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Sanguinarine, a natural benzophenanthridine alkaloid, has been considered a potential therapeutic tar-
get for the treatment of cancer because it can induce apoptosis in human cancer cells; however, the
underlying mechanisms of action still remain unclear. Tumor suppressor p53 deletion or mutation is
an important reason for the resistance of colorectal cancer cells to anticancer agents. Therefore, in the
present study, the role of p53 during apoptosis induced by sanguinarine was investigated in p53wild
type (WT, p53+/+) and p53null (p53+/+) HCT116 colon carcinoma cells. Sanguinarine significantly
caused greater reductions in cell viability in HCT116 (p53+/+) cells than in HCT116 (p53-/-) cells.
Consistently, sanguinarine promoted more DNA damage and apoptosis in HCT116 (p53+/+) cells
than in HCT116 S}PSS_/ -) cells while increasing the expression of p53 and cyclin-dependent kinase in-
hibitor p21WAF1/ “™ Sanguinarine increased the activity of caspase-8 and caspase-9, which are involved
in the initiation of extrinsic and intrinsic apoptosis pathways, respectively, and it activated caspase-3,
a typical effect caspase, in HCT116 (p53+/+) cells. Sanguinarine also increased the generation of re-
active oxygen species (ROS), and the Bax/Bcl-2 ratio, while destroying the integrity of mitochondria
in HCT116 (p53+/+) cells, but not in HCT116 (p53-/-) cells. Overall, the results indicate that sangui-
narine induced p53-dependent apoptosis through ROS-mediated activation of extrinsic and intrinsic
apoptotic pathways in HCT116 colorectal cancer cells.
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Fig. 1. Comparison of survival rates by sanguinarine between
HCT116 cells (p53+/+) and HCT116 p53 null cells
(p53-/-). Cells were treated with 1 tM sanguinarine for
the indicated times. The cell viability was assessed by
an MTT assay. Each bar represents the mean + SD of
three independent experiments (*p<0.05 compared to
control; #p<0.05 compared to p53(+/+)). (B) Morpholog-
ical changes of cells were observed by a phase-contrast
microscope.
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Fig. 2. Comparison of sanguinarine-induced apoptosis between
HCT116 cells (p53+/+) and HCT116 p53 null cells
(p53-/-). Cells were treated with 1 tM sanguinarine for
48 hr. (Al) The DAPI-stained nuclei were pictured under
a fluorescence microscope (original magnification, x400).
(B) Quantitative results for the number of apoptotic cells
per 100 cells in total. Data were expressed as the mean
+ SD of three independent experiments (*p<0.05 com-
pared to control; #p<0.05 compared to p53 (+/+)).
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Fig. 3. Comparison of sanguinarine-induced DNA damage be-
tween HCT116 cells (p53+/+) and HCT116 p53 null cells
(p53-/-). After treatment with 1 uM sanguinarine for 48
hr, comet assay was performed, and representative im-
ages were captured by a fluorescence microscope (origi-
nal magnification, x400). (B) Total cell lysates from two
cell lines were prepared, and p-yH2AX and yH2AX ex-
pressions were identified by Western blot analysis using
an ECL detection system. (C) The expression of each pro-
tein was indicated as a fold change relative to the
control. Quantitative analysis of mean pixel density was
performed using the Image]® software (*p<0.05 com-
pared to control; #p<0.05 compared to p53 (+/+)).
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Fig. 4. Effect of sanguinarine on the expression of p53, p21 and
PARP in HCT116 cells (p53+/+) and HCT116 p53 null
cells (p53-/-). Cells were treated with 1 uM sanguinarine
for 48 hr, and then total cell lysates were prepared. (A
and C) Western blot analysis in HCT116 cells (p53+/+,
A) and HCT116 p53 null cells (p53-/-, C) was then per-
formed using the indicated antibodies and an ECL de-
tection system. Actin was used as an internal control.
(B) The expression of each protein in HCT116 cells
(p53+/+) was indicated as a fold change relative to the
control. Quantitative analysis of mean pixel density was
performed using the Image]® software (*p<0.05 com-
pared to control; #p<0.05 compared to p53(+/+)).
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Fig. 5. Effect of sanguinarine on the generation of ROS, express-
ion of Bcl-2 and Bax, and the loss of MMP in HCT116
cells (p53+/+) and HCT116 p53 null cells (p53-/-). Cells
were treated with 1 M sanguinarine for 30 min (A) or
48 hr (B and C). (A) The cells were incubated for 20 min
with medium containing DCF-DA. DCF fluorescence im-
ages of cells were captured by a fluorescence microscope
(original magnification, x200). Each image is representa-
tive of at least three independent experiments. (B) Whole
cell lysates of two cell lines were subjected to Western
blot analysis against Bcl-2 and Bax, and actin which was
used as an internal reference protein for normalization.
(C) The expression of each protein was indicated as a
fold change relative to the control. Quantitative analysis
of mean pixel density was performed using the Image]®
software (*p<0.05 compared to control; #p<0.05 com-
pared to p53(+/+)). (D) The cells were stained with JC-1
dye, and were then analyzed by flow cytometry, in order
to evaluate the changes in MMP. Each bar represents the
percentage of cells with JC-1 monomers (mean + SD of
triplicate determinations, *p<0.05 compared to control;
#p<0.05 compared to p53 (+/+)).
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P53(+/+)). (C) The activities of caspases were evaluated
using caspases colorimetric assay kits. The data were ex-
pressed as the mean + SD of three independent experi-
ments (*p<0.05 compared to control; #p<0.05 compared
to 53 (+/+4)).
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53S 7HA GAZE It o7 AL EHE et o
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o= DNA MJO] EHPENEH :
OW]J_Oﬂ A& sanguinarine®| «]?'?_ DNA £49 ZE7} p53

oMl Folrh Q= Ao BIH % glov32,
Hammerova et al. [18]2 & 7oA A-&H pyH2AXS| @
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Ao Mz A% AES WS s % &
& A7 A3et frArsA A4 ps3e 7H o %
ol A gek FA o] =A vEhd A2 DNA &4
Aol dee oudd.
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o By F7h7h #olgtel Bud w oy o3 @Al
p53 S EFo| A& ofA kA FdekA B2, 25]. LU £
T9] A ¥} sanguinarine®] 93 GAME | FA A F
g p21"A o) kg 2717 A A4S HCT116 24 9HH =
M ps3 o EAQ dRYe ord
A 747 sanguinarine A 2] ol wE ThF AL A E
A o= ROS Aol A4 ZRl dAE 285ts Aoz
UEbTH15, 17, 27, 55]. ROSE Al 29| A2 A AHE=
A AR FEdAAs AT dE Fo 2EAEA 483 1
Hu NAGHOE & FFY ROS 2 & AstH ~EH X~
€ sty 5408 AZAE As A2E S48
3, 54]. HCT116 27 A Z ol A = sanguinarine] ©] & A =
A = ROS Aol #qste=AE AR 43, HCT116
(p53-/-) MEZ BT+ HCT116 (p53+/+) M E A sanguinarine
Agol meh ROS Aol W S7HE AT ¥l S A 71A
sanguinarine A2 9 A E APE frol Bt
ROS7} p53 o &2 ol A= G4t A= AT, & A7 A3
v UHSAE A BE Zhang et al. [55]19] 2ot & YA H
o A E el A ROSS BA S -2 PIEZ =g o AAA
@A 7s Ao tE Aoy, #99 ROSE VIEZE
gt 715 &40 F3e 7HESATB, 41]. A MEZ
Egote] 7% £ Brkske 7P B ARl Wl o] MMP
o 24 AFE ZH3} H, & A9 Az std
sanguinarine< p53°] 44 <l 715& k= HCT116 (p53+/+)
Folzog S/, ol e 2
I sanguinarined] 93 p53 9fE4 ROSS 447 DNA
&4 2 A ZAE o] HCT116 (p53-/-) Al E ol vl3ke] HCT116
(p53+/+) AZllA A debd Al 2 dAEH.

g AZAE £ 9 A JAZ FAE Bel-2 familyol
&dte dMAS L EZEoE FHLE o] FoAE
A A MEAE 7 Z (intrinsic apoptosis pathway)e] &4 12}
ZA Z&30 11, 24]. I FoAA Baxe tEH A EAE
= AAZA Bcl-29F 22 MEAE A AAeE vl wskof
FA oz o] FUkstH W EZELoLE o] Fste] WA
2 A ZAPE AA A AR cytochrome ¢ &S 2517
Jste] MMPY &4 & 71471 H[14, 24], o] H A p53
& Bax®] 243}l 7] gTh[38, 41]. & A7 Ao 95t
H, g GAEZE o] 83 AY AFE9 23S} fFASHA
[10, 23, 30, 49, 52, 55], sanguinarine® HCT116 (p53+/+) A%
ol A Bax®] ¥ F7HAIZ W, B2 LS FAaAZ S
o, ol MMP9 243} d@o] gld. Ty HCT116
(p53-/-) MEA A& o Wiyt & o2 vulsiA #
ZE 9t ety 249 p53& 7k HCT116 A4 A Lol
Al sanguinarine Pl|EZEe ot 7|5 43 AAE WA A
AZAE A28 U5 SR LH, o] AA = p53 o
2 ROS7F 583 482 ot &S 7T 5 AUth

o

ol I

o

A8 AFE 95t sanguinarined] o F A EQ] A E
3 fFEAM WAH A2 G4 FA AA4H AZAE
2 (extrinsic apoptosis pathway)7} #4& = U5 & F
T}H10, 20, 27, 30]. AAAEY AZAE FEAA <A H
EE Az EAste £59 444 (death receptor)®l
39 2 7FE (death ligand)®] A gl T2 caspase-89] &4 3}
of 9ste] /NAHH, o] caspase-3 E -73 22 effect cas-
pased] &AE F3to PARPS X3¢ thokdt A= o 714
gl o] B E FEATHI4, 24] WE P EZEEotE T4
SEANAEE WA F2e EZELotlA AZZEE &
%4 cytochrome c7} caspase-95 434 7|1, o] 2 3t
effect caspase®] 240 FXH | MEAES TH8E T &
AEE FYETHIL, 24]. B A7 Aol o5t sanguinar-
ine> HCT116 (p53+/+) ME A caspase-8 #5+ o} Y} cas-
pase-99] &4 & FE8A 01, o} caspase-39 T4 L
PARPY] T3S FE314 T £ caspased A& A5}
T IAP familyol] &3t= @ dEo 2@ =3 ZaAZT
HebA 848 ps3e 7Hd HCTI16 ARL4A EA A sangui-
narine®l] 9|3+ A EAE o= WA A B2t oA H Frof &
Aol A #Hst Y5 & F At ¥, Zhang et al.
[55]2 sanguinarine®l] &t FA| 2 FA A o WE A E
71 AA 9 AEZAE FRoE p53 9EF ROS Aol #o
& Bg v Yk ob& 2 sanguinarined] o3 IZF #74
HHY MELFY MEAEA = caspase & &4 WA 4 ¢
A Bz A5 godstn YA [30], WFYL, AR
g FHFAEAAE ROS A EH 02 AZAEE FE3IA
T}H10, 20, 22]. 23U sanguinarine®] &gt o] p
Fold ROS &2 Q) @AAA o thgk 74121 A9 ROS
of ARl Ax f o’ 7o) AY HAste=Ad tiF
F7HQ A7 s FHo o & Ao,

AEA o R, B A7 Ao 93 sanguinarine 73
& p53< 7H HCT116 (p53+/+) ARG T A ok &4
o] 9422 =A YElNth Sanguinarine?] FU¢ T
AZAE frest 933 daAol dlon, WAz 8 oA
2 Azt A B HE AoE FHETY £ sangui-
narineol| & A ZAE f = FAoE p53 % p21" e
2 S7hsk DNA &%) diAsen, o= ROSS 44
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3 ABE FAE AEAE G5 dAfo] p53 B ROS 9 &
A YA BFHsA 4o v E & A9 2 A
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=5 AEAMZUHAM sanguinarinedl| st ZAAF FHAL p53 2|EH apoptosis T

EEEEFREECERELERRE-REEE R EEPS

A benzophenanthridine alkaloid®] 4% ¢l sanguinarine®] &3 17t FMEA A HAEZAE FEE & A
AT AAA AR TR AAA oy 7124 o V1AL e EEEET. Y IAIAl p53e

Ee 2ddols ARGAEZY A WA Y Fo ddog A&t mats, B dFdAE A
p53<& 7kl HCT116 (p53+/+) 2 p53¢] A E HCT116 (p53-/-) BALAMEE 42 & sanguinarined] 9] 3]
FEHE AZAEAA p539] g AT & A9 2o 9J8HH, sanguinarine HCT116 (p53-/-) Al
o) H8ta] HCT116 (p53+/+) A Z9] W2 S FA 24 ZTh o}&#l sanguinarineS HCT116 (p53-/-) Al
ERT HCT116 (p53+/+) M Zol A p53 2 cyclin-dependent kinase & A7 p21"A o] wr& & Z7}A) 7] A
DNA &4 2 A ZAE 9 55 F7MA 7t Sanguinarine> HCT116 (p53+/+) AIZ oA 904 2 WidA Al
ZAE O] Aol BojdtE caspase-8 B caspase-99] S FIHAF oW, AF Al A7) caspase! caspase-3
< GA A Y. 9, sanguinarine> HCT116 (p53+/+) Al Z oA Bax/Bcl-2¢] H& vl &S F7HA7]2 HEE
Zeop &S FEHUAT, HCT116 (p53-/-) A Zol A= ol 2§ o] #2HA Gyt 2842 & A7
o] A3 sanguinarined HCT116 A LA Zo|A p53 o|&Z o2 9AX 2 YA MEAEY A= F4 &
Foto] AZAES FEATS dud
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