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Abstract
Objective: Crocin, an important saffron ingredient, showed anticancer activity in a
variety of cancer types, particularly breast cancer. However, little information is available
on the mechanism of its action. Previous studies indicate apoptosis induction by crocin in
some cancer cells. This study aims to investigate the effect of crocin on the MDA-MB-
468 breast cancer cell line in order to investigate its effect on caspase 9 (Cas9) and
cleaved-Cas9, expression and splicing of XBP1, and accumulation of LC3-1I.

Methods: We used the MTT assay to investigate the cytotoxic effect of crocin on MDA -
MB-468 breast cancer cells. Next, Cas9 and cleaved-Cas9 levels were evaluated by
Western blot analysis. Splicing of XBP1 mRNA and expression of the spliced protein
(XBP1s) was investigated by RT-PCR and Western blot, respectively. The accumulation
of LC3-1l was also evaluated by Western blot. The obtained results were analyzed and
reported by Image J software.

Results: The results showed a time and dose-dependent cytotoxic effect of crocin in
MDA-MB-468 cells. The expression of Cas9 and its cleavage, therefore, the ratio of
cleaved-Cas9/Cas9 significantly increased. Crocin treatment led to a noticeable increase
in splicing of XBP1 mRNA, expression of XBP1s, accumulation of LC3-I1l, and increased
the LC3-11/LC3-I ratio in these cells.

Conclusion: The data have shown induction of apoptosis in these breast cancer cell lines
after crocin treatment. Because of the observed changes in UPR markers and autophagy, it
seems that these pathways are possibly involved in this process and in intracellular
regulations.

Keywords: Breast cancer, Cleaved-Cas9, UPR, XBP1 splicing, LC3-1l accumulation

Pathobiology Research, Vol. 20 (2017-2018), No.4, Pages: 37-51

37 Pathobiology Research, Vol. 20 (2017-2018), No. 4 Yy



Jwo! &

SWI il 9 MDA-MB-468 Johw 03 93 comwg s (oo 1 (i o)
G5B 81 g (owNs gt A8 S (Sl SIS ol g g ¢ jaR 99T
" i (e wwzmn (099 T dures T g ek 158 ) S 031330 dnes

Ol Ol e moote S5 o8l ( (S e o8l €l and g 03 5 (i 555> Sl )
Ol Ol e rpde Sy 7 ol ¢ STy ke 0aSails ¢l o gy 03 8 el Y

Ol O e pde S oRils (S ke 0aSsils o5 slen 05,5 (oLsils ¥

Ol O 018 (S psbe ol ¢ rest plol Dl sl Ol o Sliiond 570 coliel =¥

S ot 05,8 ( (S p ke 0aSuils ¢ uyte S o8 VFVWAFNG L 2l (0148 Ol i s ok 5 T
Email: bathai_z@modares.ac.ir

(st plol O sloy O o Sl S o 1 g5 (S ke oI5 VFVVITYE 2y dST 015 0 ) 2 ot ki 5 oy
Email: mamohagheghi@yahoo.com

A9/ F/Y0 Wl 5 dy A7/ 0/ tdllas 3L s

s LS

. e

Sy Ol o5 54 LaOls e 51 ol gl (g5, O Sl A ol st o ol O jis 5 o jlias LS 5 51 pamns S 1bia
Sladllas il 55> 50 S 5 ol Y,..Mb/« S oS Sl bl (Jl= bl st osls OLES 2t Sladlas s
L a5 ml 53 il 315 QL 1) s S L 03 b 0lays o Gl s (slad sk b 3 55 T U1 (U3
A Sl S 5 0l U el S s Oty O, s MDA-MB-468 JJ sl s, 1 s 5 51 oo s s
23 e oSS ol ek Sl 5o LCBHIN (s s s XBPL (5552 Ol 5 il

05 Al e A eslinal o3 el (Jilos) s S o Al s Sl MITT ila 5 5 0150
Ol At s O s s RT-PCR L s s (XBPIS) ot il 055 Ok s MRNA <l 55 XBP1
o3l L s el ol Ol e ik oy S 0 s a5 b 508 LC3AIT s 5 00 4 5LlS & LS
Al IS oS s pen Image J 13

e ey S L olad LS MDA-MB-468 sk 02, S o o sa 0o 5 550 4 tels S0ty oy S 1l
35 il woils Cleaved-Cas9/Cas9 o ol a5 O 2 eSS 54 5Luls 0s e 53 g5 LB
s 5 (XBPLS) XBPL oo (ol o o055 Ol Sl e Sl e (230 51581 5l 51w 55 XBPL
A easlin badyle ol s LCB-ILC3-] s 25l 5 LC3-II 5y

o ar s Lt s T s s S U la Sl Oy Ol o sladshos 51035 cnl a8 sl 0L i 15 8 womt
3 DA S s ity 3 5 s 5 ol Yaz (53U 551 5 UPR (sl s sl SIS 5
Lol 8 Ik 0550 Sledas

LC3-I1 pazs XBPL [ty ¢ oDy 5l a0 (25 okt S 4 SLalS bty 0o o 10 5150008

OV-YV oiladis AFAP Glicus ) oF o jladi Y+ 0,90 (o) euliad T (slayia 95

38 VPP Glausy oF ol ¥+ 0599 (e ) (ol ;.\:uui 6“0&3}3 YA



MDA-MB-468 gl 835 33 (ses 3 S dows g3 (55893 9 carudly gl dSuck A3 () s gal (S

030 aslas b dS 5 (S bl A g Cosls
03 s 5 ile sla, 23S 5 aSis b 51 ke O
Lo] o atlis (2l das ks e sla fags

Oy Ol s OU5 Ol 5o O o o Sl 51 (S
laos S n5 cobis 5 ol 0Kl Goley S &S S
5 AT s el 00 2y b s 5y 4 S O
Jolss 10T i B dsan (obew ol ol
o) e Sy e 25 5 e A5l ($3L5 Dl
lwly 3 (Shlp gla 236 Js esds 555 0 (5olew
o el 8Ll sdes sla Sl bt 5 08, Sl
oLl J 53 ol 5550 53 dder SleMbl iS5 ol
53 bl 51 g esliud Slidss ol s s o
slais L Lol s Lol 5 Olys sl o s
Sl sdd iyl due gladie lud bl Jleys
Oy O o [V e 0T 53 Jos o endlSa 5 Ol e
Ol s 51 o 5 ol S1RT OB s 5 b il
0L e 05 oo 51 30 e 5 S e ole s cay
der 31 Ol 53 Ol s ol g e ol
G135 Olgr 53 oS el O 31 5l Jle Ve 5 Jla
JA V] ol sl

P s o d il oL Sl et pil aSd
SSIEL 5 S ks a2 e S
Ay e IS o Jn [ s s (S35 B S
o3 5L slainSs s ok ol 4 Jshe Sla e OAS e
&=L crl 253 (Unfolded Protein Response: UPR)
53 (Ss3 nl 53l 3 Jok S 03 o 5 i s o
5 Salen ol pl G ol atld gy a  eedlSe
S s @Lis 0503 Gla s dest Joko ooy
S 005 Slaply JWHIL aS 55500 £ 50 el 5 )
2305 ge pole s JLal 5 o 5555 ol ge sl 5 s &
23 pe > S 3ph e Sy Ol 4 e DNA

S e ol S o b Ll G 0 1y Jhes il Loyl

39

PRV

EIRYS M-S SIS PPNT A S I N W S
s S35 b LU slasyT 3 Jske 0555 35
o Jsl i Lol s slaely Sl (ol s
s Sl sla miln L as) Jalse ((ole 55
G s G2k 5l 5 0 QLIS 5oy Sl 0555 sbabedss
Grmad Ao i L Jske S (ke 00
— o T (o s 15055 S e 4y oy 55 b
Lo sl s gl sty Hlee 5 oS ses S ol
Gasl Jmd 5l Sk ol 51 (6 b S o Jlab
e s Ol 5 (6551 Sl 5 S g e 5 (g5 )
(Endoplasmic reticulum stress) oDl sl 4 s
o o Jobe Gl 3l Ol e 55 V] 350 xS
ol rean s S G sadshe w0 2SS
Sl a8l 3l eslinad Ol o Oloys 55 Slays laal
"J'L““u‘ B g | SIS Q.i\AS
Crocus ) Ol e oL sl i S Ol jae 5
ool 035 Lls Waas of 53552 50 LS 5 5 (sativus L.
laans 53 0L SKa 55 51 ol 455 3550 a3 i
ClS 5 e sl ol Yol ey S
5 sl LUT el a $ 515 aalllas 5, 50 45 Ol jis
il S, Bl S1IYT ol Ol (555 oS (6 Ky
e el Ole)s Sl S 5 s Olde s Sl eslinl
Ol iy ol [8]35 5 o Dln 51y 55 03
Jola OF (slacy 355,18 o550 O e 4 5l slad pile o
s S 3,5 5 (Crocetin) o S (Crocin) s S
LS 5 ol sy asdllas 035,60 55,15 bLs I (Picrocrocin)
ST el 0 8513 0855 51 ol 4255 3) 50
s yores 5l b sl Olde s oslas plandnd b alaks
Slad o 534S Olis ;) Ky .l b w56 LS S
O3S =S 5 ) Ul sdalie LB a3, ks
53 el S 3 slomn 3L slady 55558 51 (S S o

Pathobiology Research, vol. 20 (2017-2018), N0. 4 4



MDA-MB- ;L o5, ;3 555 551 5 UPR (sla s 5
Ad ey ol el G55 (5l ulie | a4y a5 468
ol anSE 4 Ll Cud 54 3Ll Ol Jld pl ol
sl KL ol yosa (Cleaved-Cas9/Cas9) 4 LulS «
) sy s 52 53 XBPL 03 0L Sas
Olg—eay (XBPIS 55— A 55) 05 Ol s (MRNA
LC3 s iuly31 5 L3I s UPR (sla S5
Slas gladsbe 53 535U e L Olgie o II/LCSH

S e s S L e

TSR
s 5 Ol ke e ge DS 5 )
3 S

o Olde sl b 5l s S olepalls s e
DVAT s il 5 gy ek esls = 5 5 (550 s oS s,
Oy S35 s 3l g O ol o)las jais 5ba
Som 2l 5 A o, b =8 sl 1S ey S
S5 gtb Sl ol L g ledd m bt DY peams
53 bl i Al kil el B 2 dgb s
s o e Sl ey (L s S) e iU 88 250 Db
s S A ol 53 4 S s o ol lan s
Infrared ) IR ~—wci b sla by, Lols ke
Al 5 s S S 5 a0 5 (Spectroscopy
A Jo o B S L 53 Jool o il 5 S

A eslanad ¢ }.ﬂ;u': 5 ij B

MDA-MB-468 J sbu iS5

S S e Jslw SSU I MDA-MB-468 . J sl o3
O e BLITE. E-Rt-B Ny S B W S Ry
Dulbecco's Modified Eagle Medium: ) DEMEM-F12

OylSan g oul)pun wan

Inositol-requiring ) IREL La 55 ,— ol 51 5 [4]
SMRNA o5LS o 5oy s L as ol (enzyme 1
Jurks XBPLS sds (ilss 655 & by XBPLU o2 (il
(X-box binding protein 1) XBP1s .54, .4=S
288 A8 d 1y oe0) Ol i) Jule S Olsewn
3B 551 e 5 o ome Sa S5 Bl Al 3¢ S5, 5 b
DTl i e

s &uvt_ﬁﬁugg.ﬂduw&w\dg
«S ol (Autophagy) (30 51 553 e wlas Dl 5Ll
Sl et G Ll o 5 Tl a5 b s
el sl T3 S 5681 5p8 Jphe S0 L
Sl canl Ll s 58S el b Ll 5 s i 5 O
T S [ B O S EREPS R O
03355551 pbay JisSTs 5 a8 5 55 Lid 53 15 b Sl
o Lolg s 505l Js (Autophagosome)
35 o o O 0353 DS 5 psissd b psssSB sl 0
sl gl 3L sl al 3 5Ll s Lol 2 VY O]
ULK1 5 Beclinl 55 o 95 awyas suuSlis lis
at Aol b S g 3l usb a0 53 5 350 e ol
Il Ldolins & Jlasl LLC3H 55 00t aid 55 s
Gl 85 K Olye 4 LC3H 4 00 s 5 el
Caamd 53 28 03,5 1y sliel (gl Lo pind Il
s ol e 28 o B pss SUSl S s S0
DY el (3651 0L gl 6 Sl Olgsas Sk o

LS 5 s bagyls 31 ool a5 Cuslosls OLL oladllas
S e 055 b 5 L0J Ol 53 i 52 b 510 e A
U1 g56 51 5 (Apoptosis) szl b 51 Jske S s
ez 355 O o 5 sy e 5 Oljies ijls (o505 A
St el s ol s L oS s LS 5
DANVE Y] L8 o Calses slads

S Olgeas s S O3 s Jlazs| canlllas pl o

Wg}:ﬁﬁi Wl s 0hze s Ol s slacd sl 3l

40 VAP (e oF 0 jlasd Y+ 0,90 « (oo ) e - ;..\:uu]‘sl-bum‘gsg £



MDA-MB-468 Aglus 03y 9 (a9 ,S bowu g3 (556 93 § caradly gadl dSuck (33 ) g gal (SN

S 5 U MDA-MB-468 _Jshu o3, ,log
BN G )y g hieds ey S

KBPIS sloa 855 Ol 2 ows S 1 (oo 2 o 5B

LC3- m::jﬁ@qgj‘\jgwlsk_;ﬁsm,RNA clzwﬁ
& e Bla\ slacdy ;> MDA-MB-468 (sl J sk dI
L L ool S DMEM-FI2 LolS ¢S e (65>
23 e S 03508 S Lladsha o3 Ve SIS edalle
S (IC50) = e 3 5 e ¥ il L oS oo
L ladshe Gl 31 o ol YE 50Y A glaOley L5 o
L 5 as S (Phosphate buffered saline) PBS
Loy Sl ,nds S Yoo L Vo 5 JS 5l ol
g_;)j(-__v.- (Radioimmunoprecipitation assay buffer)
Wevr 5ol 8 ole s £ slos 5o 55 Bl 5l e 5 4
olas Olpea ooy Jsloe @ids Vv Ddaay adds 5 550

A oalanal DM 0 s o el 6l I shes

13 madeid = 51 ey (slo iy ST
(RT-PCR) v sK2s

ldshe 55 5Tmex 51 A RNA 51 CDNA bl 51
Trypsin- ) EDTA - o by eu 5

L dsle ¢ sz (Ethylenediaminetetraacetic acid
J=r =5 RNA 2l J e o) 46 5 PBS
laul GeneAll Biotechonolgy Co. Ltd. «—S ;5 sl b
5 Ladshome shoslizal L 5 2 (Trizol) szl 2 o ) L
ol ol s S 00 53 LRNA (S )3 54 50 052
Gl s A 6)j@.>,- (Diethy! pyrocarbonate) DEPC
DA Ay s sla b3l S RNA S o)
RNA _iS pmmen dod i 3,8 Sl az s —A
Sl Aoy A 5LLST U5 5l esli ol L e gl

41

Vo cble L (Ll Gibeo) (Nutrient Mixture F-12
J\.;'J,E.:AACOZ M)Jog;ﬂ}jg)bf&]}ap

]
SHCB0 s 5 (s S S Ol gy 2 sl 4
3-(4,5-Dimethylthiazol-2-yl)-25- 1MTT o, .3l
ol 5 &, s oas [diphenyltetrazolium bromide
Sl 41 el 53 MDA-MB-468 sLa Jbw i) s
S L5 dska N0 T Sl s 3 oS oy
I 5 Odemer Sl A S ool oS S lases s
EA LS YE) dys VO-Vr ssa Sl oS5 5 s sk
03 el VY 5 A YE OY Cueas Ladu deel
2 erS e 00 Sl Bl L s S S5 2 e
ol 5las sla b (bl opl 55 W Sles 2 ke
Slag Ol G385l ey i saliad J 28 Ol pe e
O MTT sl o 3S Lo e oy o Vos 50>
s Dot 5 43 Bl Sl o & (Rl /e S e
L esls JUsl sl S sle am s YV LSSl 4 el t
5 b Jgho (g5, S Lams (ol £ IS 51 e
—» « (Dimethyl sulfoxide) DMSO , )y S Ve
sdSl3 ) 3 aids Ve ookl slsl Sals
slel (Formazan) ol3Le; 58 L5 us osls 41,3 (Shaker)
Sl s SaS w4 s 353 = LS b 4ol
A el oV s Salr e gl Jsle Sl 1Y
ot Hlas JmS sla dlw i Ol bl cnl o
5ol Jghe Gli Ol aslsl 3 i 4 § a5 3 dsys)ee
O 53 ey sladshu dvys ) s on olag -
(ops Vor sl ) ol Sl e Jskes @ slas I
s S e Ol e (Sl 1CB0 553 .0 apuloes

omabesl ol s s aandly 5 Ol anly Slsgas b

Pathobiology Research, Vol. 20 (2017-2018), NO. 4 £



HyperscriptTM RT Mastermix <—S 3l eslazad L 5 LS
9 rl_>u\ RT-PCR gf:“j‘} kf'}'} a‘)s CfneA” ALSJJ: K|t
sl ;0 CDNA

PCR sy
&' = PCR 2:Sly o oslizd (Primers) sls S5l
S 0lgeas CDNA 1 eslizad L XBPL (sla 05 Oly s 5

O Jsde) 238 el 5 sl S5ET

OylSan g oul)pun wan

oSl 53 A ), 28SRNA 5 18SRNA (oL, ST
Jsb S3RNA (5,5 e o (ol 5b ol alo s
TWeoan el YA 5 el YA 4 2 sl Y ‘SLAC}‘
Sos 2 G &S plaas i SLAd o a5l
o ol s 5 WY VA 0ls e 55 Y1o/TAS
o am Lo gl a3l /8 L VY Ol Y1e/YFS
gl RT-PCR 251 il 51, A% aslizd CDNA

w S Lo S Olpsas |3 a0 55 odel Cwsas RNA

Lol lascie 5 aslizal 5550 sla ST cud Y J g

g 5lsS oy (1 F Sl amn) s (Gl i) J gz o510

Al Jiy 55

st o YAY UXBP1 TTACGAGAGAAAACT CATGGCC - Jor
XBP1
01/00 WY Yov SXBP1 GGGT CCAAGT T GT CCAGAATGC : <25
B) St L Ol 51 hlasl cnl 5 as Al 315 sl M O g

Oy s J 28 Ol s 40 (ab189073-1:4000) (actin
A eslazad M

‘5JLJ J.}:J
A el U3 o pots 00 a0 by e sla0 505
Do 5 sl sl osls 5Ll meANESD & s a La esls
One Way 31 5 SPSS19.0 i3k 5 51 eslizul L Laosls
cla_.ﬂ R rt_?;,\ (Post Hoc-Tukey HSD) ANOVA
Asas Sk s (P<e/00) +/00 3 xS daesls Hls sxe
L o35 Jls me oLl s 51 a0l Golestl a8 laesls

s S padss

Shol—des gl sl 51 s S s3balis (gl -
DIAT ad eslial 55 0dd 3101 el B3 &S sls i,

42

SDS- Jj 5l Saalr o 53 caadlles 51 s 0l s

Sodium dodecyl sulfate- Polyacrylamide ) PAGE
Yo ool Jsle o )las (1sys 1Y) (gel electrophoresis
(Bradford) s, ,—5s1» s, 4 a5 85, 055 Ss
30585 880 sl 51 ey 5 A8 UL a5 0 (5 S o310
S osm Jsl fes (Cole o 5 KU SS wdy )Y)
! — (Polyvinylidene fluoride) PVDF Lis 3, « Jj
3 So B S ety el s £00) O 0y plns]
Lib oot Jt 51 Olgabl 51 oy 295 plnil (sl
0 ompr Od iz [ 5) oS syl L 55 PVDF
SC-) XBPL sl 63b o1 Jghoma 0555 O 51 o 5 (desys
Cas9 (ab48394-1:2000) LC3-II (7160-1:1000
) ,—3 (9502S-1:1000) Cleaved-Cas9 (C3465-1:500)
0 Jeame 450 ol 5T a0 dlasl 5 pined 51 e A e
sle s—inad (1:10000 (ol ! (Razi Biotech) HRP
S Sl eslanul L PVDF Lis el 5 .o 5 ol
X-Ray ol___5 Amersham ECL AdvancedTM

VPP Glausy oF ol ¥+ 0599 (e ) (ol ;.\:uu] GLAQM}}:: £y



MDA-MB-468 gl 835 33 (ses 3 S dows g3 (55893 9 carudly gl dSuck A3 () s gal (S

3y Sl ramen 5 s S WL o5l edan OLL S s Sl s S St le a5 ol ) sk
(\ Jg,;).)ﬁn\ilw\sjy‘_fi‘}))))w‘ @bM&JL@\&WW}Qfﬁ)IRWw
YO p
o]
oy
«/Yo
Y
)y
"3
3 e
o\
/*0
Yoo Yoo S 0 e
(250) g oo Jsb
L =4
S5 50 s Sy Sl ey
Sl oy £ em') Sy Sl oy £ em™) Sy
: O-H YEY YEan O-H ri
~ Cc=0 V0 A Cc=0 RZARta)
C-H Y40+ Ve C-H Y4yo
Cc-0 AYO -\ ee Cc-0 AARTYARALY
o -
| '\ [\f
41 //\'{/I.’M f
| ’ '
} .
At i f
» V] |
5
~ | ‘
LRS!
3 :
I /
|
. v
[ [ f (N | I | |
2 ® oz oaze e T
S .
You. Yoou Youo VoY Vo Voor 0
(em ) g5 Jsb
C
0 N H C o
YVA - w oVE4 (Ao 3) s J 0 b Sl o olie Olje
- - 70 oWvE (Ao3) jole o2 Ol

oS 03 Jule dua};wﬁélﬂlR ‘fe.“q.bck‘: (&) ol Clj:s:;..ui w}jf‘jbu.‘b(g_m) Oles b gl 6.xﬁ°u6uu:iuj\ JS..’&
S Jodos 5w m b (2)

43 Pathobiology Research, vol. 20 (2017-2018), N0. 4 Ay



23> men 5 e 53 0S8 (e 0 oy s S
o=l s el VY S A TE DY osline gls Ol
ey O soa sk Sl ULMTT bl g 5
el MDA-MB-468 J )l (555 oy S 35 5 Ols
A 53 JS ey S Olsearedt Sl gladsle 5 28 S

Al e §

(M).)) J_,-Lﬂ ‘su-j

. \ Y Y/o

Olylsan 5 ouljysia wsas

MDA-MB-468 sd ghw
S o a4 s S 5l (8 S5 Bl e
MTT 5ol 5l 355 o (IC50) s Jshoo 51 ass 53 Jshor

Ol o sla Jslw mlasl cpl 5o (Y IS5) A eslizad
Q)l_c.’;a ‘_;l_a)): B w_w}; l_n MDA'MB'468 QL’;.A

celo\Y @

Y Y/0 ¢ $/0 0

(i oo /8 o) s S

o=l S 3 55 e Sl (VY A YE DY) Cslite ladle 5 s S ilises galale ;s MDA-MB-468 J o 055 o5 Ol s o503 ¥ K2
.}ﬁ}'L:JJ—:AJ)r;dl.:ﬁrﬂ‘ﬂ‘\;&Ldif\;)lﬁjji;nmjjslcsow.w‘ ol esls OLAS LS 5

YAS AL 5LsS 0

\AS AL 5L es VA

3 S b edd s MDA-MB-468 (slad b 3 s ] sl RNA glasssad 38T 57 JS5

44 VPP Glausy oF ol ¥+ 0599 (e ) (ol u._uu] slaha g5 24



MDA-MB-468 gl 835 33 (ses 3 S dows g3 (55893 9 carudly gl dSuck A3 () s gal (S

A )'\:;_.AS XBP1s ‘5l_h&§3'3}_; g\.g 3y
LC3-11 o.;}'_gﬁ:co:gu"‘g oA A JL,»LS
o edd ks MDA-MB-468 ‘_;Uhdjl.w BE

3 S

VSLlS S OAS annSd 2 s S (e S
XBPIS 55 Ol st sl Jotls e Sl Ol n
R e 5 e sl S i SLE Olgen
Ol Ol s 5o g 55 (3051 SLis Olye 0 LC3-II
53 s S L Ladslw jLag 51 i MDA-MB-468
s S s IS Olpea (Gho Ole)) edd Sl sladshe
A

4 doas e 0L (0 JS8) G 3l ol s
0555 Ol Sols pme b YE Y A Glalles 53 s S
e 303 i1 |, MDA-MB-468 J 4k ;s XBP1s
LS A SLalS/A LS s Sl e il 53l sduas OLES
Y& 5 \Y slagle; s (Cleaved Caspase9/Caspase9) o
(o0 S8 op el jiw ladb; wowd cels
Sl Sl s Gk I LC3HILC3H s 5 G b
Ao Oley i YE 5 VY A gladle) 53 Cd ol Hls e
Ol 4 G 0le3) ol Hles dghes (SiolosT cl 5 55
JRS Olgsas oSkl s 5 Ol Sl a8 K 55 J 28
.(Go Ji.:) L eslanad OO Oty 55 s

45

sladsh 53 RNA gl s XBPL 03 0L
s S b edd ,les MDA-MB-468

83 Alms o emn S 3 Shee ot Gl el s
S 53 Sl sl St 25 SILS Ol yew XBPLS
¥ Ll i bd b MDA-MB-468 Ol Ol e
YE Y Qbbb alsh 53 s S ke 2 05 e
o A ] ol RNA 5 ous 6”%“’- celo
ol sy s bl ol RNA 4S5 oS
RNA &5 4 V.Jlm okiasylii 285 3185 a5, LLRNA
5 (i ) 035 355 s o 5 51 Lad g o
(U8 Lo g Lls 1) oY kS a5

Ceman 3 edd gl GLRNA Chle o ) st
s e akdsad 255 5 (S35l pds 51 Olabl I
b el e BB YA 5 YA gla e Jsb s Ls 450
DS 5 olesd 5l 5 I8 edd )l GLRNA clale
La & sad gabad (sl YN/YAY il s (5,8 o311 Ol as
S5l sy pde edaslis S 5 Y B VA G b
il S g

RNA 03ls 1,3 L RT-PCR 5, alesay asls! s
05 s €ONA il 5 5K Olysn ol A
Oy (o 0la3) ki leg (sladshe 42 ooy XBPL
s S s J S

Jol 55 s S 48 3l 0L (8 IS Jol> ol
SXBPL _tlsYE 5 \Y A glaol; > MDA-MB-468
Sl Ly 53,5 WG RNA slaw 53 XBPLS o3 o5
A3 edalie Olo3 Jsb 55 0 il g p b

Pathobiology Research, Vol. 20 (2017-2018), NO. 4 €0



OylSan g oul)pun wan

\

1 A F
-
g VA
%
=
=¥
o) /e P
>
<
<

/Y b
g

(cesle) 0L

B B s Sl S ST 5 (Q) scibiie glaole; 55 MDA-MB-468 Jsle 3 s S Jau s XBPL 03 MRNA 51 sl 8 K3
el 2 95 il MRNAC S s pai () 5005 & 6l 500 MRNA oo s (XBPLS) e 2l o XBP1 4y (XBPLU) oz ] - XBP1

et (P=o/oee) b Olos e b jis Oloj o Sl ois s clmage J lssle 5 a5 ool sy XBPL 35 (SIU) sl
(P=+/Y80) Y¢ L1

5 (P=2/010) VY LV Oley e il s

(P=+/AMA) Y8 LY Ok O REPWELEL

46 VAP Glicus ) F o ylasds Y+ 0,99 u—"\u.t:v‘, ga.uu ;.\:uui 6“0&3}3 £



MDA-MB-468 gl 835 33 (ses 3 S dows g3 (55893 9 carudly gl dSuck A3 () s gal (S
o]

o590 S

XBP1s A o Rk - 00

B R o ]

A 5Luls

(celu) OL)
(o A s
\VASS e de s
v+
2 . A s T —
< } e
g. AN ¢ =
g z
= g it
g %
2 =
< i} 2
o) . * vl
)
* i
2 1 \Y Yé * B \Y A2
(Celw) Ol (csln) Ol
\A e >
AVE 4
#eile
\iY b
— e
) \
S}
S At
; £
g n
=
N
Y
. hY \Y Yé
(Celn) Ol

Cas9 XBP1s sla sy, 0lo (Gl ¢y S Lol s Jlas MDA-MB-468 Jle 53 55050 5 35l UPR 55 Slis glappis ey 0 JK3
P=2/rv ) s 0oy iy b s Ol s Ol i ] (s J28) Sk a5 G XBPLS (155 5 oS 0Ly (&) (LC3-1 5 LC3-11 Cleaved-Cas9
Gl A SalS a4 K54 LS WS e @ LP=2/02Y) YE LAY Oloj s O i 1 (P=2/oe V) YE L 5 (P=+/AAY) VY LV Obej e s

\Y L_J.'\;n,{éé))bgec,;u Y¢ o \YL{C,;LN'\;)LAJR&:{);J““QIJ:L (P:'/H")LAijﬁ»ﬁw@lﬁfﬁ:ﬁé]jﬂ}iijjgﬁggm Jles R
(P=r/v v ) agles adis b Lo Olej oy Sl eiiie] (656 50 0 Jled 5 LC3-THT oS e (3) [op P =2/v0 csll YE 5V o s P = /o) csle

(P=2/20) YE LN 5 (P=2/0 o DY L 0L e s
eeln bl 1SS L an Bl Ska 2 b

Lol gal 3 0l bl gl oS ol S5 a o3V (P=r/v e ) YE LAY Ol o S ks

47 Pathobiology Research, Vol. 20 (2017-2018), NO. 4 a4



el 0als OLES

23 sl Gl s bsllS s i Sl
Cosls OLES 1) s S U Sles s Sl e sl Jshe
Bl b s 5 e ol Sl el s [YE ]
Gladsw 3 as sl ol (Sl v gladse oo ;s
s 04 Jb s S Ul s MDA-MB-468
old A SE 4 Lnls/A LS cd 581 5 4 LS
ol o bl GBI les 5l e cele YE 5T s L S
5G5S Jole Olpea 8 SLuls s SA8 d Lo 5
s S s sl SWE 55l s 53 o
A2 B sk S Jole Dlsse dsle ol 5o

ralms Al b g8 (i o slad sk s lisos
LC3Il (55 1 sans 5 UPR e L2 0l 4, XBPL
el 158 rs o sbar 3051 T3 Sl Olge
72 oS Ao ol b 3 e [YO-TV]
S oS 3 MRNA sl 53 8 53 XBPL 2l s a1 5
LCB-WLC3H s 5 LCBHI (55 o 5 S0 S
Sl A ) sl St Glad e 53 Kos B b
aS Ay e A (Gais pl el il 5L
as Gl MRNA 1 s oS 53 (6 S50 ssbas s S
4S Cd g ol as sl 8 Ol 4 anly kil 5 55 XBP1
T 53 el il e aedd il glap b Lo
Sldom celu YE 50 A slazela s 5 4 MRNA
L o Oy bl ol sl LB 53l LS
et il s oh il KL 8 do e s il
25k ool 4> XBPIs 55,

S 4S5l DL sdal sy il 0 G b )
ol il 5leg 5 dey el T 0l s LC3HII/LC3H
sl asalsl Oliomen Slas 31 A cele YE U l3l ol
sl 0l 1y 3Ll b Wl js s S 2 Waal ol
b Soness Sl sldsle 55 iy Slllas s
IYe]s s 4l

OylSan g oul)pun wan

Eon

sk 35 2 (prs S Ik Comn ARy )
O rlee 5 skl axdlas ) S MDA-MB-468 s .
SLalS 0 Jls s MTT e 3 osls OLE i ke
s 4 oS5 4 LS/ SLalS ol a5l imen &
OF S s g ad b cpl 53 55T Wl sasols
FB s Oley 5 550 4wty S pots (s S 45
53 5ls ials |, MDA-MB-468 slad b sl g5
UPR s 53 sla SLis ol 5L ol gl o= s
Ars e 0L oS 55 e LS ad sl ol 52 3L 5T
Sadsb 3lesy nl 5o 5l T3 3 e 53 ol Yoo
s oo Ol Ol e
Oies slays sla S5s 5l Solew bl ans 55 52
I3 Oliizes w55 5550 5l OF Sl s U 055
Soler A lp e (sla s S PAVE V] ol i S
OF 51 i 45 ol o slgnig g0 5 A, » aws S
Ay lge LYY X Sl S s ssnnl W ls
sl Y V0] Jslw 4t 2 53 gl BlE e b Jshe
La Sl lin s (ol ol 5 DAT Lalmsls L
,;E o | Slalie a1 3 45 ol (Metalloproteinases )
L esls L Gaiss ol b oS b olea [\V] das a3
s ss M6 b MDA-MB-468 J ko o3, (sl Ol 5o
53 il SRS Al e 5o S LT 1V slac ke s
b 53 (SH1 sl Sl MTT o s U e
V0-Y) s S Somls glac ey okl slad sk
035 53 o oyl J3 s L aS el (2 e 55 p S s
e G A3 Slllae [VA] 55l alis HepG2 J L
ol ot Groab p S e Wl ) s S gl ool
53 p_fv_l.fY’lefo. slackle 55 Sl sladsle
Sladlae plad i cpe 53 D8] ol osls OLES 2 e
S slaes, 5l 18l 53y s S e b I a2
Dol v A ilsl Sl 5 Y 3] Sl w8

48 VAP (e oF 0 jlasd Y+ 0,90 « (oo ) e - ;.\:uu] GLAQM}}:: A



MDA-MB-468 Aglus 03y 9 (a9 ,S bowu g3 (556 93 § caradly gadl dSuck (33 ) g gal (SN

B e

‘;;b).\j 9 JS..ZJ
el a6 5 )l s ol adllls
5 oeade S o8I Jbo Sl LaS el b and s
s S 0 Cogan 4= Y- OTY et i = b
el 0 (S pske ol iast plol Slitens Loy O
S s Ghayas 5 Sl e O i 5l

..,U)\JJA r)’u‘«‘ ot S i Kl L;.LJA}}: o glre

[1] Appenzeller-Herzog C, Hall MN. Bidirectional
crosstalk between endoplasmic reticulum stress
and mTOR signaling. Trends Cell Biol 2012;
22(5): 274-82.

[2] Bathaie SZ, Mousavi SZ. New applications and
mechanisms of action of saffron and its
important ingredients. Crit Rev Food Sci Nutr
2010; 50(8): 761-86.

[3] Abdullaev F. Crocus sativus against cancer.
Arch Med Res 2003; 34(4): 354.

[4] Karpozilos A, Pavlidis N. The treatment of
cancer in Greek antiquity. Eur J Cancer 2004;
40(14): 2033-40.

[5] Schmidt M, Betti G, Hensel A. Saffron in
phytotherapy: pharmacology and clinical uses.
Wien Med Wochenschr 2007; 157(13-14): 315-9.

[6] Carey LA, Perou CM, Livasy CA, Dressler LG,
Cowan D, Conway K, Karaca G, Troester MA,
Tse CK, Edmiston S, Deming SL, Geradts J,
Cheang MC, Nielsen TO, Moorman PG, Earp
HS, Millikan RC. Race, breast cancer subtypes,

and survival in the Carolina Breast Cancer

A G ol (b el sy slaadl il

MDA- sladso 1 Jsho Com SUT s S ) o
O S 54 5Luls 05,5 Jle 3= b 51|, MB-468
Jle 05,5 Jlsd Oy oean J".ws‘}lb. 6LA<=L:-_J: A8 o Jles!
Yl (552 s MRNA claw 33 53) XBPIS sy,
5335l i UPR & s e G 3 S5l W 5o
0Ly a1 L ol yon LCBHILC3 o i3l i e
e 03 Sl Y| (el VY Oles 1) 4 5LlS
53 Ol b e 53 0pl G5 BLE ol cl (536 )
AobekiShas o Jalge ple o) Gk 5l i Sldlas

b
Study. JAMA 2006; 295(21): 2492-502.

[7] Mousavi SM, Montazeri A, Mohagheghi MA,
Jarrahi AM, Harirchi I, Najafi M, Ebrahimi M.
Breast cancer in Iran: an epidemiological
review. BreastJ 2007; 13(4): 383-91.

[8] Movahedi M1, Haghighat S, Khayamzadeh M,
Moradi A, Ghanbari-Motlagh A, Mirzaei H,
Esmail-Akbari M. Survival rate of breast cancer
based on geographical variation in iran, a
national study. Iran Red Crescent Med J 2012;
14(12): 798-804.

[91 Ron D, Walter P. Signal integration in the
endoplasmic  reticulum unfolded protein
response. Nat Rev Mol Cell Biol 2007; 8(7):
519-29.

[10] Samali A, Fitzgerald U, Deegan S, Gupta S.
Methods for monitoring endoplasmic reticulum
stress and the unfolded protein response. Int J
Cell Biol 2010; 2010: 830307.

[11] Mehrpour M, Esclatine A, Beau I, Codogno P.
Overview of macroautophagy regulation in
mammalian cells. Cell Res 2010; 20(7): 748-62.

49 Pathobiology Research, vol. 20 (2017-2018), N0. 4 £4



[12] Codogno P, Mehrpour M, Proikas-Cezanne T.
Canonical and non-canonical autophagy:
variations on a common theme of self-eating?
Nat Rev Mol Cell Biol 2011; 13(1): 7-12.

[13] Ogata M, Hino S, Saito A, Morikawa K,
Kondo S, Kanemoto S, Murakami T, Taniguchi
M, Tanii |, Yoshinaga K, Shiosaka S,
Hammarback JA, Urano F, Imaizumi K.
Autophagy is activated for cell survival after
endoplasmic reticulum stress. Mol Cell Biol
2006; 26(24): 9220-31.

[14] Bathaie SZ, Bolhassani A, Tamanoi F.
Anticancer Effect and Molecular Targets of
Saffron Carotenoids. Enzymes 2014; 36: 57-86.

[15] Ashrafi M, Bathaie SZ, Abroun S, Azizian M.
Effect of Crocin on Cell Cycle Regulators in N-
Nitroso-N-Methylurea-Induced Breast Cancer
in Rats. DNA Cell Biol 2015; 34(11): 684-91.

[16] Sun Y, Yang J, Wang LZ, Sun LR, Dong Q.
Crocin attenuates cisplatin-induced liver injury
in the mice. Hum Bxp Toxicol 2014; 33(8):
855-62.

[17] Festuccia C, Mancini A, GCravina GL,
Scarsella L, Llorens S, Alonso GL, Tatone C,
Di Cesare E, Jannini EA, Lenzi A, D'Alessandro
AM, Carmona M. Antitumor effects of saffron-
derived carotenoids in prostate cancer cell
models. Biomed Res Int 2014; 2014: 135048.

[18] Noureini SK, Wink M. Antiproliferative
effects of crocin in HepG2 cells by telomerase
inhibition and hTERT down-regulation. Asian
Pac J Cancer Prev 2012; 13(5): 2305-9.

[19] Bolhasani A, Bathaie SZ, Yavari I, Moosavi-
Movahedi AA, Ghaffari M. Separation and

Purification of Some Components of Iranian

OylSan g oul)pun wan

Saffron. Asian J Chem 2005; 17(2): 725-9.

[20] D'Alessandro AM, Mancini A, Lizzi AR, De
Simone A, Marroccella CE, Gravina GL,
Tatone C, Festuccia C. Crocus sativus stigma
extract and its major constituent crocin possess
significant antiproliferative properties against
human prostate cancer. Nutr Cancer 2013;
65(6): 930-42.

[21] Hoshyar R, Bathaie SZ, Sadeghizadeh M.
Crocin triggers the apoptosis through increasing
the Bax/Bcl-2 ratio and caspase activation in
human gastric adenocarcinoma, AGS, cells.
DNA Cell Biol 2013; 32(2): 50-7.

[22] Luo T, Qin J, Liu M, Luo J, Ding F, Wang M,
Zheng L. Astragalus polysaccharide attenuates
lipopolysaccharide-induced inflammatory
responses in microglial cells: regulation of
protein kinase B and nuclear factor-xB
signaling. Infllmm Res 2015; 64(3-4): 205-12.

[23] Bakshi HA, Hakkim FL, Sam S. Molecular
Mechanism of Crocin Induced Caspase
Mediated MCF-7 Cell Death: In Vivo Toxcity
Profiling and Ex Vivo Macrophage Activation.
Asian Pac J Cancer Prev 2016; 17(3): 1499-506.

[24] Bajbouj K, Schulze-Luehrmann J, Diermeier
S, Amin A, Schneider-Stock R. The anticancer
effect of saffron in two p53 isogenic colorectal
cancer cell lines. BMC Complementary and
Alternative Medicine 2012; 12: 69.

[25] Hetz C. The unfolded protein response:
controlling cell fate decisions under ER stress
and beyond. Nat Rev Mol Cell Biol 2012;
13(2): 89-102.

[26] Penas C, Font-Nieves M, Forés J, PetegniefV,
Planas A, Navarro X, Casas C. Autophagy, and

50 VPP Glausy oF ol ¥+ 0599 (e ) (ol ;..\:uui‘sl-bum‘gsg O«



MDA-MB-468 Aglus 03y 9 (a9 ,S bowu g3 (556 93 § caradly gadl dSuck (33 ) g gal (SN

BiP level decrease are early key events in [27] Cawley K, Deegan S, Samali A, Gupta S.
retrograde degeneration of motoneurons. Cell Assays for detecting the unfolded protein
Death Differ 2011; 18(10): 1617-27. response. Methods Enzymol 2011; 490: 31-51.

51 Pathobiology Research, vol. 20 (2017-2018), N0. 4 0y



