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Abstract:

Marine algae contain several chemical compounds that are biologically active in
eliminating cancer cells. Many studies have reported that marine algae
consumption is linked to low cancer incidances in countries that traditionally
consume marine products. In this study, we have evaluated the biological effects of
the red alga Laurencia papillosa extracted sulfated carrageenan (ESC), and both
the sulfated polysaccharides iota and lambda carrageenan on T98G (human
glioblastoma cells) and MDA-MB-231 (human breast cancer cells). The current
study has shown the ability of ESC, iota and lambda carrageenan in inhibiting the
proliferation of these cells, and in inducing cell death (apoptosis) through DNA
condensation and nuclear fragmentation. Our results have indicated the ability of
the iota and lambda sulfated polysaccharides in up-regulating the pro-apoptotic
genes caspase-8, caspase-9, caspase-3 and increasing the levels of ACTIVE
CASPASE-3 protein. Furthermore, these compounds had the capacity to affect the
mitochondrial stability by altering the bax/bcl-2 protein ratio leading to the release
of cytochrome-c to the cytoplasm. Our results, presented in this thesis, indicate that
carrageenan is a promising bioactive polymer which can be a potential candidate in

preventing or treating cancer.




:Abbreviations <_laiil)

ACK: Ammonium-Chloride-Potassium (K).

AIF: Apoptosis Inducing Factor.
AT-111: AntiThrombin IlI.

BAX: BCL2-Associated X Protein.

Bcl-2: B-Cell lymphoma 2.

BID: BH3 Interacting-Domain death agonist.
BRCAL: BReast CAncer susceptibility gene 1.
Caspases: Cysteine-Aspartic Proteases.

cDNA: Complementary DNA.

Ct: Cycle Threshold.

DMSO: Dimethyl Sulfoxide.

DNA: DeoxyriboNucleic Acid.

DR: Death Receptor

EDTA: Ethylenediamine tetraacetic acid.

ESC: Extracted Sulfated Carrageenan.

FADD: Fas-Associated protein with Death Domain.
FBS: Fetal Bovine Serum.

FITC: Fluorescein Isothiocyanate.

FT-IR: Fourier Transform InfraRed spectrometer.
GAPDH: Glyceraldehyde 3-Phosphate Dehydrogenase.

HBYV: Hepatitis B Virus.




HCC.: Hepatocellular Carcinoma.

HCV: Hepatitis C Virus.

HER2: Human Epidermal growth factor Receptor 2.
HPV: Human Papilloma Virus.

HSV-2: Herpes Simplex Virus type 2.

HTLV-1: Human T-cell Lymphotropic Virus.
MRNA: messenger RNA.

NF- «B: Nuclear Factor Kappa B.

NK: Natural killer.

PBS: Phosphate Buffered Saline.

Pl: Propidium lodide.

RIP1: Receptor-Interacting Protein 1.

RNA: RiboNucleic Acid.

ROS: Reactive Oxygen Species.

RQ: Relative Quantitative.

tBID: Truncated Bid.

TNF-o: Tumor Necrosis Factor —alpha.

TNF-R1: Tumor Necrosis Factor Receptorl.

TO: Thiazole Orange.

TRAIL -R1: TNF-related apoptosis-inducing ligand Receptor 1.
TRAIL —R2: TNF-related apoptosis-inducing ligand Receptor 2.
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«(BD Pharmingen™) 4S )& (e pasall Annexin-V o n alaaiuly JEny) s ge Calsl)
3y shiie Balally o g sall (Cpppeall aailins sd) Alle Adlly ey 5 dapdiall Cilisi sy 2al 58) Annexin-V
@Al sl 8 AAl WA e 3Kl (Fluorescein isothiocyanate-FITC) ¢ ¢ ow
el
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& 382l 48y Hlall ity Ja gl (e Je 1 (B LeRidat s Lgman 5 Lgtiallaa g LIAD culitinl &4

S mase s LS gl Baiy Pl Annexin-V-FITC Jb Al JS& Lol o4y &5 1-5-2 5 8l

(Annx/PIY) ! Pls Annexin-V ge JSI ostill ke (Aalull) 4al) LAY 55 Gua 9 JSA

el o sall Ladiiall Jal all 8 LSAY ((ANNXH/PI) geesal) <gall 5 Sudll Jal ) 8 LA
(ANNXIPIF) (555 Sl < sallS (5 Al 4l disall LA Ll (Annx*/P1Y)

Live Cell Apoprotic Celt Late-apoptotic Cell
Annexin V Pl DNA dye— @

>

: W . R
piama 3 ..: l:v‘ <,' ) v".‘ " .‘; ) 4 44 ¥ -: {
Membrane {8 i Rt SO £ig fray Wiy Y8 o

Phosphatidyiserine X
- # 7
»:

.Propidium lodides Annexin-V = GIAY U au gl fasal ase 53 2,9 JSid)

sdllaal) judaad
3555 NaCls 0.05M 5sS i Tris-HCI Jslsw (e s 2 :Annexin-V FITC Jslss -
Ga el e 558 50 S 55 Annexin-V e s 9225 0.1M
(P1) &= a2 5050 100 s 522 PBS Jstae (00 Ja 1 :(PI) Propidium iodide Jstss -
100 10X &YV Jsladll sl :Annexin-V L) Jslas -

Js 0.1 >S5 HEPES

Jse 1.4 5S4 NaCl

Jse sl 25 3€ 53 CaCly

bl eld) (0 Ja 9 Al Caliay g Jlaall 138 (10 Ja | 235
PBS 4l -
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s otil) 48, jh

PBS Jislas (30 da 2 5 5m sl ) o5l el (30 5 00 100 281 -
Al = kg 3383 5 80 zx200 eyl e Judis -

Annexin-V 1X b Jslae (e il 5 5800 500 (& LA Galas -

Pl Jslse (e 5il5 S 2 5 Annexin-V FITC Jslse (e sil5 S 5 4dla) -
poUall 8488y [5 50 48 jall 3 ) ja Ax j3 die (pias -

6l Gl (8 leas LAY e -

sl (g oA & gally Adass yal) il g pal) Al g2 4-5-2
Go ISy Aallaall s (im jadll e yuall (5 511 < gall (g5l (g gIa Jlsall aiil an gl o
A 3o Alnail) 3 55 ) lia Slaal Jlaatiny el 5 Glisal JIS 10aY 5 U gy LS ey 5l ESC aliinedl
DS g all ) JSAN 5 a5 sall Elaad U e A g pasall dalidall cilisi gyl aal e (oS
Pro- Ju&ll gsisodll yhsi e g osilly IS 17 aasy s 2 a5 (Active caspase-3) 3
@Y sl Sl g0 e Al oy (52l1 5 (05l LS 32 Apall 4 5al) ALSN 55 caspase-3
el (5 1Al & gall Ladiall Bel-2 (sl 5 el (g s1ad) o sally Gl
e da 1 Leiidaiy Lgman 5 1-5-2 331 (8 5 ) sSaall 48y shall ity Lgtiadlae 5 LOIAD) il o3y
.PBS
sdallaall il
NaN3 s sall 2505 FCS 1% 32¥ 5l uas Jasll Jeas o (g 5all PBS Jusdl Jlasa -
AN )5 5Y) oy ean050.09% 58 5
NaCl (= ¢ 8
KCl =g 0.2
NaHPo4 0= ¢ 1.44
KH2P0s (= ¢ 0.24
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FCS o & 10 by o3 7.3 daiill e pH L o i) sldl o Jo 800 (2
e Jstaall =i s a s geall 3350 e § 0.9 Caliay DAV Al die g daaiall § 5 i
ey S 0.22 Al yild
hie 1 3853 (CaCly) posedlSl 3 58 e (5 5lall PBS Jslae g 5 3y 5 il Jslaa -
st Jse e 10 3855 HEPES 5 s el 3555 (MQS04) asiall s 5o
53580 Lgindie | Jan g WA Condil & Janion <0, 1% 3 5 o ssboall 5 4 96 3 iy 2l
aosAL Adla) LlEL Gl Jglaall jumad A4 pla Gudly paasy (MY g el Jslaa -
Adailaall e LA Jusd Janins €960.1 a2 seal) 21515 %02 Jalay FCS S 53 4 5 i
538 Lghtef e

:dand) 48y b

PBS Jutll Jslae (3o o 1 (o8 LA GBalai -

AU oy (383 5 0 X250 e _yuas i -

Juall Jslaa (e Ja 1 (8 LOIAY (Gl -

Ot (sl 25a g e 6 Ama sl ) e JSI (g slal Gleall e iy e 100 JBS -
(Saal Ll Caliay V) Al 5 dulag) el

pllae (S 8 4583 20 B2a (pumall 5 o gail JSI Y 5 il Jslae (e il5 S3e 100 Azl -
Lseda 243, da )y

3y 5 Judl J slaa (e gl JSU e 1 ddla) -

Jslae e 515 Sae 100 (& LA Balat s (Al # jlay (3383 5 320 zx250 Ao by Jadfi -
Sy g Jusd)

e SV Csthall G ) e CadSl dga gall 5 ) slital) slaa¥) Jala (e il Sae 20 Aila) -
Al e ) Losblall clisi e sils Sae 20 Gliay ey (glleall s alall) 4y 50s
RN

Asiada )24 da jally allhe (lSe 84382 3() Bae (paall -
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b2 S3) 382 5 320 X250 de ey il W3 ey MaY) 5 Jusll Jslae (e Jo | il -
(4G 3 e 3 shadll

) e Leaa g s gl ISV Jual) Jslae (e sil5 Sa 500 L) -

sl Al uld s de JSIAS 10%%] Jidas -

sl sl g e (Al DAY dais Gliad Gliell Jilas -

(LA o gl i saill 6-2

ki il 4Kl o ) ddaadld 5 gecall gaally dallaall 5 328 L) UDIAN (e JS gl o

el i3 g g i) Gmaall e &5 jUall el puall Al 5 Caed LS Adliaal) LS jally Aalladdl i) Lale

Sl ela s DAPI DNAL Cpslall gy sliiall cpeloall (e JS USIAN cpliy @lldy ) slaall
(Al gall L 5 51 sl Candis yeday 53 Py 5953

el sgaally ngaill 1-6-2

Lian 5 jll (A48 107X (5518 DS 5 JUI 6 (553 gildaa (A Bailla ol LA il o3

Go ity 800 200 ApeSy AN LS ) aall paldiud) e Adline 380 Liallae o delu 24

ol el aladiuly LAY et o delu 24 30 32805 LOIA (5 5a3 JUl 3ga g il (8 OS
(100X) LSl <l daall Jlaainds s Olympus CK2 < sliall

:P1y DAPI (luall fuall any b 0l8l) jgaas pgail) 2-6-2

D08 Aol s e Wil B ) KAl Ay Hall iy Lgtialles 5 Al ) LAY i o
Alaly PBSIL (e dually Jawgll o o laaay (A Lgle Guaili (S cluiay) Jé
& Gl 5 B2 Gumally s IS Jefal 25 Sael S5 (Sigma) DAPL osle o 55 5Sae 500
dagiia o lgaiags 8yl cans o3 laaay g skl LWay e (al3all PBSIL Jus) o Laaey 23U
. Nikon ECLIPSE 80i 3_skll jgae Jlaxiuly &) sem a3 (e g WAL Cuand g 4, jeaa

ohie 433850 3Pl bl e il Sin 500 = sl e Full <l sl it g L)
I se
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Ll aladiody asall g oldd) cigall dabiiall clijgall (o (Apgall puadll s duly 7-2
:Real-time PCR (Adall (a3l azduaill
osall Jmail) i Al e sl el 8 ) ppad ll bl Jelil) A8 Tase ading
il &5 s MRNA G &) sall ol A s (gl LA e Tkt ) Ja g 30 Cadlialy 45 ) 5all
Gilud e alaaiuly (Complementary DNA) CDNA aciall Gall das 8 jpdll 4l )3 A& (e e
28l 50 ML PCR Jel& o) aY 4 6
s a3 g yaall (5 1A € gall Aadaiall il gall yand e Al al
20 Sl Leililaa s Jof 4 109X ssla S50 TO8G dplbaudl LIAN ciluiial -
Acli 24 330 ESC paldiual (e 50550 40 5
S G Leilabaa s Jof 3408 105X 5515 3 54 MDA-MB-231 syl LA el -
Ol S 1aeY S el (e Jge5 S0 25 S 5ill s Gliad JIS Ugy oS pall e Jse5 S0 50
Aclu 24 12 ofinie )y o 8 JOA
Lisais (10aRNA) S RNA Je & (a5 PBS do 1 (8 (Jueal)) Leiadai s LAY pan Ladey oy
RT-PCR delii ¢l ja) 25 cDNA S
:RNA J 1-7-2
B8y 5 33a zx250 de pully Jill oh alue s PBS (e de 1 8 LA Gl a3 ) 2ay
Qiagen 483 s (RNeasy Kit) oalall pilall 43350 Slaaill gLl o5 Al (e palaill
.RNA J
sdanl) 43y )k
Ll S e e S5 S0 6 a0 zsae (RLT) c=daiu¥l &)l (e il Sae 600 48zl -
Cilpaall g Az V) asdanil &5 o Al 59 Sl je S g Jall Cannn g A JSI J i) 53 ye
Al
DNA s sslall alaall (e Galaall (g jsllu clie (5 0m (5 508 Juad dgee ) Jslaall Jas -
Al 30 32w 4881 f5 93 10*x ] de by Sl oy g (5 5 51
dgandl e Sl Bl (358 9470 JsBY) e SilsSae 600 A8l s 2sexdl (e paladll -
Bk g el
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Ay sill (ha saall by ) ala (55 sl el (5 9ag (ald (55 580 daal 3500 o Ao IS i -

e Bl )l elially ddad jall Gl jall (e paladll RWT ) (e 5115 Sae 350 = Juse -
Al 15 820 48830 f5 550 10%% ] Ae puadls Ll 5 e 3

i oo il S 1054510 55 Sua 70 e 0 5Sall) DNase Jistse e il s jSae 80 Al -
DNA L (3 (aldill 4 gia 4 50 37 da ol 4885 15 530 (uaall s (DNase

A6 15 520 488N f3 50 10%%] Ao pually il g RW1 &)l e Al Saa 350 = Jue -

DNA aat gzl 53 o paliill

15 50 d88all /590 10*%] de yudl Judiill g RPE Jussdl Jslas (3e il Sae 500 = Ju -
L6 Alentonall Uyl 5as) giall #3LS0 iT o Lalatll 205

2 33 A48 /55 10%%1 Ae pudl Judll g RPE Juaad) Jslaa (e iy S 500 = Jue -
Al

sl (,uzx 3as) 9 48483 300 Ao ) edty Judl) -
ol Bl s da oy 38 5 (sl g haie ela il jS0e 30 Adlia) -
RNA pead sas) 5 4885 Bl g Jo 1.5 das Al il ) 3202 W) Ji -

rdad) Baga (e aSUill g J g jrall (5 99l (aaal) 58 5 laa 2-7-2

= NanoVue Plus 4sabaia¥) 3¢l 8 jlea axdiug Jgmall 555l el 38 5 Glual

otal RNA Gl ia il 260 Aa sall J sk 2ic duabaiall 3¢l i 23 Cua (GE Healthcare) 48 i
RNA Jal Jarisall ¢lall ddas) g 4w da gall Jsha die Sleall piiai ey J s gzl

Gall B e dlig DNA = @sdie 2 RNA ol doal) sasn e U 5 laasy

waseall aled dun 0h 1 el Adla e die IS (g5l (meall (e al g2 5 Sae 1 Sl S0l
elant ) Al Rl ey 13 5) U 368 L8 (Baadat die o sl ol olatily 41 el 4y 5
Jse s3sm WA (e cuiy ciiliae ) Ll sl un Juaiily (i sill e g LSOl Aati
28S, =551l RNA el lidiac jeday 3 ¢(asial) Uall) gDNA = @séie 2 4ils RNA
Gy A guaie Ladled) e U g1 5l Bl s MRNA Gaaiall (5 555 & sanall )3 jeday LS 18S

5 Ll (smear) J skl
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:;\.Aj{-“ gY-t

Jaa ill Jadie pun g 5 Aalell dain juians -

Tris-acetate-) TAE 1X &)l & asal 035 %1 Agarose sl aadla s
(TAE 1X &,0all 5o da 50 A ledas o)V 505 e g 0.5 0Js) (EDTA

ALRY ] Bae cpdadll -

Ja fada]l 38 5 lase HZnadl) Ethidium Bromide abe s asaia¥) (e jils Sae 5 ddl) -

Clelad JS& aand sl ae dagiiall 3 55,8 Cua -

A el 5l s Ay deat a5 -
rdaa ) A8y ke
Aal 45, Hlall Jaas il e juiaad oy

slally aaall JuS) 5 oaRNA Oe ol e 580 1 a2 @Al s de JS e a )W aaall Clas

& o8 (e (Fermentas) 48,4 ¢ Loading Dye 6X ¢ ils S 2 4dla) o3 il Sae 10 ()

idan) 5 UV Al s Aadlgll gead o5 4885 40 330 Lalsd 90 (5aS (38 Gubaty el Jis 53
(10 Js&) (Bio Rad) Gel Doc el

i-Carrageenan j-Carrageenan

LY A e e S RNA (e pl 8 58 1 Jaa 31 6 gua 110 JS&U




:cDNA 3 mMRNA Jaga5 3-7-2

Invitrogen 4S5 ¢ (Reverse transcription Kit) adall 85 )5Sl <l sladl) gLl o
.CDNA I RNA (5 al g 5800 3 Jy gl

:dand) 48y b

Aie S (e SHRNA (el 2 50800 3 (s oad Aiie JS (e S 231 -

Al Se 10 ) slally ) JaS) -

s Sae 15 Jse e 10 L3S 55 ANTPS &l cla slSill o e e il 5 S0e ] bl -
s S [l 2 5 K 0.5 W3S i oligo dT b yall g

2l e ey st RNA dudlu il Gl 5 5 450 65 Al die i) (s -
O B3 5 yile

first strandbuffer e sls S 4 :0e OsSall el e sl JS il Sie 8 A8l -
sl e ils Sae 15 RNase out e ils Sea 15 s 0c1 DTT 4l ils Saa 255X
M-MLV (40U/pl) Sall geasill

Aelu 21 520 45 37 A ally Canil (s -

Ay e da 3 (20-) 3ol Aa o (B i) pm o Jelaill algyl -
:gPCR Jelii4-7-2

oo Sl al el Glall e g5 Gl je aladiuly CDNA Gl szt e Jelall fas daiey

Le 58 Ul )l Jasi 3 Sybr green Lslaall §Luall aladiuly (Giall o il () sall Lo juei i

sy g dlanl) ) S5« yuadl ()5l 5 )5l 5 L) adalii jb aeay s dlulud) 4005 DNA el )
3050 IS (A chal IS5 )5l 5 L)

& 5all RT-gPCR Jelis ¢l jaly ¢lldy cDNA ) MRNA diss3 oo U Gy
Ciliall o JSI (RN e Tk Al Ja g pdl) ity ) sall W jpad 5y ¥ 4D )se (o8) das ol
Aallaall 5 328U
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«* GAPDH (Glyceraldehyde 3-phosphate dehydrogenase) 4 sall Cueadial

@l sall s Jiad 4 5) Ct (Cycle Threshold) ded ¢sSS ol cang Cang Lz jo 4 ) g€ Janll

JSall) diaie dallaall g s2alall Cliell & GAPDH &) sall (551 5,5l Jf 3618 Laxie (Say
(11

Amplification Plot
40,000 1
35,000 {
30,000 4
25,000 1
c
o 20,000 {

S 15,000 1

"% Threshold (5)

5,000 .
01 —/

2 4 6 8 N nT® O Ow B 2 2

Cycle

Ade J< Ct ) 4aa3 (s GAPDH 4z sall 4,5l RT-PCR Jeli 111 Jsid)
Caspase-8, Caspase-9, Caspase-3, <t sall e Sy sall pmadll juad a3 o Gllb 2ay
e ) RT-PCR Jelé ¢l jaly clld g za yuall (518l < gall dalaiall < 5all aal a5 Bax, Bcl-2
A due JS e dgpde &) e JSI Ot 4ad aaad AN e oy (Goagll Gl sall 5 dgmas jall 45 gl
o3 (e il (A oSl i) il Glus e Wiay (6315 due JSU AACE 5 ACE 4aif il
pladinly WD e ddladll S b dalleall i) RQ (Relative Quantitative) <G sall
Applied BioSystems 4s & (.« gPCR, StepOne Plus system el
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RQ (Relative gquantitative)= 244t
ACH(1) = (Ctraaseh sy ~Clan ol o)) datlea 22l
ACt2) = (Clicaseh sty ~Cliuen sa ual)) saali i

AACt= ACty) —ACtp)

:Sliall s GAPDH 4ara el 45 ) sall 4o sill il jall aladin o

Caspase-8, Caspase-9, Caspase-3, Bcl-2, Bax,

1 a8 Jsaall 8 i ge o salSill Lebialilh g J a9 ySaa 10 W S 5

A yall P (s gulSil) Jualisil dadilaal) ddadd) Jgha
GAPDH-F | 5- ATGACCCCTTCATTGACC -3
GAPDH-R | 5- GAAGATGGTGATGGGATTTC -3' 131bp
Cas-8-F 5-CATCCAGTCACTTTGCCAGA-3'
Cas-8-R 5-GCATCTGTTTCCCCATGTTT-3' 128 bp
Cas-9-F 5-TTCCCAGGTTTTGTTTCCTG-3'
Cas-9-R 5-CCTTTCACCGAAACAGCATT-3 143 bp
Cas-3-F 5-ACATGGCGTGTCATAAAATACC-3
Cas-3-R 5-CACAAAGCGACTGGATGAAC-3 120bp
Bcl-2-F 5'- CTTGACAGAGGATCATGCTGTAC -3
Bcl-2-R 5- GGATCTTTATTTCATGAGGC -3' 129bp
Bax-F 5'- GGGCCCACCAGCTCTGA -3 150 bp
Bax-R 5- CCTGCTCGATCCTGGATGA -3

Rkl Gl I y 8550 O e 5i A e O St KA i1 85 Jpoad
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aial &1 ¢(Base pair) bp 150-100 ¢ Wl sha 751 54 CDNA (e 4824 g S pdoiai i
Riaa - A poal A A Sa) L gl ) e - A0l 35 550 b endl il b il
A gl 4 )30 ALl

:dand) 48y b
Adull < &l RT-PCR Jelés il aua
?9‘” 3) gall

dNTPs a Gladi ol e g lall) Master mix

A 8. 10 s4nled)las Tag Polymerase 3 _seld) a3l 5
(SYBR greenl 3 sliiall 32l
s % 0.8 4o 5 Gl ya
S5 S 2 cDNA

A S 7.2 cla
A58 20 Jelall Algill anall

1 i) e 3550 35 Jpndiiasa s Sleal) (A i) aua s laams oy

e N 30 all ds o iyl
&2 10 45 dx 0 95 Start 4l
4l 15 4 da 95 Denaturation ge-wl)
4ady | 4 5 4 2 60 Annealing gl
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Gt} Juadly
gl
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i3
T98G 4yl Aal) it pud) LAY A3 e o ESC paldienal) il il 1Y) 5500 1-3
1Ay glad) A gl Al 52 1-1-3
leiallan s liiul) Andia (3 TOBG Gl podl A plull Al LAY i o5 ¢ n
ol Cpt XTT §lall plasinly 4 lal) 40 gaal) (uld o5 (ESC paliviosall (o ddlina 4 3l 5 380 sy
LA coayl 28 ¢ paldiieall 38 55 aba 3h Aadleadl LAY 25 Jal) 308 sual) (alidl) dualiaiaV] se) 8
Ao iy ) A gl T o5 Laliai) gy pSia (80 €40 <20 <10 ¢5) Al 380 il Aallaal
paad il Asllaal) e Aol 24 I8 il e % (22 <49 <60 <62 <69) WIAN Ak s
OF i WS (12A JSa) J a5 Sae 40 S5l die (1Cs0) s slal) asinall Caai gail Jadiall 38 il
40 Sk LIAN dallas siad adlaal) (e bl Liad dasise 35l Gl gual) 3 GmliSSY) 13
30 ¢49) () dsd gall Fpud Coatdi) Aol 72 5 48 24 Auia ) <l i S (1Cs0 S 5) J a5 S
Ldsall i e ESC paldinal 358 Gllaadll oda g (12B JSall) Il e 9% (15
Cra el il judd) LAY g € 3 geal g 5 (Y alts L epe 5 5SS e aine JS g 5l
(s Cgall (o yad ol 4 slall s lall ans e it Ja

A B

120 4 = 120 -
= 1 S
e | =
< 100 - = 100
= ‘ S
S o | :
= 80 * ) 80
e * ok S
< 60 - %% T 60 -
: | g *
£ 40 Z 40
= ‘ = * %
20 = 20 * % %
s . I -
© 0 - ‘ ; 0

C 5 10 20 40 80 c 24 48 72
ESC concentration ( pM) Time (hours)

Lajly 38 i Winllaa die TO8G 4l puad) LYAY L& o ESC (lakll paliiual) L8l by kbda :(12) Jsil)
calge (A) delu24 32l ESC I ¢a Jgas8a (80 <40 20 <10 ¢5) daaia 3805 docady LAY Aallae coai Adlide
Lslal) Ludigal) LGS 8k oo LAY Ludige s (B) Aol 725 48 24 Baal ESC ¢ JgassSia 40 58 LA
(& hsia oa JOAI b datial) i) CilS Euny doad) LAY LAY aa 4 e 45 5ia dpady WA Bpdige 08 08 XTT

Alaiia qjlas &30 ) it SEM)
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2 glad) 3 0al) ) gl g 38 A 2 2-1-3

(P1) Propidium lodide_ stéiall § Lualls UIAN a5 Liad 23 51al) 5 lall ) ghal & 5 65 4l )l
il Jlea Ao g Lelidaty Uil o5 (e g (DNA (0 la) sina Sy g 2ol 45 63l) 3alally Lo (53
(s slall 3l

Lia ol s %00 405 20 (xSl ESC paliinally LAY dallas vie 4l gl iy

(2n (e J DNA (0 65 sime I3 WA Jiay s3) SUDGL Lshall 3 LAY Lo 3 a5 2L 5

dalleall 2ie gl Je 9621 5 14 s Cialy Cua dprpall Lpall 3305 A0 LA ) ads Al
(13 JSal). 969 crly Capa aalall LA &5 jlae Aalul) 380 5l

Control 20uM 40uM
9 Sub-G1 9% Sub-G1 14 % Sub-G1 @ 21 %
2 , GO-GL  :76% . GO-Gl  :58% GO-GI  :43%
s S 5% S 10% S  14%
LR GM :9% ° G2M :18% G2M 2%
’q.e 2 Si.l
S N
A S A *

T T T b T T T T T
600 800 100 0 200 400 600 800 0o 0 800 1o

> DNA Content (Pl'(;u];idiUIIl Todide)

«J 543054 (409 20) CuiS Al TOBG LAY dallaa Aaili 4y lal) 3 1al ) shi £ 555 & ESC paldimall 4l :(13) Jedd)
® (Sub G1) DNAJ ddsdia LAY ¢pe a5 9gda 5 (S) DNA glilaaal sl 8 LYAN 4 gial) Apadl) ju JSAN (i Gia
BSAALAY LAY a4 jlEally dadlaal) LAY
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:ESC alitaally dallaall yiliy ga yual) o slad) Cigal) Jdi  3-1-3

1 HA Gigal) 0 adgl) 1-3-1-3

LAY mas Wy o5 el 24 530 505580 405 20 Sk TO8G LA caalse
(s stall 3l (s Slea Adand 0 Lebdat g Pl TO 5 stiiall dsal Loyl

35 b 3b Aie WD Ji il PIysliial € lLually LA (5l A ol 31 bl iy
ey Laa il ) jumiall ansDly sl e LiRD) Cld LA G 2l 3 Qadadll (a3 ¢ paliiong)
43 sLall) dtsall LAY Fauss 2 3) 14 S8 el Cum 681 500 e alals i 5 4dal) Jaal P ¢ laa 3 5i
40 S5l vie %16 N Apmaill Candi)) 5 J 95800 20 S5l Aallaall die %10 ) (DasY) o510
(14 JS) %5 coe (5518 & pall s L 355 ) 15 530 L3N LAY e 458y J go 5 S0

5 120 - EDeadcells  OLivecells
< Control 20uM ‘ 40uM N
= 3 e g . 100 -
E 7% PO 10% ‘ " : 16% g r_'!‘;‘_\ fads 5 ! ! -
g 60
opm | ~
3 93% g S =)
o (1] A
B ST * 900/0 v' 3 840/0 20 -
’ Control 20nM 40pM
> Thiazole orange

ESC Concentrations

Pl AL 48 guaal) LYAL dae pad A G Allaal) LDIAY 3 ‘;,xs;‘ Cigall Gy Al A ESC paldiuall il :(14) Jedd)
405 20 CnsS Al LAY dalles cudi galiiaal) 85 il (pad¥) Gslll) TO b 48 suaall LAY aue 5 (peall) ¢islll)
BS3LA de ganall LA aa gl ey ESC paliiuall (10 Jga9 50
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1 S @ gall daguh 3285 2-3-1-3

Lt L g UDIAY s 0 Ui paliinally alladl) il (5 5l o gall (my a3 (g i) amy
A ) LIAD Jalad cp oo slall Saxil) ald Slea ddaul g LeldsS s P1s Annexin-V-FITC ¢ JS
LAY A g i ) Je Jy lee paldiiadl 508 55 aba b LA ) Annexin-V ) bl ) ds
adali )b ey Lae oansl siad) L) e dpa jladl A8kl ) G ) Jaailis 58l QI g Caas
early) zeomll slall Cisdl Gl jlae & Aalall WA 4o sbo i JWlbs Annexin-V )
dalball xie % 7.755 Jseas 8 20 5SS dallaal) die 94 4.5 Lo Caly Cus <(apoptosis
(15 dsally dsal) b sa sl osllb sedas (Al 5 Jse 5 08 40 S b

s Pls Annexin-V (e S (AU JS5 e g gall LIAD) Qs 2o ) (Sl AdLaYL
die 0 7 aaill aly M5 ¢(late apoptosis) gl s fadl gall (pe dadiia Ja) o A LIS JidS
& eV Ol ety Jgas ySae 40 5SSk Aadlaall die 96 13 5 e sSae 20 5S il dadlaal

15 JLal
@ Control o 20pM ' 40pM
2 & el T 7% | L 13%
E A% i s
2 X ' B | N
= e B B
.Ei : ' : E&,‘. A
2 .. 535 —
x b 25%) b 45% o b 7.7%
} ¥

.....

Cigall A AN LAY s JSAN G Aadlaall LAY 3 e gsal) Cigall (i al & ESC paliiawall ili 1(15) Jsid
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Anti-proliferative effect of sulfated carrageenan extracted from Laurencia
papillosa on T98G glioblastoma cancer cells
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The high biodiversity of marine ecosystems makes it a good source of numerous hioactive
molecules useful in pharmacological and therapeutic applications. Many studies have
reported that marine algae consumption is linked to law cancer incidences in countries that
traditionally consume marine products. Seaweeds are considered as a riche source of
sulphated polyvsaccharides such as carrageenans. In this study, the biological activity of
sulphated carrageenan (ESC) extracted from the red alga Laurencia papillosa on T98G
cancer cell line was explored. We studied the bio-effect of ESC and apoptosis on T98G cells
through nuclear condensation and DNA fragmentation. Gene expression study for caspase-3
and caspase-8 was measured using qPCR after ESC treatment. This result was supported by
flow cytometry technique which revealed an increase in ACTIVE CASPASE-3 protein levels
in treated cells. The presented data demonstrated that ESC is considered as a promising
compound which could target the proliferation of glioblastoma cells.
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Abstract

Sulfated Polysaccharides (SPs) are known for their diverse origins, chemical structure and
biological activities, which explain their pharmacological and therapeutic importance. Various
studies have indicated the notable ability of SPs to affect the proliferation cancer cells. In this
study, we evaluated the biological effects of A-carrageenan, a highly SP, extracted from the red
seaweed Laurencia papillosa, on MDA-MB-231 cancer cell line. This SP was previously
characterized and its sulfation degree was determined. The current study has shown that A-
carrageenan inhibits the proliferation of MDA-MB-231 cells and induced cell death through
DNA condensation and nuclear fragmentation. Moreover, our results indicated that the
signaling pathway of A-carrageenan inhibits the proliferation of MDA-MB-231 cells by
upregulating the pro-apoptotic genes caspase-8, caspase-9, caspase-3 and resulting in
increasing the levels of active caspase-3 protein. Furthermore, This SP had the capacity to
affect the mitochondrial stability by altering the bax/bcl-2 ratio of expression which conducted
to the apoptosis induction. The presented results signposted that A-carrageenan is a promising
bioactive polymer which could be a potential candidate in preventing or treating breast cancer.

Keywords Antiproliferation, A-carrageenan, apoptosis, breast cancer, MDA-MB-231.

84




Introduction: Marine algae are considered as a
riche source of sulfated polysaccharides such as
carrageenans, Which may be responsible for the
low incidence of cancer in countries which
traditicnally consume high levels of marine
organism.

Cancer is a major cawse of death worldwide.
Therefore, We targeted discovery of new
molecules have anti-cancer activity to treat the
dizeaze.

Anti-proliferative effect of -carrageenan extracted from

i,;,p"}' L. papillosa on MDA-MB-231 human breast cancer cells |&
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Conclusion: J-carrageenan has shown anti-proliferative activity in human MDA-MB-231 cells via the
promotion of caspases-dependent apoptosizs. This study exemplifies that A-carrageenan possess both
common and distinctive anti-carcinogenic mechanizms, which can further develop into an effective
chemotherapeutic agents in the treatment of human breast cancer. *(hmurad Eaec.org.sy)
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