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Tom tat
Ceramide, mot phan tir trung tdm cua sphingolipid, dong vai tro quan trong trong bénh ~ Nhan 30.11.2020
ung thu gan va sinh 1y bénh do lipid nay diéu hoa chuyén hda axit béo, khang insulin ~ Puoc duyét 27.03.2021
va cam ng manh qua trinh apoptosis. Su chuyén hda cua ceramide tac dong truc tiép  Cong bd 09.04.2021
dén kha ning song sot cua cac té bao ung thu va su hinh thanh khdi u trong qué trinh
hoa tri va xa tri. Do d0, cac enzym chuyén hoa ceramide dang la muc tiéu méi trong
nghién ctru phét trién thude diéu tri ung thu va co ché dap (ng thudc. Trong nghién ctu
nay, phuong phap gPCR dugc sir dung dé danh gia toan dién mic d6 biéu hién cua cac
enzym diéu chinh truc tiép qué trinh chuyén hoa ceramide trong té bao c6 ngudn géc
ung thu gan Hep3B va té bao ¢ ngudn gdc tir nguyén bao gan Huh6. Két qua cho thiy
hai dong té bao nay cé mirc do khac biét rd rét vé mace do biéu hién cua cac enzyme ké
trén. So véi Huhg, té bao Hep3B gay giam thiéu hoat dong cua enzyme tao ceramide
chudi C16, trong khi lai ting mirc biéu hién cua cac enzyme tao ceramide chudi dai
C18 - C24; tang hoat déng cua enzyme phan hay ceramide hydrolase va sphingosine
kinase, dic biét 1am giam biéu hién cia mot sphingomyelinase trung tinh. Nhirng diém  Tur khoa
khéc biét nay gitp Hep3B kich thich ting sinh té bao va trc ché qua trinh apoptosis so  Chuyén héa ceramide,
v6i Huh6. Do d6, chung t6i d& nghi nén chon Hep3B (va c6 thé céc dong té bao ung  dong té bao ung thu gan,
thu biéu md gan khéc) thay vi Huh6 trong cac nghién ctru ung thu gan lién quan dén  apoptosis, gPCR
chuyén hoa ceramide.
® 2021 Journal of Science and Technology - NTTU

1 Gidi thiéu Vé mit chic ning, ceramide kich ung manh mé
apoptosis va kiém ham ting sinh té bao thdng qua tc
ché cac protein phosphatase quan trong nhu PP1 va
PP2A [5, 6]. Tuy nhién, cac té bao ung thu sir dung
nhiéu cach khac nhau nhim han ché viéc san sinh
ceramide hoic loai bo ceramide dé ting tinh khang
thudc va chdng lai apoptosis. San pham tir phan giai
ceramide 13 sphingosine con duoc phosphoryl hoa dé
tao thanh sphingosine 1-phosphate (S1P), mét nhan té
kich thich phan bao manh gitp ting sinh t& bao ung
thu va phat trién khéi u [7]. Vi thé, can bang gitra S1P
va ceramide dugc xem 1 yéu t6 quyét dinh sé phan
cua té bao.

Trong diéu tri ung thu, lam chét té bao theo chuong
trinh (apoptosis) la mét trong nhiing dich tac dong
chinh cua cac liéu phap héa tri va xa tri. Qua trinh
apoptosis duoc diéu hoa bai cac enzyme va protein nhur
kinase, phosphatase, p53 va c-myc [1]. Cé&c nghién ctru
gan day chi ra ceramide va céac sphingolipid truc tiép
tac dong dén cac protein diéu hoa apoptosis ké trén.
Hau hét céc liéu phap hoa tri va xa tri ¢éu nhanh chéng
lam thay d6i ham Iwong ceramide trong té bao [2, 3].
Vi thé, ceramide va cac enzyme chuyén hda lién quan
dang dugc xem la nhithg muc tiéu méi quan trong
trong phét trién cac loai thudc chong ung thu [4, 5].
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Luong ceramide trong té bao duoc didu hoa qua ba
con duodng [8]. Pau tién 13 con duong tong hop méi &
mang luGi noi chat khai dau bang phan tng ¢d dong
hoa axit amin (cha yéu 1a L-serine) véi mot chudi axit
béo dai 18 carbon palmitoyl, C18. Qua trinh nay dugc
diéu hoa boi enzyme SPTLC1 véi san pham cudi cling
la sphinganine; tién chat nay duoc acyl héa dé tao
ceramide bai cac enzyme ceramide synthase (CerS).
Con duong tht hai (tdn dung) xay ra tai lysosome,
dugc thuc hién boi cac enzyme thuy phén 1én céc
sphingolipid phic tap. San pham thity phéan cudi cuing
bai cac ceramidase (CDase) 1a sphingosine dwoc dua
ra ngodi té bao chat dé tong hop lai ceramide nho cac
CerS. Con duong thir ba xay ra chii yéu & mang té bao
nho c&c sphingomyelinase (SMase), enzyme nay phén
Cit co chat sphingomyelin (SM) va giai phong
phosphotidylcholine va ceramide. Nhiing enzyme ké
trén thay ddi manh mé dudi tac dong bai cac lidu phap
diéu tri nham tiéu diét t& bao ung thu nhung ciing
dugc chiing diéu chinh dé ting cuong sinh truong va
kha nang khang thudc.

Céc dong té bao ung thu van la md hinh pho bién va
hiéu qua dé tim hiéu co ché phan tir cua cac qua trinh
dap ung vai cAc liéu phap ung thu. Tuy nhién, cho dén
nay chua c6 danh gia toan dién nao vé muc do hoat
dong cua cac enzyme chuyén hoa ceramide noi sinh &
céc dong té bao ung thu gan. O nghién ciu nay, chdng
t6i tién hanh so sanh hai dong té bao Hep3B va Huh6
vé mirc d6 biéu hién cua cac enzyme tham gia truc

Bang 1 Danh sach trinh ty oligo sir dung trong nghién ctru nay
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tiép chuyén hoa ceramide. Cac enzyme nay bao gom
CDase, SMase, CerS va SPHK. Dit liéu v& mac do
biéu hién cua cac enzyme nay sé& gidp cac nha khoa
hoc ¢6 duoc lya chon dong té bao phu hop cho cac
nghién ctu in vitro vé sinh hoc ung thu trong mai lién
hé vaéi ceramide.

2 Vat liéu va phuong phap nghién cuu

2.1 Dong té bao va diéu kién nudi ciy

Dong té bao ung thu biéu mé gan Hep3B va ung thu
nguyén bao gan Huh6 (ATCC, Mi) duoc nudi ciy trong
moi truong Dulbecco’s Modified Eagle’s Medium
(DMEM) c6 bd sung 10 % (v/v) fetal bovine serum
(FBS), 100 pg/mL penicillin va streptomycin trong ta
cdy 5% CO, ¢ 37 °C.

2.2 Tach chiét RNA va tong hop cDNA

Céc dong té bao nudi cay sau khi dat dugc do phu can
thiét duoc xur Ii truc tiép véi Trizol (Invitrogen, , Mi)
cho viéc tach chiét RNA tong sb. Thanh phan DNA
duoc loai bo khoi mau RNA bing DNase | (New
England Biolabs). Chét lwong va nong d6 RNA duoc
x4c dinh bang quang phd hap thu va dién di gel
agarose. Tong hop cDNA duoc tién hanh bing cDNA
LunaScript™ RT SuperMix Kit (New England
Biolabs).

2.3 Thiét ké mdi, danh sach mdi

Moi dic hiéu cho cac gen duoc dit tong hop tir Cong
ty IDT véi céc trinh tu sau, Bang 1

Gen Trinh ty (5° -3?) Gen Trinh ty (5° -3)
Cersi GCCTTCCACAACCTCCTG Acerl GCCTAGCATCTTCGCCTATCAG
AACTGGGTAACAAGCAGAGTC GGAAGTTGCTCTCACACCAGT
Cers? GCTCTATCCTGCCTTCTTTGG Acer? GTTGTAGTGGGAATTGGATCC
CACTGCGTTCATCTTCTACCA CCGAAAGATCTTTGGTAGATACC
Cers3 GGCTATATGACTTATGGGAGGTT Acer3 CAATGTTCGGTGCAGTTCAGAG
ACATCAAAGCCAAGTCTAAATAACAG GGATCCCATTCCTACCACTGTG
Cersa CTCTTCCTCATCTTCTCCTTTGTC SMPD1 CATTCCCCCAGGGCACTGT
ACATCAGAAGCCCGTTGAAG CGGCTCAGAGTCTCTTCATCA
Cerss GCCAATTATGCCAAGTATCAGC SMPD2 TTCCCTTTGGTGTCCGCATT
CCGATTATCTCCCAACTCTCAA GGGCTTCATGATCAGAGAGGG
Cers6 CAATCAGGAGAAGCCAAGCA SMPD3 CGGAAGGAGCTGCTGAAGG
TGACTCCGTAGGTAAATACATAAAGG CCGGACAGCTGGGTGATAAAA
ASAH1 AGTCGAACCATGGTGAACTC SMPD4 TCCGGAAGACAGATGAATACCT
GAGTGTTTACTGTCCCGTTACT CCCAAGGCGAGTGTGAACTG
ASAH? TCGTGGCAGATAGTGTGTAATG GAPDH AGCCACATCGCTCAGACAC
CTGGGCAGTGTCTGGAATATG GCCCAATACGACCAAATCC
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2.4 Phan ung PCR dinh luong (QPCR)

Phan ung gPCR sur dung bé kit Luna Universal gPCR
Master Mix (New England Biolabs) dugc thuc hién
trén may luén nhiét (Prime Pro 48 Real-Time PCR,
Techne) véi chu trinh nhiét nhu sau bién tinh ban dau
& 95 °C trong vong 1 phat, 40 chu trinh tiép theo voi
95 °C/ 15 giay va 60 °C/ 30 gidy. Sau do, mirc d6 dic
hiéu cia PCR (s6 lwong san phdm PCR) duoc X&c
dinh bang dudng cong néng chay (melting curve) voi
diéu kién nhiét d6 duoc tang tir 60 °C dén 95 °C (tang
0,2 °C trong 5 giay).

Thiét ké thi nghiém mdi phén tich dwoc lap lai trén 3
mau RNA tach chiét khac nhau véi 3 lan lap lai ki
thuat cho tirng mau. Gia tri trung binh caa 3 1an lap lai
ki thuat dai dién cho tirng mau. Két qua so sanh va
phan tich thong ké dya trén gia tri thu duoc tir 3 mau.
2.5 Phan tich két qua

Phuong phép delta delta Ct (AACt) dugc st dung dé
so sanh twong d6i mic d6 biéu hién ting gen dich
gitta 2 dong té bao véi GAPDH la gen noi chuén [9].
S6 lidu dugc xtr Ii bang phan mém GraphPad Prism
7.00 phién ban hé diéu hanh Windows. Céc thay ddi
mirc d6 biéu hién gene & muc ti thiéu 2 lan dugc xem
1a c6 y nghia. Kiém dinh t-test khdng bt cap dugc sir
dung dé danh gia thong ké véi mic d6 ¢ y nghia khi
tri s6 p < 0,05.

3 Két qua va thao luan

3.1 Miac do biéu hién cua cac ceramide synthases
(CerS)

O té bao dong vat, ceramide duoc tong hop bai 6 CerS
(CerS1-6). Nhitng enzyme nay chuyén nhom acyl chat
béo-CoA vai chiéu dai khac nhau 1én nhém amin cua
mach khung sphingosine dé hinh thanh ceramide. Cu
thé, CerS1 va CerS2 chu yéu tao ceramide C18 va
ceramide C22-C24 tuong wtng [10]. CerS3 tao
ceramide C26-C34, trong khi d6 CerS4 tao ceramide
C18-C20 [11]. Hai CerS5 va CerS6 cung tham gia tao
ceramide C16, 14 loai chiém lugng nhiéu nhat trong té
bao [12], [13]. V& mit chirc ning, cac CerS thé hién
vai trd khac nhau mot phan do ching biéu hién & cac
mé khac nhau trong co thé sinh vat. Quan trong hon,
do dai cua chudi acyl cua cac ceramide khéac nhau thé
hién chic nang tham chi trai ngugc nhau. Vi duy,
ceramide C16 mang dac tinh kich hoat apoptosis,
trong khi d6 ceramide chudi rat dai (ceramide C20
dén C24) c6 dic tinh khang apoptosis [14].

Két qua nghién ciru cia ching tdi cho thy té bao
Hep3B c6 mirc do biéu hién CerS1 va CerS2 ting cao
gip d6i so véi té bao Huh6 (Hinh 1). Pac biét la
CerS2, enzyme tong hop C18 + C20 ceramide, biéu
hién cao hon 3 1ian & Hep3B so véi Huh6 (Bang 2).
Trong khi ¢6 CerS5 giam biéu hién 2,3 lan & Hep3B
so voi té bao Huh6 (Hinh 1, Bang 2). Diéu nay cho
thdy Hep3B ting cudng tong hop ceramide chudi rat
dai C18 + C24 va giam luong ceramide C16 so voi té
bao Huh6. Vi vay c6 thé nhan dinh riang té bao Hep3B
c6 thé khang lai tac dong cua nhan t6 thuc day
apoptosis tot hon so v&i té bao Huh.

Tang cudng biéu hién CerS2 gan lién véi ting mirc do
phan bao va cd lién hé voi chie ning didu hoa cua gen
kiém hdm ung thu p53 [15]. Enzyme CerS1 dap ung
VGi phuong phap hoa tri két hop Gemcitabine/
doxorubicin tir d6 lam tang lwong C18 ceramide bén
trong té bao va thé hién kha ning wc ché tac dung
kiém ham sinh truong cua liéu phap trén. Trong khi
d6 CerS5 kich tng apoptosis va qua trinh tu thyc & té
bao ung thu dudi tic dong cua hda tri va xa tri.
Ceramide C16 c6 mdi lién hé mat thiét véi p53, gen
rc ché khéi u quan trong cua co thé [16]. Ceramide
C16 cua CerS5 con dugc chitng minh la phéan tir truc
tiép tuong tic va hoat hda p53 [17]. Vi vay, két qua
giam biéu hién CerS5 va ting CerS1/CerS2 & té bao
Hep3B so va&i Huh6 cho thiy té bao Hep3B thé hién
ddc lyc manh hon so véi Huh6. Didu ndy phu hop véi
quan sat thuc té Hep3B Ia té bao c6 dac tinh hinh
thanh khdi u, con Huh6 khong cé kha ning nay.
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Hinh 1 Mtrc d6 cua biéu hién cua céc CerS bing qPCR.
Két qua duoc chuan hda véi gen GAPDH.
3.1 Mic do biéu hién cua cac ceramidase (CDase)
Vi chire nang phan huy ceramide, cac CDase thuong
dugc cac té bao ung thu ting cuong hoat dong dé lam
giam ham luong ceramide va ddng thoi ting cuong
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cung cép sphingosine cho SPHK 1 va SPHK2 dé tao ra
S1P nham kich thich qua trinh phan bao. Do d6 cac
CDase dugc xem la gen kich tmg ung thu [18]. Kiém
hdm hoat dong cua CDase dang la mot hudng di méi
trong phat trién thudc diéu trj ung thu [19].

CDase c6 5 thanh phan duoc chia thanh 3 nhém
CDase axit (ASAH1), CDase trung tinh (ASAH2) va
nhém CDase kiém (ACER1 ACER2 va ACER3) tly
thudc vao moi treong pH ma & d6 CDase hoat déng
t6i wu [20]. Két qua nghién ctru cho thiy, CDase kiém
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Acerl va CDase axit ASAH1 ting cuong biéu bién &
té bao Hep3B so véi Huh6 (Hinh 2). CDase axit
ASHA1L hoat dong chu yéu & lysosome phan giai
ceramide thanh sphingosine trong bao quan nay dé
cuing cap nguyén liéu cho con duong tan dung tong
hop ceramide. Cac CDase con lai khong c6 su khac
biét vé mac do biéu hién gen gita 2 dong té bao
nghién cau (Hinh 2). Két qua trén cho thay hoat dong
phan giai ceramide ¢ té bao Hep3B cao hon so véi
Huh 6.
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Hinh 2 Mtrc d6 biéu hién cua cc CDase giira 2 dong té bao Hep3B va Huh6. A) Acerl, 2 va 3 la c4c thanh phan cua CDase
kiém, B) Biéu hién ASAH1 va 2, ASAH1 c6 mirc d6 thay ddi lon hon 2 1an. Céc gen con lai khong cé su thay dbi hozc thay
d6i ¢6 ¥ nghia nhung nho hon 2 lan (nhu ASAH2)

3.2 Mirc d6 biéu hién cua sphingomyelinase (SMase)
Céc SMase ¢ té bao dong vat ciing dugc phan chia
dwa vao diéu kién pH ti wu cho hoat dong cua tirng
enzyme. Trong d6, SMase wa axit (gen ma hoa
SMPD1) hoat d6ng chu yéu ¢ lysosome tham gia tao
ceramide trong bao quan nay. SMase trung tinh
(nSMase) ¢6 4 isoform nSMasel (SMPD2), nSMase 2
(SMPD3), nSMase 3 (SMPD4) véi mdi nSMase ¢
vai tro sinh hoc va c6 dinh vi tai cac vi tri bén trong té
bao khac nhau [21]. Cac SMase duoc ting cuong biéu
hién boi céc chét diéu tri ung thu nhu doxorubicin va
dugc xem 12 mét trong nhirng nhan té chinh thuc day
tac dung diét ung thu cua cac liéu phap héa hoc trén
thong qua viéc san sinh ra ceramide [22, 23]. Trong sb
d6, nSMase2 (SMPD3) la enzyme dugc nghién cuu
nhiéu nhat. Dot bién chirc nang va giam mac d6 hoat
déng SMPD3 dugc phét hién ¢ c&c bénh nhan ung thu
mau [24] va ung thu gan [25, 26].

Két qua phan tich biéu hién cac SMase cho thay Hep3B
tang cuong biéu hién SMase axit, SMase trung tinh 1
(SMPD2) va 3 (SMPD4) so véi Huh6é (Hinh 3). Tuy
nhién, mitc do biéu hién cia nSMase lai bi tc ché manh
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& dong té bao Hep3B so véi Huh6 (giam 16 lan) (Hinh

3, Bang 2).
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Hinh 3 Mirc d¢ biéu hién cua cac sphingomyelinase
trong Huh 6 va Hep3B.

Trong Hinh 3, dit liéu thu duoc tir it nhat 3 1an lap lai
ki thuat va 3 mau sinh hoc khac nhau (n = 3). Kiém
dinh t-test duoc sir dung dé danh gia muc do ¥ nghia
ctia théng ké. Gia tri p < 0,05 ¢ y nghia théng ké.

3.3 Biéu hién sphingosine kinase (SPHK1 va SPHK2)
va SPHK2 tham gia vao qué trinh tao S1P tir co chat
sphingosine tao ra bai qué trinh phan hay ceramide.
Vi thé ca hai kinase déu 1a nhan té kich thich sinh
truong va phét trién trong nhiéu loai ung thu khac
nhau bao gém ca ung thu gan. Nhiéu thude diéu tri
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Hinh 4 So sanh mirc d6 biéu hién sphingosine kinase
SPHK1 va SPHK2 bang qPCR ¢ Hep3B va Huh6.SPHK 1
ung thu hién nay dang dugc tap trung phét trién dya
trén hoat tinh ngan chan hoat tinh phosphoryl héa cua
hai kinase nay. Pac biét SPHK2 dang ndi 1én nhu mot
dich tac dong c6 gid tri 1am sang cao trong diéu tri ung
thu gan. Hién tai, ABC294640 (Opaganib), mot chat

bat hoat SPHK2 dang duoc thir nghiém 1am sang va
cho hiéu qua tét trén cac bénh nhan ung thu gan [27].
So v6i Huh6, ca hai kinase nay déu biéu hién ting cao
& dong Hep3B (Hinh 4). Vi thé, c6 thé suy luan rang, té
bao Hep3B tao ra nhiéu S1P hon so vai té bao Huh6.
Két qua trén c6 thé gop phan giai thich cho kha ning
tang sinh nhanh ctia té bao Hep3B so véi té bao Huh6
ciing nhu kha ning tao khdi u chi xay ra & té bao
Hep3B trong mo hinh in vivo.

Bang 2 Tong hop két qua so sanh khéc biét mic do
biéu hién gen giita dong té bao ung thu biéu mo gan
Hep3B va ung thu nguyén bao Huh6. Trong do
p < 0,05 xac dinh khac biét c6 y nghia thong ké. Céc
gen c6 murc do biéu hién giam & Hep3B so véi Huh6
(chit dam). Cac gen c¢6 murc do biéu hién dudi 2 lan
(chir nghiéng) duoc xem 1a thay doi khong dang ké.

Bang 2 Tong hop két qua so sanh khac biét mirc d6 biéu hién gen giira dong té bao ung thu biéu md gan

Hep3B va ung thu nguyén bao Huh6

Gene | Thay dbi biéu hién ovalue | Gene Thay ddi biéu hién o-value
gen (Hep3B/Huh6) gen (Hep3B/Huh6)

CerS1 Tang 2.46 0.0188 | ASAH1 Tang 3.88 0.0043

CerS2 Tang 3.22 0.0013 | ASAH2 ns 1.92 0.0074

CerS3 ns 1.79 0.0948 | SPHK1 Tang 7.12 < 0.0001
CerS4 ns 1.20 0.2261 | SPHK2 Tang 4,72 0.0055

CerS5 Giam 2.31 0.0050 | SMPD1 Tang 450 < 0.0001
CerS6 ns 1.78 0.0140 | SMPD2 Tang 4.25 0.0003

Acerl Tang 2.10 0.0091 | SMPD3 | Giam 16.19 0.0001

Acer2 ns 1.97 0.1157 | SMPD4 Tang 2.47 0.0073

ACer3 ns 1.18 0.5024

4 Két luan va kién nghi

Nghién ctru cho thay té bao Hep3B va Huh6 c6 sur khac
biét 16n v& muc d6 biéu hién gen cua cac enzyme
chuyén hoa ceramide. Cu thé, té bao Hep3B ting muc
d6 biéu hién hau hét cac enzyme theo hudng c6 loi cho
sy tang sinh té bao va chdng lai apoptosis nhur CerSl,
CerS2, Acerl, ASHAL, SPHK1 va SPHK2. Thém vao
do, té bao Hep3B giam muc do hoat dong cua CerS5 va
nSMase2 dé han ché viéc san sinh ra cac loai ceramide
¢é tac dung kich tng apoptosis.

Han ché cua nghién cau 1 chi danh gia muc do biéu
hién cua cac enzyme nay qua mRNA ma chua truc
tiép dinh lugng céc protein bang cac phuong phap nhu
Western Blot... Thém vao d6, ham Ilugng cua
ceramide ciing chua dugc do bang cac phuong phap
dinh lugng nhu sac ki khéi phd,... dé cd thé phan anh

chinh xac hé qua truc tiép cta nhitng thay d6i & muc
do biéu hién gen ma hoa Ién sy thay doi cua céc
ceramide khac nhau trong té bao. DU vay, két qua
nghién ciru cung cap thdng tin can thiét dé co thé xem
xét lya chon dong té bao thich hop cho céc nghién ctu
hudng dén chuyén hoa ceramide trong diéu tri ung thu
gan.
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Differences in the expression levels of ceramide-metabolizing enzymes between two liver cancer
cell lines Hep3B and Huh6

Vu Minh Thiet’, Nguyen Hoang Danh, Nguyen Thi Phuong, Do Hoang Dang Khoa
NTT Hi-Tech Institute, Nguyen Tat Thanh University
“vmthiet@ntt.edu.vn

Abstract Ceramide, a central molecule of sphingolipids, plays an important role in liver cancer and
pathophysiology because this lipid regulates fatty acid metabolism, insulin resistance, and potently induces
apoptosis. The metabolism of ceramide directly affects the viability of cancer cells and tumor formation during
chemotherapy and radiation therapy. Therefore, ceramide-metabolizing enzymes are a new target in the research
and development of cancer drugs and drug response mechanisms. In this study, gPCR method was used to
comprehensively evaluate the expression level of enzymes that directly regulate ceramide metabolism in Hep3B
hepatocellular carcinoma and hepatoblastoma cells. hepatocytes Huh6. The results showed that these two cell
lines had markedly different expression levels of these enzymes. Compared with Huh6, Hep3B cells reduced the
activity of C16-chain ceramide-producing enzymes, while increasing the expression levels of long-chain
ceramide-producing enzymes C18 - C24; increased activity of the degrading enzymes ceramide hydrolase and
sphingosine kinase, especially decreased expression of a neutral sphingomyelinase. These differences provide
Hep3B stimulate cell proliferation and inhibit apoptosis compared to Huh6. Therefore, we suggest that Hep3B
(and possibly other hepatocarcinoma cell lines) should be chosen over Huh6 in liver cancer studies involving
ceramide metabolism.

Keywords Ceramide metabolism, apoptosis, liver cancer cells, gPCR.
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