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Giris

Diabetes Mellitus (DM), insiilin hormonun viicutta olmayist ya da insiilinin
etkisinin diismesi sonucu gelisen, akut komplikasyonlar olusmasi sebebiyle
oliime sebep olabilen, kronik komplikasyonlariyla da yasam kalitesini ciddi
derecede diisiiren, karbonhidrat, protein ve yag metabolizma bozukluklariyla
karakterize olan kronik metabolik bir hastalik olarak tanimlanir (Lizama Fuentes
vd., 2020). Tip 2 diyabet, diinya ¢apinda goriillme siklig1 gitgide artis gosteren,
mikro ve makrovaskiiler komplikasyonlarindan dolay1 mortalitesi ve morbiditesi
yiiksek olan bir halk saglig1 sorunu haline gelmistir (Unluguzel vd., 2021).

Bu nedenle bu hastaligin tedavisi ve yonetimi icin farkli tedavi segenekleri
giiniimiiziin popiiler konusu haline gelmistir. Ozellikle son yillarda, D vitamini
takviyesinin glisemik kontrol iizerindeki olas1 potansiyel etkileri ilgi ¢eken bir
arastirma konusu haline gelmis ve bu konuda birgok calisma yapilmistir
(Zaromytidou vd., 2022).

D vitamini, yagda ¢6ziinebilen, viicut i¢erisinde kalsiyum-fosfor dengesinin
regililasyonunda anahtar rol oynayan hormon benzeri etkilere sahip bir vitamin
olarak ifade edilir. D vitamini, sadece kemik sagligiyla iliskilendirilen bir mikro
besin olmanin Gtesinde, basta bagisiklik sistemi olmak iizere, kas fonksiyonlar
ve hiicresel metabolizma gibi pek ¢ok biyolojik siiregte de 6nemli gorevleri
bulunmaktadir (Sassi vd., 2018). Bu baglamda D vitaminin pek c¢ok kanser
olusumuna kars1t antikanserojenik etkileri olduguna dair pek c¢ok caligma
yapilmigtir (Ar1 2021; An vd., 20219). D vitamini, ayn1 zamanda insiilin
sekresyonu ve insiilin direnci ile baglantili biyokimyasal siire¢lerde de kritik
roller iistlenmektedir. Tip 2 diyabetli bireylerde D vitamini eksikliginin yaygin
olarak goriilmesi, bu vitaminin glisemik kontrol iizerindeki etkilerini aragtirmay1
zorunlu hale getirmistir. Kiiresel 6lgcekte milyonlarca insami etkileyen tip 2
diyabet, kronik komplikasyonlariyla bireylerin yasam kalitesini olumsuz
etkileyen bir hastaliktir (Liv vd., 2018). Son yillarda yapilan c¢alismalar, D
vitamini diizeylerinin diyabet yonetiminde kritik bir role sahip olabilecegini 6ne
stirmekte ve bu alandaki arastirmalar giderek artmaktadir. D vitamininin pankreas
beta hiicre fonksiyonlari, insiilin duyarliligi ve inflamatuar siirecler {izerindeki
etkileri géz Oniline alindiginda, bu vitaminin glisemik kontrol {izerindeki rolii
daha iyi anlagilmay1 beklemektedir (Park vd., 2024).

Yasami olumsuz etkileyen metabolik hastaliklar i¢inde en yaygin goriilen tip
2 diyabetin tedavi ve yonetimi, sadece farmakolojik tedavilerle degil, aym
zamanda yasam tarzi degisiklikleri ve besin destekleriyle de iyi hale getirilmeye
calisilmaktadir. Bu baglamda, D vitamini eksikliginin diyabet patofizyolojisi
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tizerindeki etkilerini anlamak, tedaviye yeni bir bakis acis1 kazandirabilir (Lips
vd., 2017; Cozic vd., 2021).

D Vitamini

Klasik olarak, D vitamini kalsiyum homeostazinda, elektrolit ve kan basinci
diizenlemesinde ve bagisiklik tepkisinde onemli bir oyuncu olarak bilinir. D
vitamini reseptorii (VDR), D vitamininin aktif metaboliti olan 1,25-
dihidroksivitamin D'nin (1,25(0OH).Ds) bilinen islevlerinin ¢gogunu diizenleyen
bir niikleer reseptordiir (11). Fare ve insan genomlarinin yaklasik %3't dogrudan
veya dolayli olarak D vitamini endokrin sistemi tarafindan diizenlenir ve bu da D
vitamini ve VDR'nin hastaliklarda yaygin islevleri oldugunu gosterir (Kuchuk
vd., 2009). Giines 1s18ina maruz kalma, D vitamininin birincil kaynagidir.
Provitamin D, UV 1simlarinin etkisiyle ciltte olusur. Daha sonra viicutta iki farkli
maddeye metabolize edilir: 25(0OH)Ds veya kalsidiol; ve 1,25(0OH).D; veya
kalsitriol olarak metaboliza edilir. D vitamini ayni1 zamanda diyetten de alinabilir.
Azaltilmig gilines 15181na maruz kalma, D vitamini sentezini sinirlar (Zervekh vd.,
2008). Giincel arastirmalar, D vitamini eksikliginin ¢esitli kanser tiirlerinin yan1
sira inflamatuar bagirsak hastaliklar1 (IBD), bakteriyel enfeksiyon, otoimmiin
hastaliklar, diyabet, osteoartrit, periodontal hastalik, cilt rahatsizliklar1 ve daha
fazlasinin patolojisinde kritik bir faktor oldugunu ortaya koymustur (Phinney vd.,
2012).

D Vitamininin Islevi

D vitamini, kalsiyum ve fosfor metabolizmasini diizenleme, bagisiklik
sistemini giiclendirme, kas ve sinir fonksiyonlarin1 destekleme, kardiyovaskiiler
saglig1 koruma, hiicresel biiyiime ve kanserle miicadele gibi hayati 6nem tasiyan
islevleri vardir (Reid vd., 2014). D vitamini eksikligi ile ragitizm, osteomalazi ve
osteoporoz gibi kemik hastaliklar1 arasindaki iligki yillardir bilinmektedir; ancak,
D vitamini, sadece kemik saghigi i¢in degil, bagisiklik sistemi, kas fonksiyonlari,
insiilin metabolizmasi, kardiyovaskiiler saglik ve hiicresel biiylime gibi birgok
slireg i¢in hayati 6neme sahiptir (Dretakis vd., 2010). Bu sebepten dolay: vitamin
D’nin giines 15181, besinler ve gerekirse takviyeler yoluyla yeterli diizeyde
almmasi biiyiik 6nem tasir (Holick 2004).

D Vitamini Ol¢iimii

D vitamini seviyesinin belirlenmesi i¢in laboratuvalarda en yaygin kullanilan
test serum 25-hidroksi vitamin D [25(OH)D] testidir. Bu test, kandaki D vitamini
diizeyini Olgerek viicudun D vitamini depolari hakkinda bilgi verir. 250HD
seviyeleri ng/ml veya nmol/l olarak olgilir. Ancak, D vitamini seviyelerini
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Ol¢erken meydana gelebilecek birkag teknik soruna dikkat edilmesi gerekir.
250HD'yi 6lgmek i¢in kullanilan iki ana test tiirii vardir: bagisiklik tabanl test
(klinik uygulamada yaygin olarak kullanilir) ve kromatografi tabanli test
(genellikle arastirma icin altin standart olarak kabul edilir). Laboratuvarlar
arasinda farkli yontemlerin kullanilmasi, test sonuglarinda biiyiikk bir
degiskenlige yol agar. Laboratuvarlar arasinda farkli yontemlerin kullanilmasi,
test sonuglarinda biiyiik bir degiskenlige yol acar. Bu nedenle, bu, ABD'deki
Ulusal Standartlar ve Teknoloji Enstitiisii tarafindan D vitamini i¢in standart
referans materyaline gore dl¢ililmesi gerekmektedir (Phinney vd., 2012).

D Vitamininin Optimum Seviyesi

D vitamininin optimum seviyeleri, genellikle saglikli bireylerde kemik
sagligimi koruma, bagisiklik fonksiyonlarmi destekleme ve metabolik siirecleri
diizenleme agisindan degerlendirilir. Son on yilda, normokalsemiyi siirdiirmek
icin gerekenden daha yiiksek dolagimdaki 250HD seviyelerine ulasmak i¢in
artan bir savunuculuk olmustur. 2011 yilinda, ABD ve Kanada hiikiimetleri Tip
Enstitiisii bir rapor yaymladi. Rapora gore, tiim diyet kaynaklarindan tahmini
ortalama D vitamini gereksinimi, minimum giines 1sigina maruz kalanlarda
giinliik 10 pg (400 IU) olmalidir. 250HD seviyesi <30 nmol/l yetersizlik riskini
ve 250HD >50 nmol/l yeterliligi gdsterir. 125 nmol/I'nin iizerindeki 250HD
seviyeleri toksik olarak ifade edilebilir. Rapora gore, onerilen giinlikk D vitamini
alimmin serum 250HD seviyelerinin en az 50 nmol/l olmasimi saglamasi
gerektigini ve bu seviyenin altindaki kisilerin D vitamini takviyesi almasi
gerektigi ifade edilmistir (18). Buna karsilik, ABD Endokrin Dernegi saglik
yararlar1 i¢in daha yiiksek bir tedavi hedefi (70 nmol/l) 6nermis ve <50 nmol/I
olan kisilerin D vitamini eksikligi olarak kabul edilmesi gerektigini belirtmistir.
Ote yandan, diisme ve kirik riski artmug kirllgan yasli kisilerde, Osteoporoz ve
Osteoartritin Klinik ve Ekonomik Yonleri i¢in Avrupa Dernegi (ESCEO)
tarafindan 75 nmol/I'lik minimum serum 250HD seviyesi 6nerilmektedir (Holick
vd., 2011).

Tablo 1. D Vitamini Seviyeleri ve Referans Araliklar1 (Holick vd., 2011)

D Vitamini Diizeyi (25(OH)D) Degerlendirme
<12 ng/mL (<30 nmol/L) Siddetli eksiklik
12-20 ng/mL (30-50 nmol/L) Eksiklik

20-30 ng/mL (50-75 nmol/L) Yetersiz

30-50 ng/mL (75-125 nmol/L) Yeterli

>50 ng/mL (>125 nmol/L) Fazlalik




‘ >100 ng/mL (>250 nmol/L) Toksik (Asirt yiiksek)

D Vitamini Takviyesinin Glisemik Kontrol Uzerine Etkisi ile Ilgili
Yapilmis Cahsmalar

Diabetes Mellitus, yiiksek kan sekeri seviyesi ile karakterize olan metabolik
hastalik olarak tanimlanmaktadir. Glisemik kontrol, diyabetli hastalarin tedavi ve
yonetiminde ¢ok onemli bir hedeftir. Koétii glisemik kontrol, tip 2 diyabetli
hastalar agisindan Onemli bir sorundur ve diyabetik komplikasyonlarin
artmasinda dnemli bir risk faktorii olarak goriiliir. Glisemik kontroliin bir belirteci
olarak HbA 1c testi, tarama, teshis, takip, tedavi etkisinin degerlendirilmesi igin
diyabetli tiim hastalarda rutin olarak test edilmesini devamli sekilde
onerilmektedir. Literatiire bakildiginda, D vitamini takviyesinin glisemik kontrol
iizerindeki etkilerini arastiran pek c¢ok calisma mevcuttur. Bu ¢alismalar, D
vitamini diizeylerinin diyabet yonetimindeki roliinii ve glisemik kontrol
tizerindeki potansiyel etkilerini incelemistir (Muscogiuri vd., 2015; Krul-Poel
vd., 2017).

Hypponen ve arkadaglarinin yaptiklari bir ¢alismada, bir yasindan itibaren
2000 IU/giin D vitamini takviyesi alms bireylerde, Tip 1 diyabet gelisme riskinin
%380 olarak azaldigim belirlemislerdir (Hypponen vd., 2001). Yine Fuller ve
arkadaglarinin 15 yasindaki ¢ocuklar lizerinde yaptiklar1 baska bir ¢alismada, D
vitamini destegi almayan c¢ocuklarda, D vitamini destegi almis cocuklarla
kiyaslandiginda, Tip 1 Diyabet gelisme riskini 3 kat fazla oldugunu
gozlemlemislerdir (Eurodiab 1999).

Siit ve siit driinleri igerisinde bulunan kalsiyum ve D vitamininin, viicut
agirligi ve insiilin direnci tizerine faydal etkileri bulunur (Karamali vd., 2017).
Pittas ve arkadaslarinin yaptiklart bir ¢alismada, 20 yi1l boyunca takip edilen
83,779 yetiskin bayandan 4843’iinde diyabet olgusunu gézlemlemislerdir. Daha
yiiksek seviyelerde D vitamini ve Ca alan yetigkinler, daha az degerlerde D
vitamin ve Ca alan yetigkinlere gore, Tip 2 diyabet gelisme riskinin %33 oraninda
daha az oldugu gozlemlenmistir. Tip 2 diyabet gelisme riskinin azalmasi, D
vitamini hangi patofizyolojik mekanizma sayesinde oldugu tam olarak acik
degildir. Fakat, pankreas beta hiicrelerin bozuklugu ile D vitamin arasinda
anlamli bir iligki olabilecegi 6mgoriilmektedir (Pittas vd., 2006).

Tip 2 diyabet gelisiminde VDR (vitamin D reseptdrii) polimorfizminin de
o6nemli bir rol oynayabilecegi Ongorillmistir. VDR polimorfizmleri, D
vitamininin hiicrelerdeki etkilerini modiile edebilir ve bu durum, insiilin direnci,
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insiilin sekresyonu ve glikoz metabolizmas: iizerinde etkili olabilir. VDR, D
vitamininin hiicrelerdeki biyolojik etkilerini diizenleyen bir proteindir. VDR
genindeki polimorfizmler (genetik varyasyonlar), bu reseptoriin yapisini veya
fonksiyonunu etkileyebilir. Bu varyasyonlar, D vitamininin hiicresel etkinligini
degistirerek metabolik siirecler {izerinde dogrudan etkili olabilir. Bu etkilesim,
insiilin duyarliligi, glukoz metabolizmasi ve enerji dengesi gibi 6nemli biyolojik
mekanizmalari sekillendirebilir. Arastiricilar tarafindan Banglades’te yapilan bir
caligmada, VDR Tagl polimorfizminin insiilin salinimi ile anlamli bir iligkisi
oldugu gosterilmistir (Oh ve Barrett-Connor 2002).

Hidayat ve arkadaglarinin yaptiklari bir ¢aligmada, Tip 2 DM ve vitamin D
eksikligi arasindaki iliskiyi anlamak amaciyla >60 yas iizerinde, diyabeti olan 40
ve olmayan 38 kisi iizerinde yaptigi (Hidayat vd., 2010), Suzuki ve
arkadaslarinin; vitamin D eksikligi prevalansi ile Tip 2 DM arasindaki iligkiyi
tespit etmek amaciyla diyabet tanisi olan 581 ve diyabet tanis1 olmayan 51 Japon
hastanin katilimiyla yaptigi gozlemsel ¢alismasinda (Suzuki vd., 2006), Liu ve
arkadaglarinin vitamin D diizeyleri ile Tip 2 DM insidansi arasindaki iligkiyi
saptamak icin 1972 kisiyi dahil ettigi caligmasinin katilimcilart alinarak yaptigi
calismasinda (Liu vd., 2010) erkeklerde vitamin D diizeyi, kadinlara gore yiiksek
saptanmistir.

Kirii ve arkadaglarinin yapmis olduklar1 bagka bir ¢alismada, diyetle giinliik
diizenli Kkalsiyum alminin kadinlarda diyabet gelisme riski ile ters iliskili
oldugunu fakat erkeklerde iliskinin olmadigini gosterdiler. Tip 2 diyabet (DM)
ve D vitamini eksikligi arasindaki iligki, cinsiyete gore farkli sonuglar
gosterebilir. Bu farkliliklar, hormonal faktorler, viicut kompozisyonu, yasam
tarzt aligkanliklart ve biyolojik yapidaki g¢esitliliklerden kaynaklanabilir
Calismalardan elde edilen bulgular 1s18inda, tip 2 diyabet ve D vitamini eksikligi
arasindaki iligskinin cinsiyete bagl olarak farklilik gosterebilecegi sonucuna
varilabilir. Bu farkliliklarin biyolojik, hormonal ve yasam tarzi faktorlerinden
kaynaklanabilecegi disiiniilmekte olup, ozellikle Ostrojen ve testosteron
seviyelerinin D vitamini metabolizmas1 iizerindeki etkileri, kas-kemik kiitlesi
farklar1, farkli beslenme aligkanliklari ve giines 1s181a maruz kalma siireleri gibi
degiskenlerin rol oynayabilecegi one siiriilmektedir. Bu nedenle, cinsiyet temelli
farkliliklar1 daha iyi anlamak igin genis 6l¢ekli, prospektif calismalar gereklidir
(Kirii vd., 2009).

Sonug¢

Mevcut aragtirmalar, D vitamini aliminin tip 2 diyabet hastalarinda glisemik
kontrolii iyilestirebilecegini ileri siirmektedir. Ancak, bu etkinin biyolojik
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mekanizmalarinin daha iyi anlasilmasi ve klinik uygulamalara yon vermesi igin
uzun vadeli, genis Olgcekli ve randomize kontrolli caligmalara ihtiyag
duyulmaktadir. D vitamini eksikliginin tip 2 diyabet hastalarinda kotiilesmis
glisemik kontrol ile iligkili olabilecegini gosteren pek ¢ok caligma olmasina
ragmen D vitamini takviyesinin glukoz metabolizmasi tizerindeki uzun vadeli
etkilerini belirlemek i¢in daha fazla arastirmaya ihtiyag vardir. Ayrica, D vitamini
takviyesinin optimal dozu, kullanim siiresi ve bireysel hasta faktorleri goz oniinde
bulundurularak daha kapsamli degerlendirilmelidir. Boylece, D vitamini
destekleyici bir tedavi stratejisi olarak daha giivenli ve etkili bir sekilde
kullanilabilir. Tiim bu sebeplerden dolay1 D vitamini aliminin glisemik kontrolii
nasil degistirdigi ile ilgili caligmalar giiniimiizde daha da popiiler hale gelmistir.
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Giris

Kardiyak tiimérler kalpten koken aliyorsa primer, metastatik ise sekonder diye
ikiye ayrilir. Primer tiimdrler benign veya malign olabilir. Primer kardiyak
tiimorler daha az olmasina karsin sekonder tiimérler daha siktir. Bunda kalbe
bircok malign tiimdriin metastas yapmasinin roli vardir (1). Diinya Saglik
Orgiitii, 2015 yilinda primer kardiyak tiimorleri iyi huylu tiimérler, belirsiz
biyolojik davranigli tiimorler, germ hiicreli timorler ve kotii huylu tiimorler diye
yeni bir siniflandirma da gelistirmistir (2).

Kardiyak timorler genellikle kalp yetmezligi, aritmi veya embolik
fenomenlerin kombinasyonuyla ortaya cikar. Intrakaviter tiimérlerin kalp
yetmezligine veya embolik fenomenlere neden olma olasilifi daha yiiksektir,
buna kargin intramural tiimdrlerin aritmilere neden olma olasilig1 daha yiiksektir
(3). Bununla birlikte, intrakaviter tiimdrler de kardiyak duvarlarda bir baglanti
noktasina sahip olabilir ve bu nedenle aritmojenik olabilir; diger yandan,
intramural timorler yeterince biiyiikse bir kardiyak yapiyr kismen tikayabilir
veya bir ventrikiiliin mekanik performansini etkileyebilir ve sonug¢ olarak kalp
yetmezligine neden olabilir. Bu nedenle, tiimorlerin yol agtig1 spesifik belirtiler
ve semptomlar histolojik tiplerinden daha ¢ok anatomik konumlari ve
boyutlartyla daha yakindan iliskilidir. Atriyum veya atrioventrikiiler kapakgiklar
bolgesinde bulunan tiimérler, mitral veya trikiispit kapak¢ik stenozunu taklit
ederek kan akisini kisitlayabilir. Hareketli, sapli neoplazmalar genellikle
paroksismal kalp yetmezligine, senkopa, dispneye veya emboliye yol agcar.
Ventrikill duvarlarina timor infiltrasyonu hipertrofik veya restriktif
kardiyomiyopatiye benzer semptomlara yol agabilir (3,4).

Noral yollarin veya iletim sisteminin tiimor infiltrasyonu

Noral yollarin veya iletim sisteminin tiimor infiltrasyonu diizensiz kalp atisina
ve Ozellikle atrioventrikiiler bloga neden olabilir. Kardiyak tiimorler genellikle
hastanin inme, periferik damar embolisi veya pulmoner arter embolisi
gecirmesinden sonra teshis edilir, bu durum timér dokusunun ayrilmasi veya
trombotik birikintilerin mobilizasyonu nedeniyle olusur. Paradoksal emboli
olasilig1 da akilda tutulmalidir. Bu nedenle, tanisal incelemeler sirasinda alinan
tiim embolik materyal parcalar1 histolojik analize tabi tutulmalidir. Ozellikle,
miksomalar jelatinimsi yapilar1 nedeniyle embolilere neden olma egilimindedir
(5) Papiller fibroleastomalar da en yaygin klinik sunum olarak sistemik emboli
gosterir (6).

18



Kardiyak tiimorlerde tam

Transtorasik ekokardiyografi (TTE), kiiciik, hareketli kitleleri tanimlamak
icin genis kullanilabilirligi ve yiiksek ¢oziiniirliigli ve Doppler ekokardiyografi
yoluyla intrakardiyak akis1 degerlendirme yetenegi nedeniyle genellikle ilk tam
aracidir. Ancak, bir kitlenin tam kapsamini ve kdkenini belirleme yetenegine tam
olarakta sahip degildir. Kontrast ekokardiyografi, bir tiimdrii bir trombiisten ayirt
etmede yardimci olabilir (7).

Transozofageal ekokardiyografi, kardiyak kitle atriyumlarda yer aldiginda
transtorasik ekokardiyografiden daha iistiindiir. Transozofageal
ekokardiyografinin potansiyel avantajlari arasinda tiimériin ve baglanti yerinin
daha iyi ¢Oziiniirliigli, transtorasik ekokardiyografi ile goriintiilenemeyen bazi
kitleleri tespit etme yetenegi ve pulmoner venleri, vena kavalari, sol atriyal
kitleler i¢in pulmoner venlerin infiltrasyonunu incelemek yer alir (3).

Hem transtorasik hem de transézofageal {i¢ boyutlu ekokardiyografi, kitlenin
yerini, boyutlarin1 ve komsu yapilarla iligkisinin daha dogru bir sekilde analiz
edilmesini saglar. U¢ boyutlu ekokardiyografinin ek bir avantaji da kaydedilen
goriintiilerde yeni kesit diizlemleri elde etme ve kirpma yetenegini kullanarak
kitle icindeki nekrotik alanlar1 belirleme olasiligidir (8).

Ekokardiyografide kardiyak kitle tespit edildiginde, ayirici tan1 trombiis, iyi
huylu tiimérler ve kotii huylu tiimoérleri igerir. Atriyal fibrilasyon ve/veya ciddi
mitral stenozu olan bir hastada genislemis sol atriyumda bulunan genis tabanli bir
kitlenin trombiis olma olasilig1 yiiksektir. Sag odaciklardaki trombiisler
genellikle derin ven6z trombozdan kaynaklanan bir uzanti veya embolidir;
genellikle yilanvari bir goriiniimde ve oldukga hareketlidirler (9). En yaygin iyi
huylu tiimdrlerden miksomalar ve papiller fibroelastomalar saplidirlar.
Miksomalar vakalarin ¢ogunda interatriyal septumun sol tarafinda,
fibroelastomalar ise bir kalp kapaginda lokalizedirler. K6t huylu tiimorler
genellikle genis tabanlidir ve birden fazla kardiyak yapiy1 atake edebilirler. Kalp
duvarinda intrakardiyak veya perikardiyal bir kitlenin biiyiimesi genellikle
malignitenin bir belirtecidir. Ancak, rabdomiyomlar ve fibromlar da ventrikiiler
duvar iginde biiyiiyebilir.

Bir kardiyak kitle ekokardiyografi ile dogrulanamiyorsa, bilgisayarh
tomografi (BT) veya kardiyovaskiiler manyetik rezonans (CMR) gibi daha ileri
goriintiileme prosediirleri gerekebilir. CMR teknolojisindeki gelismeler, iyi huylu
kardiyak neoplazmalar1 kétii huylu olanlardan ayirt etmede yardimei olabilir (10).
CMR muhtemelen kardiyak tiimorler i¢in temel bir goriintiileme teknigi haline
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gelecektir, bunun birka¢ nedeni vardir, bunlar arasinda miikkemmel mekansal ve
kontrast ¢oziiniirliigli (radyasyona maruz kalmadan) ve genis bir goriis alani elde
etme ve c¢ok diizlemli goriintileme yapma yetenegi bulunur. CMR, yiiksek
ozgiilliikkle, eksizyon gerektirmeyen kardiyak kitleleri (psddotiimorler,
trombiisler, lipomlar, lipomatéz hipertrofi ve papiller fibroadenomlar)
belirleyebilir (3). Pozitron emisyon tomografisi (PET) ve PET/BT, kitlenin
metabolik aktivitesi hakkinda ek bilgi verir (3).

Benign Kalp Tiimorleri

Primer kalp tiimdrlerinin ¢ogu iyi huylu yapidadir. Bu iyi huylu kalp tiimdrleri
arasinda, kardiyak miksomalar yetiskinlerde en sik goriilenidir. Rabdomiyomlar
ise pediatrik popiilasyonda en sik goriilenlerdir (3). Daha 6nce, bilyiik otopsi vaka
caligmalarina dayanarak kardiyak miksomalarin en yaygin iyi huylu kardiyak
primer neoplazm oldugu diisiiniiliiyordu. Ancak ekokardiyografi teknolojisindeki
gelisme ve papiller fibroelastomanin 6neminin daha iyi anlasilmasiyla birlikte
son vaka serisi ¢aligmalari, kardiyak papiller fibroelastomanin aslinda en yaygin
iyi huylu primer kardiyak neoplazm olabilecegini onermistir (11).

Iyi huylu primer kalp tiimérleri ates, yorgunluk, kilo kaybr, oksiiriik, kas agrist
veya enfektif endokardit ile karigtirilabilen eklem agris1 gibi semptomlara yol
acabilirler (12). Ayrica hemodinamiyi olumsuz etkileyerek, ritim bozukluklarina
ve embolizme yol agabilecekleri i¢in benign kalp tlimorleri tedavi de edilmelidir.

Miksomalar

Kardiyak miksomalar genellikle sol atriyumun interatriyal septumundan fossa
ovalis'te ortaya ¢ikar. Patolojik olarak polipoid ve yuvarlak/ovaldirler, piiriizsiiz
veya hafifce lobiile bir goriinlime sahiptirler ve histolojik olarak
endotel/endokardiyal hatlar boyunca farklilasan prolifere olan ilkel hiicrelerden
tiiremislerdir (7,13).

Miksomalarin %75'nin, baglanma yeri sol atriyumda fossa ovalisin limbus
bolgesindedir. Miksomalar bazen posterior sol atriyum duvarinda bulunabilir,
ancak bu konumda goriilen tiimorler malignite siiphesini de uyandirmalidir; tipik
olarak intrakaviter, soliter mobil ve sapli olan miksomalar, mitral kapak
acikligma cesitli derecelerde prolabe olabilirler ve bunun sonucunda sol
atriyumdan sol ventrikiile giden kan akisinda sorun meydana gelebilir. Hastalarin
%30'unda embolik olaylar meydana gelir. Miksomalar ayrica %15-20 oraninda
sag atriyumda da goriilebilir (3).
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Miksoma hiicrelerinin kesin kdkeni belirsizligini korumaktadir, ancak fossa
ovalis bolgesindeki subendokardiyal hiicrelerin veya multipotansiyel
mezenkimal hiicrelerin kalintilarindan kaynaklandigr diistintilmektedir (1).
Miksomalarin ¢ogu sporadik olarak ortaya ¢ikar, ancak ailevi olabilirler ve ara
sira (%3-10) endokrinopati (Cushing sendromu veya akromegali) ve benekli cilt
pigmentasyonu ile karakterize otozomal dominant bir durum olan "Carney
kompleksi" adi verilen bir sendromla iliskili olabilirler (14). Carney kompleksi
daha geng yaslarda ortaya cikar ve kalpte atipik yerlerde kardiyak miksomalar
tespit edildiginde ayirict tanida géz Oniine alinmalidir. Bu hastalik, cAMP'ye
bagimli protein kinaz tip la diizenleyici alt birimini (PRKARIA) kodlayan
genlerdeki inaktive edici mutasyonlardan kaynaklanir (14).

Geleneksel olarak, miksomalarin makroskopik olarak, siklikla trombiisle kapl
sarimsi, beyaz veya kahverengi sapli kitleler olarak gozlenir (1). Histolojik
olarak, bu tiimdrler, genellikle kalsifikasyon ve hemorajik goriiniim gibi
dejeneratif 6zelliklere sahip olup, Alcian-PAS pozitif, miksoid bir stromadaki
lepidik hiicrelerle karakterizedir ve miksoid stromanin bollugu, tiimoriin kopup
asag1 dogru hareket ederek tikanikliga neden oldugu tiimér embolizasyonuyla da
iliskilidir (15).

Kontrast ekokardiyografi, miksomay1 trombiisten ayirt etmek igin
kullanilabilir. Trombiisler vaskiiler olmayan kitlelerdir, ancak miksomalarda
seyrek de olsa kan damarlar1 ve zayif kan temini vardir. Ultrason kontrast
ajanlarmin uygulanmasindan sonra, kontrastlanmanin tamamen olmamasi
trombiisii diislindiiriir, ancak miksomalar genellikle kismen veya eksik
kontrastlanma egilimindedir (16).

Miksomalarin semptomlar1 tikaniklikla (dispne, kalp iiftiriimleri, gdgiis
agris1), sistemik embolizasyonla (inme, miyokard enfarktiisii, periferik
embolizasyon) iligkili olabilir veya nonspesifik (kilo kaybi, ates, yorgunluk)
olabilir (17).

Papiller fibroelastom

Ekokardiyografide papiller fibroelastomlar kiiciik (genellikle <1,5 cm),
yuvarlak, bagimsiz hareketli, eko-yogun ve kisa sapli endokardiyal kitleler olarak
goriiliir.  Genellikle iyi smurli ve homojen dokulu goriiniirler, bazen
yiizeylerindeki ¢oklu papiller ¢ikintilar nedeniyle kenarlara yakin noktalarla
benekli bir i¢ kisma sahiptirler (16). Papiller yapraklarin mimarisi, bu tiimérleri
histolojik muayene ve goriintilleme yontemlerinde kardiyak miksomalardan
ayirir (10).

21



Papiller fibroelastom, kalp kapakgiklarinin en yaygin timoridir; oldukga
hareketli bir sapa sahip endokardiyumun iyi huylu bir papillomudur ve cogu
zaman c¢oklu olmaktan ziyade teklidir. Papiller fibroelastom'lar en sik
kapakgeiklarda, 6zellikle aort kapaginda ve ardindan mitral kapakta, cogunlukla
asag1 akis tarafinda rastlanir ve boyutlar 2 ila 40 mm arasindadir. Daha biiyiik
papiller fibroelastom'lar sag tarafli kapakgiklarda goriiliir ve hayati yapilara
embolize olma potansiyeline sahiptirler. Embolizasyon, kitlenin kirilgan papiller
yapraklarindan veya tiimor iizerinde olusan trombotik materyalden meydana
gelebilir. Bu tiimorler enfektif endokarditi taklit edebilir (3).

Papiller fibroelastomlarin kdkeni tam olarak anlagilmamustir, ancak endotelde
onceden olugan hasar, hamartomatdz kdken ve organize olmus emboli gibi birkag
mekanizmanin rolii olabilecegi Onerilmistir (10). Yapraklarin i¢indeki fibrin,
hyaluronik asit ve lamine elastin liflerinin histokimyasal varligi, papiller
fibroelastomlarin  organize trombiislerden kaynaklanabilecegi hipotezini
desteklemektedir (17). Son zamanlarda yapilan bir ¢alismada, bazi hastalarda
dendritik hiicreler ve sitomegaloviriisiin varligina dayanarak kardiyak papiller
fibroelastomlarin kronik bir viral endokardit formuyla iligkili olabilecegi one
stiriilmiistiir. Ancak, fibrin, hyaluronik asit ve lamine elastik liflerin
histokimyasal  varligi, kardiyak papiller fibroelastomalarin trombiis
diizenlemeyle iligkili olabilecegi hipotezini desteklemektedir.
Immiinohistokimyasal calismalar ayrica viriis kaynakli lokal biiyiime fikrini
ortaya koymusken, mikrotrombiis ve kapak dejenerasyonunu iceren teoriler

fibroelastomalarin konjenital degil edinilmis lezyonlar oldugunu ileri stirmiistiir
(18).

Cogu papiller fibroelastoma olgusu asemptomatiktir. Klinik sunum, kalbin
tutulan tarafina bagl olarak degisir. Sag tarafli papiller fibroelastomalar siklik
asemptomatiktir ve nadiren pulmoner emboliye neden olur (10). Sol tarafli
fibroelastomalar yasami tehdit eden komplikasyonlara neden olabilir. Hastalar
genellikle anjinal veya atipik olabilen gogiis agrisi1 ile bagvururlar. Koroner
ostiumu tikayan bir tiimor veya embolizasyon nedeniyle olusan akut miyokard
enfarktiisii, basvuru semptomu olabilir (19). Sag tarafli papiller
fibroelastomalardan kaynaklanan pulmoner embolizasyon solunum sikintisina
neden olabilir. Klinik embolizasyon belirtileri gosteren hastalara cerrahi
miidahaleden once antikoagiilasyon uygulanmalidir. Bu &zellikle cerrahi igin
yiiksek riskli adaylar olarak kabul edilen hastalar i¢in diisiiniilebilir. Papiller
fibroelastomalar igin tercih edilen tedavi, 6onemli morbidite veya mortaliteye
neden olmadan giivenli olan cerrahi eksizyondur (19).
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Lipomlar

Lipomlar, nadir gorilen ve c¢ogunlukla sporadik iyi huylu kardiyak
tiimorlerdendir; tiim iyi huylu timdrlerin yalnizca %3'tinii olustururlar. Lipomlar
genellikle sag atriyumda lokalizedirler, ancak kalbin herhangi bir yerinde ve
perikardda da bulunabilirler (14).

Lipomat6z hipertrofi ve lipomlar, dogal yag hiicrelerinin iyi huylu neoplaztik
proliferasyonundan kaynaklanir. Gergek lipomlar nadirdir ve her yasta ve her iki
cinsiyette esit siklikta goriilebilir. Caplar1 1 ila 15 cm arasinda degisebilir.
Timorlerin  ¢ogu sesil veya polipoiddir ve subendokardiyumda veya
subepikardiyumda goriiliir ve genellikle bir kapsiille ¢evrilidir. Lipomatdz
hipertrofi klasik olarak interatriyal septumun 6n veya {ist kismini tutar ve fossa
ovalis intaktir. Ortalama olarak septum 2,5 cm'ye kadar kalinlagir. Klinik olarak,
Lipomatdz hipertrofi daha yiliksek oranda atriyal aritmilerle iliskilidir, yani
hipertrofi derecesiyle iligkilidir. Biiyiik lipomatdz hipertrofi, {ist kaval venin
tikanmasina neden olabilir (3).

Kardiyak lipomlar genellikle tek, iyi kapsiillenmis kitleler olarak ortaya ¢ikar,
ancak birden fazla lezyon da olusabilir. Bir kardiyak lipom, histopatolojik olarak
olgun yag hiicrelerinden, ara sira lifli bag dokusundan ve vakuollii kahverengi
yagdan olusur. Lipomatodz hipertrofi ile ayirici tan1 dnemli ve kritiktir. Septum
kalinlagmas1 genellikle fossa ovalis'in limbusuyla sinirlidir. Lipomatdz hipertrofi,
histolojik olarak, ii¢ element igeren (olgun yag, olgunlagsmamis yag ve atriyal
miyosit) kapsiillenmemis bir lezyondur: Lipomlarda, dejenerasyon alanlar1 ve
yaygin radyografik olarak belirgin kalsifikasyon bulunabilir (1). Lipomlar
kapsiillii oldugundan embolik olaylar nadirdir. Ayirict tani liposarkomlar1 ve
interatriyal septumun lipomat6z hipertrofisini igerir (7).

Lipomlarin ekokardiyografi bulgular yerlesim yerlerine gore degismektedir.
Perikardiyal lipomlar tamamen hipoekoik, kismen hipoekoik veya tamamen
ekojenik kitle olarak goriilebilirken, intrakaviter lipomlar homojen ve
hiperekoiktir (16).

Rabdomiyomlar

Konjenital bir hamartom olan rabdomyom, bebeklik ve ¢ocukluk déneminde
en sik goriilen iyi huylu primer kardiyak tiimor olup nadiren yetigkinlerde de
goriilir (16). Kanitlar, rabdomiyomlarin ¢izgili kardiyomiyositlerin fokal
hamartomatdz birikimine karsilik geldigini ve aslinda bir neoplazm olmadigin
diistindiirmektedir. Rabdomiyomlar en sik sol ventrikiil miyokardinda veya
interventrikiiler septumda gorilir ve tiiberoz skleroz ile gili¢lii bir sekilde
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iliskilidir ve genellikle 2 mm ila 2 cm c¢apinda kiigiik ve lobiile intramural
nodiiller olarak goriiliir. Rabdomiyomlar tipik olarak kendiliginden gerileme
egilimindedir ve bu hastalarin %50'sinde goriiliir (20,21). Aritmiler nadir
olmayip, atriyal veya ventrikiiler aritmiler siklikla goriiliir ve carpinti ve senkop
semptomlarina neden olabilir. Cogu rabdomiyomun dogal seyri kendiliginden
gerileme oldugundan, iligkili semptomlar1 da kademeli olarak kaybolur (2). Bu
nedenle, seri ekokardiyografi ve EKG kontrolleri ile izlenerek konservatif tedavi
uygulanabilir (16).

Rabdomiyomlarin yaklasik %80'i, nobetler, mental retardasyon ve yiiz
anjiyofibromlarindan olusan tani {gliisiiyle karakterize olan tiiberoz sklerozla
birliktedir (14). Everolimusun 6nemli klinik sunumlara sahip rabdomiyomlar1
tedavi etmek i¢in potansiyel bir yeni tedavi secenegi oldugu bildirilmistir (22).
Cerrahi miidahale genellikle, medikal tedaviye yanit vermeyen siddetli tikaniklik
ve inat¢1 aritmi semptomlari olan hastalarda uygulanir (23).

Fibromlar

Fibromlar, fibroblasttan tiiretilen iyi huylu bag dokusu timorleridir ve
cogunlukla ¢ocuklarda goriiliir ve pediatrik yas grubunda goriilen ikinci en sik
primer kardiyak timdr tipini olustururlar. Tipik olarak ¢ap1 3 ila 10 cm arasinda
degisen biiyiik tlimorlerdir. Genellikle ventrikiiler miyokardin icinde ve sol
ventrikiiliin serbest 6n duvarinda veya interventrikiiler septumda, posterior
ventrikiil duvarinda veya sag ventrikiilde oldugundan ¢ok daha sik goriiliirler.
Fibromlarin yaklasik %701 semptomatiktir ve intrakardiyak akista mekanik
miidahaleye, ventrikiiler dissistolik fonksiyona veya iletim bozukluklarina neden
olur (3).

Kardiyak fibromlar benign proliferasyonlardir ve ¢ocuklarda ikinci en sik
goriilen intrakardiyak tiimor olup, bazi durumlarda konjenital kokene sahiptirler,
ancak erigkinlerde de ortaya ¢ikabilirler (14). Kardiyak fibromlar, nevoid bazal
hiicreli karsinom, alisilmadik beyin timorleri, iskelet anormallikleri ve
makrosefaliyle karakterize, PTCH1 genindeki mutasyonlardan kaynaklanan
otozomal dominant bir hastalik olan Gorlin sendromuyla iliskilidir (24).
Rabdomiyomlar gibi, fetiislerin, c¢ocuklarmm ve nadiren yetigkinlerin
ventrikiillerinde (cogunlukla sol ventrikiilde) tespit edilebilirler (14).

Hemangiomlar

Kardiyak hemanjiomlar nadir goriilen iyi huylu vaskiiler tiimoérlerdir ve tiim
primer kardiyak tiimdrlerin yaklasik %5-10'unu olustururlar. Genis bir yas
grubunda goriilebilirler, daha biiyiik bir grup eriskinlikte goriiliirken daha kiigiik
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bir grup c¢ocukluk donemini etkiler (2). Kadinlar daha sik etkilenir.
Hemanjiomlarin patolojik 6zelligi, artan vaskiilarizasyona sahip kan
damarlarinin iyi huylu proliferatif endotel hiicreleriyle kapl olmasidir. Ek olarak,
miksoid, yag ve lifli doku gibi ¢cok sayida stromal eleman da patolojik incelemede
goriilebilir (25). Baslica prolifere olan damar tipine gore kilcal, kavernoz veya
arteriovendz olarak ayrilabilirler (26). Tipik olarak, endokardiyal hemanjiomlar
kapiller veya kavernoz histolojik 6zelliklere sahiptir ve intramural hemanjiomlar
histolojik analizde intramuskiiler hemanjiomlara benzer (2). Hemanjiomlar,
kalbin herhangi bir yerinde ortaya ¢ikabilirler ancak daha siklikla sol ventrikiiliin
lateral duvarinda, sag ventrikiiliin 6n duvarinda veya interventrikiiler septumda
bulunurlar.

Teratomlar

Teratomlar genellikle cocuklarda goriiliir ve perikardda olusur. Genellikle
biliylik damarlarin tabanina, aort kokii veya pulmoner gdvdeye, baghidirlar.
Yaklasik %901 6n mediastende; geri kalani ise ¢ogunlukla arka mediastende
bulunur (27).

Atrioventrikiiler (AV) diigiimiin Kistik tiimorleri

Atrioventrikiiler (AV) diiglimiin kistik timérleri nadirdir ve tiim kardiyak
tiimorlerin yalnizca %13'iinii olusturur. Iyi huyludurlar ancak siklikla iletim
kusurlarina yol acarlar ve ani kardiyak oliime yol agabilirler. Bilgisayarli
tomografi taramasinda, AV nodunun atriyal septum boyunca bulundugu bdlgede
iyi tamimlanmis, hiperdens lezyonlar olarak goriiniirler. Ender olduklarindan,
cerrahi rezeksiyonlar1 tartismali olmaya devam ediyor ve standart bir tedavi
planlar1 heniiz hazirlanmamistir (28).

AV digimiin kistik tiimorii, atrioventrikiiler diigiimii segici olarak tutar.
Hastalarin %75' tam ve %15'i eksik AV blogu ile sunulurken, %10'unda ilk
klinik bulgu ani 6liim olabilir (29). Tiimor multikistik goriiniir ve boyutu 2 ila 20
mm arasinda degisir. Histolojik olarak timdr, merkezi fibroz goévdenin sag
tarafinda yer alir, AV diigiimiine sizar ve onu sikistirir. Kistler mukoid bir madde
ile doludur ve epitel, sitokeratin ve epitel membran antijeni pozitif ile kaplidir

).
Malign Primer Tiimorler

Malign primer tlimorler arasinda sarkomlar, perikardiyal mezotelyoma ve
primer lenfomalar bulunur. Kétii huylu primer tiimérlerin tedavisi, infiltre marjlar
olmadan tam rezeksiyondur. Tam rezeksiyon ventrikiiler duvarlara infiltre olan
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biiyiik tiimoérlerde ve anjiyosarkomlarda daha zor olup, olgularin yalnizca
%30'unda tam rezeksiyon yapilabilir (30). Preoperatif uygulanan neoadjuvan
kemoterapi, biiyiikk tiimorlerin rezeke edilebilirligini artirabilir. Sol atriyal
tiimorlerde, tam rezeksiyon elde etmek icin ototransplantasyon gerekebilir (31).
Kemoterapi ve -secilmis olgularda- lokal radyoterapi ameliyattan sonra
uygulanabilir (32). Herhangi bir miidahaleyi planlamadan 6nce kétii huylu
timorlerin  karakteristiginin (tip, boyut, yer, metastaz varligi ve rezeke
edilebilirlik) dogru bir sekilde degerlendirilmesi tedavinin temelini olusturur
(33). Lenfomalar steroidler, sistemik kemoterapi (ve AIDS ile iligkili lenfomalar
durumunda antiretroviral tedavi) ile tedavi edilir (34).

Cerrahi rezeksiyon kalp sarkomlarinda ilk se¢enektir. Ancak, lokal genisleme,
uzak metastaz ve genel olarak kotli prognoz potansiyeli nedeniyle, olumsuz
etkilere iliskin endiselere ragmen siklikla kemoterapi ve radyoterapiyi igeren
multimodal bir tedavi uygulanir. Kalp lenfomalar1 baglangigta kemoterapi ile
tedavi edilir. Metastatik kalp tiimorleri, teshis edildiginde genellikle ileri
hastaligin bir isaretidir ve genel olarak kotii bir prognoza sahiptir (7).

Sarkomlar

Sarkomlar, yetigkinlerde, ¢ocuklarda ve genglerde goriilebilen nadir bir kotii
huylu timérdiir. Sarkomlar her yasta goriilebilir ancak 30 ve 40 yaslar1 arasinda
en sik goriillir. Yaklagik %401 anjiyosarkomdur, sag atriyum/sag ventrikiil ve
perikarda bariz bir yatkinlig1 vardir ve sag ventrikiil giris yolu tikanikligina,
perikart tamponadina ve akciger metastazina neden olabilirler. Diger sarkom
tiirleri arasinda indiferensiye sarkom (%25), malign fibroz histiositoma (%11-
%24), leiomyosarkom (%8-%9), fibrosarkom, rabdomyosarkom, liposarkom ve
osteosarkom bulunur; bu tiirlerin sol atriyumda baglama olasilig1 daha yiiksektir
ve mitral kapagin fonksiyonunun bozulmasina ve kalp yetmezligine neden
olabilirler (3).

Primer lenfoma

Primer kardiyak lenfomalar, dncelikli olarak kalbi ve/veya perikardi tutan
ekstranodal lenfomalardir. Hem immiinokompetan hem de immiinokompromize
bireylerde ortaya ¢ikabilirler (1). Primer lenfoma son derece nadirdir. Edinilmis
immiin yetmezlik sendromu (AIDS) hastalarinda veya immiin yetmezligi olan
diger kisilerde daha sik goriiliir. Bu tiimorler kalp duvarlarina sizabilir ve atriyal
ve/veya ventrikiiler bosluklarda biiyiiyebilir; genellikle hizla biiyiirler ve kalp
yetmezligine, aritmilere, tamponada ve superior vena kava (SVC) sendromuna
neden olabilirler (35).
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Kalbin Metastatik Tiimorleri

Kalbe metastaz yapan birincil kanserlerin sik goriilen bolgeleri arasinda
akciger kanserleri, plevral mezotelyoma, cilt melanomu, meme, 6zofagus ve
hematolojik maligniteler bulunur (7). Plevral mezotelyoma (%48,4), melanoma
(%27,8), akciger adenokarsinomu (%21), indiferansiyal karsinomlar (%19,5),
yassi hiicreli akciger kanseri (%18,2) ve meme kanseri (%15,5) kardiyak
metastasa yol agabilen en bilinen tiimérlerdir (1).

Metastatik kalp tiimoérlerinin klinik belirtileri gok cesitlidir ve aritmileri,
embolik fenomenleri veya akut koroner sendromu igerir (36). Hastalar ates,
halsizlik ve artralji gibi spesifik olmayan belirtiler de yasayabilir. Nefes darligi
en yaygin semptomdur. Kardiyak tamponada yol agarak yagami tehdit edebilirler
(37).

Kardiyak tutulum kan dolasimi yoluyla, mediastenden direkt invazyonla veya
tiimoriin vena kavaya dogru biiylimesi ve sag atriyuma dogru genislemesiyle
meydana gelebilir (38). Lenfatik yayilim perikardiyal metastaza yol agma
egilimindeyken, hematojen yayilim miyokardiyal metastaza yol agma
egilimindedir (1).

Kardiyak metastaz, teshis edilmemis kotii huylu bir tiimoériin ilk veya tek
belirtisi olabilir ise de siklik 6liimden sonra teshis edilir (1). Kardiyak metastazi
olan hastalarin ¢ogunda yaygin hastalik oldugundan, tedavi genellikle birincil
tiimoriin tedavisinden veya palyatif bakimdan olusur (1).

Metastazlar lenfatik yolla veya arteriyel veya vendz dolasim yoluyla kalbe
ulasabilir. Lenfatik yayilim akciger ve meme kanserleri ile bazi sarkomlar ve
lenfomalar ic¢in yaygindir; siklikla perikardiyal eflizyona neden olur ve
konstriksiyon paterni ile sézde "kalbin tiimdrle kaplanmasi"na neden olabilir
(39). Siipheli kardiyak tamponad ile gelen hastalarda tiimor kaplanmasi
(eflizyonlu veya eflizyonsuz) olasiligim1 akilda tutmak oOnemlidir. Ciinki
perikardiyal drenaj semptomlar1 hafifletmede etkili olmayacaktir. Intrakoroner
yayilim l6semi, melanom ve bazi lenfomalar i¢in yaygindir; metastazlar
genellikle intramuraldir ve akut koroner sendrom vakalari tanimlanmistir.
Genitoiiriner tiimdrler siklikla inferior vena kavay istila eder, {ist iiste binen
trombiisle simbiyotik bir sekilde hizla biiyiir (sézde “tiimér trombozu™) ve sag
atriyuma ulasir (40). Melanom, kardiyak tutulum egilimi yiiksek bir timdrdiir;
akciger ve meme karsinomu, yumusak doku sarkomu ve bobrek kanseri de kalbe
metastazin yaygin kaynaklaridir (41). Losemi ve lenfoma siklikla kalbe metastaz
yapar. Hem birincil tiimoriin yayginligi hem de metastaz egilimi goz Oniine
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almdiginda, klinik uygulamada gozlenen kalbin en yaygin sekonder tiimorii
akciger karsinomu (%35-40), ardindan hematolojik maligniteler (%10-20) ve
meme kanseri (%10) gelir (42).

Kalp Tiimérlerinde Prognoz

Kalp tiimorleri ¢ok iyi prognoza sahip kii¢ilik iyi huylu kitlelerden sinirli tedavi
secenekleri olan ileri evre sarkomlara kadar degisen bir spektruma sahiptir. Iyi
huylu primer tiimorler genellikle cerrahi rezeksiyondan faydalanir ve uzun
vadede iyi prognoz saglar, ancak secilmis asemptomatik hastalar da timor alt
tipine bagli olarak konservatif olarak tedavi edilebilir. Malign tiimorlerde
prognoz kotiidiir. Tamponada yol agabilirler. Tamponada yol acan tekraralayan
effiizyonlar gelisen hastalarda tamponaddan o6liimii engellemek ve sik sik
perikardiyosentez uygulanmasindan sakimilmak amaciyla perikardiyoplevral
veya perikardiyoperitoneal pencere agilabilir.
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Introduction

The term “cannabinoid” was originally defined as a group of aromatic
hydrocarbon compounds found in the Cannabis sativa (Cannabis) plant
(Mechoulam, 2019; Topuz, 2018). Cannabinoids can be categorized into three
main classes: phytocannabinoids (found in the Cannabis plant),
endocannabinoids (naturally produced in the body) and synthetic cannabinoids
(produced in the laboratory). Cannabis plants have been used as a recreational
drug since ancient times. The medicinal use of this plant dates back as far as 2700
BC (Mechoulam, 2019; Topuz, 2018). Its role in traditional Chinese medicine
contributed to its inclusion in one of the earliest known pharmacopoeias.
Nevertheless, the 20th century marked a significant shift in the history of
Cannabis, as the extraction of cannabis from hemp led to both limitations on
cultivation and restricted usage. Currently, cannabis stands as the most commonly
consumed illicit substance worldwide. Persistent and frequent use of cannabis has
been linked to cognitive impairments, declining academic performance, loss of
motivation, dependency, and mental health issues such as psychosis,
schizophrenia, and mood disorders. Conversely, recent studies indicate that
cannabis-based medications may hold therapeutic promise for various medical
conditions, particularly neurological and psychiatric disorders. These discoveries
have prompted the legalization of medical cannabis in some states within the US
and certain European nations (Aldemir et al., 2020). However, the use of phyto-
and synthetic cannabinoids in modern medicine is controversial due to their
serious neuropsychiatric side effects (Sakin et al., 2015). Although the area of
research on these cannabinoids remains highly controversial, it has been
suggested that several phytocannabinoids (particularly the cannabidiol
compound) may provide potential therapeutic benefits in conditions such as
inflammation, cancer, addiction and epilepsy (lzzo, Borrelli, Capasso, Di Marzo,
& Mechoulam, 2009; Patil, Goyal, Sharma, Patil, & Ojha, 2015).

Cannabinoid Receptors

For an extended period, it was thought that cannabinoids produced their
effects by modifying the chemical composition of cell membranes. However,
research involving the psychoactive compound A9-tetrahydrocannabinol (THC)
resulted in the discovery of cannabinoid receptors, disproving the earlier theory
of membrane interaction (Giindiiz, 2018). Instead of modifying the structure of
cell membranes, cannabinoids function by attaching to specific receptors located
on the surface of cells.When cannabinoids such as THC bind to these receptors,
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they trigger a series of internal signals in the cell. Therefore, instead of changing
the cell membrane itself, cannabinoids interact with these receptors, affecting the
function of the cell (Howlett, 2002; Pertwee, 2015). There are two main types of
cannabinoid receptors: CB1 receptors (CB1R) and CB2 receptors (CB2R)
(Topuz, 2018). CBL1 receptors are primarily located in the nervous system, where
neurons in the brain and spinal cord release endocannabinoids in response to
neural activity. In contrast, CB2 receptors are mainly found in lymphoid tissues,
where immune cells such as macrophages and T cells produce endocannabinoids
(Topuz, 2018). However, cannabinoids do not act exclusively through CB1 and
CB2 receptors. Both endocannabinoids and phytocannabinoids can also interact
with G-protein-linked receptors (e.g., GPR55 and GPR19) and Transient
Receptor Potential vanilloid (TRPV) cation channels (Balpinar & Aytag, 2021;
Henstridge, 2012).

Cannabinoid receptors, which serve as molecular targets for A9-
tetrahydrocannabinol (THC), are distributed throughout the body and are
typically activated by endocannabinoids, a group of naturally occurring lipids.
Neurotransmitters trigger the release of endocannabinoids in a receptor-
dependent manner, requiring the enzymatic breakdown of phospholipid
precursors found in cell membranes. Once released, endocannabinoids activate
cannabinoid receptors in nearby cells and are quickly deactivated via transport
and enzymatic hydrolysis (Piomelli, Giuffrida, Calignano, & de Fonseca, 2000).

Disruptions in endocannabinoid tone often present as changes in the
expression or functionality of CB1 and/or CB2 receptors. Understanding how
altered cannabinoid receptor signaling impacts physiological and biological
processes is crucial, as these disruptions are frequently linked to the development
of various neurological, cardiovascular, metabolic, and inflammatory disorders
(Haspula & Clark, 2020).

Endocannabinoid System

The presence of cannabinoid receptors initiated the search for endogenous
ligands (molecules produced by the body that bind to cannabinoid receptors)
(Giindiiz, 2018). In 1992, the molecule arachidonoylethanolamide (AEA), an
endogenous lipid, was discovered in the pig brain and shown to bind to the
CBl1'receptor in the brain. This endogenous lipid was named “Anandamide
(AEA)” as a combination of the Sanskrit word “ananda” meaning “pleasure” or
“blissful” and the “amide” in its chemical structure. The discovery of anandamide
as the first identified endocannabinoid paved the way for the identification of 2-
arachidonoylglycerol (2-AG), a derivative of arachidonic acid with an ester

35



structure, in 1995 (Devane et al., 1992). Following the recognition of
anandamide, further research led to the identification of additional endogenous
ligands, collectively termed endocannabinoids (Giindiiz, 2018). The
endocannabinoid system, an extensive lipid signaling network, evolved early and
plays a critical regulatory role in all vertebrates (Rodriguez de Fonseca et al.,
2005). Endocannabinoids are naturally occurring compounds that serve as
agonists for cannabinoid receptors, which in turn interact with the two G-protein-
linked receptors targeted by A9-tetrahydrocannabinol, the primary psychoactive
compound in cannabis (Di Marzo & Petrosino, 2007). Anandamide and 2-AG,
the most well-known endocannabinoids, are small molecules derived from
arachidonic acid (Rodriguez de Fonseca et al., 2005).

Unlike amino acids, peptides, amines, and classical neurotransmitters,
anandamide and 2-AG are lipophilic compounds. While conventional
neurotransmitters are synthesized in the neuronal cytosol and stored in synaptic
vesicles, anandamide and 2-AG are synthesized as needed through receptor-
triggered cleavage of membrane lipid precursors and are released immediately
afterward. These molecules are emitted from both neuronal and non-neuronal
cells through separate mechanisms (Mechoulam, 2019). Anandamide is
synthesized by the enzyme phospholipase-D (NAPE-PLD), which converts N-
arachidonoylphosphatidylethanolamine (NAPE) into anandamide. NAPE is
formed through the activity of N-acetyltransferase (NAT), which adds an
arachidonoyl group to phosphatidylethanolamine. In contrast, 2-AG is formed
from diacylglycerol by diacylglycerol lipase (DGL), with diacylglycerol being
generated from phosphatidylinositol through the action of phospholipase C
(PLC). Endocannabinoids are taken up into cells through a specialized transport
system and are then broken down by enzymes such as fatty acid amide hydrolase
(FAAH) and monoacylglycerol lipase (MAGL). Additional degradation
pathways of endocannabinoids involve enzymes such as lipoxygenases,
cytochrome P450, COX-2, and serine hydrolases o/f, which are active at specific
sites (6 and 12) (Fraguas-Sanchez, Martin-Sabroso, & Torres-Suarez, 2018).
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Figure 1. A schematic overview illustrating the key biosynthetic and degradation pathways
for both anandamide (AEA) and 2-arachidonoylglycerol (2-AG) (Fraguas-Sanchez et al.,
2018).

The term "endocannabinoid system (ECS)" encompasses endocannabinoids,
their target receptors, the enzymes responsible for their production and
breakdown, as well as the transporter proteins involved in their movement
(Giindiiz, 2018). This system comprises G protein-linked receptors, CB1 and
CB2, endogenous molecules called endocannabinoids that bind to these
receptors, enzymes involved in their synthesis and degradation, and mechanisms
that facilitate their cellular uptake (Pertwee, 2015). The endocannabinoid system
functions as an intercellular signaling network, playing a crucial role in regulating
and sustaining energy balance (Alptekin & Keser, 2016).

The existence of the endocannabinoid system has only been understood in the
last 25 years and its role in the function of the central, immune, cardiovascular,
gastrointestinal and reproductive systems is better understood. The system is also
involved in processes such as pain, anxiety, addiction, learning, inflammation and
immune response regulation.

Overactive endocannabinoid system causes hepatic steatosis, increased
adipose tissue inflammation, dysregulated insulin signaling in the pancreas, and
damage to oxidative pathways in skeletal muscles (Jesudason & Wittert, 2008).
The endocannabinoid system contributes to insulin resistance by promoting
lipogenesis, reducing adiponectin production, and impairing glucose utilization
in peripheral tissues. Research indicates that endocannabinoids play a role in
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regulating food intake and are influenced by diet or dietary patterns, which can
affect their levels (Alptekin & Keser, 2016).

Endocannabinoid System and Cancer

Endocannabinoids, such as anandamide and 2-AG, play significant roles in
cancer pathophysiology. They are involved in various processes, including tumor
growth and progression, inflammation surrounding tumors, and the management
of cancer-related pain and nausea.Research has shown that endocannabinoid
profiles (receptor, enzyme, etc.) are altered during cancer, resulting in changes in
plasma endocannabinoid levels in cancer patients (l. Tegeder, 2016).

Recent research suggests that the endocannabinoid system may represent a
promising target for antitumor therapies. While its effects are primarily mediated
through the CB1 receptor, activation of this receptor can also result in
psychoactive outcomes, including the cognitive effects associated with
THC.These psychoactive effects can produce side effects that are not ideal for
treatment. Therefore, it becomes much more preferable for therapeutic
cannabinoid compounds to target the CB2 receptor without producing
psychoactive effects. Activating CB2 receptors can enhance the immune system's
ability to recognize tumors and inhibit cancer cell growth. In this context,
therapies targeting the CB2 receptor may offer increased specificity and
effectiveness.

Compounds that target both CB1 and CB2 receptors simultaneously may
produce more localized effects if they are unable to cross the blood-brain barrier
(BBB). This characteristic helps to minimize unwanted side effects outside the
treatment area, such as on the central nervous system, while potentially enhancing
the effect directly on the tumor. However, for these compounds to be effective,
their inability to cross the blood-brain barrier often makes them more effective in
targeting peripheral tissues, such as tumor cells.

For the endocannabinoid system to be effectively utilized in therapy, it is
crucial not only to activate cannabinoid receptors but also to target the
endogenous degradation systems, such as inhibiting fatty acid amide hydrolase
(FAAH). FAAH is an enzyme responsible for accelerating the degradation of
endocannabinoids like anandamide. By inhibiting this enzyme, endocannabinoids
can remain active for longer, potentially enhancing the therapeutic response
against cancer cells. This mechanism may produce a stronger antitumor effect, as
elevated levels of endocannabinoids can help regulate cancer cell growth
(Malfitano et al., 2011).
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There is rapidly accumulating evidence indicating that endocannabinoids can
serve not only as supportive agents but also as potential therapeutic targets in
cancer treatment. Increased levels of cannabinoid receptors and enzymes
involved in the catabolism of endocannabinoids, such as FAAH and
monoacylglycerol lipase (MAGL), have been observed in several cancer types,
including breast, prostate, glioma, liver, and bone cancers (Endsley et al., 2008).

While cannabinoids and endocannabinoids exert their therapeutic effects in
various diseases through both receptor-independent and receptor-mediated
pathways (Brown et al., 2013), the latter plays a significant role. For instance,
CB1 receptor activation has therapeutic potential in the treatment of pain, anxiety,
depression, post-traumatic stress disorder, postmenopausal osteoporosis, cancer,
and neurodegenerative diseases, while inhibition of CB1 receptors can be
therapeutically applied to treat obesity, diabetes, liver diseases, cardiometabolic
complications, alcohol and drug addiction, and postmenopausal osteoporosis
(Cinar & Cinar, 2012).

Endocannabinoids interact with cannabinoid receptors on cancer cells,
affecting proliferation, apoptosis and metastasis. They show potential as
anticancer agents in treatment (Pyszniak, Tabarkiewicz, & FLuszczki, 2016).
Endocannabinoids show promise in the fight against cancer by inhibiting tumor
progression at various levels, including proliferation, invasion, metastasis,
angiogenesis and chemoresistance, and inducing apoptosis and autophagy (Hinz
& Ramer, 2022).

Cannabinoids and endocannabinoids display a broad range of anticancer
properties, including anti-inflammatory, anti-proliferative, anti-invasive, anti-
metastatic, and pro-apoptotic effects, as evidenced in both in vitro studies and in
vivo animal models. These compounds exert their effects through several
signaling pathways, such as p38 MAPK, JUN, PI3K, AKT, ceramide, caspases,
MMPs, PPARs, VEGF, NF-xB, p8, CHOP, TRB3, and pro-apoptotic oncogenes
like p53 and p21 wafl/cipl. These pathways collectively contribute to processes
including cell cycle arrest, autophagy, apoptosis, and tumor suppression.

However, cannabinoids can paradoxically exhibit pro-proliferative and anti-
apoptotic effects in certain cancers. This dual behavior likely arises from
variations in receptor expression levels and cannabinoid concentrations in
different cancer and immune cell types, which can activate distinct signaling
cascades, such as p38 MAPK or PI3K/AKT. These complexities emphasize the
need for a more nuanced understanding of the endocannabinoid system in the
context of cancer.
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Interestingly, the anticancer effects of cannabinoids and endocannabinoids
bear similarities to those of omega-3 long-chain polyunsaturated fatty acids
(LCPUFAS) and conjugated linoleic acids (CLAS/CLnAS), known for their anti-
inflammatory, antiangiogenic, and anti-invasive properties. Evidence suggests
that omega-3 fatty acids like eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) may generate endocannabinoid-like molecules that: (i) serve as
ligands for CB1 and CB2 receptors, as well as potentially TRPV-1 channels, (ii)
exhibit non-receptor-mediated bioactivity, (iii) induce cell cycle arrest, (iv)
enhance autophagy and apoptosis, and (v) amplify the effects of
chemotherapeutic agents in vitro. Additionally, these molecules can form
bioactive eicosanoid-like derivatives that, while not directly binding to
cannabinoid receptors, influence PPARs and NF-«B transcription factors, further
contributing to their anticancer Effects.

Currently, the clinical application of cannabinoids in cancer treatment is
mostly confined to managing chemotherapy- and radiotherapy-associated side
effects, such as nausea and cancer-related pain. An exception is a limited clinical
trial investigating the use of cannabinoids in treating brain tumors. However, the
full potential of cannabinoids as direct anticancer agents remains underexplored.

Given their low toxicity and promising synergistic effects with
chemotherapeutic agents—similar to those observed with omega-3 LCPUFAs—
further clinical studies are urgently needed. These studies could help clarify the
mechanisms of action and therapeutic potential of cannabinoids, paving the way
for their integration into modern oncology as both adjuvant and standalone
treatments (Brown et al., 2013).

Endocannabinoids are synthesized in various peripheral tissues, resulting in
cell type- and location-specific profiles. Consequently, the endocannabinoid
composition within the tumor microenvironment varies depending on the tumor's
origin, as well as the site of primary growth and metastasis. Studies indicate that
tumor growth is associated with elevated levels of 2-arachidonoylglycerol (2-
AG) at both the primary tumor site and in plasma (Sailler et al., 2014). The
concentration of 2-AG increases steadily throughout cancer progression and
metastasis, suggesting that the growing tumor and circulating metastatic tumor
cells secrete sufficient amounts of 2-AG to raise plasma concentrations. This
increase in 2-AG is likely driven by activated immune cells, which are a
significant source of 2-AG in the periphery at inflammation sites (Agarwal et al.,
2007; Centonze, Battistini, & Maccarrone, 2008).
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Figure 2. Tumor growth causes an increase of 2-arachidonoylethanolamide (2-AG) and a
decrease of the endocannabinoids anandamide (AEA), oleoylethanolamide (OEA),

palmitoylethanolamide (PEA) in tumor tissue and plasma (Irmgard Tegeder, 2016).

Tumor progression is linked to elevated levels of 2-arachidonoylglycerol (2-
AG) and reduced levels of ethanolamide endocannabinoids, such as anandamide
(AEA), oleoylethanolamide (OEA), and palmitoylethanolamide (PEA), in both
tumor tissue and plasma (Sailler et al., 2014). This imbalance arises as tumors
replace normal tissue and increase the expression of fatty acid amide hydrolase
(FAAH), the enzyme responsible for degrading ethanolamide endocannabinoids
(Constantin et al., 2008). The tumor itself is likely a major source of 2-AG
production (Heyman et al., 2012).

Endocannabinoids interact with a variety of receptors, including the classic
cannabinoid receptors CB1 and CB2, orphan G-protein-coupled receptors
(GPRs) such as GPR18, GPR55, GPR92, and GPR119, as well as peroxisome
proliferator-activated receptors (PPAR) gamma and alpha (O'Sullivan, 2007).
Furthermore, anandamide (AEA) affects tumor growth through its interaction
with the transient receptor potential vanilloid 1 (TRPV1) channel (Constantin et
al., 2008). These interactions contribute to the complex regulation of processes
such as metastasis, angiogenesis, the polarization of tumor-associated
macrophages and dendritic cells, T-cell activation, and cancer-related pain
(Sailler et al., 2014).
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Unlike 2-arachidonoylglycerol (2-AG), the ethanolamide
endocannabinoids—anandamide (AEA), oleoylethanolamide (OEA), and
palmitoylethanolamide (PEA)—are significantly reduced in both the tumor
microenvironment and plasma (Sailler et al., 2014). This reduction likely occurs
due to the tumor displacing normal cells responsible for producing these
endocannabinoids and damaging sensory neuronal fibers that innervate the tumor
(Constantin et al., 2008). These sensory terminals are a primary source of AEA
in the tumor microenvironment, and their activity may locally suppress cancer-
related pain as long as they continue to secrete AEA (Heyman et al., 2012).
Additional contributors to the peripheral AEA pool include epithelial cells,
keratinocytes, and muscle cells, which release AEA as needed (Heyman et al.,
2012).

Interestingly, OEA levels in cancer patients initially decline during early
tumor development but rise again when the disease progresses to the metastatic
stage (Sailler et al., 2014). Plasma OEA concentrations have been positively
correlated with the number of metastases (Sailler et al., 2014). An in vitro
migration assay showed that high OEA concentrations in normal tissues
surrounding localized tumors, but not in plasma, inhibit tumor cell migration.
Conversely, low OEA concentrations promote tumor cell proliferation and
migration (Constantin et al., 2008; Sailler et al., 2014). This suggests that local
depletion of OEA in the tumor microenvironment may facilitate tumor growth
and metastasis, while increased OEA production in the liver could represent an
adaptive mechanism to limit metastasis (Irmgard Tegeder, 2016).

The contrasting effects of OEA at high and low concentrations may be
attributed to its interaction with GPR119 and peroxisome proliferator-activated
receptors (PPARS), which can trigger pro- or anti-migratory signaling pathways
(O'sullivan, 2007). In addition to OEA, anandamide acts as a potent agonist for
both PPAR alpha and gamma, while 2-AG and PEA predominantly activate
PPAR alpha (O'Sullivan, 2007). Cannabinoids are known to interact with
classical cannabinoid receptors (CB1 and CB2), the orphan G-protein-coupled
receptor GPR119, and the transient receptor potential vanilloid type-1 (TRPV1)
ion channel (O'Sullivan, 2007).

Recent studies have revealed that cannabinoids also activate PPARSs, which
are members of the nuclear receptor family involved in regulating cell
differentiation and lipid metabolism. PPARs are classified into three subtypes:
alpha, beta (delta)) and gamma. Growing evidence indicates that
endocannabinoids are natural activators of PPAR alpha. Besides anandamide,
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other endocannabinoids such as virodhamine and noladin also activate PPAR
alpha, while both anandamide and 2-AG exert anti-inflammatory effects through
PPAR gamma activation (O'Sullivan, 2007).

The discovery of the anticarcinogenic effect of cannabinoid compounds can
be traced back to Munson et al. In the mid-1970s who were able to show that
THC, A8-THC and cannabinol inhibited Lewis lung adenocarcinoma growth in
mice. However, the discovery of cannabinoid receptors years later was only a
starting point for a comprehensive and detailed investigation of the
anticarcinogenic mechanisms of cannabinoid action (Sailler et al., 2014).

The mechanisms through which cannabinoids and their receptors regulate
cancer cell proliferation, migration, and apoptosis are intricate and not yet fully
understood. These processes differ considerably across various cancer types, with
cannabinoids exhibiting either pro-apoptotic or anti-apoptotic effects, contingent
upon the specific context.This complexity highlights the dual role of
cannabinoids in cancer progression, underscoring the need for further research to
clarify these pathways.A schematic overview of the primary signaling pathways
activated by different cannabinoid receptor subtypes and their agonists, along
with their roles in regulating these cellular processes, is presented below (J.
Guindon & A. G. Hohmann, 2011).
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Figure 3. Schematic illustration of the various mechanisms and signaling pathways through

which cannabinoids influence apoptosis, cell proliferation, and migration (Josée Guindon &
Andrea G Hohmann, 2011; Maccarrone, Lorenzon, Bari, Melino, & Finazzi-Agro, 2000;
Smith, 2011).
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Figure 5. Mechanisms of anti-invasive, antimetastatic, anti-epithelial-mesenchymal
transition and anti-angiogenic impact of cannabinoids on cancer cells (Hinz & Ramer,
2022).

Research suggests that CB1 receptors are highly expressed in glioblastomas

and in the early stages of pediatric gliomas (Sredni et al., 2016; Wu et al., 2012).
Similarly, CB2 receptors are highly expressed in glioblastomas and astrocytomas,
with expression levels correlating with tumor progression and stage (Ellert-
Miklaszewska, Grajkowska, Gabrusiewicz, Kaminska, & Konarska, 2007;
Sanchez et al., 2001; Schley et al., 2009; Wu et al., 2012). In vitro studies using
brain cancer cell lines (U87, 251, C6, H4) have shown that anandamide has
antiproliferative effects and suppresses the migration and metastatic potential of
these cells (Hohmann, Grabiec, Ghadban, Feese, & Dehghani, 2017; Ma et al.,
2016). Additional investigations testing other endocannabinoids have revealed
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that cannabinoid receptors can inhibit the growth of C6 glioma cells (Fowler et
al., 2003; Jacobsson, Wallin, & Fowler, 2001). Beyond cannabinoid receptors,
several other molecular targets have been identified in the antitumoral activity of
cannabinoids, including enzymes involved in endocannabinoid degradation, such
as fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL).
Lipid carrier proteins from the fatty acid-binding protein family, cannabinoid-
activated G protein-coupled receptors, transient receptor potential (TRP) family
members, and peroxisome proliferator-activated receptors (PPARS) have also
been recognized as crucial participants in these processes (Schwarz, Ramer, &
Hinz, 2018).
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Figure 6. Alterations in the expression of the endocannabinoid system across various
cancers, including those of the brain, breast, digestive tract, gynecologic system, and
prostate (Fraguas-Sanchez et al., 2018).

CB2 receptor overexpression has been observed in breast cancer cells, with
over 90% of HER-2 positive breast cancer tissues exhibiting elevated CB2
receptor levels (Caffarel et al.,, 2010). In vitro studies have shown that
endocannabinoids inhibit the proliferation of breast cancer cells by activating
CB1 receptors (Bisogno et al., 1998; Melck et al., 2000). Similarly,
phytocannabinoids such as THC and CBD, along with synthetic cannabinoids
like WIN-55,212-2 and JWH-133, have shown antiproliferative activity mediated
via cannabinoid receptors (Ligresti et al., 2006; Qamri et al., 2009).

Prostate cancer tissues show markedly elevated expression levels of both CB1
and CB2 receptors in comparison to healthy prostate tissues. Elevated CB1
receptor expression has been linked to a higher frequency of metastasis and
increased Gleason scores (Chung et al.,, 2009; Cipriano, Haggstrom,
Hammarsten, & Fowler, 2013; Orellana-Serradell et al., 2015; Sarfaraz, Afaq,
Adhami, & Mukhtar, 2005). Cannabinoids have shown antiproliferative effects
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in prostate cancer tissues, with anandamide demonstrating such effects through
CB1 receptor activation in PC-3, DU145, and LNCaP prostate cancer cell lines
in primary in vitro cultures (Mimeault, Pommery, Wattez, Bailly, & Hénichart,
2003; Nithipatikom, Isbell, Endsley, Woodliff, & Campbell, 2011; Orellana-
Serradell et al., 2015).

In hepatocellular carcinoma, studies have revealed that CB1 and CB2
receptors are expressed 3.07 and 5.44 times more, respectively, in cancerous liver
tissue compared to healthy liver tissue (DeMorrow et al., 2008; Frampton,
Coufal, Li, Ramirez, & DeMorrow, 2010). Interestingly, anandamide has shown
inhibitory effects on cell proliferation in liver cancer tissues through mechanisms
independent of endocannabinoid receptors.

Evidence suggests that the activation of cannabinoid receptors may suppress
cancer progression, indicating an antitumorigenic role for endocannabinoid
signaling. These findings are further supported by evidence that
endocannabinoid-degrading enzymes are upregulated in both cancer cell lines
and human tumors (Nomura et al., 2010; Thors et al., 2010). Additionally,
silencing CBL1 receptor expression through methylation has been associated with
accelerated intestinal adenoma growth, while CB1 receptor activation has been
shown to reduce tumor growth in mouse models (Wang et al., 2008). Reducing
the expression of endocannabinoid-degrading enzymes has resulted in slower
tumor growth, with increased endocannabinoid levels inhibiting the formation of
precancerous lesions in mouse colons (1zzo et al., 2008). Endocannabinoids have
also shown dose-dependent suppression of prostate cancer cell growth (Orellana-
Serradell et al., 2015).

The immune system is essential in regulating the growth and progression of
various cancers, with cytokine profiles acting as key regulators of antitumor
immune responses. IL-2 and IFN-y stimulate the Th1 immune response, whereas
IL-4 and IL-5 are linked to the Th2 response.IL-10 is linked to the suppression of
the Thl response, which is essential for effective immune defense against many
tumors (Nishimura et al., 2000). CB receptor ligands have been found to reduce
the production of proinflammatory cytokines, such as TNF-a, IL-1, IL-2, IL-6,
and IL-12, thereby modulating the immune response within the tumor
microenvironment (Croxford & Yamamura, 2005).
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Figure 7. Effects of cannabinoid compounds on tumor-immune interaction (Hinz & Ramer,
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indicates that the listed substances act through both cannabinoid receptors. All abbreviations

are defined within the text for clarity.

Haustein et al. demonstrated that a substantial part of the anticancer effects of
cannabinoids could be attributed to their ability to regulate the expression of
intercellular adhesion molecule 1 (ICAM-1) in lung cancer cells. Cannabinoids
such as THC, CBD, and R (+)-methanandamide (a derivative of anandamide)
were found to increase ICAM-1 expression in several lung cancer cell lines,
including A549, H460, and metastatic cells derived from a lung cancer patient.
This increase in ICAM-1 expression enhanced cancer cell adhesion to
lymphokine-activated  killer (LAK) cells, leading to cancer cell
destruction.Notably, this LAK cell-mediated lysis was not observed in non-
cancerous bronchial epithelial cells such as BEAS-2B, underscoring the selective
nature of this mechanism (Haustein, Ramer, Linnebacher, Manda, & Hinz, 2014).

Conclusion

The endocannabinoid system is crucial in the pathophysiology of cancer.
Research has demonstrated that endocannabinoids significantly influence key
processes in cancer progression, including cell proliferation, migration,
metastasis, and apoptosis, primarily through CB1 and CB2 receptors. Increased
expression of CB1 and CB2 receptors has been noted in various cancer types,
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including glioblastomas, breast cancer, prostate cancer, and hepatocellular
carcinoma (Chung et al., 2009; DeMorrow et al., 2008; Ellert-Miklaszewska et
al., 2007; Sanchez et al., 2001; Sarfaraz et al., 2005; Schley et al., 2009; Sredni
etal., 2016; Wu et al., 2012).

Activation of these receptors has been demonstrated to inhibit cancer cell
proliferation and boost immune system activity, fostering a stronger antitumor
response. This underscores the potential therapeutic benefits of modulating the
endocannabinoid system as part of cancer treatment approaches. The prominence
of CB2 receptors as a safer target in cancer treatment is related to their potential
to avoid psychoactive effects. Activation of CB2 receptors can suppress cancer
cell proliferation while boosting the immune cells' ability to combat tumors
(Caffarel et al., 2010; Ligresti et al., 2006). Additionally, endocannabinoids like
2-AG and anandamide have been shown to modulate the cancer
microenvironment at various levels. In particular, it has been reported that 2-AG
levels increase with cancer progression, whereas anandamide and OEA levels
decrease in some cancer types (Constantin et al., 2008; Heyman et al., 2012;
Sailler et al., 2014).

There is evidence that mechanisms such as FAAH inhibition play an important
role in increasing endocannabinoid levels and inhibiting tumor growth. Inhibition
of FAAH may allow endocannabinoids, such as anandamide, to remain functional
for an extended duration, thereby enhancing the response against cancer cells
(Izzo et al., 2008; Malfitano et al., 2011). Moreover, research has demonstrated
that endocannabinoids can offer not only direct antitumor effects in cancer
therapy, but also exhibit synergistic interactions with chemotherapy and
radiotherapy (Brown et al., 2013).

The effects of cannabinoids on ICAM-1 expression, especially in lung cancer
cells, may facilitate the destruction of tumors by making cancer cells more
susceptible to immune cells (Haustein et al., 2014). Furthermore, the effects of
endocannabinoids such as OEA on migration and metastasis through receptors
such as GPR119 and PPAR offer significant potential in inhibiting cancer
progression (O'Sullivan, 2007; Sailler et al., 2014).

In conclusion, the therapeutic potential of the endocannabinoid system in
cancer treatment appears promising, particularly with regard to developing more
targeted and safer strategies through the modulation of CB2 receptors and
endocannabinoids. However, further data from clinical trials are necessary. It is
also important to emphasize the need for further research to minimize the
psychoactive side effects associated with the therapeutic use of cannabinoids. To
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comprehensively understand the role of cannabinoids in cancer treatment, it is
essential to develop targeted therapeutic options and validate their effectiveness
in clinical practice.

49



References

Agarwal, N., Pacher, P., Tegeder, I., Amaya, F., Constantin, C. E., Brenner, G. J., . .
. Kuner, R. (2007). Cannabinoids mediate analgesia largely via peripheral
type 1 cannabinoid receptors in nociceptors. Nat Neurosci, 10(7), 870-879.
d0i:10.1038/nn1916

Aldemir, E., Doger, R., Aydogdu, M., Akyel, B., Atlam, D. H., Akgiir, S. A., &
Yiinci, Z. (2020). Kannabis, tibbi kullanimi ve iligkili politikalarin topluma
yansimalar1. Klinik Psikiyatri Dergisi, 23(2), 204-213.

Alptekin, I. M., & Keser, A. (2016). Endokanabinoid Sistem, Insiilin Direnci ve Yag
Asitleri Arasindaki Iliski. Beslenme ve Diyet Dergisi, 44(2), 144-153.

Balpmar, O., & Aytag, S. (2021). TIBBI KENEVIR VE SAGLIK: FARMAKOLOJIK
BIR DERLEME. Journal of Faculty of Pharmacy of Ankara University,
45(3), 631-651.

Bisogno, T., Katayama, K., Melck, D., Ueda, N., De Petrocellis, L., Yamamoto, S., &
Di Marzo, V. (1998). Biosynthesis and degradation of bioactive fatty acid
amides in human breast cancer and rat pheochromocytoma cells:
implications for cell proliferation and differentiation. European journal of
Biochemistry, 254(3), 634-642.

Brown, 1., Cascio, M. G., Rotondo, D., Pertwee, R. G., Heys, S. D., & Wahle, K. W.
(2013). Cannabinoids and omega-3/6 endocannabinoids as cell death and
anticancer ~ modulators.  Prog  Lipid Res, 52(1), 80-109.
doi:10.1016/j.plipres.2012.10.001

Caffarel, M. M., Andradas, C., Mira, E., Pérez-Gomez, E., Cerutti, C., Moreno-
Bueno, G., . . . Maifies, S. (2010). Cannabinoids reduce ErbB2-driven breast
cancer progression through Akt inhibition. Molecular cancer, 9, 1-11.

Centonze, D., Battistini, L., & Maccarrone, M. (2008). The endocannabinoid system
in peripheral lymphocytes as a mirror of neuroinflammatory diseases. Curr
Pharm Des, 14(23), 2370-2342. doi:10.2174/138161208785740018

Chung, S. C., Hammarsten, P., Josefsson, A., Stattin, P., Granfors, T., Egevad, L., ..
. Fowler, C. J. (2009). A high cannabinoid CB1 receptor immunoreactivity
is associated with disease severity and outcome in prostate cancer. European
Journal of Cancer, 45(1), 174-182.

Cipriano, M., Héaggstrom, J., Hammarsten, P., & Fowler, C. J. (2013). Association
between cannabinoid CB1 receptor expression and Akt signalling in prostate
cancer. PLoS One, 8(6), e65798.

50



Constantin, C. E., Mair, N., Sailer, C. A., Andratsch, M., Xu, Z. Z., Blumer, M. J., ..
. Kress, M. (2008). Endogenous tumor necrosis factor alpha (TNFalpha)
requires TNF receptor type 2 to generate heat hyperalgesia in a mouse cancer
model. J Neurosci, 28(19), 5072-5081. doi:10.1523/jneurosci.4476-07.2008

Croxford, J. L., & Yamamura, T. (2005). Cannabinoids and the immune system:
potential for the treatment of inflammatory diseases? J Neuroimmunol,
166(1-2), 3-18. d0i:10.1016/j.jneuroim.2005.04.023

Cinar, O. G., & Cinar, R. (2012). Kannabinoid Tip 1 Reseptdr (CB 1) ve Terapétik
Yaklagimlara Genel Bakis-Il. Journal of Marmara University Institute of
Health Sciences, 2(1).

DeMorrow, S., Francis, H., Gaudio, E., Venter, J., Franchitto, A., Kopriva, S., . . .
Alpini, G. (2008). The endocannabinoid anandamide inhibits
cholangiocarcinoma growth via activation of the noncanonical Wnt signaling
pathway. Am J Physiol Gastrointest Liver Physiol, 295(6), G1150-1158.
doi:10.1152/ajpgi.90455.2008

Devane, W. A., Hanu§, L., Breuer, A., Pertwee, R. G., Stevenson, L. A., Griffin, G., .
.. Mechoulam, R. (1992). Isolation and structure of a brain constituent that
binds to the cannabinoid receptor. Science, 258(5090), 1946-1949.

Di Marzo, V., & Petrosino, S. (2007). Endokannabinoidler ve saglik ile hastaliktaki
seviyelerinin diizenlenmesi. Current Opinion in Lipidology, 18, 129-140.

Ellert-Miklaszewska, A., Grajkowska, W., Gabrusiewicz, K., Kaminska, B., &
Konarska, L. (2007). Distinctive pattern of cannabinoid receptor type Il
(CB2) expression in adult and pediatric brain tumors. Brain research, 1137,
161-169.

Endsley, M. P., Thill, R., Choudhry, I., Williams, C. L., Kajdacsy-Balla, A.,
Campbell, W. B., & Nithipatikom, K. (2008). Expression and function of
fatty acid amide hydrolase in prostate cancer. Int J Cancer, 123(6), 1318-
1326. d0i:10.1002/ijc.23674

Fowler, C. J., Jonsson, K.-O., Andersson, A., Juntunen, J., Jirvinen, T., Vandevoorde,
S., . .. Smart, D. (2003). Inhibition of C6 glioma cell proliferation by
anandamide, 1-arachidonoylglycerol, and by a water soluble phosphate ester
of anandamide: variability in response and involvement of arachidonic acid.
Biochemical pharmacology, 66(5), 757-767.

Fraguas-Sanchez, A. 1., Martin-Sabroso, C., & Torres-Suarez, A. 1. (2018). Insights
into the effects of the endocannabinoid system in cancer: a review. Br J
Pharmacol, 175(13), 2566-2580. doi:10.1111/bph.14331

51



Frampton, G., Coufal, M., Li, H., Ramirez, J., & DeMorrow, S. (2010). Opposing
actions of endocannabinoids on cholangiocarcinoma growth is via the
differential activation of Notch signaling. Exp Cell Res, 316(9), 1465-1478.
doi:10.1016/j.yexcr.2010.03.017

Guindon, J., & Hohmann, A. G. (2011). The endocannabinoid system and cancer:
therapeutic implication. British journal of pharmacology, 163(7), 1447-
1463.

Guindon, J., & Hohmann, A. G. (2011). The endocannabinoid system and cancer:
therapeutic  implication. Br J Pharmacol, 163(7), 1447-1463.
doi:10.1111/j.1476-5381.2011.01327 .x

Giindiiz, O. (2018). Endokannabinoid sistem. Turkiye Klinikleri Pharmacology-
Special Topics, 6(1), 15-24.

Haspula, D., & Clark, M. A. (2020). Cannabinoid Receptors: An Update on Cell
Signaling, Pathophysiological Roles and Therapeutic Opportunities in
Neurological, Cardiovascular, and Inflammatory Diseases. International
Journal of Molecular Sciences, 21(20), 7693.

Haustein, M., Ramer, R., Linnebacher, M., Manda, K., & Hinz, B. (2014).
Cannabinoids increase lung cancer cell lysis by lymphokine-activated killer
cells via upregulation of ICAM-1. Biochem Pharmacol, 92(2), 312-325.
d0i:10.1016/j.bcp.2014.07.014

Henstridge, C. M. (2012). Off-Target Cannabinoid Effects Mediated by GPR55.
Pharmacology, 89(3-4), 179-187. doi:10.1159/000336872

Heyman, E., Gamelin, F. X., Goekint, M., Piscitelli, F., Roelands, B., Leclair, E., . . .
Meeusen, R. (2012). Intense exercise increases circulating endocannabinoid
and BDNF levels in humans--possible implications for reward and
depression. Psychoneuroendocrinology, 37(6), 844-851.
doi:10.1016/j.psyneuen.2011.09.017

Hinz, B., & Ramer, R. (2022). Cannabinoids as anticancer drugs: current status of
preclinical research. Br J Cancer, 127(1), 1-13. doi:10.1038/s41416-022-
01727-4

Hohmann, T., Grabiec, U., Ghadban, C., Feese, K., & Dehghani, F. (2017). The
influence of biomechanical properties and cannabinoids on tumor invasion.
Cell adhesion & migration, 11(1), 54-67.

Howlett A. C. (2002). The cannabinoid receptors. Prostaglandins & other lipid
mediators, 68-69, 619-631. https://doi.org/10.1016/s0090-6980(02)00060-6

52



Izzo, A. A., Aviello, G., Petrosino, S., Orlando, P., Marsicano, G., Lutz, B., . . . Di
Marzo, V. (2008). Increased endocannabinoid levels reduce the development
of precancerous lesions in the mouse colon. J Mol Med (Berl), 86(1), 89-98.
doi:10.1007/s00109-007-0248-4

I1zzo, A. A., Borrelli, F., Capasso, R., Di Marzo, V., & Mechoulam, R. (2009). Non-
psychotropic plant cannabinoids: new therapeutic opportunities from an
ancient  herb.  Trends  Pharmacol  Sci, 30(10), 515-527.
doi:10.1016/j.tips.2009.07.006

Jacobsson, S. O., Wallin, T., & Fowler, C. J. (2001). Inhibition of rat C6 glioma cell
proliferation by endogenous and synthetic cannabinoids. Relative
involvement of cannabinoid and vanilloid receptors. Journal of
Pharmacology and Experimental Therapeutics, 299(3), 951-959.

Jesudason, D., & Wittert, G. (2008). Gida aliminda endokannabinoid sistem ve
metabolik diizenleme. Current Opinion in Lipidology, 19, 344-348.

Ligresti, A., Moriello, A. S., Starowicz, K., Matias, 1., Pisanti, S., De Petrocellis, L., .
.. Di Marzo, V. (2006). Antitumor activity of plant cannabinoids with
emphasis on the effect of cannabidiol on human breast carcinoma. Journal
of Pharmacology and Experimental Therapeutics, 318(3), 1375-1387.

Ma, C., Wu, T. T., Jiang, P. C., Li, Z. Q., Chen, X. J., Fu, K., . .. Gong, R. (2016).
Anti-carcinogenic activity of anandamide on human glioma in vitro and in
vivo Retraction in/10.3892/mmr. 2023.12969. Molecular medicine reports,
13(2), 1558-1562.

Maccarrone, M., Lorenzon, T., Bari, M., Melino, G., & Finazzi-Agro, A. (2000).
Anandamide induces apoptosis in human cells via vanilloid receptors:
evidence for a protective role of cannabinoid receptors. Journal of Biological
Chemistry, 275(41), 31938-31945.

Malfitano, A. M., Ciaglia, E., Gangemi, G., Gazzerro, P., Laezza, C., & Bifulco, M.
(2011). Update on the endocannabinoid system as an anticancer target.
Expert Opin Ther Targets, 15(3), 297-308.
d0i:10.1517/14728222.2011.553606

Mechoulam, R. (2019). The pharmacohistory of Cannabis sativa. Cannabinoids as
therapeutic agents, 1-20.

Melck, D., De Petrocellis, L., Orlando, P., Bisogno, T., Laezza, C., Bifulco, M., & Di
Marzo, V. (2000). Suppression of nerve growth factor Trk receptors and
prolactin receptors by endocannabinoids leads to inhibition of human breast
and prostate cancer cell proliferation. Endocrinology, 141(1), 118-126.

53



Mimeault, M., Pommery, N., Wattez, N., Bailly, C., & Hénichart, J. P. (2003). Anti-
proliferative and apoptotic effects of anandamide in human prostatic cancer
cell lines: Implication of epidermal growth factor receptor down-regulation
and ceramide production. The Prostate, 56(1), 1-12.

Nishimura, T., Nakui, M., Sato, M., lwakabe, K., Kitamura, H., Sekimoto, M., . . .
Nishimura, S. (2000). The critical role of Th1-dominant immunity in tumor
immunology. Cancer Chemother Pharmacol, 46 Suppl, S52-61.
doi:10.1007/pl00014051

Nithipatikom, K., Isbell, M. A., Endsley, M. P., Woodliff, J. E., & Campbell, W. B.
(2011). Anti-proliferative effect of a putative endocannabinoid, 2-
arachidonylglyceryl ether in prostate carcinoma cells. Prostaglandins &
other lipid mediators, 94(1-2), 34-43.

Nomura, D. K., Long, J. Z., Niessen, S., Hoover, H. S., Ng, S. W., & Cravatt, B. F.
(2010). Monoacylglycerol lipase regulates a fatty acid network that promotes
cancer pathogenesis. Cell, 140(1), 49-61. doi:10.1016/j.cell.2009.11.027

O'Sullivan, S. E. (2007). Cannabinoids go nuclear: evidence for activation of
peroxisome proliferator-activated receptors. Br J Pharmacol, 152(5), 576-
582. d0i:10.1038/sj.bjp.0707423

Orellana-Serradell, O., Poblete, C., Sanchez, C., Castellon, E., Gallegos, 1., Huidobro,
C., . .. Contreras, H. (2015). Proapoptotic effect of endocannabinoids in
prostate cancer cells. Oncology reports, 33(4), 1599-1608.

Patil, K. R., Goyal, S. N., Sharma, C., Patil, C. R, & Ojha, S. (2015).
Phytocannabinoids for Cancer Therapeutics: Recent Updates and Future
Prospects. Curr Med Chem, 22(30), 3472-3501.
d0i:10.2174/0929867322666150716115057

Pertwee R. G. (2008). The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinoids: delta9 tetrahydrocannabinol, cannabidiol and delta9
tetrahydrocannabivarin. British journal of pharmacology, 153(2), 199-215.
https://doi.org/10.1038/sj.bjp.0707442

Pertwee, R. G. (2015). Endocannabinoids and Their Pharmacological Actions. Handb
Exp Pharmacol, 231, 1-37. doi:10.1007/978-3-319-20825-1_1

Piomelli, D., Giuffrida, A., Calignano, A., & de Fonseca, F. R. g. (2000). The
endocannabinoid system as a target for therapeutic drugs. Trends in
pharmacological sciences, 21(6), 218-224.

Pyszniak, M., Tabarkiewicz, J., & Luszczki, J. J. (2016). Endocannabinoid system as
a regulator of tumor cell malignancy - biological pathways and clinical
significance. Onco Targets Ther, 9, 4323-4336. doi:10.2147/0tt.5106944

54



Qamri, Z., Preet, A., Nasser, M. W., Bass, C. E., Leone, G., Barsky, S. H., & Ganju,
R. K. (2009). Synthetic cannabinoid receptor agonists inhibit tumor growth
and metastasis of breast cancer. Molecular cancer therapeutics, 8(11), 3117-
3129.

Rodriguez de Fonseca, F., Del Arco, I., Bermudez-Silva, F. J., Bilbao, A., Cippitelli,
A., & Navarro, M. (2005). The endocannabinoid system: physiology and
pharmacology. Alcohol Alcohol, 40(1), 2-14. doi:10.1093/alcalc/agh110

Sailler, S., Schmitz, K., Jager, E., Ferreiros, N., Wicker, S., Zschiebsch, K., . . . Lotsch,
J. (2014). Regulation of circulating endocannabinoids associated with cancer
and metastases in mice and humans. Oncoscience, 1(4), 272-282.
doi:10.18632/oncoscience.33

Sakin, Y. S., DOGRUL, A., KEKILLI, M., TANOGLU, A., UYGUN, A., & BAGCI,
S. (2015). Endojen Kannabinoid Sistem ve Gastrointestinal Kanal Uzerine
Etkileri. Turkiye Klinikleri Journal of Gastroenterohepatology, 22(1), 7-14.

Sanchez, C., de Ceballos, M. a. L., del Pulgar, T. G., Rueda, D., Corbacho, C.,
Velasco, G., . . . Guzman, M. (2001). Inhibition of glioma growth in vivo by
selective activation of the CB2 cannabinoid receptor. Cancer research,
61(15), 5784-5789.

Sarfaraz, S., Afaq, F., Adhami, V. M., & Mukhtar, H. (2005). Cannabinoid receptor
as a novel target for the treatment of prostate cancer. Cancer research, 65(5),
1635-1641.

Schley, M., Sténder, S., Kerner, J., Vajkoczy, P., Schiipfer, G., Dusch, M., . . . Konrad,
C. (2009). Predominant CB2 receptor expression in endothelial cells of
glioblastoma in humans. Brain research bulletin, 79(5), 333-337.

Schwarz, R., Ramer, R., & Hinz, B. (2018). Targeting the endocannabinoid system as
a potential anticancer approach. Drug Metab Rev, 50(1), 26-53.
doi:10.1080/03602532.2018.1428344

Smith, D. (2011). Synthetic and Endogenous Cannabinoids Inhibit Breast Cancer
Cell Growth and Metastasis. The Ohio State University,

Sredni, S. T., Huang, C.-C., Suzuki, M., Pundy, T., Chou, P., & Tomita, T. (2016).
Spontaneous involution of pediatric low-grade gliomas: High expression of
cannabinoid receptor 1 (CNR1) at the time of diagnosis may indicate
involvement of the endocannabinoid system. Child's Nervous System, 32,
2061-2067.

Tegeder, I. (2016). Endocannabinoids as Guardians of Metastasis. Int J Mol Sci, 17(2),
230. doi:10.3390/ijms17020230

55



Tegeder, 1. (2016). Endocannabinoids as guardians of metastasis. International
Journal of Molecular Sciences, 17(2), 230.

Thors, L., Bergh, A., Persson, E., Hammarsten, P., Stattin, P., Egevad, L., . . . Fowler,
C. J. (2010). Fatty acid amide hydrolase in prostate cancer: association with
disease severity and outcome, CB1 receptor expression and regulation by IL-
4. PL0S One, 5(8), €12275. doi:10.1371/journal.pone.0012275

Topuz, R. D. (2018). Kannabinoidlerin Farmakolojisi. Turkiye Klinikleri
Pharmacology-Special Topics, 6(1), 6-14.

Wang, D., Wang, H., Ning, W., Backlund, M. G., Dey, S. K., & DuBois, R. N. (2008).
Loss of cannabinoid receptor 1 accelerates intestinal tumor growth. Cancer
Res, 68(15), 6468-6476. doi:10.1158/0008-5472.Can-08-0896

Wu, X., Han, L., Zhang, X., Li, L., Jiang, C., Qiu, Y., ... Ren, J. (2012). Alteration
of endocannabinoid system in human gliomas. Journal of neurochemistry,
120(5), 842-849.

56





