef f

mi scal cul ated dosages dmcaei Iplrwodturcat, e wthh

| ai n whrye mpeheymstiicaulamnsabout ree.commendi ng CE

Nearly all trials comrscsednitng@atmentsefof
|l epsy mention some study participants d
nabis treatment. A common concern in re:
natbhe iimcreased | evels of -badedeffeat met
ardless of Whesthet relae fhedamtamd i &t f ead t i, v &

uma n., 2019)

ul atory awmd hl eg@aln aibs ssues
Several major government bodies || oigiycl ud
the American Academy of Pediatrics, do

l dren with cancéAndonéehtetl ami tedO&VvVidén
rently in Canada, there are over 400 1
nabis can be purchased from them in the

ical s, p(l@Ganada,an2d0 xCk)eds

Though a highgualmbty ofudio®s-canicetr det ai

ects of cannabis in adul't t umor s, t he n

t hat various cannabinoids and exohecanmabi

children for the treatment of CINV and epi
preclinical and cl.cancal eé&feateshoifntannhbeé
tumors. This research needs t o hbeel rd ogneen estpiec
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and biological makeup often differs from t
t hat the known mechani scnasn cbeyr wehfifcehc tcsa ninna baid
may not apply exactly to pediatrici damer s,

those mechani sms.

Existing data shows that both the gener
research. At the moment , a |l ack of policie:
used for pediatric patients is the main ro
when curious about the use of cannabis for
enough data on how cannabis is tolerated i
will allow physicians-basddpdeehsnmoatbs smauéeeen
in children, and will prevent parents from

This is especially relevant as cannabis 1is

Legali zation is another strong justific
makes cannabis, and potenti al mi sinformat.
pediatric popul ations, more accessible to
posveée, as | egalization allows more strict
for cannabis products. This may help preve
for more specific study into therefinects o

combination with each ot he

q
o
—

ot her compo

terpenoids, and fl avonoids.

More widespread use of cannabis in pedi
understanding of iIits devel opment al effects

effects of cannabis on brain devel opment i
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exposed tion garrabries i s | ittle to no data ab
chil dren who recei vlied.i tT hbeerteweaerne tahl e eaagdeys sot

the | ate effects of current pediatric onco

o)

which eowdead bt o study the | ate effects of
Further mor e, the severe and someti mes dead

pediatric cancer treatments necessitate th

|l deally, research into cannabis wil/l re.

therapy without the severe side effects se

potential for cannabis to be usedr éeat ment e
|l i ke surgery, chemotherapy, and radiother aj
it may interact with various drugs and oth

into pediatric cancer treatimentcsa nmleso amitd 0
on a mol ecul ar | evel in pediatric cancer;

and adult cancers are often very different
predicting what tumorsreatmenespand wbi chn
of cannabinoids will work best for each pa
use of pediatric -wairnmroarst a d armxd rreamed sys awreyl | a s
represent a bettermppoved $§orvichal daed ket

patient popul ati on.
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Terpenes

Terpenes, also known as isoprenoids or ter|
compounds f @ €eske oirgipalngntRsamadoss, Dona, & B
2019)They are built of i sdgapnrde ncel ausnsiitfsi ewd tbhy
number and arrangement of these units, wit
sesquiterpenes 15 carbon, diterpenes 20 ca
terms Aterpeneodo and Aterpenoi de wp ea ulsaerdgear
class of compoundss wlds envhi dcehf it ree do elsya stulneaaiere dv
nat,uraend absence (Cfedaeanr pixayrg eent | ad lopmh a Rt0sL,9 )t h
produced for the purposes(Gérshéeprant &nbBud
20Q7)whether to attract pol(Cdeé>etoomgs amr ete@meée
2019; Nuutidmfaere2@l®) many terpenes present
terpenes with medicinal (ecGeme gti iaens ear el f gu
Nuutinen,Te2rOple8n)es t hemsel ves are often used
their production of scent profiles, though
result in the production of other effects

THC( Boot h & Bohl mann, 2019)

Most terpenes, includi ng otxthrocseinidmoajnidv oi n c a
including a | ack (oNfuumutneghdriR@dmrep earti @a$ s o
have medicinal pmiocprearbtii aels, -psauncehs vatsr ealn,taant i
i nfl ammat or yc, a mcnedr (eevdene cagpnstan et al ., 2019;
Tetali, Th@¥9nrre well absorbed by the body

be easily metabolized, andnhdaetf amamgblod
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included as flavor and fragr an(clee saggaerndss, i n

Bal dovini, Vidal, & Pi€aken 220ddt h&uutt mene
usefulness of terpenes in biomedical appl i
novel drug candidates. Terpenes are also b

entourage eff ectr,t hwehri cihn itsh ed isseccubsi soend fifeunt o u

Antancer effects of terpenes

Terpenes, | i ke cannabinoc¢casc¢etithaeffobaetese rshioe
effect is also often exerted via the same
production of ROS in cancer cells and indu
me mbane potenti al of mitochondria to promot

caspase cascades. They cakB admsdb MARK/tERKT't e
pat hwagsgards et al .. TPRWilst;i Mauludd e nma 2y 1@f
found i n NowannankeinssSo 2@ 18¢r p e nceasn cael rs oa cetxiewritt ya
enhancing the effectiveness of existing c¢h
and perillyl al cohol haeaweime edmrghewn (tBBBen
all owing bevbfechpempnéeheatpenti c drugs into
and i mprovi(fdg Cre&bthment Da Fonseca, & Sch®©n

2017L. QZzhang, Fu, & Zhang, 2017)

The chemical structure of t-eapeeesabekmsi &
monocyclic terpeneandemde fnfge dtos ,hapar taindaul ar
compared to bicyclic and acycl itcertpernpenaan.d

cancer f ocucsersc eorn a dtei vaintty o f( U e sngoanrednse ,eta a

2014)
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However, there is debate as to the strengt
in the field. Some ani mal st ucdanrcser wehbillei tsi
al so demonstrated | imited cliniecgl | adgpet ab
dietary amounts to produce the desired eff

the diet of (fBood dair &h Baril malwe y e2019hi s does

t hat other methods of delivery, such as in
be effective and perhaps more practical, t
model . | ndemady sa smoifalcd i mfi callemene, a sesq
demonstrated that | #ijodetriadredwdoran £df el edn o
the efficacy of chemotherapy, i mproved i mmi
in patiestmal wi tceldXn uWgngaetceal ., 2019)

Though there are many terpenes with some |

subsections wil/|l address three that wi || b
Citronell ol
Citronel l ol is an acyclic monoterpene al co

genQysmbopaong@o n ' uBRubChem Compound Summary for

Cl TRONELL-BQL", ;( +tSant ashcdtudaln.g, p20&In%)s such a

oranges, berries such as blueberries and b
|l emon balm, | emon grass, fennel, cardamom,
savory, basil, and PuutCiheegn Caonmopnogu nodt hSeurnsma r y

be-CATRONELL-BL",) T(hte/lr e i s evidence that <citroa
medi ci nal properties,-i nfnlcd mnda tnagr ya,n tan dniicnnpoc

canc®antos etlal has2@l9pP been shown to wor |
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che

Unf

eff

penes and(B8ataehal paodptctsShafaei, Kang

ang et &a&abwev2009ko0ome of this evidence ¢c

ely indicated to make up a(Bapgpmyfetaat.
3; Fayoumi et al., 2022; Jayaprakasha,

9)

ronel | ol has been found to have cytotox
cerno¢iYtsHo et al ., ,2020; addidgti ol t,0 2A0:
gression of ce(¥s Hoboroewghl t hah@20] Ywycdt

ucing cell deat ., KWh edtheal by agpdP;t oSalsel
r(oYsui set .all.t, hRasl 98l so been fouédvboonedu
I cell l ung cancer (cfell les saélnm gmRidEeOgwi b |
ast tumors induced by a carcinogen, it

e-i aht ammat o yapagareshesPugal endhi, & M

Clinically, citronellol and a Chinese m
veamitt itghaet edecr ease i n a variety of i mmun:¢
mot herapy and radiothe(faAalpyangehen alompa?i
ortunately, this clinical study did not
ect. Citronellol has been shown to work
rcetin, as well as chemotherapwtdrug ci
l ammat(oSayl eefif exctigglest i @23 hat it is unli

atively impacted the effect of the herb
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UCedrene

hcedrene is a sesquiterpene found in pl
(Adams, 1987; Johnston, Karchesyal Sonsdiabl
such as celery seed and stalk, tarragon, b

and swgé€tPubaCshielm Compound SummaCedrfemre , Cl1)D 6

There is f arhcleads s nree ad armmeh tdhmn t here is fo
resear-cdhdroemmne mentions it only as a part of
Wester J.unoicpceirde@santiisal oil was found t

activity agaihceddeme cirobleat ednfdrom t hi s o
to thi(sdodafinfse oin. eAntail mi,cROB®1lal acCivity was
| anceeoslsaetnat i al h-oetlr ené whscthetermined to be
However, this study determined that cedero
oil for both aoameméecradbtiiavi apnd a@amntradi ctir
found cederati mhacbbveal factavitySan 8seme o
Wang, & Howos,s e2nltlia)l maiclrppdoafnhtisz avas found t o c:
cedrene as a minor component, anS3l dauroenusst r
and col orect al cancer cells, though this p

effect(iLvielmnnesbsou, Xu, & Aisa, 2012)

Il n Vwicedrene was found to be bioavail abl

femal e rats after olupt h oi RtOrmagV &rgooulusp ddtemlr iav e rd
25mg/ kg, though bioavailability was slight

particularly highly Tdi #Ht r iKbb mt eldn ttaebr. d, s t{2ii0ndg5l )y
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2019 study al sbcdduane thadude cdtadiiyapto sdiiteyt ,i 1
and that this effect was mediated by affec
increases of adenyl yl cyclase 3 and consedqg
met abol i smeoftiet hei Bid@eypy o&sl so i ndli et eme t h@tt

400mg/ kg-twe(riTeo nngo,n Yu, .& Park, 2019)

Al together, the |li-ard dreadn & aittas @ Infd,i cartd soi
component, may offer some potentialindrug b
viboth intravenously, and also in relativel

Val encene

Val encene i s a sesquiterpene primarily fo
pl ants, partic(uY.arSoyn gs wehedta Voarl sen20082sdr) s samag,e s
Hashi mot o, Noma,f r& m\ svahtkiaoma ,t R2i0sD 5t)er pene get
popul ar additive for (fY.odSorevetVagle s c e2nle2dls)

mai n studied phar maicnoflloagmntaat!@ reyf d amcd sa natrie a

With regadq1 dafiammas oagtiabilities, valencen
in a number of conditions.C. Irnotwab mdobdse!l of
contained valencene -imtcramwmaidoreyx plh easrsd oxy @

decreased exipnrfelsasmnoant oorfy pnriot r ogen oxi de syn
to be due to valnewd&amwmahsedi vnduaehbgd the s
septic mice, and the authors hiynpovtihsesgiize i
et al. ,valoelmgene was also found to imhibit

vi &aonidn swalsi csohown to have bindi-2ngr eachaptiarys t

6 6



which are invol(vikradntians ientfdaldnmad2 Go2nd) bi t i nf
associated with osteoarthritis by reversin
NFeB pat hwawmidm oy BvoChen .etLaaslt.l,y,202a3l)encene

shown to reduce oxidati ve-aB tpeatstsway,d iimpfrlcav

cardiac function, and protect the heart in
(Shervin Prince, Stanely Mditnaers Rirlismoc d,0u&
reduce symptoms inf vatvap ice ,dammdatrietdiuce i nf |

by inhibi taBopaobihnwa@iarNg-, Lee,.V&|l Shcene26046)
al so s haolwneragnitci ianc td inidmtoyw iveotd hi t €. presemde si
rhi zome essenti al oil tius epagifdiatli yiea« gIlskKi

& Kim,. 2011)

Val encene and essenti al o i-cl asn cceorn taacitniivnigt yi
fraction of sweet orange oil containing 82
to cervical cdmcerlniamel IChleinne LHailL §iZrhiolugr &y ,W
fraction of esseQ.tiraot bonid a seexst rcaocntteadi nfirnogm p r
val encene inhrtchIi teéednralcRREBiWgaataeedd cal ci um chann
(ORA)Jclhannels in HEK293 cells and decrease |
B16F10 mel anoma cells after UVB treatment .
valencene a possible treatment for skin ag
TRPV1 and ORAflinbhcemeabkl ul ar calcium and i
cel les &NVB & N@monsumMNam, .& Aseepar2t0 lo6f)Aan essen:
cal gmwsal encene induced G1 arrest i n gastri

proliferation and a(nHa gohgiegnheis,i sAsiand it,h iAsk rcaenli
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2017)The essential VYilswrfi,mawhd cshing olne aveas

had -caanntcier acti vities on colon cancer, br ea
ceihsvinctading inhibiting proliferation, I
mitochondri al membr ane potential, with no

in Amonci a- «oMedt adat,all0y2,0)a team of resea
University in Prague haw e roaadmdlcuacttse dc csnesvteirtau
terpenes, which includMe vebeeaetnal o©héycbao
val encene (among other terpenes) reduced v
cancerncelbmghansov,a teheml|f.qumid 1t4hat val enc
inhibit the growth of GChA€pendehtonmamamerr:r aIi
synergy with chemothAmBpgz ag.te nkad rdtohxedr® Lthe sctii
val encene on cell l ines with varying sensi
was the only terpene -pecltieflet at haeeeimeacus
l ines, though it did wot ydevind hstdoaxtoe udy ce m

cell (Ambresz et al ., 2017)

Entourage Effects

The first evidence of entourage effects
obser ved ntolhaetpgr-ph | anigd gLler ol potentiated t
endocannA6Gj ndedpi2te neither having any act
(Beshabat et HBhe ,ent9®Brage effect is a beli
cannagabicé as minor phytocannabinoids and te
flavemamn dpotenti ate the pharmacol ogical eff

CBD, and potemnd isadrmeg efvetnbawaijiud®t edlf@ect Br y a

6 8



& Ngwa, 2021; McPartland & Russo, Hz20@el; tRe

evidence for and criticisms of the entour a

pot entcancernteffects, particularly as they

The entourage effect Iis sometimes beli e
cannabinoids together. Combinations of THC
received a | ot of attention as a potenti al

and CBD htaodg eat hgerreat er t han aidwii ft n dveec red & icrt g
cell wviablity and increasing apoptosis, th
observed. The effects were mediat-edi theoug
cannalbiuhdbiydused CB2 or ROS indivi(dMaalcluy, s
et al. ,AR®dtler study found similar results
THC and dBnD,waitidmtolv i lvirot er esti ngly, th-e autho
' i ke mi xture that contained THC and CBD bo
a 1:1 ratio and found that the other compo
change the efhectds, okuiglgescamgabihe BDS com
mol ecul es that had an entourage effect. Bo
sa¢e®vke combination had synergy with temoz

used to treant wnidmomd vobetshet Ambdbt hel20pAaadper

similar results in glioma cells in additio
radi ati mnwaibidt ¢tzvi vowever, they found that th
satdvé&e mi xture resulted in increased effi

components did ha(v®c atnt ,e nD @lug lagyiéds e, 1 f & bleiru ,p

to testl iak es amtiixvteuxr e of -BtDISe s9dme i oaasnami n died
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found this

dose of

vi,vot he

t han TMZ

bet ween

whet her

=y

chemot

when ad

et al .

S

pu

combination as effective at red

re THC al one. Il nterestingly, thi

aut hors found tlhiakke wiixlteu rTeH Cvearned nbot

at inducing apoptosis and autopha

4 h

& es anti ixM erx e Aarnmds tTrHGh ga ledtrh eail s , n Rt0 1¢&
I papers had similar BDS solutio
that found a difference between
the other papeosragd wéefecteqti

d component s.

cannabinoids other than THC and
in one study that | ooked at pair

to reduicre Wwmetwkmemhanciehdi gr owalh c

with CBD were more effective in g

erapeutic agents vincristine and cy

mi n

i stered afparedhemoshmoubhpBgowbens

2017)

An emerging area of interest for entour

content .

terpene
tdhr e i s
Bohl man

for t he

Hundreds of terpenes have been fo

as

eing found in a single strain. C

of yet little repf8dotchbility of

n, Hawé9gr, despite this issue, diff

r

terpene components, a&aitmdd gtresen

identification of terpenes with t-hanapeut.
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extract components may be revealed and inv
reconstitut{besgeapes: enempbrt{a@athgerthbi Bnt.i
terpenes in gener al rely on many of the sa
not have any acti vi(tNuuwtti rceaminnadé énd)i da rteecsetp
terpenes most commonly found in cannabis r
receptors, with the excepti boaoyopbyke! aweak

(Finlay, Sircombe, Ni mfTbks OJodesat &s Gt hssp

t hat i nvesti gaanowers dfnfteocttsheofanttdr penes may
for-camtcier activity, either for cannabinoid
Terpenes sulbdharayso pleyg lamemade ,| i mMmonene have

been shown to work wi(tChrolkesmactcher &pewatli. ¢ @
Pichett e, 2007; Q. Q. Li et al ., 201 3; Q.

Li, Fu, Mao, & Xu,. 2Bdr2ne Zlh,aoaredat hadr. ,t rOoperr
chemotherapy based on i ts -barbaiilni tbya (tioi etrr a( nBsB
et al, ,arRR0dfffect which has been shown to et
chemot her(alpynkdr weg.s dlal en2@2@) has been shown
synergistically with doxorubicin as previo
i nconsi stent( Aamlrrosszs ecteld!l .I,i n2GB1BnoAmer ost ert
by the same authors found that valencene w
andf [Suorour axidn®a®Waaeloon cancer cell l i nes
doses. This studybaadarsyopwinide thdy axuX iechee pem & $
enhance oxaflliypdraaurnacainld i5n bot h cel | l i nes

al so found that at | ower doses, ner ol i dol
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oxalipl-atuonraodabil on both cell l' i nes, il

dosing with terpaemesr (tAmhbaeazi scevtie aant,i 2019)

Though there are no studies investigat:i
specificalahgefedth&anmtei is some evidence terp
one anot her. Coansabidy esnseoentai alcraomiclerf ound
effects on mel anoma, breast cancer, and he

testing thecpmpofapeiyntetneer paelnoene r ecapi tul at ed

proliferative effect. They hypothesized th
the essential oil cobpidn@¥.e eln.h alnic,i nYge utnhge, eC
OCoi , .2 A0MD)t her shaaryy dpmhuynldl emeatpabheeat i at edct
oUhumulene in cell models of breast and co!

finding ndbcavyophyéeé¢l ehecahacree havinvwgtgniin

cel hebegault & Pichette, 2007)

Al t ogetamead ysi s of cannabis staains and
identificat-cancef ageptsaanhd potentially s

cannabinoids, or cannabinoids and terpenes
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HYPOTHESI S

Based on existing |literature amd some p
| o asbowi ag¢ &aheer -ianfd aammtait oorfy npaontye ndtiifafler e
whol e cannwbi byexit hast€bheoaneifects of can
woubd apparent in cell l i nes derived from
teratoi d/ r habddSipdk cti f macradeldyAd twReT spg.eetdmertt wi
cannabi souerxdtdruaccet twvhe viability of these cel
the celWe cayncttitehiapg a tt éh eosueb de faftetcrtisbuct ed t o t he
and terpenes present in the coxuledadrni vamdby

one or a few inditergealscameakeinbtoi cdsthre ex
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CHAPTERWUHDLE CANNABI S EXTRACT I NDUCES APOPT

CELL CYCLE ARREST I N NEUROBLIAMBRISFOMA CELL LI I

l ntroducti on

Neur obl(aNsBt)oma t he most frequently diagn
accounting for about 8% of all childhood s
deatMsl | assery . &TheseytuMmMdiS) can occur any\
nervous system, most commonly on the medul
l ocations i(rCotl oen &b Chmerg, 2011;. MUB |vaasrsieersy
widely in clinical presepbataorpuandeguess
progression and death, (BMukehawséehyagdBessyy
has several stand@vul Itassaamend Bgae dydnnklse)
recommendations of the I nternational Neuro
on a number of <criteria including age at d
statusyedbntbgene and chr omos Me wiMamn, & nd t

Nuchter.n, 2016)

Hi gh sk NB remai ns dttfefrintc wslutr vtiov ad u rrea tweist
50%Newman & Nuchtern, .20Mm6ngPr ertiaspke epdaat hi i egnht
survival rates are |l ess than 10%, and trea
(Col on & Chung, 201E0or Pint® e¢asbdbn, 20mé&) 0!
sought to eval fuat ehiisgkr eNIB,t henrcd puidegsng retino
i nhi bitors, I mmunot herapeditgandglargeit degaimf i
anrdadi oactnedicoth@mdg wenildil B (whi ch can del i ve

radiation specificalltyoéeachumep€Cabeht&sChmnmoe
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2011,

gr owt
resea
decad

et al

Ca
These
2012,
al .,
prol i
progr
& Hoh
been

(Cl ar

On
effec
by he
phyto

c hemi

Mul |l assery & Losty, 2015; Newman & NI
er, current and experi menttasl, ttrheuast niehne

urgent negddefrdranmay e |Catnred eet, me&kn tCsa st e |

nnabi s has beecnanecxeprl otrheedr aapsy afnoransteiv er
ning with the discovery that the cann
h of Lewis ilnunwgnhwii®@hoosanceMMaoaamh. ofl9he
rch -d aan wert heef faemdatis of cannabis since F
es, starting with the discoy¢y#&dMaysafiath

, 1990; Munro et .al ., 1993; Sl edzins

nnabinoids have been shown to trigger
include the induction d¢gfCatelar ude@ath
0. Koval chuk & Kovalchuk, 2020; Sled

2016; G. ,Vedeacsrceoa seetd aslu.r,vi2v0all6 )si gnal s

f(en stainan et al ., 2302 3e;r eRly sozrn isd ko weetd acle
ession, and a decrease in pfGuiemadasen as
mann, 2011; Pi santi .etSoame ,si2mMill3ar Pryess
found in pediatric tumors as well , in
a Andradas et al., 2021;. Mal ach, Kova
e interesting and stil] rel-aaneely un
ts of cannabis is the erhteonircade efrfodar

cannabis plant may & atplpe asfsf evd tt ihv emas
cannabinoild«k eTHC daired t @B 2,0 mpsleevxe riant er a

cal cboowenent al . , 2021, Marcu et al .,
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Scott et al., 2017; TomkeTpénasttur abdDR9; odal

chemical compounds found iappeaary tpd almd sgctii

ingredients in @eagnabpsoédndatepaésgnbccurrtr
mai nl ysi nmapnlyanotf t he terpenes in cannabis h
medi cinal( Qsb@®pregitar set al . ,, 2 0nlcIl;ecdNonug i annetni,

propdr.teisgsar ds .Vhti |laels.§,a0 bikelelsd )f ound t-BIRS cann:
sol ut iwmisch contain a variety of phytocannese
constitueneshaheaeamoma beifsf,ect s and synergy w
ther@pcest et oalher s20hladv)e found that BDS do
(Armstrong et al . ,. 2Hoolwee;v eTror riets iest naolt. ,al2n0a
makeup of the BDS is, making it difficult

di fferent tumors may require difhergneéartemi

effi(cBaacryam et al ., 2019; V. Cherkasova et a

Though mucehs eaafr cthh eo fc acnacnenra bei fsfée catnst ihas b

tumwish very |little ifokRiulsdlood €laaammabdrsdr & d &
al ., 2021; Mal abkret hab. be2@28pme evidence
tumors, including | eukemia and NB, among a
been found toi nndidicleamapioptetsiasl ., 2019; Fi
Maccarrone, LorenzonAgrBa,r.i20BMe)lhianso ,al & oF ibneae
to decrease viability amd waanldtrelre ctrheea scee INB ct

grownhhg¢Fveher etAM404, 28&M163cet aminophen met
interacEGwi wastheso found to dé€Canbaséerove

al . ,. 20BB ) cfafne atl soexpr essi on ofmimRINBENAZ wupreg
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and ndewughastae’/ta, potentially inducing antica
(Al harris. eltn adnagt ROrl 99t udy of pediatric br
i ncrease apopt osiisn avnidte ndbe clriereeseednoidledbds| ladStt yo
and ependymoma, two other pediatric brain
repliomajvedere were no toxic stdemeféeces,
cannahbdencoriedassed toxic side dafnf g¢gdCtvsarcaf adj un

Andradas et al ., 2021)

Due to t hevtaehkeeerdapfioers i n treatment of NB,
evidence for its -cespenseVVeEmaess ©b thenaht
determine the etheoanbvenessratd whodhetcer mi e

t heir mechani sms of action
Met hods
Main reagents

AlGannabi(€. sa)pil ama s were grown at the Ur
ia |licensed facilit@saAdwliavaukebleadrast®4p:
#28, awdar ¢##4ddsed for the exmgf mmgniver eEpt e pe
from drisedsf powei dDs!| Lideddmiyheskyy, Ghasem

Koval chuk, & Kbxtarl &achtusk , w0 29t or ed at

CannabTh®Cds0 3#2 ynfd T(HECAOB 9l b®bhder ed

froinl | i poamrd Sstgamaed at 1-8/. ml i n met hanol

Ter semwere ordered commercially from the f

manufacturer recommendati ons
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Cell

Dul
Can

Ser

gro

Que

Bov

Dul

Can

NerolTrue Terpenes28anREMA: ZASQ 106
Linal olalue Ter CABe-sBGarm&da,: 2635

Ucedr e ®ecgama# -RMIF3 3

Ger aniTolue Ter penlesB4CanfEMA: CASQ7

| soment IS0 ygeRdH,L SOBRBMG

Citranellrluel Terpened2@xana&EMA:. QARH9 106
Sabinene SydmafechoOMG04630590

Val encdmee Ter pendesdBana&dEMA: GAFZ3
[ culture and maintenance

Human foreBX¥iThehodr malloel1( ORAgGGCOwn i n
beccobs Modi fied -€a@gl e oWl $MENT ulmMNC.Cat @u 8t
asduappl ement ed with a f rnnaalc tciovnacteendt rFaettiaol n

um (-Ca@s# ,97VWR I nternational LLC, Radnor

Human |l ung nor-h81 (-CEbhrADCG@)s,t WMUman nor me
I | 83864 ( CRLTQGan ardrloMRSed tl(oahakniend gi ft f
Narendr adsws ftabdhangry Tr i pmeertet ,e a&c hNar e
wn in Eagleds Mini muid3BEsewt BEENTMENCUmM
bec, Canada) fsiumpagll eanmemad erdt-rwda & chbmv at e d 0 Poe

ine Ser-aeBygCatWWR 7l nternational LLC, Rac

Human neur o-N-A&s t e MBE RBIK37e, wagxCo)wn i n
beccobs Modified -€a@l e oWl $MENT uimMNC.Cat Gu 8k

ada) supplemented with-iaatitnasbhtedné&entt
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Serum (-CCa@8# ,97VWR I nternati amal aLfC,naRadnor
concentr aMEIMo-EcE eAWi md (Bai #@RHIL, WI SENT

| NC., Quehec, Canada

All cell s wefCe iinn@aubatme didti edd7 althreos pher
culture medium was repl aced -2 thho ufrrse sdhe pceonnd
on cel |l mmrolwitfheraatdi on until cel I[Afctoenrf |tuhd nsc,)
cells were either remRWE&EI| NVOEMTAY €T rpy md ien we
2. 21mM-4ENaT,A Ca4-Bl3,25WI SENT | NC.),, mMawtbreal,i ZCeach
4ml of their respective growth me®ium, and
Af t er tweirse, ededlhler remmuppaendedfon fLOOt her g
in growtvi tmedliudm filtéoedaDMBOahdamda d®tsor ed
atsC. Cells retrieved fr ofb fmiorGad ns@ Dar dadgeed v

to a pl atl e oWwi twhardn@edd imecdubaat ed urRdii st ur bed f

Total HRumarmiAdult Nor mal Adrenal Tissue
Newar k, USA)20@vawntkielptneadded for use in west
it was quantified and prepared t dpeagseame as

76) .
Cell wviability test

Cells were grdwm% o« olmd t| weammmcywll Ot nmra WO s h
then det 2 &Ry PB3 INMAED2ZTSA% (Tr ypsin adnNda,2. 21 mM
Cat #82BL, WI SENT | NC.)ReQuashpeandedamrmed | s wer ¢

wel | ipn d&50ul tumeé madiyiumg densities depend
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and cel |l l i ne.i nCealnl si nweurbea t cour | Wuntdeednp ecroantdu rt &
and 5% ADter at | east 8h incubwael lonphlitedat ens
culture media was rentbvedl Andfrmptiaaedr wp &
t r eatemdvwhbeorl e cannarbias ecanmalktidn cisd Faork diteegmpe n
DMS©Oo the desired concenthatoiugtm aft ilDle t2e2df i | t
Treat ment medi aVeviaisc Icdh acr@retdr alla idtinry eaant onuenntt  ocf ¢
filtered DMSO equivalent to the volume of

condition.

Cell wviability was dedtdebrneit medythRlg-idregp It he

di phenlytetrazolium@ebbdompir e ;i#flielmdiscasSiOalniy0koil, | u

Roche, Ont)zwiloyri anada mewaboldcngctovti heg
manufacturer s i fQstafucMTiTonlsabeBriineg Iryg a glesn t
well and t he cuendesr weorema ln céudbratteerdé uab hert 4t
whichd 160 solubilization d alcwtbiadre dwaos ea chd g
nor mal cul tAb®sorchmadtr iwianssSM@dasured using a
rea®tran initial setup of 7 plates, one pl

and reand cirompt ¢ e huenatdielr neov eprilyat2eds r emai ned.

The average absorbance value of 3 well s
added was subtracted from the avemwmeéage abso
absorbance vadlueculeastew da btsloe rb aunncter evaatl eude sa nfdo r
vehicle treated cells were normalized to t
the final day of tae@itea@nceXpear iwme et noamal i

val ue of the vehicle controThesether mMahite
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results were then displayed as a | ine grap

treatment vs the normalized percentage Vi a

Exposure of cancer <s,eldasnrmnabicrmnindad,i saredk ttrer

Whol e cannabi s exdtirnaectth ywaBsMIIGf sosxail dvee d( 1 n
concentramgi mh. ofhb6e-2antsttomnesdce.i Bef ore use
whol e extr actC wfasr h% amierd, atth éb orhiex ek t u ;aicrt g
medi a were f Ol mrfeibllettehmr @ ughe aCanrexipiem o ime  t a
terpenes were order eand rotm rceodnmenmrcaral prvemdr
AMai n Reagentso section). These weme added

filter for individual experi ments.

Medi a cdmteaitwndesngsatt®Crde ch dar kness® and war

before use on cell s.

Western blot analysis

Af tceerl | s reached the desired ltamvé uteanct y
directly (for determinati)omwmaok LteZkBRtedof oc
witlkg/lektr acn 2B.200 DMSO as a. e€histhveasbedr ol
twice -wotd PBS and |l ysed in a(RBEBADI mmumemp.
Human adult nommalwaadroa delr etdi (§Cauwett PRi28 & D ®idn
EurekaanpghSoAAcdessed the same as pr deledifin i sol &
of protein poreeapasraentp lvei twhasa 642X IModdii 3qg 29 Sd
10% glycerol, O0.01% Dmerntogphteoneotl h &n aule), amdd F

anfdeat e d4tor9830 miwes&@parsampl| éeshAG& dl0dn DS
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with a welPllhge®kut @rniPhgs Prestained Protein
Scientific, Maswheheset ogpholU&S&HA)cal |l y transi
polyvinylidene difluoride (EFPVDKB)E Hembtarcea r
42°C fohx Bl Bts wer éawi hnic u® %tte odnf fwdiram) 1lak PB S

Twe-20 sottawtblomck nonspecific binding sites,
42°C with polyclonal/ monoclonal &atmbhbhodiges s|
Engl)amd BAX,7ca€pkds, CDK 2, Cyclin A, <cycl
Kipl (all from Ce, D&M warasdh,TNBPEANE,c hmaod payge ¢
CB2R, cleaved caspase 3, BCL2, GPRlS8, GPR1
from Santa Cr,uzDd&8Ililgd =,dhueDA ongnunor eacti vity
a per exindgasgeat ed secoimsdavriys uvaanltiizbeodd yb ya nadn wE C
Bl otting Detection System ( Goee fHoepad ot bhiecnagr e ) .

with an anti body aghBi omtseé c lGFA®PIDdAHg Y )Saags aa Clr amac

Western bl ot i mangetsr iwelriec aatBea huysziiendige rl, ma g e
Rasband, & ElDersirtigm&0rlzateverlt st efpene tr e
compared to vehicle (DMSO) treated cell s f
t han GAPDH wetbecompaseectove GAPDH band t
are displayed on a graph showing their dev

vehicle treated cell s.
Flow Cytometry

Cell s werS@%gcomwih|l a®ncy under nor mal cel |
described above. Once at kwintfdlutennrcey, meckild m

cont alisgi/md cannabi sveextcrl actcoth2a2d ol s were tr
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equi vcalnecretnd fr aDNM®@ 5. Bul t ure medi um whas repl a
Aftehy 7TRe cell s wer e detarncd eldaruwsea sntge df RWIPES | |
centrifugation ,atafltseér0 wlpinc i otrh &y miwenr € wast

cold PBS followed by centrifugation at 150

Cell cycle and apoptosis analyses wer e
FI ow Cytometer, (NBeDwv BYigoaskeiitenScersopi di um i odi ¢
solution and a FITC Annexin V ApoNaw sYiosr kDe |

USA according to manufacturero6s instructio

For the celafcgcl eamnmastysng,cell s as de:
washed t wilca& ckeidtTRB&B0O banhdecentrifuged agali
for 5 min. The celll pell et wds preoeuspamdedd
(Pl') wor ki ngg/smll ua nedp/nin0( 01 ®Nia sceo | Ad-Ti RnB-8 O
buffer) and imdulreotoend tfeamp eJoChtmihe s @i Xt ur e
transferred to a flow cytometer test tube,
determi nd@d &d$iomwg Cyt ometer. At | east 10, 000

measur ement .

For apopt pasfitseraralrywseisst i ng cell s as desc
was resuspended in 1x Bindfcreg Ibsufniler Tahte ac e
suspensi on wasmlt rtaensstbekrurbeadc atnod fa F9 TC Annexi
propidium iodide (Pl) were added. The <cell
at room temper aAfutreer iinn ca@u kdatrikom,ootmhe react.
an addi tli omfal 1 0Bi ndi ng Buffehof Cet adisniweg e

Annexin V content waAs cnmeaansnuerl e da nvdi a xtishpd aFyleTd(
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and Pl content wdex meA Kehdeendn eoln arhde -dPiEs p| ay €

axAsnexin V binds phosphatidyl serine, foun
me mbr ane, and Pl binds DNA. When membrane
increase in Annexin V staining is thus det

DNAs iavail able to bind to PI amnmdd alrm ei maurnebeaes

of cells in early apoptosis was ¢tihlet asumber
and the number of <cells in | ate apoptosi s
cytometry results. Q2+Q4 represented the t

Extract Composition Analysis

Analysis of cannabinoids and terpenes p
conducted as p(¥vkbosi yad€berkbasdyva, ' Il nyt.

Koval chuk, 2024.,; D. Li et al., 2022)

Ter pene warso fpielrifrog med on dry fl owers of

(Vancouver, BC, Canadap!| edi wigt mna 8f6ll& e GiCor

from SRI (bPstbumental ., 2022)
Statistical analysis
Where significance is indicatedteslata h

t wo tuanielgeuda,l s. vwaarliuaensc ewer e cal cdleatredibased
corrections for Foul ttihpetr Bomomparoespnshe des
signithcefgpbel @5) was divided by the number

vehicle treated cells and untreated cell s,

8 4



cellsesulting in a new .sCChm.s € gnentrkeysiulaes h

where p<0.025 was considered significant.
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Resul ts

| MR5 amMdASSkKienlels ledXpgreeasesd | evel s of cannabin

comparceanttrool s

Cannabinoids exert their function pri ma
(Maida & Da€lmi "Mek.,er2nd h@) whet hewoubdr beel ect
capable of caesnpbndi egtracttshe wevigneodsi ocat e
cannabinoid receptors CBl, CBZheGBPR18, aGBR
published data yet for either cellThene on
receptor ¢&MBRbBreds-bIA®SNncehl s was compBded to t
5TAnd normal adrenal tissue (commercially
pr ot ei nNcerxmdriecdga)lwatsi usieal as a control since
neuroendocrine tumor thai(Vofeéeend8BiTAr 261 4n
cells were also investigated to deter mine

cannabis (i.e. cells with some CBR express

8 6



cannabinoid treatment) .

‘©
[
= _ CB1** L1z CB2
é o g 2560- f ' gf 1 * *%
= Qo =5 on 20 —_—
2 b =5 g, 50 1 $ % 08
- 2o 40 59
S»w—®® CBiR(50kDa) S = 0.6 1
m830 zo
- — CBR(60kDA) T 99 20
m ®m
== == GPR18 (35 kDa) :;;Um 500'2'
Q T T T 0 -
"~ === == GPR19 (48 kDa) Normal BJ-5ta IMR-5 SK-N-AS Normal BJ-5ta IMR-5 SK-N-AS
— NS adrenal adrenal
- GRSS (37 kDa)
= = PPARY (53 kDa) GPR18** GPR19
1 —_—— 2 -
S e s s GAPDH »5512_ *5512
55141 5% s v
. ) @0 12 1 goO.S- ——
Indicates p<0.05 83 10 - o
gx 84 g 091
. . o o
** indicates p<0.01 0O 6 - 0 ® 04
S 41 £2 05
éE S:J EE .0_ I
© Norma\I BJ-5ta ‘ IMR-5 ‘SK-N-AS @ Normal BJ-5ta IMR-5 SK-N-AS
adrenal adrenal
GPRS55 PPARy
12 1.2 5 *
5T ST
SE 1 1 Eg 1 4
ggO.S- §%0.8-
51206 1 *% éﬂé 0.6 1
én- r —_— o o
290'4_ g|r:__.’(l.4-
802 S&02 - *%
it —
mo 0' T T T 1 m& 0'
Normal BJ-5ta IMR-5 SK-N-AS Normal BJ-5ta  IMR-5 SK-N-AS
adrenal adrenal
Fi gaEeprebesvehs of cannabinoid receptors i
gland tissue, nor mal I mBndbrTtAalandedetur bbodo lak &
cell |l ines-NNABBRSi ahdySKquantification was d
bands, then band values for proteins of in
Cel | l ines were also normalized to express
control for Graiphsexpeperiememt . mean wher malni ze
refers to independent measur es/Bemgmns fiimwahmag
assessed usi-hgst hetwbutdaent Edmpanegqoak weaerike
bet ween nopmat eianlramél each individual <cell

87



| n geenxeprraels,si on | evel s |lafr alnl | MEXZE @mtnar S|
celF®g exceptbwhioch PRAR expri eas gael aNtAiSha iSKI y

and ti sswheitltbeenter whs al most nBodb E&ellessi on i

Expression of several cannabinoid recep
compared to nor malAl hcedeBleln allh diseisy swisédeidzcramtt @ iyn e
CB1l oubp2ttimes greaterN-AR)anambr@EGRvhledhi lsswel s
compared to( Ri@gg mddod weexipsriseusesi on of CB2 and GP
similar to thaltt bduglr@B?2 exXxXprsasesi B was sSi
5TAell s and normal adrenal tissues as comp.
expression was similar in the two NB cell
significaBHBITRell F®@pirntienr esti ngly, normal ti s
hi gher expressi onB&HTAGRRbbhcbmgdaabdutohalf
whil e GPR55 wasl| MRBt a-BH-B Bc$eK al i dFaljmte snpnar ed t o

nor mal ti.BEsnel cpyntewpwasscompafaBPARAhi gh i

adrenal t-NaASueeahd, SEnNBISEMacd | BMRBrx)e.hl s (F

Given that cannabis is |ikely to act on
recepturone sglggest edextthraatc ttse swwooeudl uWdp d n kteH egs e cC «
Thepresence of several cannaBdnal sorkecepher

solidtéieditability for use as a control

From here we prozrrakidf ooxtehaduapet ent i

cancer ability onN-AB, lasnewell IBRBI Amdadr B« I i

8 8



Cannabi s extr rvaicabso fliindhginkcietr tched | l i nes whil e

normaviaeility

I n order wloi dbetcecaxnnadeutissiduce t heuviabilii
chosen wel fFirshes est ed 4exwthrod et cHad,n adx tsr st
#28, and extract #41. As our | ab had hundr.
given to extracts thatanlited kHdregdmfwmb&ap h
ot herceumokrindsli exbumackabwere tested on t
SKN-AS). They were al so tBSHITHRdDLt onee ohekea en otr ma |

extracts did not significant reduce the vi

120 - BJ-5TA 120 - oT IMR5
s > s
=]
* e 100
£ £..80
2 He
£ 40
® &
g E 20
: : ; . . ‘ 0 - ‘ ‘ : : ‘
0 1 2 3 4 5 0 1 2 3 4 5 6
Days of Treatment Days of Treatment

* Indicates p<0.025

** indicates p<0.01

Figlmbe effegédtml ofofl®8annabis extracts #4, #
human fi brolB3RBAL efetl))l] drndheneur obl ast oma cel
Each darteaprpeosienntt s t he mean naotr nbadl ®nzneea @tb s or

ti mepoint &n& treatment3. Normalization wa
untreattedhcEWmh)e final day of treatment for
mean absorbance value of DMSO treated cell
treated cell s. Significanrestwad wos $a@added,u

var isanamed farhoeniBocnor recti on for multiple com

Overall, none of the eBx TAcllss iatpeaed t
concentr &g/imin3)(@dilgl ®xtracts i mpacted the gr

samencent r.dt iwpar t(iFcwl arly after 4 days of
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extract had any signific8KN-ASbddlilts. (tS®up prp.
1) For thiNAS ecasslolnss wWweKr e not used i n any fu

obviously Bbobudpeddameamteof fects of cannabi s

neurobl] ast oma

Extract #20 i s most efifaibcampgeauwuedat oi ohihleit

Cel | wviaalbuielsi tfyor b-WNAIE IwWdR=® dmenSKor mal iz
vehicle control and compared to deter mine

effective Tohne sheotrhe sluilnmess.show t hat extract #

cell(Datm&@snot shown)
BJ-5TA wi38
- 2507 —pmso = 2001 pmso
——lug/ml ——1ug/ml
E\: 200 - ——5ug/ml é 150 A —5ug/ml *
= _ =—10ug/ml }* s~ ——10ug/ml }
£ £150 { ——15ug/ml %< —15ug/ml .
o2 ——20ug/ml } 2100, ——20ug/ml ,
o [=2]
2 5100 - 25ug/ml . oE 25ug/ml 7
2 27 5
£ 50 . £
v E——) . x o
0 . ‘ : ‘ : : 0 . : : . ‘
0 1 2 3 4 5 0 1 2 3 4 5
Days of Treatment Days of Treatment
IMR5
80 - * i
DMSO Indicates p<0.025
=—1qug/ml
60 { =——5ug/ml ** indicates p<0.01
e 1 Qug/ml
—15ug/ml
1 =20ug/ml *

25ug/ml

Relative growth (% of
UT/Veh)
o
o

0 1 2 3 4 5
Days of Treatment

gdimbe effects of g/ wml a4aD,edbrac0,#20do 2
eat ment on Ba5Tnatlo pc ell\WIf 3(§t ogpnsdr i ght ) and

urobl astoma cel IDaltiane elpMRS e@hbst t bm) mean
sor banacte SvdaBauaeE$h ti mepoi Nt %aedrobreanmént ,
ormal i zati on was unhter eaabtseod bcadanlicles w(athTa)e @&y
treatment for DMSO treated cell s, and to t
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cells on the final day of treatment for ex
using theda esttudadmtods ati Is,e da,n dufeehqea sBBocne ar eahtc e
mul tiple comparisons.

An assay to determine t htehee fNBe ¢cMR® e |dionse
and nor ma#ldh Tchea sl tlhenne( Féd)gf dt medhi s poi nt, t he
repeated oWl 3{8rndoalll | delel | i nels, wse,r el Ot,r elab ,e c
and@p2/5ml extract #20 whverh a ltpoondieaddeusdii n7e dwahy
a higher concentratdi ovn t dhvfo ud x tdraanatg i ax@u In r bma
concent rvad go/nnsl aibmpeded the YF&pi bhdytatsnd

g/ mf extwastus#ed in future experiments.

Extract #20 indMB&scapbptasdssignificantly

BCE2 and Bax regulaltowmawegproaepases 3 and 7,

After determining which extract and con
proceeded to analyze the extdaeteodosmi medhaihi:
the changes in viability as measufetl with
were treagedl ww®b alnBlr apopt osi s was measur e
met hods usi ngT HAdBo w me e métertyar.cetae dneaost at | o
t he scueflflisci ent ex paudursd itld e telne géretenga chth at
for analysis (douéd resubher itmr¢@daomérew cel | s
anal,ydiased on the re¢bnltBRSBcf hiterseMatTmersts aw!
extracdugted ainicgriasiecamtthe percentage of

seen in Q2 of the ffhb6Av cytometry readout s

Il n order to better elucidate the mechan

apoptosi s, western blottingr atnrae gtsiisg olf MR=®
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wit Ag/lml extradimc#2@sfeadl ¢ 2kedcstadbpasdeand

7werseen after treatment, aSB)WwWeklreasedntkea
cleaved and uncl eav.6B)wé b e ma |Ad 6-f6milamgraesaes €9 i(n
prraopoptotic rBAM|I wasrabpbo®)t oé¢ enm etshHeai rgeg lwa, s a
s mall-floé¢ldevat i-apopt o0t2i ¢ nBCIMR5 af t5Brnaltbreeiatt me

the ratio of BAX/.BRL2 wasi stveéelrabsotisgein:

A DMSO Extract #20 IMR-5
18 -

*%*

S
>

14 -
12 -
10 -

PE-Texas Red-A
PE-Texas Red-A

% of early apoptosi
oo

oON MO
L

DMSO  Extract #20

Extract #20

DMSO

Protein

-Cleaved CASP3 (17 kDa)

e wmme CASPT7 (35 kDa)
W e Cleaved CASP7 (20 kDa)

W s CASP9 (46 kDa)

Fold Change in Expression
o ; =
L 1 :
|
|
|
|
I
|
|

S s Cleaved CASPY (35 kDa) L S PR S

Q
e
%
Q

e st BCL2 (26 kDa)

W BAX (20 kDa) * Indicates p<0.05

*% 1 1 <i
GAPDH (36kDa) indicates p<0.01

Figbmheaeffects of eg//2mlh cauxtsr aodt 1#H%20 tr eat ment
neur obl ast oma. (cAe)l IAfltiere tirMRE ment, cell s we
as described in methods, and analyzed by f
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(n=3). (B) After treatment, cells were har
described in methods witﬂnarqdhhntntilcatednaw
3 times for all protein bands, the band v
GAPDH banHxveabhtboeed&ebbwearadg at hen normalized t

t r eatcat aaenldl dat a -tfroeratoend yc eelxltsr aics Gpaesent e
represent mean nor mlhHae zcedt tveadc areeeds NISibreq hierBdei
expression in DMSO treated cells, which ha

Extract #QX5 iamhM WiZtasn si t i on, and increases

CDK2, and Cyclin E

Nextwe pr adededed nteo which effects, i1 f an
t he ce(lHi gcylcBlRe5 cel |l s were treated with ext
analyzefll owi ogt @& mettiets showed an increase
phases, and-phadecAf #aFbi stnhH Btd i exattreassct #20 i r
cell dietweiemn G1 and S phase, andhlkeeewésnnG

evidence of ¢ nddihdecinetlilosn eoxfi tceS |li nt o G2 phase

G,
CEID R
@ — (s Cycle
—@
(k)

Figemlbee celTlhicsycilse.a simplified diagram of
points in the cycle at which the regul ator
vari ou-€DEKEycbmpl exes, thus preventing movem
shown to inhibit -Chel actkE onemplf exx hleit CIDKE e
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the &€kl in B complex in mitosis. P27 i s sh
Cyclin A epohnapslee,x ainfByX hien COKdompl ex in G2.
simplified version of the celll cycle cont a
fo si mplggeegr ated using Bi oRender.

T hefsleow c ytesmdttrsy wer e confirmndd kley wedtl
cycle regulatory proteins p21 and p27, as
these are 4SnG&L veaeWdit Ga26G%i ti onsFiignAlvaarrgieous
19f 8l mlcrease i n pr2e7/g uathadtl odr #“pnrcorteeaisne i n r egul
was oObserved in t7/BdatadcbMB&ENCceF by dBIi gonc
decr e@BK]l iHtnod4 d deC@DkK2a,sleddpdch d d eccyrcelaisieg A n

nadecrease was see(F.vBp) | evel s of cyclin E
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% = DMSO
m Extract #20
g
E a
JZ
=z
50 100 150 0 100 150 210
PE-Texas Red-A PE-Texas Red-A 0
B G1 s G2
?
= o
5 ¥
25 +
W s | CDK2 (33 kDa) . , b
Q
E 20 -
M Cyclin A (55 kDa) s
ST e Iﬁ 15 4
E=
&= 027 27 kDa) s
oo
c 10 4
s ®
et % : N =
J = .| Cyclin E (48/56 kDa) o
. =]
v 3 5 -
('8
[ GAPDH (36 kDa) 0:J“-_““_ ------ — W
P P N -~ P o &
Q Q & ] Q &
4 p21 (18 kDa) © & o &

- CDK1 (34 kDa) * Indicates p<0.05

f— GAPDH (36 kDa) ™ indicates p<0.01

Figumbae effects eod/ nil2 ehxoturrasctof#21056 treat ment
rel ated pNBotceeilnls .Ifidnfe AIfMRY treat ment, cel |
cell cycle analysis as described in method
represenfkiSDt Hen3Beafnt @B treatment, cells wer e
bl otting was carried out as described in m
bamdanti fication was done 3 times for all

of interest were norm&Exitzadttretd&®@APDI|I banat
then normali zed dagt aaMBO dtart e a-tf ma a toend lyc eslxIt s ai
presented iGmnaphkBaregrapglent mean hle mali zed
dotted red I|Iine indicates the | evel of exp
normalized to 1 for all/l proteins

Reconsdi ¢extrnasctine#taz0y as effective as whol e
vi abi laintdy t erpeh-esdcéenhepnabhtiebaklrecoesei tute

of this effect on their-r own
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Despite the effectiveneists iod dvihfofl iec wclatn nt
reconstitute the entire extract since it i
t hwsgt,dhiught to det er ncionep otshi e icoannt noaf bi iemoeisda c ¢ a
whet her t hec armcerr veefdf eaonttss of i nduced apopt c
be recapitul ated with cannabi Wei dssor sbegh
to determine the identity and concentratio
i nvestigate +fchaicrerpa@tcentviidly, amtsi vari ous te
demonstr at edanoerhaaveet iawmittiy, i nc(l Nildu tnigndm, n e
20189 hypothesiezecdat hatg bheprepobraconwi oh e
cannabinoid andbtyeapedne@egcompeseecbomponent s
me di awve may be tabbembmanttmacedt.aclthiivsi ti es
investigation would also reveal i f any ind

antancer effect, allowing us to single thet

Tabd elLevel s of cannabinoid and terpene com
determined by HPLC analysis

Compounds Concentration Micromolar
concentration
THCA 0.0283mM 28.3
THC 0.00588mM 5.88
Nerol 0.9621ppm 6.24
Octyl acetate 0.6459ppm 1.58
Linalool 0.2438ppm 1.58
U-cedrene 0.2368ppm 1.16
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Geraniol 0.1977ppm 1.28
Isomenthone 0.1456ppm 0.94
Citronellol 0.1338ppm 0.86
Sabinene hydrate 0.1106ppm 0.72
Valencene 0.1065ppm 0.52
Carophyllene oxide 0.1064ppm 0.48
Farnesene 0.0851ppm 0.42
Carvone 0.0524ppm 0.35
b-caryophyllene 0.0516ppm 0.25
Uhumulene 0.0484ppm 0.24

We examined the makeup of extract #20 vi
Met hodAf)t er | earning the proportion of <canrt
#20abld) we determined the concentration of t|

G/ ml extract #20 and ccedrbicrud d Tthhee shee dtipaegneet sh

| i nahlcoeodlr,ene, geraniol, isomenthone, <citron
were present in levels higmdemeughsbiocekeé d
culture media; al/l ot her terpenes were pre
excl.0tded, the extract was Areconstitutedo

Adli tionally, ®©Do det ¢i pteenpicsbéaddeakxtract
exerting mesanhcefc eliltscawmdgrne treated with t he
individually at the same dos€edd spwesent i

analyzed via7Md@ys asfsatyr eatement |, as before
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100 +

90 *
—_ *¥k
T 80 —_
N
= 70 4
€ 60 -
<]
S 50 A
2
= 40 A
K=
T 30
o
o 20 A
10 A
0 4
0 1 2 3 4 5
Days of Treatment
m0.05%DMSO m 7.075 nM THCA m1.47 nM THC
® 1.56 nM Nerol ®m0.395 nM Linalool ®0.29 nM a-Cedrene
m 0.32 nM Geraniol m0.235 nM Isomethone m0.215 nM Citronellol
m (.18 nM Sabinene hydrate m(0.13 nM Valencene = Combined

® 15 pg/ml #20

* Indicates p<0.025

** indicates p<0.01

annabin
iginal concentrations in extract #20 on

FigBmee effects of treatment with <c

or

| MRBata represents the meaat noTFmommheaeld abs
t

a

f

i mepoint &n@& treat mentclo.nsNartnualeidz arteiloant i ng
bsorbanweatvaelabbeddfoel Fsnal day of treat men
or cannabinoids, terpene,tcemmeanatabsnoranad:l
valofe each treat ment on each day wd&s compar
DMSO treated cells on the final day of tre
st udenrtsds, tt wo t ailsedandufeehgen BBocrear eabhcen f o
comparisons. * i*rndiicnadtiecsatpe<sO .p0<205 01 .

Fi.ggs howswhtohlaet extract wasesuici hgmoestabeldf
cancer cells compared to Wbhmbenedtaandti ddrc
vi abofl iltMRby 8 &lf 6@ays of, twbal emewhol e recons
extract only decHR%.seldntcerd d s tvii mdli yh4 ttyh eyt er
cedrene, and valencenée % e &r6d/q & fatiebdcyeslO1% fv i a b

treatrmempte,clthiiseliyndi cates that a geeéat deal
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extract was driven not by cannabinoids THC
26% and 39%, radpeatiimagliyy)y by taepesaeaht se

wereisneamot her pediatric tumor cell l i ne

Given these inter esdgtnivreg tri egsaud et pstomewesd aedce

of individual terpenes, as well as what me
Ter psencei t roreeldlrcelneanduti mhoitbivial eme ewieabi | it
cells at higher doses whil et haelilng no effe

A dose range for eachwittehr ptehnee |wawse re setnadb
rangeohashd mol ar concentration ofDoesaech t e
ranges for all terpenes sdamrderndt rl atwieadan amnfd t
individual terpenes in O0.0tlénumgeémés emay asct i |
effective adto sselwiegbhattlayl sloowenrt erested i n pote

a slightly higher dose.

Dose ranges weonemhi rBsl8TAesémgupne the gi-
were safe for Alde dooms emsoromialcicelolnse.l | ol (0.0
0.6nM, 1.8nM, 5.4nM, 16. 2nM,i nande cdo8n.s6tni M,uto
assfay21,5n®BANg-cedrene (0.03nM, D.7AmNW, &. Bm,
24.3nM, aodi ghm&reMtration i0. 2ecBEMygtitutio
and valle®derMe @©O. 03 nM,. OnM,n M. On.M,NM,. 1 nM 24,
concenhrmaeconstOt uBumMmpl as)yFahgp.d Zho signi fi ca

nor mashfter 6 days of treatment.
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* Indicates p<0.025
A P B

** indicates p<0.01

140 - BJ-5TA- Low Dose 190 - IMR5- Low Dose
& ——0.02nM =——0.07nM 8 —0.02nM ——0.07nM
§100 1—0.2nM ——0.6nM S go /=02nM ——0.6nM
E gp J/——18nM ——5.4nM - E —1.8nM =—5.4nM
] 16.2nM 48.6nM / 2 5o 16.2nM 48.6nM
2 60 1 . 2
< : < 40 1
40 %

g 2
o 20 1 = 5] 20 A
0 T T T T 1 0

2 3 4 5
Days of Treatment Days of Treatment

(=]
-
N
w
I
[#2]
o
—

BJ-5TA- High Dose IMRS5- High Dose

120 120 -
_ . |=—uT ~—DMSO
g100 ——UT ——bmMso 100 1—0.1yM  ——0.4 pM
M =—0.1uyM =04 uM ] —18uM ——6.4uM
] | © i O A
§ 801—16uM —64uM g 80 1 256 uM —1024 uM
S oo |—258UM  —1024 M g o0 . ok
£ 40 £ 40 A
3 3
5 20 & 20 1

0 T T T T ] 0 T T T !

0 1 2 3 4 5 0 1 2 3 4

Days of Treatment Days of Treatment

FigbDesesponse of citronell ol on the viabi
B TAl eft column) and neurobl asDatma cel | |
represents the mean normalized absorbance
Nor mali zation was the absorbance value of
treated cells, and to the mean absorbance
treatméor terpene treated cells. -Segnjfica
two tailed, sunemd atlhes aBa mfnecreoni correcti on

After testingtihre mamealdosel randdé¢dygas t e

9B ,1 B). I ntetbhetshgkempgth of effect of a highe
used i n the original reconstitution assay
cell wviability when c¢dmpdarhed ttoe svdfgcdada thri

B1lByielded intehewitngeht odtsoad t Bgreellemle amd

O >Mof-cedrbeonteh produced a siadnilfiitogamrto mpiafrfear
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vehicle control, though BbM gfhaeirl ecdo ntcoe nptrroadt ui
ef f(ekc®Bgl B). None of the higher doses tested has
vi abi lsOA ¥B)(VRiIlgncene also failed to produce
viability at any con@amptpl adaTiFesmge @i ebufust he
that terpenéxcedirtemenelalnoli redinbdeii tt o enlel evif aekrit

proportional to the dose

* Indicates p<0.025
A P B

** indicates p<0.01

140 - BJ-5TA- Low Dose 120 - IMR5- Low Dose
5120 {—UT ——DMSO S100 {—UT ——DMSO
N —0.03nM ——0.1nM N —0.03nM ——0.1nM }**
5100 4—0.3nrM ——0.9nM T g0 |—0.3rM ——0.9nM
E —2.7nM ——8.1nM E =—27nM =——8.1nM
S 80 1e24.3nM —72.9nM 8 o |=2430M ——72.9nM
& 60 1 £
] 5
G 20 1= o 201 -

0 : . : . . 0 . : : . .

0 1 2 3 4 5 0 1 2 3 4 5
Days of Treatment Days of Treatment
120 BJ-5TA- High Dose 140 - IMR5- High Dose

T100 {—UT ——DMSO §120 {—UT ——DMSO
N —0.1pM =04 M N oo J=—01uM  —04uM
© 4 [1°]
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treatment for terpene treated cel-test Signi
two tail ed, sunemd atrdhhreviaBooafrrecaect i on f or mul ti

Ucedr ene, but not citronell ol , i ncreases t|

bunas the opposite effect on apoptosis prot

Apoptosis analysis was done as previous
terpenes cUcterdorneenlel ooln aanpdo pt osis. 100nM conc

were the most effective from the MTT assay

| nt er ewshtiilneg lg0eOdnrM ne caused a smal | but
the number of | MR5 cells in early apoptosi
significant decrease in the mumher of | MRS5S

We also did western blotting of key apo,
Treat ment willkdetohar | aegpemaad significant
praopoptotia Biagni fainda natp o pntcorteiacsl#B)G.Ln2 Ragrdtuilgt s
on |l evels of casplasdr@8newecausmi egttpnowehhape

causing a small buttiB$i gni ficant increase (

Taken together with the resultbkMBS the

cells may have decreased viabilUcedreénem tr
this decrease in viabilitiyn itshenoctasfer oomh acn t
may be in part frow eaprogpne.si s in the case
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S represent mean 8iogmiaficance ava®e sa NS«
tuedent 6swb tailsed, wunequal wvariance

neldedraednifed ct cell cycle regulatory pr

ence cell cycle progression

I'l cycle analysis was done as previou
nes cUcterdorneénMR&Int&@8Bd& M concentrations w

the MTT assay over 72h.

terestingly, no cells were found in G
te correspoinldeangctee waarmf i rmed t his 1 s &
rrcells and noNeiat jain rtkerogendeprexpEeac e
e in any poBRda@)of the cell cycl e

such dramati c i ncr eaafsteesr itnr epa2tlmeanmntd wpi
ct, we also carried oubDewpsternhbl bac
e in cell wythethbbboassaevpsarsedtill p
ficant increhesaghi hhp&87ipcoeaslh was s
ne t han( RwiidaBnG@iitkrroonrned Illod |, & osviegreirf, i @am
ase in p21 regulatory protei n,ncwheiacshe
ddee dbye nleB)(.Fi g

ese results indicate that some of t he

ssay may have been due to changes 1in
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ell cycle in neurdhl)adAtfama delelatimemd ,| MRS
or cell cycle analysis as described in me
epresent the mean NSD (nha)y v agnBp deefstteerr nt r
l otting was carried out as described in m
uantification was done 3 times for all/l pr
nterest were normal Ex¢edatoe@RBPDHckbadhddaah
ormalized to DMSOandedatat cehtl edlagebktr ast
n a b&raghaphepresent mean Siogmiaficanc e al:
ssessed usi-ngsthetwobutlanlédantduntehqged aB o nvfaerri
orrection for multiple comparisons.

i scussion
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Over the past three decades, there has
ef f ecatnsn adbfi s pl ants and their major compone
emer ged s hoovamagert hpo taenrttii al of cannabis ext
cantepes, enough t hat -csaenweerraImercehvainag vésmso fo ft |
cannabinoids haveCabwabeso eubal shed012; O
Koval chuk, 2020; Nikan et al ., 2016; Guill
201BYrt heartmolreea,;st one cannabis drug, Epi di o
children to treS8thpmdpnpa2@®tOkeri¢é epday been
investigati bhefoannhhbi asdrof§s Nabi Ifoore and
use in children tianducrtdr mlaucleddmamntédvagy al n
2017; Wong &. WPteobkinRR6O@AlFl)studies have al s
effectiveness of some c¢ an(nGlbairnao iAdnsd raagdaai sn sett
Mal ach et ahc| ud0dag()Aleax aorbd raes,t oCGrear mo, Car v e
2018; Al harris et al., 2019; Caballero et
Rapino et al-S§newdd ;etSS&akmieaz263al Tapiz824,;
2021; J. Wang,2hapegsplLue &i Eupm sBmprwovad
treat mpretds atri c cancers ar et  stpiarlt iac usliagrnliyf
children are still developing, -aedmcsardent
effegabnreich & Sch@idbbegenoheMMo? s} halBmost
freg(uMwmitl assery, &abdasitsykgh2tOelrS5a)t i ons of NB ¢
extremely difficult t(oCotlroenat& wdhtuhn gplo.o2r0 1slu;r

2015)
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Both cell Iined MRHed-N&AKS, NB amodbel £onsi de
ri sk due to a variety of factors including
del eti on, 119g23qtderd egaiom,i mnldMRY gq2rnd 1p36 c
11923 del gttiean,gal hqd lha nBAH L& mptoast Lo go et al
Harenza etthatl .ar e 0plrfregsent in these cell [ ir

highsk neurobl ast oma.

Heyewe for the fcammabits mex ttretsd headr ffoorurt h e
potential against NB cells. Of the four te
efficacious at i nducing growth supfmrnessi on
mi rrors other results fr om hoausr-cagnntoiep, awhi ¢
via significant decreases i Dcellli eitalilit
This also mirrors results from concurrent
published LbpptateBysbpsparall els other res
SH-SY5Y responds t ¢Okenhp eé&ésaEthhgrabkla@8mkMmabi s e

with a high correlation between THC conten

vi ab(ig8§n8&Berehez et al ., 2023)
We first investigated the expression | e
l'ines, | MMS.anfchoIkgh cannabinoids -have been

independent Clpagthevrayl) ,( see sought to confirr
was present to give the cells a greater <ch
al so wanted to investigate how CBR express
human adrenat hosmsalk aBEBITAl Weef oantdrobhat e:

vari eldy wialte just between nor mal t-i ssue and
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cancerous cell Iines and NB cell lines, bu
much higher expression of CB1. This is int
CN$Kendall & YudbDlwe kligwe&r0 1é6Ypr essi on of CB:
tissue is thus expected. TBGé Trkamlsa tsioumelwh alt i
surprising as it is immortalized human fib
extracts wewéibkbihghcitBedMHO®EBI hac0&)esul t was
promising for extract efficacy. This is al_
i ncrease t hr oughoeut Feyheitdledhheckoedd 4 hey are seen

numbers than thosdhprsesamgtgeist sadilatt CiBds uima

tumorigenesis in pediatric NB, making it a
The tumor cell |l ines had relatively | ow
and nor mal) Bhealsl § s( Ring | i ne wi t hadau lstt uadnyd o f

pediatric brain tumors that found most hig
have little to¢EhMeEBaAserpwskdadhtsnals. unZ ®0 & u
as a recent studyqudkentyftedg€B2fas Auhugal
wi t@BZagoni st khaOwW8hdhs NBWigmngewt h and imduced
vi anidn ovhvt wo ani mal model s with a high dec

toxi(Ailtmstedt . et al ., 2020)

There was a much higher expression of G
nor mal tissue. GPR18 is predo¢@ananctlkey akpr
and recent analysis has found it expressed
t he major i(nmmurLe ugr gMdamg , Lo, & Lui, 2020;

2008) ts closest CBR relativéBRa&ar€eB1l, CB2
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relatively |ittle s(eAduweexmmed esT,hmaalQelr2i)itty owvd nt ht
stimul ated byAIA&ERamaddr THZ012; Consol e Br am,
& Abood, i2t0sl4endogenous | i gaanmdc hh adso nboeyed n gil dye
anal og of the ehKokrmonnathi mib.i daZNEGEG Ern sugge:
favorabl e progpesifcchi bmabkéeng found as a
canckRen, Hu, Maand & iSWeQi z2a2mog&hren, , Wbut & Li
ot her studies have found nthhdt tiithghastdwndty
mel anfoQmnan et aad. as280tipted with poor progno
sqguamous cdglYl.L Sam¢gi Edhmaag, Yao, TWamneg, i & Zha
i n it asana ipoctaenncteiraldrug target, though onl
agonists beMdahardemitk d i &tdvain. t h20h4)3h conce
in our extract and the higahnd etvhed sa oifl iIGPYR 1c
receptor to be stimulated by THC, -we thoug
cancer effects from extract #20 more | i kel
inactive in our extractcVeartiwbetbeonshi su
i nvol ved-cianceheedéhtercltheofr odxet roafc tGRMRRIORri n t h

effettesannabi s ¢t becfsrhbéed el uci dated.

Bl TAad much | ess GPR19 expressiNBn t han
cel |GRRIh® .was discovered in 1996 and was f
(O'" Dowd etGPRILY9, cB"9d)e found expressed in a
predominantly in the br aGerl boh ,etvwhailcnheu O
explains why expression of GPR19 was highe

cel | l i nes, as adrenal gl ands are neuroend
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gl ahds et .alGRR12V 1Mads been correlated with

with its knockdown resulting in a signific
mi grati 6B. aBohgt®ndahi.gh@028ypressi on asso
progii®siker et @HRL1L9 2e0x0@8r)es si or hies pales® ncaer r
steml | | i kien pgloipebIta £tfo ma ed.l I1d Itl.s, nesxpI &L)s si o
breast cawaedhedi nvespEessi ofe@pcathseilngala me
transition in breast can(cRao c&| Her Iohvwa&® doit,)o
given the similar expression to normal adr
simply suggkElsitnse st huaste dt hkee pctelt he GPR19 expre
tissue of origin for NBBJ Udnadmsbe Thaxepl @aiwre d
fibroblasts not expressing high | evels of

highly expressed in mouse brains during em
di fferentiation d¢fHHotf i etelblseirieimc ha,n dS agvs @ rhs ,a g& S
20Q04)suggesting that GPR19 may be a promi si
However, while many reviews |ist GPR19 as

(Rezende, Al enecbhaarnt adse, B& nMo tFtoenstee s2 82 arxt ual |
evidence that it is acted upon kysaendy oann

synt heti c.

GPR55 expression was absent in tumor ce
BbTAell s when compared to nor mal ti ssue. A
Tumor Research Centre in vhe OGORRbB&amatgepbsin
on pedigtrrade ki glbma aaldl tedpieim@elgrmoasae aut op h:

apoptosis with no effeckwooan .eitoGRatabl5 az@ 2 @)
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expression has been found to be higher in

t hough it is not correlated with tumor gra
expressed in glioblastoma stem ced¢tlison<BG
of GPR55 in these cells and reduce viabili

stem(del Ms Lah A&t falrthelO0282udy found antag
CBD or selective GPR55 antagonist CID16020

inhi bited the actions of |ysophosphKaltbayl i

et al. ,WR®&mR19gonsi dering GPR55 as a drug tar
antagonism, rather than agon(iRempaesl wet haloit,
2013) n general, GPR55 is mainly expressed

expression(Henshei Bg,dnwelyi alh . may 0edXlpl ai n t he
nor mal human adrenal tissue. I n the CNS, t
|l evel s of GPR55 may not correlate to prote
(Henstridge et al ..t 2i0sl 1i; n tRefbeessdgi Idn dadh att,h a2t
repres-enskhNBhdo not <contai,n asirgenciefpitcoarnta sls
wi thncer cel(Caoplr-Rdblfedat-Vodnlt agntaeaa, Mor al e:
Mar i-€amatino, 2022; Hu ,ThRen ,al & oShne,anx0 wle) c a
response of cells to the extract is |ikely

antagonism by any extract components.

Especially interesting was a result fin

in normal -N-ASsoel hagd BHKt al mostB#ddTAexpress

| MR5 <celld NB neaghlas, beRARassoci ated with mat

di fferenti at(itbann ,o fGrteheonsee, cPeiltlt$mpoWgdat | & Si
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PPARas been previousliy -l&8ndelktlbosbepekxpiregs
in | ine watflhé ipsy esvtiwdiys al so s howead Iddihcaeth agor
apoptosis and reduce, | bonakaintdenmog CE bl mit Rit s a
2010nterestingly, this offerscawceeneéf ot
extract #20 are not mé&NdiSatded wioda trileisproohac 4
| MR5 did despite hraevd efgl @ rihtatsl ealtsoco rhoe emMP AR u
PPARgoniXst Nadal , eandl THC2®wa3)one of only t
contained iIhn e»xtrmrach #ABBocCceratefdf evcattdh damt a
candeossefnia, Momenzadeh, Seyed Forootan,
However, other differences between these ¢t
conclusion in this regard, as there coul d

response to extract between the cell l i nes

Further analysis of the mode of action

apoptosis in I MR5 cells amd d9ingriifait@mantclay p
executioner caspases 3 and 7, as well as i
|l ncreases in cleaved and uncleaved caspase

apoptosis was medi at ed v,i aast hcea sipnatsrei n9s iics ao
when this pathway is activated through mit
(Mcl | wai n, Berger, &TMage nkié&dr@otrt €.t hSurn ,s t2uld
cannabinpitdbBoughN8&8|I most all of them refer
#20TablHemp) essfernamad lidnt contwaisnifrog nldi t tol
increase apobt oesSiYSHI wi NB @elhli gh( Oeigdieeef

al . ,, 2&®&m”2@ ) hciagnhn adBDs essential oil extract a
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l ih®8n8Beezhez et Palr.e, CBD2*Nh)as al so been fou
or apoptotic mafRheharrnsNBtcall , | BaéS;r Fi s
cannabinoTH TapPapmphaast al ., 20260CBHE.B.Wang
Wang et hdve &2[002®)been found to induce aporg
interesting is that CNMAScaal linnduwli alp owd roe
responsi ve (tBBo tWainhg exfmabdathel2OR2e@)nforcing t
not all cannabinoids, extracts, or cannabi

cel I( Bairmmem et al ., 2019; V. Cherkasova et a

There was al so apsapgmgdgtfdtciamtBax cared sckeedr
apopto2,i cf Brctther i ®di oatuiceg e@ptopaotsi#2in | |
member s @f ftamée | Bclof proteins and control a
c release fromMmHahehant 8&cWeinfibethger 20008)cat.
intrinsic or mitochondri al pat hBvealy acocft sa pt oop
i nhi bit apoptmistisc bbhon prrieasle ndudthegr membr ane
neutralizing other pro(t@lian,s Nawwa zh,i.B& kAahnsi a ny,
i n comltirgemeri zes to induce the formation ¢
pore, allowing for the release of cytochro
cleavage of ecaxegadtgae D,0Issuaqgle nssmed .dahnece r7aali o, o
Bax: Bcl 2 is a ra&d exvyamitglcemsn ateirat iiomdi catir
apoptotic Bax prateilnwiilndipc dpBRee dolvat atplo@ t
2001; Zeestr.dthen Bedx :r&dctli,o 20ele3n) after treatn

control , futrhtahte re xitnrda ccta tili M&RBB ecse lalpopt osi s
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Extract #20 al so moldMRcetl d & ttthe opurgdg rt ehses
( FielgThere was a significant increase in the
a significant decrease in the number of ce
Gl and &s pdhalsles accumul ate -pha%igmi luamrabil e&s u I
have al so IE8B8®dn i NSdHAKcwiltls, with a 2016 pape

in the proporandndedr ecaedd si n nS Gldi(laFsies hienrd i ecte

al ., . A2@n@2 study from our | ab also found c
via CBN inducing an incipbdase iamdt decnemlser
G2, indipabser{(BaoW&8ng eHowelv.e,r ,202U22) resul ts

indicate a bl ad k olsatsweevhi @Gh a&amds been seen

human br eas(tCacfafnacreerl ,c eSarsri o, Pal alcti oiss, Guz
possible that extract .#20 induces both of
Al so relevant when considering cell cyc

cycle regul at orsyi gpnrioftieciannst. iWec rseaans ea i n expr
p27 reguloagatedms ofT htehe ncelelaseydlne.p27 expres
significwmti ( Forgot ei nhi be-EGpwaséeéotransition
bindi nghabdting CDK2 and Cyclin EPekpakssi
et al ., 1994, Razavipour, Har i kumalrh,i s& S| i |
aligns with other western blot data showin
| MR5 thblbgh we saw no chand@gbisniadprcasseboh
regul ation of CDK2 wlasarsruefsfti ciTreinlsMR® ca enlalsise.
CDK2 coupled with a decrease-G2n tGyansiint iAgn ,w

though we did not spgplga®erhepeaswi ng tell &
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nteringi ndiicatpehcdastkey t he increase of cell s
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protein. Th&eilwycrapd aidyx IpiZne Adaanmde £DK 2
|l atdsendpoet h Gopfert, Lashulesl ,Cy& ISRene dA, 1
ired to commit c€éNIggt oicthuB Wr temigtl ;me ne

el l's in G2, umabler dtoe ilirenadviec & ri{@Banmamxhraesset
| . Howe¥®8) p21 bisndlamd kinmolwinbitto Cycl i n

onse t o HeNAg sdta neatgrezlan, nh9 @&yt hi gher p-:
onsible in part for the increase in th

e and replicate DNA.

Though the results frtohmeyxarecdi f#f2i0c wlrte

i ni.Eal cendi scitgsneve,r ealdlonex pve it ihme mtes s a |
me olft esxeternasc tl.i kel y that cannabis extra

abinoids, are more effeAntmster mang retduali.

am et al . | 20109; V. Cherkbdddwal etmi als. t r:

eplicabil atdgpaaldi cldmi aahns anamabbe di fficul

al one rwiltimbrlegggared |tic ad adnBrcadbti m o0& dB acholnm a

019; Chanddmuese QCHWALBe to examine the compone

i plerf ormance | iquid c¢hrtoonad eotgearampihrye (tHPd Ce )

roportionsdef acdnhabpenesAfptrersenrteatni ndias

reconstitutedod extract containing t8he t wo

erpenes present in | arge (etntbautg hi sa,moiufnttsh er

nough terpene in the sampl e, it was not p

nough tao smiap ¢ t tee ocueglhl vcaul luteu rientnoe di .a wi t h &
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After 5 daybBeofedomrat imeuwmtagdd &e xterdauct i pmo d inc ¢
compared to,vekrimalr&k abdoryt cdlose to the 65. 7%

generated .fhrebeal exwaacthl so greater than a

tested, providing powerful and;coheincing

cannabinoids and terpeneedpresert |i gr exwt ha
any individihéeé dompenente in viability coul
remagnterpenes |l eft out of this reconstitu

extremely smavel absmoudid not analyze the fI

extract, as f | avanmnceird s fdred ttsh eaairre( Baoshkof eyte't
al .,. 2020)
After the reconstitution assay, we soug

componenrtesc acpoiutludl at ec asmaner odf ftehcet angden wit
Based on | ®MRaEind sanMfatomer tumor cell Il i ne, B

selected the tleegdermamdcivali enelehel ,

Citronellol i1is an acyclic monoterpene f
spices, though not &ylmb oipaongglnariuRsu baCth etmth e g e
Compound Summary -CIoTR@NBDL I83814,2 ,;( H8eaatnda os et a
't has been snhiocwno btiioa Ifhl aavaemizaitnecrayn,c earn de faf netcit s
(Santos etTherevik®éd@é¢soof iIits cytotoxicity
and lung canaéi Il méefgult bt eesebhd¥ycHe oetr oagl e,
2020; Yu etltalhas 28&I1199d ubceee n@ 1f.coputineds ettso al . , 2
Sal ehi edanmhelc.r(oYs2iOseB3 )iah . vi RiOdA®gs ai sovbeen s

and found to redida kunghdapleé®ddOdurbeaast I
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inci §ddagyaganesh ne nmimNMRSGe 1idt62i00i t i a3 2 y8%r odu
reducti on ian a@elcloncieanlhiMaittiyoe 8 &mMmMO. dabcentr
presemryg/ mh @é&%tract #a2t0t. e ndpotwiernvge rt, o wcheetner mi n €
range, it produced minimal to no nMcrease
which pn®sut®wdraduction in viabilinoM after
al so produced a decr ealsieglodr 6®Ga rb&® n tnr asti iadn s
>M produced | ittle to no change samei Bbr mit
of nefgmddlvaeck, whereby iamadbemtdamtcley otf r it @g ¢
downstream process that #Aturns offo the ef
|l nterestingly, this paralleled results in .
terplerdrene, which also was onlyndMiperctive
furtheiOtthestishgdi es have found that <citron
cervical (cSar cceéhri ocaenldlasbr ezZ2( Y& h Hoe etWeal ., 2C
decided to conti nue tcoanicnevre sniei cghaatnei stnmse opfo sc
10®MCi tronell ol did produce a slight increc
Bax:Bcrlati o by-2i expeasisn@nBalnd decreasing I
decreased the numberThusi rcet et ii mn eafr | cye lalp ov
citromaelbltolduw to induction of apoptosis, a
for extract #2006s abilitwhemwm imdestei gaptoiph @
on the cell cycdlroenewddbfeoemae relaaste2d and p27
regul atory proteins, though there was no s
phase of the cell cycle. This indicates th

cel | cycle by incmredsp@d ardresagi onhobip2¢g
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This contrasts ot her resul ts that find cit

cell ioyblreast cancer at( %Y. chan cetn ttahaotyi gothO tlff i)
does support the idea that <citronell ol may
modul ating cel.l cycle progression

The tBceemene is a sesquiterpene found |
juni per, but also in edible plants such as
(Adams, 1987; Johnston et al., 2001; "PubC
al plheadr endaJnf)ortunately, there is as of yet
there evidemaoneeof eiff ecantit hough it-is pres
micr ¢Boaahston et al ., 2001andicaanneci8ualet, 20
al ., e2be2) s. 't i s ,t diloewreavtefgldy osHa f e&Kiam de twaall .

Tong et ,almaki2@g19)Y a finelthproduaedaaddeg

viabilitynMgawint mtt Hépos@adec ipmag tar a3 .03 % r edu
viability in the original readpnpst heat hon a
responsenM,ntwhi clha®®r. 6du deedc r ease, and once
in viability at any higher concentrations.
feedback proces,s asouwidt b ec iotcrcaurrerlilnagl , t houcg
this Bwuedrheme produced a small but signific

i n ear | yFiatpPo,p ttohsoiusg hk ei tci t r onel 2o lr,atri eod wad ead
increased exXprebecugmn ©d BctsHamghttHeg ilrecsrseasa
from ciamadndéedmeéased Telxeprree sweadroen alfs oBBamxa si ¢
in the number of cell s timermaamywphaasesiodnithiec

in p27, but no change in p21. This suggest
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may be i bvedwvemdedsn alteration of | MR5 cel l
Ucedrene does not on its owmnanmmreernianogtfiudiltyi e

extract #20.

Val encene i s sesquiterpene found in cit]
Val encia oranges, from wh{(Ebrubaewaompoahd, i
Song et .aNValefg6édgsthadi de afmofm alninga taonrtyi pr o p
bot h wainidmo¢yBvoChen et al., 2023; Dantas et
Prince et al ., 20PR2;nh dsopmedtr agddead) ct&a0 1lhla)v e

effects against ce(lk. ILinue se tfnoarl @chear@va dcla)la |l c. a

2016)gast r(iAammba arec et al ., 20,1 5c o lHoang hc agnhci e re,t
cancer, anhAmbreaXeeamDasglpi t e2®hbxs, we saw no
with valencene upon further Stuepsptli2n.gFitgo. i nv

Val encene also did not aSupepclt?) tFiked ws ,abwd idi
not further i nvestsgVaRbe wiatlhe nrceegnaerdds taob ial piotp

regul ati on.

I n conclusion, we demonstratedandarnr who
effectNBigcadlnlstl i ne | MR5, decreasing viabild.i
and cel |l cycl e medghatnicoaenatscenss iisnt irneggudfat or

contributing -$oamdéd@xs fisomnGline with pre
antancer effects of individual <cannabinoi d:
on this parWwe callsaa sew |[NA&Stnec el holtihmesPk nd
extract treatment. An obvious dN-AYS ehraesncae b

p53 mutation which does not allow nucl ear
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SKN-AS NB cells to activate p21 and p27 cell
induce apoptosi s. I nterestingly, extract #
of all t eSupepl LetkkBEivegawcetrs, (further investigatdi
with ectopi c -pebx3p,r ewsosuilodn boef nWTeded to confir

demonst rtehtee e ftfleactt omfcaxecemcgnr &@Oer t han th

parts, so to speak. Nom@emmd n & mtes c awmeami moe
individually in the same | evel s sagnidfafrect i
reductions in viability, and even terpenes

di spl ay t-c@&nceameefafnreadt s of whol e extract. I
investigateetbaseffaeted ektract, containin
terpenes, and see wh-etheeri apopptapitubated
modul at oAy whbketsanmndlhicuéexttactrepsiadate
identically such that they produce the sam
i nt er essetei nigf tcoannabis plants could instead
effect combinations Af htd@dhpamgdapuandrauagnmrsal
approach to rapidly test a variety of <cann

interesting correlations that point to the
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CHAPTERMH®DLE CANNABI S EXTRACT I NDUCES APOPT

CELL CYCLE ARRE®PT CIAN TERATOI D/ RHABBOLD TUM

LINBT1I2 AND BT16

l ntroducti on

First identified in 1996, atypical tera
their rhabdoid cell mor phol ogy, s(iRordlkeg, ty
Packer, & 8ndgaete dabBba@bacteraped byowth, po
occurrence prima¢(Lay, i Mageomdgarcaj )] d&e€@hamb:
AT/ RTs are commonly |l ocated in the cerebel]l
over 4cm, and are more frequently diagnose
ol(dLau et thdlough2@0h®2) r medi an @Def attr detagal s
201Phey were added to the Worl d Health Orge
brain t umor(sWooenh rye ri neDt2 8a§10.0,stA 1 )ri teri a 1 n
hi stopathol oghalmdoifd ndelnlgs a@arMd pol yphenotyyj
with a | oss of SMARCBI1(/BiNslwla so,r KSavsAhRyCaAp4,/ BKRaGk

& Julka, 2016)

AT/ RTs are frequently misdiagnosed as ot
tumors, and this misdiagnosis may |l ead to
ratf &¢ hal e, Duckwort h, Odame, & Barr, 20009;
201Byen when cor rheeatel yarcki agurased,l yt no st an
best treat n8retr | faond AT/ RT . , 2 0 1C/o;u sBins weats aelt.
2012)Prognosis is typically poor for chil dr

t hose wit h-6stprocsri dudvioa udie®y milcal 2t0rle2gdt ment |
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mul ti modal to match the tumor és | evel of a
foll owed by intralumbaf(Chndetnttatheoedb; cRr
Gross tot al resection is(8sbopeyatendawi t h20
systematic chemotherapy is commo(QGynuos &d,

Gajjar, 2012;.T9leayataetendls.d, yd20@h4) age predi
neur ol ogi cal and cognitive impairments f ol
typicalhyyoasmegler patients, though i1t can b
over 3 years ol d, with cr(aDmairodsi psi nedti gahlr.r,a d2i0

dose chemotherapy with stem celll Scdseye eh a

al .,. 2Rdgarch into novel therapies such a:
i s on(g\Noeisrvg ck et al ., 2020)

Despite treatments, AT/R5I% hwpd i nfaiirgsht r el
treatment, indicating the need for novel t
|l ntense treatments present the challenge o
t oxipcairttyi,cul memmgl y nyexng (Cadit berigerpati ahts
Though rare, toxi c cduerattehsst thmeind shscttaulr o eegt f al
2009; Biswas €&touasli.n, elantad@ g , g i0dYi)c het erog
AT/ RT ttompil $ cates the devel opment of targe-
personali zaAd/ & pabaacahbmasr aofl, owmht athi amasy
contribute to resistamcetthesei nylpe ctadld yetoe
mutations that give caarmrcce rf wretlHesr ame d edsesnitti e
t her apptdaereglet ed treat ments show | imited suc

this(@Gaetdberger et al ., 2023)
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Cannabis has a |l ong history of use in m
having been used to manage pain, anxiety,
(Gowin etThad .e x p21002r4a)t i o n -coaf n ccearn ntahbei rsa pays baeng
the discovery in 1975 of cannabinoids THC
adenocairci nMdwmmason efThel past9385decades i n p:
an expl osion i Ac arnecseera recfhfiencgt st hoef acnatninabi s,
cannabinoid receptors CB1 and CH2Mawesrued adi s
et al ., 1990; Munr o et .Tanhes e 1r9e9c3e p tSd resd za rnes
primary ways cannahainncoeird seafefdeecttosg e hlkeer wanth
cannabinoids in the body make up the endoc
in than@&€NGSB2 is present primarily in perip
( Ni gr o, Format o, Cr.€heecaredger& eDfafnd cetl se ,a n2d0 2n
of cannabis have been well studied in adul
death from apopt oswed (aGmdl vaaurtuospoh aegty ,a la.s, r2e0vl
& Kovalchuk, 2020; Sledzinski et al., 2018
al . ,, 20da®dygced cel |l proliferati(dPn samd is wertvia
2013; Pyszniakeetwcald. j n2@s6pn and metastas
cycle, as( Guwivicecome d& ithohmann, 2011; Pisant.

201l6annabinoids often exert some of these

stress in cancer cell s, as evidenced by th
the inhibition of cytochrome ¢ oxodtali agt
(S8n&Brezhez eThalgh 202 3as well studied, t|
antancer effects of cannabis inampeédiatric t
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neur obl astoma, amondclatrlae rAnn,drag arse wite vad d , i

2022)

Cannabis has not ya&¢hbdee nt exntonds neallr ¥ nr aArT ¢
buctanntads sbeen studied i n Soytnhtehre gpiecdn B 2r9 ca b
antagonists were fopeddatoicéedameimanpeleetl saly

202BHC and CBD were @ifowthoamdmeadulledlilcast c

ependymoma, model s bafaime diuarorrisc. eBnoktrhy ccraanln a
cel | cycl e ipmrdbwaed sa uthoopphgsthg y mas ul t s di d not
a survival benefit. Notably, the cannabino

with chemothéC€Chpyatr Aatdmadaongtoialg. al2®M2 Ic)a
the Childrends Hospital Col orado is also i

|l ife in pediatr,ic hboruagihn tthuenyo rh apveet ineontt sy et r

o
=}

i t  Deofrfra cst seAts t auldy, p2ba® sthredotmesalasdhat CBI
reduced the viability of pediatric high gr
be puMllFiauH &kce s, Lockwood, O6SuCanwmalmi s Ghasnd
al sof aeehy well studied in another pediatr
Cannabis extracts and phytocanna®d®Ynoids ca
neur obl ast(oSan-&Bede hdz neet -dhpji a26ra3nd Tapi2a 24
within our hoavwn bleaeln, sGiBBNvn t o potently inhib

mi grati on, a(nBd. aWwagnigo geetn eadl i. s, 2022)

Cannabis has been very well studied, ho
mul titude of studies on g7 heonpah yatnodc agn ni aohbil nac

cannabidiol (CBD) has been found to affect
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and i mwWaBsMG@nand T98G (@Hloilo masc.&eBDathas 2I1048)
been shown to cause oxidat, vanctherssforamt of
programmedi teGBMdageaNtlh Yl.Li Kesn, Shivanne Gowd
Ahn, &2®&@4)nduce oni tapthamglyagy specivfiiacal | y ¢
TRPYHuang etA aila.n,oe2mul Isyjbort hc cCBtDa iamidn THC wa
f oundde cdroease the grownhb¢iebLleghaolomBsIcein| et
The resulott gsdoufdineasnyi n these adult tumors ha
whereby CBD and THC inhibit viiamhilbitty, ceélnld
cycle praongdi ¢ ®si omyvasi venegssaanmde(vieera asadk soitum, c
Yarandi, & PoCrywaic almiua bTiZHiG2ilagnhsd CBD t oget her
proportions in ahdvegbkeowshawnSabi pekent.i
anGBM drug temoz(ol -ofvda kdeer d TeMtZ ) i. ¢ h 2l0d8 )1 e d
I( Twel ves aenhdaleceB0R¢) Phahsies Iplaicrliinngi cianl gt
pati(éBmmtasskar anAttogkt heRpD28here is a strong
effectiveness of cannabiemémgiadag,) tbbtr apmo mi

base for the effectiveness of cannabis in

There is also evidence of an entourage
understudied. Thetgpeoof agmumletri Qglcd einisvre@m
phytocannabinoids may enhance the effectiyv

and CBD, or that THC and CBD may interact

or indiLoeetley al ., 2021, Marcu et al ., 201
al ., 2017; Tomko et .alAnot2h0e2r0 ;c ofmparmrenteto fal
may contei kot e utaar ek ht eefrfpeecnte s naturally occ
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primarily in plants such as cannabi s. Many
medi cinal( Qsb@®pregitar set al . ,, 2a0nld9 ;t hNusu tiinncel nu,
cancer propgéertsigas dasSeovmedalp.a,pe2x0sldh)ave found
entourage effect via studies of cannabinoi
containing other whhenpeohy ntttse od x tcraan n@admpsoner
pot entth e-tardtcier ef fect s, otfhushedemomsatbri antoii dgs
extra components create synergy not seen w
ent our a(@®c etftf eett tahlo.ushh@WeElt ) eund t hat BDS do
enhance, but also déAs msoronghebial] .theeas
2011)However, the componemb&i oy chempBbDEsmay
bet ween studies. It is also |ikely that va
cannabis components, and different mixture
generate the gr éBtaeatm mediatci. nal20d®f,edt Che
For example, a recent study reported that

had cytopgrxliicf, eraatthiigeat ang ahtects against
mul tiforme (GBM) cell(Peeareis atn danlg.l ,ia o2md2r &)t e
study demonstrated tkbaul daebhbsgeaahnahbi s e

neurobl ast oma an(dS 8 re@ubkeeenhieaz ceetl lall.i,nexs023)

Thi s mpaeetrti hea-tamtcier ef fects of cannabi s
BT12 and BT16, celby lannael yneoidneg st hoefi rATd IRITI i t
proliferatidmiasndtadlyl whesatdlobne concurrentl
t hseamd fects of cannabis extracts on cell | i

pediatric nerivoes clyapter t 2)mor
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Me t

Ma i

Al l

Cell

gro

Que

Fet

Dul
Can

Ser

mM
mil

Aft

hods

n reagents

reagents used have been described in c

[ cul ture and maintenance

Human |l ung nor-081 (-CE¥Ebr Abdh@)snta nWinor ma l mi
I 18386864 (CRREAGChuman AT/ RT cell |l ines BT1c2
t from Dr. Aru Narendranods | ab at the U]
wn in Eaglebds Mini muid3BEsewWt BEENTMENCUmM
bec,, Cam@padpment ed with a f iinnaalc tciovnacteendt

al Bovine065@880bm YWRtH#¥nt©O9&rnati onal LLC, |

Human foreBX¥iTehdr madn0elsl ,( ARICC) gr own i n
beccobs Modi fied -€a@l e oWl $MeNT ulmMNC.Cat @Gu 8t
ada) supplemented with-iaatinasbhtedné€&entt

um (-Ca@s# ,97VWR I nternational LLC, Radnor

All cell s wefe iinnaulthatme didti e3xd7 althreos pher
ture medium was repl aced -2 thh dferpeesnhd i cnogm
I growth and proliferation Ahtet ttlils, c
e either r emov endl RRYrPdSm Nt/ GEED2TRAYd Trey ws it m 2 n «
EDAdNa, Ca4BLB25WI SENT | NC.), mawtbrexl,i Zeadc dva
of their respective gr awtnh froedi5¢Cmi naunt ke s
er ldlsi ssereeeithemmrepsaspended oébnrtrtbd@r g

growth medium with 10% fmll teelrieqgdu dDtMsS Oa radd
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at8C. Cells retrieved fr ofb fmiorGaa ns@ Dar dadgeed v

to a pl atleowi warm@d media and incubated un

Human Adul t QO\orrenbaéli $Bideiath (POd&@ti#&23 0041
Bi oChain, Newar k20@CUBA) i Wasekdptd &bODr use in
which point i1t was quantified and prepared

anal paige 76) .

Cell wviability test

Thassay was done as described in chapter 2
Exposure of cancer s echsntaodndatharaperseextr a
This was done as described in chapter 2.
Western blot analysis

This was done as described in chapter 2.
Flow cytometry

This was done as described in chapter 2.

Extract Composition Anal ysi s

This was done as described in chapter 2.
Statistical anal ysi s
This was done as described i n chapter 2.

Resul ts
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Di fferential expression of cannabinoid rec

as compared to nor mal human brain

Cannabinoids act on cell ;s heor gdeeltydrvmian ec

t haebi | AT/YRTofcel espondst bocamwrealiis sdx tdred etr ani

expression of cannabinoid receptorsweB1, C
used commerci al avail abl eprooemat maddat t sdue
confool these tumors, as theyYhase Weeweeprth
determine i f expression of these camnabino
to the normal environment of these tumor s.
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Normal  BT12 BT16 Normal BT12 BT16
brain brain
FigaBeEexpression |l evels of cannabinoid recep
and AT/ RT cell | iBrdse fBTyl2 quaredtBThnégsti on ahk
protein bands, then band values for protei
val Ces | l i nes were also normalized to expr
whi ch was our contGralphfsormr etphhies esax p eanreiame mto.r
NSD, wh283e n refers to independent measurem
met hdgni fi cance was astesstsedt wsi hgithd, st
variances, and the Bonferroni correetion f
bet ween nor mal brain tissue protein and ea
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Expression of al/|l receptors was el evate
expr edsisfifoenr encef wasaldr amat¢c epft ohswbxerpt ePPA
| evel s were not diff.erTelma mdsatn droameatli d rian c
CB2, where BT12 &dMand®dTaddeaetldrs dxamlr @assi on ¢

receptor than seen rien pkit3nEled \yaothioohBili s s ue

and GPR1Both cell l i nes wer e silmitlearke,sctoi mpgal
the expression of GPR55 is elevated to onl
cells, while it is 17 times greater than n

Overall, both cell |l ines express nor mal
investigated, making them excell emnd candi d

cannabinoi ds.

Cannabis extracts #4, #20, # 28, and #41 ha

normal <cells while significantly decreasin

Next, we proceedepget boemiahgawkeof®ucammnagl
shown by their effectiveness against a | ar
for their growth inhibitory activitayy saogai n
tested on B TEEI tel Wel ener eataendd froers pao ntsoet
each extracbywhMIT.mMaesdadyped lkxotvdacatrs2 0, #28,
#4,1 halvle been demonstrated to ®fe etfierctcarc:

cel |l l ines within owg/ imhb at a concentrati
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BJ-5TA

* Indicates p<0.025

** indicates p<0.01

Relative growth(% of

0 1 2 3 4 5
Days of Treatment

BT12 BT16
120 120 - uT
b b
° 9 100 -
s 2
E G
> * EE 60 *
2 £° 40
= S
2 g @
T T T T T T 1 0 Ll T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Days of Treatment Days of Treatment

Figadlehe ef fegdtmlofofl®Sannabis extracts #4, ¢
nor mal human fiBbid6dBhtap) eedl ATI RE€ cell | i n
l eft) and BTlba{hotepmeseghs)the mean nor
at 595nm, N % error, n=3. Nomumalieaateidorf UW
cebhsthe final day of treatment for DMSO
value of DMSO treated cells on the final

Significance was astestedtwsi hgitbhdestondg
B ofar oni correction f*ri maildatpd s godnp@®25,s o0m*
and brackessgnntlicant differences between

treat ment .

n
m
a
t
d
0]

Fi.tdde mamsttes t hat none of the extracts t
viability of BBlaAngmasloows!| It hlaitnevhi | e al |

significantly decreased teetrvdaatbhi#2a ywad mBc

efficacious.

At a concdrbgrmtioacopf#20 does not signific,

of nor mal cell s, but significantly decreas
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Wesought to detefmereomtAT/BRT ecfdlelct was
dependeéehmat i s, if wviabillint ya dddeiictmiedans & eiea s d
another nor mal cel | |l ine for analysis, add
l' ine ASHBE€e range of Hg,/ mMselGctrd, a2d@, taersd
nor mal .¢elpldelmomesds rat es sohl &iR2/5mndlBg/ tmhe dose
significantly decmermwmeld| t hecalos 2wl mklggdiod a

not affect the viability of nor mal cell s.

Fi.tbal so shows the results of the same d

cells. The three highest doses had a signi
treatment .egéGimMemwatshastaf®e5 for all nor mal cel
reducing the viability of both AT/ RT cell

mechani sm behind this decrease in viabilit
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Ablehe effects of 1lgg/ ™l DO, ek5raz2d®, #210d oZ
at ment on BdrTwatlopc ellef tl)i,nelsS1 EC (top rig
es BT12 (bottom | efDa)t aamrde pB Telsée n(tbso ttthoem n
mal i zed absorbance values at 595nm, N %
or banwetvalai ecerf(ltshe fi nal day of treatn
|l s, and to the mean absorbance value of
atment for extract treated celtlesst Signi
tailed, unteguf@dariarac amrcegt iaod ftYor mul t i
icates p<0.025, ** | nddicqaniefsi parot. 0dli, f faenr
ween two means on the final day of trea

ofiég/ miextract #20 si genarblppophbbysi hor 8a4&

al a pBoTplt6o sciesl lisn
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DMSO

PE-Texas Red-A

FITC-A
DMSO 8.27%

PE-Texas Red-A
PE-Texas Red-A

Fold Change in Expression

«
I.T:
PRETIT A

PE-Texas Red-A

Extract #20

wnd ! A.
FITC-A

Extract #20 11.13%

* Indicates p<0.05

** indicates p<0.01
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Fi gablehe effects eod/ nil2 exoturrasctof# 2106 tr eat men
AT/ RT cel |l | i ne(sA)BTAf2Z eand rBTaltéme nt |, cell s w
apoptosis as described in methods and anal
apoptosis is shown, and for BT16, total ap
(n=3). (B) After tr eaandnewetst ecren |bsl oasetrien gh awa
described in methods with all indicated an
times for all protein bands, then band val
GAPDH banHxwveabtoeses&26d cell data were then |
treated cel |l dat at raatiedatal Feri snpyeseghnt a:



treatedwhes ¢ vWalt ae would be equivalent to
l i ne on QGrhaipsh sgrraepphr.esent mean whermmaini zed ev &
independent measurements i$hi dmmafgieclan caes wlaess

assessed usi-hgst hetwobutdent éd, tunequal vari
correction for multiple comparisons. Compa
protein and each individual cel | Il i ne

Determination of afplompd osnrse xwiars ¥ ®stea iursiir
the state of phospholipid membrane flippin
treat mabbg/hml exftodéio #20terate, cells in Q¢
staining indicating membrane flipping in e
Annexin V staining and high Pl staining in

visibility seenl ialpdpattoes iasp ocpanossiisst.s Tmoft at h e

Fi.pbsAdemonstrates the increase in apopt o:¢
BT16 ceHdr IBThlexs,. there was a significant ir
Q2zand as. aFgm aPhl16, there was a s,i gsnhiofwnc atnot

the top right of the floow cytometry resul't

Western blotti®fhgamfdo ©algwisapgo @Bt obi, c r e gl
proteins -Bawasanall Balperformed tobybewhtiecrh el 1
apoptosi s was ockarr rbontgh icneltlh elsienecse,l las .si gn
cleaved caspasbhBoBgiwast swasa mor a -fBorlodf ound i
i ncrtehaasnel y-fao | -d. 5i mc rBelTal§6E.itGell Htser est i ngly, a
decrease in cleaved caspase 7 expression a

Caspase Mosbb®xgea eisrsi on bet wd &unl6p). he t wo ce

There was no significant change i n Bax

1 -f20il Wlcr e afeesrnl tBichg i n a d2craetse, i hhobthghB
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remai ned Fpéaps)i tHovweever, in BT16 ckHéod,d t her e

increase i n Bdx-7ddidlca exaisapniiifin aBaatda s 2ng t he I

r ai F.dep)

Appl i cadtsgd mimpfacts cell cycle in both AT/ RT
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n=3. Nor mali zati on warst rtdat eadad(@r man a e lew aviny
final day of treatment for DMSO treated ce
DMSO treated cells on the final day of tre
and extract treated cell s. Si-gsat fitcvm ctea iwlae
unequal vari éemoea, amod rtelcte iBonfor multiple

Despite the effectiveness of whole cann
| i Xteherb gpdahtaxter aat er di fficult targets f
clinical use. Therefore, using the extrac

analyse the effects of key cannabinoids an
makeup of extablciTaB®d atwdswas used for reco
experiments, as described previously. Il n a
i ndiuvail components of t he exctarnaccetr weafsf eecxte r te
were treated with the extract components I
extanandtthe combin&tildrs tweeat memmatdl yzed via M

treat ment .

As seFed8 i mwmhol e extract was mostBTef2f ect i
cekcbsmpared to combined and individual trea
ot hcee |l I5Habfyt er 6 dayswhifl ¢ rwlaalmenteconstitut
decreased c4&%. Ivntadr & g tticnidilyyalreetlhlecals ed peeall
vi abi3%afyt ey 6 daysThifs tirmditeonatnegs t hat a gr
reconstituted extract was driveecnefsbyg ca

cel |l vioanblPyl ey b ye s pecltairvgeellyy) the/h gtaurse. one

Despite earlier data showing the cell |
found in thiistewpernomentedsmandi ng 8 .whol e

This apparent | ack of response wd8® indepen
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conficmanigiesi n responsageness atedexbdr aauabt #
extract -t#€29Dt Bvlsd nceel | s, which were still se
confirmxmndpadheot meani(ndgftual Inyd thcusahndghead

investigation was done with BT12 cell s onl

resul t s.

Terpenes cibhtcreodnreelnleo,l bauntd mhitbivial eme ewnieabi | i

BT12 AT/,RTwtlcielld shaving no efflesct on nor mal

Ad he next step, we soe@eglpontaeiidirvoensetl|il godlt,
as wel |l as what mechani stWec aelfsfoe ccth otshee yt omiu
terperdrene due to results fromeaponlser tpe
both cittdboeditM odo.seend ange for each terpene
their molar concentration in the reconstit
| ower and went higher than the cSrcgbtmhntrat.
extract #20. We reasoned that terpenes may

we were also interested in potentially gre

Dose ranges weremiicreotggl t éddMCe8deIndsrulr ieo e shael
given doses were safel9fhamapPusld uosnt rnactrematlh acte
of citromM,)] | ®MO o0, DnPM,6nIM, 8 BM, nIM. Zand 48. 6
nM, originalncoaecens iaRila,olc eadsrseanyeM,( 0. 03
0.niM, nOM,3n0M,9n2M,7n8M,1 2 M, 3anndM,7 20 r@ioqicrealt r at i o1
in reconstOi @®Mhiadn nassaygni ficant effect on

of treat meal en ®amh, §00MO03OM, 1n0OM, 3n0OM, 9nM, 7
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values at 595nm, N % error, n=3. Nor mal i za
final day of treatment for DMSO treated ce
DMSO treated cells on the final day of tre
was assessed utse sitg, tthwo stt aiidleend ,6 s ufdreoqruial v a
correction for multiple comparisons.
Within the | mewdohfediblse thassdgeal sdiogsreisf i cant
on BT12 scleéB28® .( Find erestingly, the strength
terpenes than those used in phedorcedi aal r
significant difference in cell wviability w
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testing of all yeepdepdsi atehiegheéengloodess | ts
citronéetédienetMland @i 4ronell ol both produc
in viability compared to vehi elid heanttrealp,en
to 1>M2f il ed to prodawleB2Bdbke amwelf dots e( BIf
citronell ol also produced a comparatively
doseslOB)vVgl encene also failed to produce an
at any concentratSwmalR) t hTHeaigse hreegs uletsd i inmgd i
terpenesnehlcleodlr eanned can i nhibit cellb viabil:i

dependent .
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mean absorbance value of DMSO treated cell
treated cells. Sughnf@i thdoesttwdd wod $ a8 d eed ,
variance,feaaondi tder Beati on for mul tipl e c¢omj

Citronel IUcledrbewnte, naltecr eases apoptosis in B

Apoptosi s analysis was done as previous
t eenes ci tlcoenderlelnoel sahr0dN opamcsdant rati ons wer
these were the most effective from the MTT
encountered an issue with BT16 cells previ

responding to extract ¢g2&f f(leaetsipy e eaddien etxtl
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cellatlt imks same dadea aMati ttshheoevnt )erf f eerce hand t4d

proportion of(FkKi2Zdh) s in apoptosi s

We also did western blotting of Kkey apo,
While thert®.f2oasd a nsciesedals e nwi-ftail d d& nlc.rkase f
citrotntredrlenolwer e deampeopstod iicn-BXplaofi anBcl
from both terpgeamres. - Wlse aid ¢ c-2a 4t §oddr e rBeC,
and -bBokd7decr2 afsreom nc iBQlomled | dbécr eaamsle ai 4 BA

bot h t(elgiziR)Téhe B a2x /rBacls oal so decreased compa
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mean NSD (n=3) (B) After treatment, cells
carried out as described iIin methodisomwith a
was done 3 times for all protein bands, th
nor mali zed t o GRAPtDrHa-tbtaen&l2 &/l welsl. data wer e
DMSO treated cfedrl odmaHya ceaxaterda cdtet & s i s prese
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in I maged, as dSeisgenriifbiecda nicne nweatsh oadsss e s s ed us

two tailed, unequal wvariances, and the Bon
Citronelldeodr eamed do not induce changes in ce
cel | cycle regulatory proteins

Cell cycle analysis was done as previou

terpenes cUcterdorne@iellodalh lasmM tO0@centrations wer

from the MTT assay over 72h.

|l nterestingly, no aalyl $ rwatemefmauynd nich u@.
Private correspondence with a coll eague <co
cancer cells and not a quirk of the experi

chang

D

i n any p,hatstreowdh tdheneaeredll | yw ylxdteh t er g

the proportion of cells in G1 and slightly

( F.i2zd) .

Having seen profoundafitrear dasad memtp vl t a
extract, we also carried oudf twerstteeampeodett:r
Contrary to expectations that terpenes wou
the MTTUcagdgay,e | ed1ltfbolad sé mydthd df ri Bmasm®r 6 s i on
of both p21 and p2i7es plgruid2Pv. e ICyi t pronted il rod | e
even 2faordigeecrr e ak eacrnadu sg2 a s ma [l [-fldoduntc rseiagsnei fiinc

p27 exprge@Bs)i.on ( Fi
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cell cycle in ATA)RTAfctedrd tlneaet BermMt2,, cel |l s w
cycle analysis as described in methods and
t he mean AfStDe r( nt=r3dat ment, cells were harves
carried out as described in methods with a
was done 3 times for all protein bands, th
nor mal GAROHtwmanBExveabatoee&26d cell data were

DMSO treat endd cdealtla dfaotra oand eyd exdlrlascti s prese
Graphs represent mean ®iogmiaflicandc e alvae sa NS
the st-udent 6swbdb t ai Isedanduntehged aBo omfaereica n coen f
mul tiple compari sons.

Di scussion/ Concl usi on
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Atypical teratoid/rhabdoigr awimog GMS /tRdI
t hat wuswually occurs in children aged 3 yea
chil dren an(dDwfoauumrg etdudlIt.s, . 2CLR2rebabyetraste
efforts are aimed at wunderstanding the bio
effective treMdesneineck sdbatileigs ed02@yrt, cannal
opportunity, apsr dmi sheasa s ea np sstheonmtni al tr eat n
chall enging CNS tumors, such( BahsaskBaM,a ng leito na
2024; N. Y. Kim et al., 2024; Ma§rauahez at .,
al ., .D2G2»3)tX e this, cannabis has never been
against AT/ RT, a deadly and difficult to tr

ti me analyzed the effects of several canna

After initial MTT tests to analyze the
that extract #20rwdstcimeagti &bifliictagi ofusbath
and did not have this effect on normal cel
showing extractdegR6asbngfldroea s/tv ad{adt.d elry  omdt! |
al ., adad22pncurrent results from another tu

separately (see chapter 2).

First, we investigated the expression |
GPR55, anAs PRPAAMRMabi noids | argely exert thei
receptors, we wanted to first ensure the <c
responding to Wanfnabndod tthetattmeenrte wer e muctlt
receptors present in these cell l i nes when

Most promising was the high |l evels of CB1l p
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nor mal braian 2#4i §9be, awidt 0 fold increase |
respecti AWesl yal (IFidg tk)s.t edlomixt ®dmatcltis edendel THC2
THC aat $ hi s( Preerctewpetao,rh2@0 &) expression of it
promi sed greater elxtrmay ales@omasientp ott @ ntth e
tumorigenicity of CB1l, as CB1l receptor exp
adul t((tleeader Famdeher®O0wWge found greater expr
brain tumor tissue than comparedontcdusoomal
i mpossible to draw without a comparison to

unf ortunately was not available for resear

The increase in CB2theaeb8 fwalsddirmaemae & €«
and an 88 fold increlasmsntnr Bdildt < eprl svi(dug
CB2 i mmunoreactivity in pediatric embryona
authors do note this expression was incons
hi stopathol ogical ofE§-Mekbhandzgwalla ef 8whe,
AT/ RTs have beiemmshe winnttlmd maandeuwltt brain tum
gliobl,aptaomacul ar |l (yChhre etYCals.u,btIpk9; Lu, !

& Mehta, 20%F2;x,TrChn,, Rl aNmtfeodgant h29@28hpve

been teBiTéd, ahdtBT16 cell |l i 0Bs HoketyafFidt
Thus, as CB2 is expressed more often in im
CB2 we found in these cell l i nes, and al so

cannabi s.

This i mmune cienl IATa/lisTa| ev>epnleaitns t he hi ghe

GPR18 receptor s2edenf oilnd ohuirg hceerl |i nl iBnTels2, and
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BT16, as GPR18 i s maijiomai imimjiNex prgaeasdal n,

GPR18 can be acted(AperabhdemlTHC2abd; AEANns ol
20L4)with its endogenous | i gamrad abcehiindgo naony la n
glycine(KNAGDby ptThadu g h 2i0t06has been identifi
i n brRemtet aald. | i Z@D0)anetiral has 281199 been
associated with poor prognoses (iYn BRdadeand

2020nNd found to inhibit ap@Qpnhost . Gadivire,nmathies}

high | evels of THC in all cannabis extract
some roleciamceheiabi anties, t-bmpgbswi bh bDhe
at similar |l evels, it is difficult to say.

GPR19 expressidodhowasi nnBToH2ds auchd B3T71 6 . |t

highly expresc@dDowdbe@anal tti Ss5@2p)ession w:
found to be highest in embryonic mouse tis
(Hof f mtelilsetreirc h .An iancre@29d 4i)) nh &GP RALDere xpaorerse
with poor proghnRisker iemt maell .a,no2nadl; iB.crarsg
mar kers associated with ioRaci &eHe\lmi | i 2917
increase in its expression is also msweci a

et al.Tak2®hWl4pgether, the high expression o

embryonal nature of these tumors and a hig
or it mawggefrlssctoont loé¢ this tumor type and
Additionally, while many reviews cite GPR1

sys{&mzende etitaldoe0r2®t yet haveofan 1 deni

any Kkind.
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GPR55 expression increased more moder at
6f ol d i ncreasef alnd BiTl@2r Gdnme gqihni7BT1&MRNA has
found in the CNS, protein expression in th
ti ssheowever, its presence in t-EB1CHNE @BZ h
medi ated signal i ng( Hefnfsetcrtisd gsdeteent a anlp .rt,eh3 0CONID
hi ghglri eml ast oma compared to nor mal brain t
expression to be @&xphodBaé&hras Ta drau@Bdit,arade
or a selectKokebantedgamhisstad®&Edl)generall y ass
cel | proCaf-Robtedom et al . ,. 2DRQ; hdda &Itsal be
shown to act, otnhotuhgihs @rBeycheap tgogrevinhiiallte , mu2cOh0 70)f
t he-camtcier effects aff ecdrernatkivedvitaa GRRM®:dI a

antagonism, rather thBempgloneEmat oft B&@1IB) gl

|l evel of expression in these cell l i nes ma
|l ines; tthewelWH&r .present i n extracts may pres
hi gher | evels of this receptor.

The expresisiimnc ot PPAR to the waApressi or
more similar to norfroalld tiinscsrueea s dwoilth BT 2y e aan
i n BTHi6s receptor may have ne(uGaoip reott, eaclt.i,v e2
buithcreases of it have also been associated
based onmetasbolole masgul at or i(nBhahtei aS HH naelt.:
20120ggeseax mrges dison woul d be mor-8HHIi kel y 1 n
subtype. As our <cell l ines BWMYZ saodtBpép t |

relatively nor mal expression | evearlaskesf t he
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sense. However, THC oJ(6awiterl | Nadatahgeosn imsaty ,0 f 2

stil |l be one way these cell |l ines 4esponde

After determining that extract #20 was
BT12 and BT16 cthils,ewtrdotunexehtaed its mo

apoptosi s i n BTIla&s adhamadrlsltér ectedd sby propi di t

staini mpdreaqnulintrease in cleaved caspase 3
Il nterestingly, there was not whiccohn ciusr raenn t
executioner ca¢pPpabeoli Bamabhsp&bandayataray

Casplasies commonly known as the dominant eXEe
demonstrated to be abl e t70 diefd w@Brnapiped dks)
Ro dr i-Myeuneozc a | De Guevara, Trereelrack &oBocasepa
induction in these cells could be from a m
cellSsung ewralperha@@3fYrom overexpression o
protei(nDgVeArPux &OReedevil®® 93 ugyeissd sndthaftulc
redundant -3wi tshu gagnesgptaivrdgl vement in respondin
the(damkanfi & Kanakdanequi 26d0)or atnlde pr o
detachment of cells (Boenntmal lexdhiagledl $§ u2@z:
interesting as cannabinoids of tceaancienrduce R
mecharnfiCamyaruso et al ., 20tlRe G&Geéedaeans kine
caspase 7 seen here mextsagged#R20t hhadutclkeids a
these cells, though further specific I nves
extract #20 would be nEedeldi ght cheaacvy @d s & eil |

casPaeen 1libn cRAllglgsest s t hat apoptosis i s not
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pat hiwayt hi s asel-8Batspaeprvolved in the intrins
(Mcl Il wain et al ;t,huws0,13t;heG.i nScurne, a s2e0d2 48)X pr e s S
seen in BT12 cells suggests theAistudgpsbt

| eukemi a celTHE toeatdedhwttbel |l s deficient

apoptosi s showedespomes e edacTHOnNneiotf her way,
t htahe i ntrinsic apoptotic pathway was mor e
supporting role via cr ddotmdblak dwiett tOatt lsg di2rotd
this, the extrinsic apepuditied patbwanabas.
possi ble that another pathway, dudl &s ldutt
cell s, as cannabinpEdRekbhaszewglga,r Gue olpbm:
Kaminska, 2021; N.nd¥.t hKiamt etp haalg.y, a2@2 A)popt
may crosstal k with each (&t seinebeeragwel Bi abi k
Simon, & KiAmachin,cl 2160 %)e answer to the exact

this extract in this cell type would, howe

|l nt erestingd yr,attihe dBiafxf/eBrcdd bet ween t he
was a decrease i n tnhoi sc hraantg poo pfhoorp rBoT 1BRa xc eplrl o
an i ncr eapsoceptiofftiducetBrcdt i o i ncreased in BT16
an increase i n Bax Botdh dercd tefméasmis |i yr @Beciilc € r s
i nvolagapt omsi s; specifically, they are i nvc
release from the mitochond¢(Hanahabhhé& Waitmlbe
200Dhe rati o between the two proteins can I
wi || procedd®ati s oavy@mo etto ;ail s 2@Gl-Bciieeskenase

per meabilization of the out er2 niiatnoclhyo npdrroitae
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t hat would 1 nducod at heitswhlsuc B@atsl pHaxgomeri ze
pore in the outer mitochondri al membr ane t

triggering cleavage of (tJhe gexesametiieonen @ds

When considering BTWw2 srekt amopthnacygiesa,s eo M

caspase 3 and 7, Kutrada idbe craases@cibry Bax /i Biclr
expression, though not a decrease in Bax e
increase in early and total apoptosis seen
Thus, thé&czhaxgresni on could represent an
apoptosis, as shown by the decr émageisnoéar

tdn western-2bl omhse nf acro mpcalr ed t o BT16, al so r
of expressceolnl sf.orThBTsl2coul d perhaps indicat
i hhe BCL2 gene in this cell | i Wihee nt hraetf eirsr inn
to the MTT data for extrtalte dti2f0f  Fée maue ei 1B )\
becomes pronounced afhtuesi s7plosacei bl eeathmeént o
before anal ysis of -2a papttcoesids dmddf drasechdiaansde Bl
is further suggested by3 tathsdeencrpaB&&2i hha
indicate that apoptosi stiinse pbogigniltrerminmg ti n hteh
possibility that another cell deat h mechan
killing of 't hesTehecehlilgsh ebry eekxptrreascsth e#s2e0o.€ e Bk &
thus constitute a greater Ahurdleo that tr

apoptosi s.

When consi dlersipng eBTiheé, | ack of-7,j nchease

Bax/2ZBcrlati o increase also poinyt sand taptogplt o s
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apoptosinsgrkeased, but not the proportion of
referring twe tchaen MTeTe dtahtaat t he decrease in
most pronounced after 96h of treatment rat
resul as B2knmay indicate that BT16 require:
induction of cell death. This is$rentcicellas
for only 24 or 48h; thus, studiesltithat hav
death may need to be interpreted wit,h caut

and this-tmepw Ke pealdlent as demonstrated her

Extract #20 also modul ated the progress
as wel |l as affecting expreBldaroen wds caeldi gryi
increase in the proportion of cells in G2
I n S phase. This indicates -phdseckrameGent
woul d suggest a block fWohennciehVvVaesstiing®2i eaqt
cel | cycle proteins, we saw na@andbhardgeeriema s
and a baf4oslidv e ncrTehaes e 2i7n ppr2o7t.ei nt hies tkrnmaonven ttid
into S phase from G1 by binding and inhibi
for thig¢Podlygmaki etoml . , 19 9Wh;i | Rea zweev idpi odu rn oett
change in CDK2 protein expression |evel s,
which may help to expl aihhd hleadl cofeasdk) untr
CDK2 |l evels may explain the laadak tafonbltomc k h
in cyTheni Acrease in cyclin A was accompani
protein and another increase in CDK1l, whic

mitosis for celadas -MMhertaOizsiitheer d A c&®2 of change
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protei nwhey pdyadInisn A and ,CD&Ksl idti dr( ligpwhlgateec e ele
al ., 1998; Howeser 19@HftobrnmAtosi ceqgqommed me |
when paired witbONCOPK]l W&&kAnpatheeincrease

more pLyzllmamgd pl aydranrsolte oinn otf he he cel l

hel ping to ihCoveartleey,epl aman ,wh& clLha shkeel yp,s 2e0x(
the | ow numbphraséd; cprldssumanbISy Cyclin A, tog
push cells out of this ph8&benfasuel ednwet h
bl ock I ttrhaens@1lt i on governed by CDK2 and Cy
increased p27, there woul dphbaes ef,e weera dainndg fteo
overall Cdagliattiign. we did not investigate |

Cyclin A at the elndtof MGRonboedt eyeAbhahamb

Cogswell, & Bexed 10mMit)hwesel debel tssur pri sin
decrease iim tCyicsl icne Bl l ine after treatment.
Il n BT16 cells, there was no significant

particul ar phaskBowéveheg Chétecwel e major c¢

of cell cycl e Thegelxptrersy i pmo todfi goldl awads p 2n7c
expressi o4 oilmdcr Asss esd at ed above, from the
decrease in CDK2 and Cyclin E, which was s
i ncr eGyscel iin€tDXX la,ndwhi ch was al so seen, thoug
expmprse on was Wersypidmaltlhese changes in regul
no change in the number of cells in any pa

Though whole cannabis extracts, rather

|l i kely more effective( Atmsedoonogngtcahcer 20
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2019; V. Cherkasova et whol e 2@d22rracStcotdr etoc
replicave, chamad | eadamtgdisitli intde.aipiafritciactuiloanr o f
strains of cannabis is already difficult w
propagat imag nttltae m tde si r e(dB ccoatnm a& i Biawoh [dmd renv,e |

Chand

=

a, 221 &) one terpenégbusr wehwantedpba
the individual ¢ ompboontehntbsy ocfr eeaxttirnagc ta #i20e c o
components nlihxiesd waosg edtohneer .by first deter min
extractpevrifaorhmagnhce | i qui d Weh rdeermetrang rneepdh yt h(aH
#20 contained only two cannabinoids, THC a
from our | ab cl-TalbG iefXytDrnagdti t e fafst éar ,hti @2 L2 ne n't
days, we saw that6®&%treduct#izdn pirro daeleld i atk
reconstitutedd46xbprhacedproddooee denfafceecltl ovfi abi

reconstituted extract was also greater tha

same dose present in the recomgintiungldy et h;
entourage effect | samaretrl yabiidnvdliwed oifn etxh e
celTlhe. di fference in viwbitreptmedtustconl de
be explained by some terpenes revealed in
ext;ratchese were present in amounts too | ow
concentrations. Also of potenti al i nterest

whi ch were not anal yzeée amncd rmgy opeerrttriiebsu tl ea

recomnstd (domkactt al ., 2020)

At this point, the cell l' ine BT16 wunfor

with whol erexpttradactn.g Afhteermr econsconfuti minngXxa®
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of mycopl asammad icnofnefcitriminn,g t he ekesachghad n
BT12 cells (Wataho®e msbdiowhe  ainmcvees teif g aetca st o
terpenes on B3lbtang pomsegeble for cancer c
substantial c¢clonal evol (tBidpanvsi d heatt aola.n, a2 &l
concluded this was | ikelFuyrwhatr hatdlesappgane
genetic backgrounds of both | ines may thus

mechani s msc atnhoc etrh ee fafnetcit s o f cannabi s.

Next, we investi-gahedrthetpoteptotl aahe
have significant reductions iandebhovheaebil
tumor <cel l Il i ne, | MR5 (sedlcelapner 2) trwae

val encene.

Citronseldmlacyclic mdreo tgeymmEeagegdintyurnuds i n
and in a variety of (0'tPhuebrChfermuiGosmp osupnidc eSsu, mn
Cl D 884C, T RbGeNEaL L-pL", ;( +Sant olsB el 2 adfetl,dr bl A)ay
of tr Qat2meé&mtMr onel | ol produceldl avBdabbklb tgda
to vehicle. This is notable as it is very
reconstituted ext rmaacyt ,b es urgegsepsotnisnigb{cel tfroorn enhu
cancer effect of extract #20. Upon further
significant reduction, iandvisabmilliatry raegsauilnt su
another cel0OhMnei t 1 MRénl. 180ll% prreodduuccaeido @r i n v
96h in this test, and 44050%,M sailnsiol aprr otdou ctehde
conceniThasiparall els other resulteeswWwowahg

canc®&al ehi andabr ea2®2y8 pHoertictalilss nd@2 @)l e a
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citronellol did not produce a reduction in
condiutnitans t his concentration. Also of note
hi gher dose@nd hmpns AiOinIM.ty i s the activatic

pat hway being acwhemaeed bygheghddsesessopf te

the effect it prev@rowasil al lhya,d tomi s erlds wlitabwe
citronell ol in this cell linswicht rowael &los o
wi th anotUWceedrteerep,enien both cel |l l i nes as we

With an effective dose thus determined
thus i nvest iagnataend efrurettiercttshef citronel |l ol
mechani sms previously deCmanmnrsotnredtleod fsrlo ng hwhl
caspPBasexprebsatodecr ease2d, baost hweBlalx aasn dt hBec In u
ear | y aTphoep tBoagxi/sBactli o a,l sidbe mMeercyterassteedd by t he
reduct i-amoptfotpir@ Bax-apompaed.edAlBloltahnitsi t oget
indi cates that <citronell ol did not produce

apopitThei £ffects sohnowehde ncoe Isli genyicfliecant ¢ hang

cel | cyehtradbtuitng effects on p21l and p27; \
decrease in p2l expression, there was a sm
indicates that <citronell ol could potenti al

i nflimgngeroteins such as aCbK 20 cakn dSeGpMrel e ren s GEL
as seen with whole extract. Overall, we we
action by which citrOhieslio$ ceducadycted!| puwvl
which shows that <citronell ol can( Y.ndHioc ee tc e

al ., 2020; Saneé hal £¢ Yme et 0,I0sh3) 2a011s90) t hat i
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induce changeéYtoHo het call |, cYEGDdDWeveUs ,ett haels.
studaeyg wildly in their dossvianlgu e woift hl.olnéen M

citrdaqnrel Hol eandl ot h20280@hksiNinhgt datsesali aul at e

—+

housands of n(MSalnetlionete nalr.atTil0s2,3 ;i tYui 1t cla

—

urther investigat itoon e snttaob Iciisthr oenfefle cotli vies d

ines for consistency and clarity.

With relperddsenteg initial resuhaw2gddathe

-

eduction i mM.CcoOmMsvi abifrom akpanded dose
showaedni | ar results as citronellol, with no
cells upntwh&i8epPp®wMreduction,i wivhabbl reduwa
viability at drmyeski glesnuldsessead so paralleled
chaptTehrus2,) . we continued to use léDhé&éictsrofu

Ucedr emteh eoimaawc i mechani sms $henewiwabhB whoe Mhe

but significant increase i n t hecopurpdpeodr twiotnh
a small but significant increase in caspas
however, 2heaBaw/ ab sulstantieaguly oécrae msa
decrease in Bax coupl e wixtphhWisstslsi nené. g & d sl e fc ¢
cycllieke cilicreadmelnleolf ail ed to produce any Si f
proportion of cells in any phase of the <ce

regul atory proteins were downregul ated aft
indicé&dtedtbat may reduce cell viability in
l' i kely not vi a Wceeldr ecnyec | hea smondeuvl eart iboenf.or e b e

individually for its anti cancerpbktahect s,
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extract £ awictelh( @dtf etctaIT.h,us20ltZh)ese results d
potentcancerntacti vity that couldr ppehl@apEss bw
combi nati ons ,ofasothhaer bteeernp & meusn do tthoe ri mpr ov e

terpenes(hegaubtskyPichette, 2007; Y. L. L |

Val emnexzae sesquiterpene commonly found in
gets i(tFsurnuasmewa et al ., .20Rr5eviYOusSomgs weltt @l
has -camtcier effects againgtKk.celilu leitnead .f,0r2 0cC
mel|l anoNnaam et ,alg.a,st2(0Aodba orec et al ., 20,15; Ha
colon cancer, bre@AmbcanceHopakengrlReti®pmi de
decreasi n@2wWh ai Itihtey imyi t i al reconstitution

0.13nM, further testixMg fafi |l eadndentpr atdiucres a

reduction in viability,; thwusancwee @eifdecos.f

To concl ude, we -cdeencoenrs terfafteecdt aonf awhtoil e ¢
against AT/ RT celderimed BTdHh andrBaseéd ap
modul @ahienis exciting, as AT/ RT is in need
increasing interest in medical cannabis us
(Anant h, Revette, Reed Weston,Tlhas, & Wol f
effecti verdAleHCs exft raachti gt i nducing these eff
results from NB, anothef(Sgpe-68Batheez BErwbus
andedul |l obl astoma and ependymoma, two other
children of the same adelraamge Aadrtdbase ewh
al so demonsnoTaHG dc otnmpaotn etnhtes of extr-act #20

cancer vali loiutri eseconstitution assay finding
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effective than any ilnmddivviddilmd | etxd rrppemne cooanmpg
extract also failed to pranmkcwrae etfifee csdame nweh
't would be intwhetrheecrogn sttad tewtheddditetixg an taec t

cancer apoptotic and scecelnl iy oMheo | o ;ewlit atacrty,
present a novel ther aipckarttiicc alvemruep angpat iraend
pl ant strain tlhfatt hgiasv ea pepxrtaaaccht r#e2We al ed pr
research icmanoapi af pliamgs coul d for interes
of terpenes wodl|l dabeabi woridswhperhap® awiotf h |

modi fi-edrbughput drug screening approach
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CHAPTERC@GNCLUSI ONS AND FUTURE DI RECTI ONS

I n this study, wanicreveetfifgattsd of h®na
extract on cell l i ne models of two pediatr
NB represents one of the most common nervo
gl ob(aStleyl-k au olvear eandali.n t20el 7S accounts f or
from pedi @Mulilcasaecyer&Higakyf olmeEa5df NB pr ¢
particular treatment ch&blengé&, Caspgci ablLy
& Nuchtern, 2016;aRdanheteals,agdgO0dabyent ne:
current options have théBpotangnakATARTUSE
are much rarer; they are characterized by
young age ofDmbsurpatiahts. 20hRs tamoet ahsb
poor outcomes, partly due to frequent misd
(Athale et al ., ,200mMd Raeorrtkley eduealt.q 4d 9198609k

regi mens and the often aggCassieveahatur®0®

al ., 2017; Gastberger et al.,Ag20C&8nn&kdsyh,.
shown evi deceanccee ro fe fafnetcit s, i ncCludi agAmar peas
al ., 2021; Mal wehsetght . fto2d2fmammieme eff iecp
cannabis in these two tumor types, as they

Overall, we demonstr at ee atnlceetr casdbnnahiises
testing on three cell Iines representing N
four different cannabis extracts Icsooul d i nh

found that onB-ASNBB dedl nbineespBnd to extra

repetitions. A major difference between t hi
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presence of a p53 mutation pre¢yHakamgr auelt
al . ,. 2807p53 mutations are not( Toveerdrmdd re ient Nk
20Q03)t his perhaps suggests -aanoéte effebespb
extr aN-AS B&s been shown by others (B.our |

Wang et ,alb.ut 2mM2s2) ot her studies use NB cel
mut ations (see Table 3 for |list of studies
effects in NB involved an induction of apo
regtubry proteins. P53 prote{(AubseynvEiEEeEVEW,
Herol d, & Strasser, s?O0ois8stihbBhege haedpat@ady
i nvol ved i nc ammera bd fsféoe atng.i A recent study f
the induction of apoptoGkF.s Wiamg CBtD daln. ,c 02 Mz
suggesting this may be an interesting hypo
tumors, especially NB. As relapsetdwédddli e m:
et al,i,nv2&@3)yating this hypothesilklaof p536
i mportant implications for poteanamnaér futur
treat ment .

Despite initial response to extract #20
responding to this extract. Despite the ex
repetition of assays with this cell l i ne ¢
This suggests a clonal evolution of this <c
extract was gained. Of potenti al future in
particular BT16 cells with BT16 aelnlcesfrom
that may reveal key insights about resista
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be present in cancer more generally. This
of fering a biomarker indicating poor respo
treatment decision making for clinicnhnans a
with other cannabis extracts may al so prov
cannabis may diffeBabamwetenblt umoad hp §lpiesons
type could provide valuabl e ibnafsoerdmaarrctein f o
drugs. We also did not profile the compone]
may reveal i nteresti ng aadroruesl a teiragaest elye tamede

effect of whol e extract.

A similar mecdammners mefoffea@atntwas al so pr odt
tested. An increase in apoptosis was produ.

investigation revealed different mechanism

i nceeiaks cleaved caspase 3 in dIAl. &el IPolritree
Ja@nicke,onl9w9h) MR5 and BT12 cell |l i 9es showe
This suggests that cannabis is able to ind

pat hway, whi ch9 pc loelaMcd gl ewad snp,aedbeud | .a,l s201 h)y o
alternate pathway, perhaps extrinsic apopt:
caspBasxpr(dausnmen s & ,Grwlingh 2wWds )not tested.
BT16 also failed to pr&@€duacadian iand&meane iind
apoptosis as both proteins playJgdidérs maiter
et al ., 1998; .RLiannmwvdbiast idsl wel20&hown to I
mi t ochondr(iGal vpaartuhswoa yebtu ta la.l,s 02 OmMazy) i nduce o1

death such(Bsenadebphagy al ., 2011, Shrivas
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Pr a

i nc

St

#20

BT1

red

sadwhi2Ol 1mmay al so explain the increase |

rease-2i maBaxx/ Becl-c.l|l eaved caspase

Again, a similar mechanism was seen whe
ract #20 produced a massive increase in
icates that wupregudandern efff ec2tdt afsP&anyn e
tein is knownStphasteée (tPmdiytkt keah md .G1 199
avipour et al ., 202v0; chherm mi & sRoksutl & s
ometry in | MR5 and BT12 cell I ines, but
was mulcMRded d gfead td ;L 9vhi ch coul d expl ain
| s-flopdd da nkreasefobdhpanedebasetbeed in BT
S not explain this difference. The eff e
onsi stenteshetweaehn ac eslilgnliifn cant decrease
y in Cyclin E in BTk2ldesl | sSTaka&mdtiomeh dite

|| i ndiScatrantshat om 61 ockan ceri mpfofrd atnto fi

#20.

but
t og

wi t

, but the specifics of it may differ be
6, as intdi moitc sapompt @osibe dicti vated in
uction of p27 and consequent decrease i
undant to an increaseanoaeifrnmechanics@mpop
There was also a | arge increase in p21

not BT12. P21 protein( Hemgaudtatetswdlo.th ¢
ether are involved i mphtafsbei ggandogbpheto

h the | ack of increase in p2l1 in BT12,
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Cyclii

requi

n A, which (dHreemgrsd g eltatad dag b gl 9P@BG e tPh enre s;

red for mitoti c( Nciogngmi tIn®ednSt) saud ¢ geea s tG2 tpkh

in t-MetGaAnsition is present in -¢MR&emand BT

effects of extract #20 upon BT12 <cell s, th
cytometry i s not seen i nt hBTsle6 .c eTirla nlsicnreisp tuop
treat ment may reveal further changes that
cel | |l ine with regard to cell cycle modul a
An i mportant discovery in this research
the belief that various cannabinoids and o
potentiate the individual effecteofothehese
reconstitution assay where whole extract s
cancer cells than any individual component
| ndi vi dual <components al so madae rsemadn setri truet
extract of individual components together.
i s power ful evidence that components in th
ot her Particularly inteteshéengnivpast whecanr
present in our extract, THC and atHCA, had
concentrations they wog! chl haxerbheen#pbeswh
cell viability,arndstcedl| .apleHh@ elsd ssga/haonen an't
effect(sTapmapNB etanad .p e di0a2tdr)i ¢ brain tumors
ependy(m®limar a Andr adpest ehemaé . we20@Qund it wa
when present in whole extract. These resul
BDS, essenti al oil, or extr(abct sLihave adnhan2
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S8§nch&mrchez eandlgl,$cd@az3)et al ., 20a4d Torr
mirrors results in essential oils i nvestig

finding t hatbptiwme niesofdersmps tef fakhegoaphiyhea

had very little(a&ntiLprioi.i é%nr altmpyoe2t@dndtle cdti st
however, is that these authors do not spec
t hSee hepboaphyblaxamine i f some were more ef
Perhaps other terpenes present in the oil

despite making up a | ower overal/l percent a
evi defnhctthe entourage effect in that indivic
antancer eff et sextfr avdhtol ®r pdial . Al toget her,

previous research suggest strong benefits

medi cine wherein i mportance is placed on c
particular soriandsviadualppoaedabi noid agent .
trickier to adapt <clinically, may be more .
components of cannabis can i fhiolwiet ethal unw
McPartland & Russo, 2001;, Rustseont i2alllly Wl iml
and even enhanci ng -cTaHCcdesr deaebriolnistty.a t Feudt varnet ir
relationship between ¢ an ncaan cneori de fafnedc ttse rnpaey

promising insights i nt oaaomhoevse.l cannabinoid

As there were some terpenes that had to

di fficulties measuring them in appg/omplri at e
extract #20, this may explain some differe
reconstituted extract, which was missing t
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yophyl |l ene, bftarpyepbhbpbh emwelieyraend, Some of t

O
Q
—

terpenes have demonsbtcmayeghaghti eneamnhasr befih

studi ed -cfaorrc eirt sp Fanptgit t i €$ edor owi cz,, Str zNde

including in brai(nl rtruentoar séthsuuacthl eans@ OgAl & 30 nsah o W
cancer effects including increased ROS and
and ski(nTucnadnicseret aaldthpond®d@%)e and caryophyl |

shown effectiveneAmagai natt FRdalnem2drked) ears p

essential oil of which it was a major comp
ductal, and co( dinara@net rAadld.e |tH Jo0miashe § e ,

caryophyll ene, and farnesene ar(eloankmmeaeanl ya l
2020)Thi s indicates these terpenes may have
effectiveness, despite being present in sm

potentiating the effects of otherl ¢éerpenes
extract . fBrcoar yeaxpphmpllleene c-amanpetrebBffiatéestbé
humul(léergault & Bndheaheind800&)apoptosis in
pl ant cdqdmrmpoundrmtra, Meh.t aRer&h aVps maverR OtlIBg s m
b-caryophyl |l ene present in extract #20 pot el

t hem mor e redlfiecitngresome t hatfprappdaerad itve aa

when tested individually at | evtedrse setgiun gvlayl,
bcaryophyll ene is also a phytocannabinoid
on GBZrtsch .etl naplo.r,t a2n0t0l 8y), it has al so beer

recept or -ctaon chearv ee fafretcitos hiem dMHiadama taud@ar al . ,

caryophyl |l ene may also have had scm@maceacti v
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effect of whole extract, particularly in A

CB2 receptor compared to nor mal brain tiss

cancer agents in the pediat
interesting results, and th

investigate any flavonoi d |

ric ogaredar cel l
i s area of rese

evels in our e x

having ant i( Tcoamkcoe re tie fdflleacmMm s2x®@2 @)s may t hus al

the differences between ind

ividual terpene

We did findicteldatenteeramelnes t rcamelelrolefH adt

though this was difficult t

O recapitul ate

very |l ow nM concentrations of both terpene
in the natitt wadi oemcaodassay, further testing f:a
doses, which is unusual. Il nterestingly, we

significant reduction in celducti @ami lwiityy &g

doses. This could be from s
though the meawrisponef tkilat
possi ble that the terpemnwegh
over a few months time and
instructions. Further inves

experiment al design withgttet

Both terpenes appeared t
p27, also seen with whole e
terpene were more modest <co

t r eatt,metner penes ap paeaorpetdo ttioc
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dowship is over
beelgla ne xt poe rdienge matds
al |l reagents we
tigation of thi

Fpgoaebheen éaht ac

o mediate their
Xtract. Though
mpared to incre

heaf iee can-Zra mat id e ¢ |



ratio and cleaved caspases despite flow cy
apoptosi s. I-S da rcrae s to nfsr comh  cCGell | cycle flow c

present as with extract #20. TakUcredtreqet he

and citronell ol are |ikely responsible for
extract #20, which appear sc amc ebre ef fkeegyt .par
Additionall vy, understanding of the mol e

AT/ RT phenotypes is very important for the

strategies, dbraclddiom@scambeaslipi $e both being
( B. Ho et a@éel |, 12i0n®g BT12 and BT16 had ver)
our study. Previously collected mRNA from |
coll ected, and early analysis shewsegingnif

BT12 and BT16 cells (data not shown, analy
analysis would allow us to better elucidat
cancer effect of extract #20. iThlisgywidfl taHe

cel | |l i nes for ot her studi es.
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¢ IMR5 & SK-N-AS cells express the same or more CBR than normal tissue
* BT12 & BT16 cells express most CBRs very highly, much more than
normal tissue

Receptors

* Extract #20 most effective out of 4 extracts EXCEPT on SK-N-AS
* 15 pg/ml #20 most effective concentration

MTT Assay

e #20 induces apoptosis in IMR5

Apoptosi : i
poptosis * #20 induces apoptosis in BT12 and BT16

e #20 increases p27 and induces arrest in IMR5

Cell Cycle : ) . .
Y * #20 increases p27 in BT12 and BT16 and induces arrest in BT12

e Citronellol and a-cedrene inhibit IMR5 and BT12 growth, but not BT16

» Citronellol and a-cedrene are effective at 100 nM and not at higher
concentrations

Terpenes MTT

* Neither a-cedrene or citronellol induce apoptosis in IMRS

Terpenes Apoptosis ! : ! .
P Pop ¢ Neither a-cedrene or citronellol induce apoptosis in BT12

* Neither terpene induces cell cycle arrest, but p27 and p21 increased

* Neither terpene induced cell cycle arrest or increased p21, citronellol
increased p27

Terpenes Cell Cycle

T

FigaBeConclTlhei onm$ n conclusions .of the rese

Overall, we demonstr at ecdantcheart ecfaf nencatbsi son
|l ines representing pediatric tumors NB and
increases in apoptosis and cell de2a#t h, and
induced arresif oft aosliftsoinnphheeGlWe al so s
not due to individual cannabinoids or | arg
extract #20, but rather than tdheofenwhalreage
extract. This represents an exciting new p
treatment for two alghgea e sdorec lpediiang iar € usn

23.
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APPENDI X

Suppl ementary figures
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