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Objective(s):	The	colorectal	cancer	stem	cells	(CSCs)	with	the	CD133+	phenotype	are	a	rare	fraction	of	
cancer	 cells	 with	 the	 ability	 of	 self‐renewal,	 unlimited	 proliferation	 and	 resistance	 to	 treatment.	
Quercetin	 has	 anticancer	 effects	 with	 the	 advantage	 of	 exhibiting	 low	 side	 effects.	 Therefore,	 we	
evaluated	 the	 anticancer	 effects	 of	 quercetin	 and	 doxorubicin	 (Dox)	 in	 HT29	 cancer	 cells	 and	 its	
isolated	CD133+	CSCs.		
Materials and Methods:	The	CSCs	from	HT29	cells	were	isolated	using	CD133	antibody	conjugated	to	
magnetic	beads	by	MACS.	Anticancer	effects	of	quercetin	and	Dox	alone	and	in	combination	on	HT29	
cells	and	CSCs	were	evaluated	using	MTT	cytotoxicity	assay	and	flow	cytometry	analysis	of	cell	cycle	
distribution	and	apoptosis	induction.		
Results:	 The	 CD133+	 CSCs	 comprised	 about	 10%	 of	 HT29	 cells.	 Quercetin	 and	 Dox	 alone	 and	 in	
combination	inhibited	cell	proliferation	and	induced	apoptosis	in	HT29	cells	and	to	a	lesser	extent	in	
CSCs.	Quercetin	enhanced	cytotoxicity	and	apoptosis	induction	of	Dox	at	low	concentration	in	both	cell	
populations.	Quercetin	and	Dox	and	their	combination	induced	G2/M	arrest	in	the	HT29	cells	and	to	a	
lesser	extent	in	CSCs.	
Conclusion:	The	CSCs	were	a	minor	population	with	a	significantly	high	level	of	drug	resistance	within	
the	HT29	 cancer	 cells.	Quercetin	 alone	exhibited	 significant	 cytotoxic	 effects	on	HT29	 cells	 and	also	
increased	cytoxicity	of	Dox	in	combination	therapy.	Altogether,	our	data	showed	that	adding	quercetin	
to	Dox	chemotherapy	is	an	effective	strategy	for	treatment	of	both	CSCs	and	bulk	tumor	cells.	
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Introduction	
Colorectal	 cancer	 is	 the	 third	 most	 prevalent	

cancer	 and	 the	 second	 cause	 of	 malignancy‐related	
death	due	 to	 therapy	resistance	 (1,	2).	According	 to	
the	 Iranian	 Annual	 National	 Cancer	 Registration	
Report,	colorectal	cancer	is	the	fifth	prevalent	cancer	
in	 Iranian	men	 and	 the	 third	 in	 Iranian	women	 (3).	
Despite	 increasing	 knowledge	 of	 tumor	biology,	 the	
efficacy	of	 treatments	 for	colon	cancer	has	not	been	
remarkably	 improved.	 Accumulating	 evidence	
confirms	 that	 cancer	 stem	 cells	 (CSCs)	 may	 play															
an	 essential	 role	 in	 the	 relapse,	 progression	 and	
metastasis	 of	 colon	 cancer	 (4).	 Based	 on	 the	 CSC	
theory,	 solid	 tumors	 are	 preserved	 exclusively	 by													
a	 minor	 fraction	 of	 cancer	 cells	 with	 stem																											
cell	 properties	 (5).	 The	 CSC	 model	 suggests	 that	

malignancies	emanate	from	a	rare	fraction	of	cancer	
cells	 that	 have	 the	 ability	 for	 initiating,	 progression	
and	 sustaining	 tumor	 growth	 (2).	 It	 has	 been	 well	
hypothesized	 that	 CSCs	 are	 not	 only	 the	 origin	 of	
tumor	 formation	 but	 are	 capable	 of	 tumor	
progression,	 resistance	 to	 therapy,	 metastasis	 and	
tumor	recurrence	(6‐8).	

Stem	 cells	 can	 be	 described	 by	 two	 main	
properties:	the	ability	to	self‐renew	and	the	potential	
to	produce	all	of	the	differentiated	cells	of	the	tissue	
of	origin	 (multipotency)	 (9).	The	CSCs	show	several	
hallmarks	of	normal	stem	cells.	Unlike	the	extremely	
regulated	differentiation	and	self‐renewal	of	normal	
stem	 cells,	 it	 has	 been	 proposed	 that	 CSCs	 show	
abnormal	 differentiation	 and	 uncontrolled	 self‐
renewal.	In	addition,	CSCs	can	metastasize	to	distant	
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tissues	 and	 are	 more	 resistant	 to	 apoptotic	 stimuli	
and	conventional	chemotherapeutic	agents	(10,	11).	
CSCs	 are	 identified	 by	 expressing	 specific	 surface	
markers	 in	 different	 cancer	 cells.	 In	 the	 colorectal	
cancer	 cells,	 these	 markers	 include	 CD133,	 CD44,	
THY1,	 epithelial	 cell	 adhesion	 molecule	 (EpCAM),	
ATP‐binding	 cassette	 B5	 (ABCB5),	 and	 aldehyde	
dehydrogenase	1	(ALDH1)	(10,	12).	The	cell	surface	
marker	CD133	 is	 a	well	 accepted	 colon	CSC	marker	
(13).	It	has	been	demonstrated	that	the	CD133+	cells	
show	 remarkably	 higher	 tumorigenicity	 in	
NOD/SCID	 mice	 compared	 to	 CD133−	 cells	 (14).	
Some	studies	demonstrated	that	CD133+	cancer	cells	
are	 responsible	 for	 tumor	 initiation,	 resistance	 to	
anticancer	 chemotherapy	 and	 have	 stem‐cell‐like	
properties,	such	as	differentiation	to	other	cells	and	
ability	to	form	colonies	(15).	

Recently,	 flavonoids	 received	 high	 attention																	
for	 their	 potential	 chemotherapeutic	 and	 chemo‐
preventative	 properties.	 The	 natural	 product	
quercetin	 (3,5,7,30,40‐pentahydroxyflavone)	 is	 a	
flavonoid	 found	 abundantly	 in	 different	 plants	
including	seeds,	fruits,	vegetables,	nuts,	tea,	and	olive	
oil,	and		hence	it	is	extensively	present	in	human	diet	
(16).	 Quercetin	 has	 antioxidative,	 anti‐allergic,	 anti‐
inflammatory,	anti‐viral,	and	vasodilating	properties,	
and	 it	has	been	suggested	 that	 it	 is	a	potential	anti‐
cancer	 agent	with	 the	 advantage	 of	 low	 side	 effects	
(17).	 It	 has	 been	 also	 proposed	 that	 quercetin	 can	
induce	 cytotoxic	 effects	 by	 antioxidative	 activity,	
inhibition	 of	 cell	 proliferation	 and	 induction	 of	
apoptosis	 in	 various	 human	 cancers	 such	 as	 HL60	
leukemia	 cells,	 liver,	 lung,	 colon,	 and	 breast	 cancer	
cell	 lines	 (18).	 Quercetin	 cytotoxic	 effects	 can	 be	
described	 by	 different	 molecular	 mechanisms	
including	cell	cycle	arrest	at	G2/M	or	G0/G1	phases	
and	induction	of	caspase‐mediated	apoptosis,	down‐
regulation	 of	 oncogenes,	 up‐regulation	 of	 cell	 cycle	
control	 proteins,	 modification	 of	 cellular	 signal	
transduction	 pathways,	 which	 affect	 the	 anti‐
apoptotic	 and	 pro‐apoptotic	 genes	 and	 cell	 survival	
or	 cell	 proliferation	 (AKt	 and	 MAPKs)	 processes	 in	
several	 cancer	 cell	 models	 (19‐21).	 Quercetin	
induces	 apoptosis	 through	DNA	 fragmentation,	 pro‐
apoptotic	 Bax	 up‐regulation,	 anti‐apoptotic	 Bcl‐2	
post‐translational	 modification,	 caspase‐9	 and	
caspase‐3	activation	(22,	23).	

Interestingly,	 quercetin	 can	 act	 as	 an	 efflux	 pump	
inhibitor.	It	has	been	demonstrated	that	quercetin	can	
increase	 the	 bioavailability	 of	 drugs	 by	 competitively	
inhibiting	 BCRP,	 P‐gp,	 MRP1,	 and	 the	 metabolizing	
enzyme	CYP3A4	(18).	Quercetin	can	reduce	BCRP	and	
P‐gp	expression	and	their	activity	in	a	dose‐dependent	
manner	 (17).	 Thus,	 quercetin	 co‐administration	 with	
conventional	 chemotherapeutic	 agents	 may	 exert	
better	anticancer	effects	at	nontoxic	 concentrations	of	
quercetin	(18).	Furthermore,	doxorubicin	is	one	of	the	
most	frequently	used	drugs	in	chemotherapy	regimens	

for	treatment	of	a	variety	of	human	cancers.	It	has	been	
proposed	 that	 co‐administration	 of	 quercetin	 with	
doxorubicin	 may	 affect	 activity	 and	 toxicity	 of	
doxorubicin	in	cancer	therapy	(17).	

Therefore,	considering	the	 importance	of	CSCs	and	
necessity	to	target	this	fraction	of	tumor	cells,	the	main	
aim	of	this	study	was	to	evaluate	the	effects	of	quercetin	
alone	 or	 in	 combination	 with	 doxorubicin	 on	 cellular	
proliferation,	 cell	 cycle	 distribution	 and	 apoptosis	
induction	 of	 colorectal	 cancer	 HT29	 cells	 and	 its	
isolated	CD133+	CSCs.	
	

Materials	and	Methods		
Materials	

RPMI	1640	and	FBS	were	purchased	from	Biosera	
(UK).	 Pen‐strep	 and	 trypsin‐	 EDTA	were	 purchased	
from	Gibco	(UK).	MTT	(3‐(4,	5‐dimethylthiazol‐2‐yl)‐
2,	 5‐diphenyl	 tetrazolium	 bromide),	 Propidium	
Iodide	 (PI),	 Annexin	 V‐FITC	 and	 quercetin	 were	
purchased	 from	 Sigma	 (Germany).	 DAPI	 (4,	 6‐
diamidine‐2‐phenylindole)	 and	 Nonidet	 P40	 were	
purchased	 from	 Roche	 (Germany).	 Doxorubicin	
(Dox)	was	purchased	from	Ebewe	Pharma	(Austria).	
CD133	 isolation	 kit,	 LD	 separator	 column,	 anti‐
CD133‐PE	 antibody	 were	 purchased	 from	 Miltenyi	
Biotech	GmbH	(Germany).	
	
Cells	and	cell	culture	

The	HT29	cell	 line	(purchased	from	NCBI	of	Iran	
Pasteur	 Institute),	were	grown	 in	RPMI‐1640	media	
supplemented	 with	 penicillin	 (100	 U/ml)	 and	
streptomycin	 (100	 µg/ml),	 10%	 heat‐inactivated	
fetal	bovine	serum	(FBS)	at	95%	air	and	5%	CO2	in	a	
humidified	37	̊	C	incubator.	
	
Drug	preparation	

Quercetin	 was	 initially	 solubilized	 in	 dimethyl‐
sulphoxide	 (DMSO)	 at	 a	 concentration	 of	 10	 mM,	
stored	at	4°C	and	protected	 from	the	 light.	Different	
concentrations	 of	 quercetin	 were	 then	 freshly	
prepared	in	complete	culture	medium	before	use	and	
added	 to	 the	 cells	 in	 different	 experiments.	 In														
all	experiments,	DMSO	concentration	never	exceeded	
1%,	 which	 has	 no	 effect	 on	 HT29	 cells.	 Dox																								
(20	 mg/10	 ml)	 was	 diluted	 in	 complete	 culture	
medium	freshly	before	use	and	added	to	the	cells	at	
different	concentrations.	
	

Magnetic	cell	sorting	and	flow	cytometry	
The	 CSCs	 were	 isolated	 by	magnetic	 bead	 sorting	

using	 the	 magnetic	 cell	 sorting	 system	 (MACS).	 Cells	
were	 centrifuged	 at	 300	 g	 for	 10	min,	 and	 pellet	was	
resuspended	in	0.35	ml	PBS	with	0.5%	BSA	and	2	mM	
EDTA.	 Cells	 were	 then	 incubated	 with	 a	 monoclonal	
CD133	 antibody	 conjugated	 to	 MicroBeads	 (Miltenyi	
Biotech)	for	30	min	at	4	°C.		The	CD133+	cells	were	then	
enriched	using	a	QuadroMACS	magnet	and	LS	columns	
(Miltenyi	 Biotech).	 All	 MACS	 procedures	 were
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Figure	1.	Isolation	of	CD133+	cancer	stem	cells	from	HT29	cancer	cells	by	magnetic	cell	sorting	system.	The	CD133+	CSCs	of	HT29	cancer	
cells	were	isolated	by	CD133‐magnetic	beads	using	the	Miltenyi’s	MACS.	The	parental	HT29	cancer	cells	(A)	and	its	isolated	CD133+	CSCs	
(B)	 were	 subjected	 to	 immunostaining	 with	 anti‐CD133‐PE	 antibody	 and	 analyzed	 by	 flow	 cytometry	 to	 determine	 the	 percentage	 of	
CD133+	cells	within	each	population	of	HT29	cells	

	
	

performed	 according	 to	 the	 manufacturer’s	
instructions.	The	purity	of	isolated	CD133+	cells	was	
evaluated	 by	 flow	 cytometry	 with	 specific	 anti‐
CD133‐PE	antibody.	

	
Cytotoxicity	assay	

Proliferation	 of	 HT29	 cells	 and	 isolated	 CD133+	
CSCs	 under	 various	 treatment	 conditions	 was	
evaluated	 by	 using	 the	 colorimetric	 MTT	 assay.	
Briefly,	 5000	 cells	 per	well	 were	 seeded	 in	 96‐well	
plates.	After	48	hr,	 culture	media	was	 removed	and	
the	 cells	were	 treated	with	100,	 250,	 500,	 750,	 and	
1000	 nM	 of	 Dox	 and	 25,	 50,	 75,	 and	 100	 µM	 of	
quercetin	alone	and	in	combination	at	different	time	
points	(72	and	96	hr).	Then	MTT	solution	(4	mg/ml	
in	 phosphate‐buffered	 saline	 (PBS))	 was	 added	 to	
each	well	and	incubated	for	3	hr	at	37	°C	and	5%	CO2.	
The	 insoluble	 formazan	 crystals	 were	 dissolved	 by	
adding	 DMSO	 to	 each	 well,	 and	 the	 absorbance	 of	
each	 well	 was	 read	 at	 540	 nm	 using	 a	 microplate	
reader	 (Sunrise,	 Tecan,	 Switzerland).	 The	 results	
were	presented	as	a	percentage	to	the	control	RPMI.	
The	growth	 inhibition	 rate	was	 calculated	using	 the	
following	 equation:	 inhibition	 rate	 (%)=	 (ODexp/	
ODcon)×100	 in	which	 ODexp	 and	 ODcon	 represent	 the	
optical	 densities	 of	 treated	 and	 untreated	 (RPMI)	
control	 cells,	 respectively.	 Drug	 concentration	 that	
inhibited	 cell	 proliferation	 to	 50%	 (IC50)	 in	
comparison	 to	 the	 control	 RPMI	 was	 determined	
using	 curve	 fitting	 method	 from	 at	 least	 three	
independent	 experiments	 in	 a	 quadruplicate	 format	
for	each	treatment.	

	
Cell	cycle	distribution	analysis	

DAPI	 staining	 was	 used	 to	 determine	 the	
distribution	 of	 cells	 in	 different	 phases	 of	 cell	 cycle	
by	flow	cytometry	analysis.	Briefly,	cells	were	seeded	
into	6‐well	plates	at	a	density	of	2.5×105	 cells/well.	
The	cells	were	treated	with	IC50	of	quercetin	and	Dox	
alone	 and	 in	 combination.	 Cells	 were	 collected	 by	
trypsinization	and	stained	with	DAPI	solution	at	4	°C	

for	30	min	 in	dark	 to	analyze	 cell	 cycle	distribution	
based	 on	 DNA	 content	 of	 cells	 by	 Partec	 flow	
cytometer	 using	 UV	 light.	 Data	 analysis	 was	
performed	using	FloMax	software.		

	
Apoptosis	analysis	

Apoptosis	 induction	 under	 different	 treatment	
conditions	was	determined	using	Annexin	V‐FITC	and	
PI	 dual	 staining	 and	 flow	 cytometry	 analysis.	 Briefly,	
cells	 were	 seeded	 into	 6‐well	 plates	 at	 a	 density	 of	
2.5×105	 cells/well.	The	 cells	were	 treated	with	 IC50	of	
quercetin	and	Dox	alone	and	in	combination.	Cells	were	
collected	by	trypsinization	and	stained	with	Annexin	V‐
FITC	and	PI	 for	15	min	at	4◦C	 in	dark.	Finally,	 stained	
cells	were	analyzed	for	percentage	of	apoptotic	cells	by	
Partec	flow	cytometer	and	FloMax	software.	
	
Statistical	analysis	

All	 experiments	 were	 repeated	 at	 least	 three	
times	 and	 data	 were	 presented	 as	 mean±SE.	 Data	
sets	were	examined	by	one‐way	analysis	of	variance	
(ANOVA)	followed	by	Tukey	post	hoc	test.	Significant	
difference	 between	 treatments	 in	 comparison	 to	
control	RPMI	was	denoted	by	#	for	P<0.01	and	*,	for	
P<0.001.	
	

Results	
Isolation	of	CD133+	cancer	stem	cells	by	magnetic	
cell	sorting	

HT29	cancer	stem	cells	were	identified	and	isolated	
based	on	the	expression	of	surface	marker	CD133.	Flow	
cytometry	analysis	showed	presence	of	about	10%	CSC	
population	 that	 highly	 expressed	 CD133	 in	 the	 HT29	
cancer	cells	(Figure	1A).	After	isolation	of	CD133+	CSCs	
by	MACS,	 the	purity	 of	 isolated	 CSCs	was	determined	
using	 specific	 antibody	 against	 CD133	 by	 flow	
cytometry,	which	showed	94%	purity	(Figure	1B).	
	
Cytotoxicity	of	different	 treatments	on	HT29	cancer	
cells	

The	 effects	 of	 different	 treatments	 on	 cell
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Figure	 2.	 Cytotoxic	 effects	 of	 quercetin	 and	 doxorubicin	 on	 HT29	 cancer	 cells.	 The	 HT29	 cancer	 cells	 were	 treated	 with	 different	
concentrations	 of	 Dox	 and	 	 Quer	 to	 determine	 cell	 proliferation	 using	 MTT	 assay.	 The	 results	 were	 expressed	 as	 mean±SE	 of	 three	
independent	 experiments	 in	 quadruplicate	 layout	 for	 each	 concentration.	 .	 #	 denotes	 P<0.01	 and	 *,	 P<0.001	 for	 significant	 difference	
between	treatments	in	comparison	to	control	RPMI.	Dox:	Doxorubicin;	Quer:	Quercetin	
	

	

proliferation	in	HT29	cell	line	was	determined	by	MTT	
cytotoxicity	 assay.	 Cell	 proliferation	 was	 remarkably	
decreased	following	treatment	with	Dox	or	quercetin	in	
a	concentration‐	and	time‐dependent	manner	in	HT29	
cell	line	(Figure	2).	The	IC50	for	Dox	and	quercetin	were	
determined	to	be	about	750	nM	and	75	µM	after	72	hr	
treatment	of	HT29	cells,	respectively.	
	
Effect	of	quercetin	on	cytotoxicity	of	doxorubicin	in	
HT29	cancer	cells	

The	effect	of	quercetin	(Quer)	on	cytotoxicity	of	Dox	
in	HT29	cancer	cells	was	determined	using	MTT	assay.	
Co‐treatment	of	HT29	cells	with	Quer	and	Dox	resulted	
in	 significant	 sensitization	 of	 these	 cells	 to	 Dox

	chemotherapy	 (Figure	 3).	 Quer	 at	 low	 concentration	
significantly	 reduced	 the	 IC50	 of	 Dox	 from	 750	 nM	 to	
250	 nM	 in	HT29	 cancer	 cells.	 This	 demonstrates	 that	
Quer	enhances	the	efficacy	of	Dox	treatment	and	in	turn	
reduces	 side	 effects	 of	Dox,	which	 are	usually	 seen	at	
higher	 concentrations	 of	 Dox	 in	 normal	 cells.	
comparison	 to	 parental	HT29	 cells.	 The	 IC50	 of	 Dox	
and	 Quer	 alone	 that	 were	 determined	 on	 parental	
HT29	 cancer	 cells	 showed	 18%	 and	 23%	 reduction	
in	 cell	 proliferation	 of	 CD133+	 CSCs,	 respectively.	
Importantly,	 combination	 of	 Quer	 and	 Dox	 at	 low	
concentration	 was	 more	 effective	 in	 inhibiting	 the	
CSCs	proliferation	(28%)	in	comparison	to	Quer	and	
Dox	alone.			

	

	
	
	

	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	 3.	 Effects	 of	 quercetin	 on	 doxorubicin	 cytotoxicity	 in	 HT29	 cancer	 cells.	 The	 HT29	 cells	 were	 co‐treated	 with	 different	
concentrations	 of	 Quer	 +	 Dox	 to	 determine	 cell	 proliferation	 using	 MTT	 assay.	 The	 results	 were	 expressed	 as	 mean±SE	 of	 three	
independent	experiments	in	quadruplicate	layout	for	each	concentration.	*denotes	P<0.001	for	significant	difference	between	treatments	
in	comparison	to	control	RPMI.	Dox:	Doxorubicin;	Quer:	Quercetin	
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Figure	4.	Cytotoxic	effects	of	quercetin	and	doxorubicin	on	isolated	CD133+	cancer	stem	cells.	The	isolated	CD133+	cancer	stem	cells	were	
treated	with	 IC50	of	Dox	and	Quer	alone	and	in	combination	for	72	hr	to	determine	cell	proliferation	using	MTT	assay.	The	results	were	
expressed	as	mean±SE	of	three	independent	experiments	in	quadruplicate	layout	for	each	concentration.	*denotes	P<0.001	for	significant	
difference	between	treatments	in	comparison	to	control	RPMI.	Dox:	Doxorubicin;	Quer:	Quercetin	
	
Effects	 of	 treatments	 on	 cell	 cycle	 distribution	 of	
HT29	cells	and	its	CD133+	CSCs	

In	 order	 to	 understand	 whether	 the	 growth	
inhibitory	effect	of	Quer	and	Dox	was	due	to	cell	cycle	
arrest,	 we	 evaluated	 the	 effects	 of	 treatments	 on	 cell	
cycle	 distribution	 using	 DAPI	 staining	 and	 flow	
cytometry	analysis.	In	HT29	cell	line,	55.42%	of	control	
(RPMI)	 treated	 cells	were	 in	G0/G1,	 23.55%	 in	 S	 and	
21%	 in	 G2/M	 phases	 of	 cell	 cycle	 (Figure	 5A).	 Flow	
cytometry	analysis	revealed	that	Dox	treatment	at	IC50		

induced	 accumulation	 of	 HT29	 cells	 in	 G2/M	 phase	
(60.7%)	 compared	 to	 the	 control	 cells	 (21%).	 Quer	
treatment	at	IC50	also	induced	G2/M	arrest	(60%)	in	
HT29	 cells	 almost	 the	 same	 as	 Dox	 treatment.	
Importantly,	similar	level	of	G2/M	arrest	(64%)	was	
observed	 in	HT29	cells	 treated	with	 combination	of	
Dox	 and	 Quer	 at	 much	 lower	 concentration	 than	
their	 IC50	 (Figure	 5A).	 Importantly,	 the	 pattern	 of			
cell	 cycle	 distribution	 of	 the	 isolated	 CD133+																								
CSCs	showed	significantly	higher	percentage	of	cells		

	
	
	

	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

Figure	5.	Cell	cycle	alteration	in	HT29	cell	line	and	its	isolated	CD133+	cancer	stem	cells.	The	HT29	cancer	cells	(A)	and	its	isolated	CD133+	
cancer	stem	cells	(B)	were	treated	with	Dox	and	Quer	alone	and	in	combination	for	72	hr	to	determine	cell	cycle	distribution	pattern	using	
DAPI	staining	by	flow	cytometry	analysis.	Data	are	presented	as	the	mean±SE	of	three	independent	experiments.	#	denotes	P<0.01	and	*,	
P<0.001	for	significant	difference	between	treatments	in	comparison	to	control	RPMI.	Dox:	Doxorubicin;	Quer:	Quercetin	
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Figure	6.	Apoptosis	induction	in	HT29	cell	line	and	its	isolated	CD133+	cancer	stem	cells.	The	HT29	cancer	cells	(A)	and	its	isolated	CD133+	
cancer	stem	cells	(B)	were	treated	with	Dox	and	Quer	alone	and	in	combination	for	72	hr	to	evaluate	induction	of	apoptosis	using	Annexin	
V‐FITC/PI	double‐staining	by	flow	cytometry	analysis.	The	percentage	of	early	and	late	apoptotic	cells	were	presented	for	each	treatment	
group.	 Data	 are	 presented	 as	 the	 mean±SE	 of	 three	 independent	 experiments.	 *denotes	 P<0.001	 for	 significant	 difference	 between	
treatments	in	comparison	to	control	RPMI.	Dox:	Doxorubicin;	Quer:	Quercetin	
	
	

at	 G0/G1	 (79%)	 in	 comparison	 to	 parental	 HT29	
cells	 (55%)	 in	 control	 (RPMI)	 condition	 (Figure	 5A	
and	B).	This	further	indicated	that	CSCs	were	more	in	
quiescent	 phase	 and	 therefore,	 less	 responsive	 to	
Dox	treatment	at	IC50,	which	resulted	in	significantly	
less	 accumulation	 of	 CSCs	 in	 G2/M	phase	 (33.79%)	
in	 comparison	 to	 parental	 HT29	 cells	 (60.7%).	
Similar	 results	 for	 G2/M	 arrest	 (35.96%)	 were	
observed	 following	 Quer	 treatment	 at	 IC50	 or	
combination	 of	 Dox	 and	 Quer	 (40.48%)	 at	 much	
lower	concentration	than	their	IC50	(Figure	5B).	
	
Effects	 of	 treatments	 on	 apoptosis	 induction	 in	
HT29	cells	and	its	CD133+	CSCs	

In	order	to	study	the	induction	of	apoptosis,	HT29	
cells	and	its	isolated	CD133+	CSCs	were	treated	with	
IC50	of	Dox	and	Quer	alone	and	in	combination.	Then	
cells	 were	 double‐stained	 with	 AnnexinV‐FITC	 and		
PI	 and	analyzed	by	 flow	cytometry.	Flow	cytometry	
analysis	data	were	processed	with	FloMax	 software	
to	 determine	 the	 percentage	 of	 necrotic	 (Q1:	
AnnexinV‐FITC‐/PI+),	 late	 apoptotic	 (Q2:	 AnnexinV‐
FITC+/PI+),	 viable	 (Q3:	 AnnexinV‐FITC‐/PI‐),	 and	
early	apoptotic	(Q4:	AnnexinV‐FITC+/PI‐)	cells.	The		

	
sums	 of	 percentages	 of	 early	 (Q4)	 and	 late	 (Q2)	
apoptotic	cells	in	HT29	cells	treated	with	IC50	of	Dox	
(44.98%)	 and	 Quer	 (49.7%)	 alone	 and	 in	
combination	 (56.77%)	 were	 significantly	 greater	
than	that	of	control	cells	(0.26%)	(Figure	6A).	

In	 the	 isolated	 CD133+	 CSCs,	 Dox	 (16.79%)	 and	
Quer	 (20.25%)	 alone	 and	 in	 combination	 (27.4%)	
induced	 apoptosis	 but	 at	 significantly	 lower	
percentages	 than	 that	 observed	 in	 the	 parent	HT29	
cells	(Figure	6B).	Apoptosis	data	also	confirmed	that	
the	 CSCs	 are	 more	 resistant	 to	 the	 effects	 of	
treatments	than	the	parent	HT29	cells.	

	
Discussion	

Colorectal	 cancer	 is	 the	 second	 most	 common	
cause	 of	 cancer	 related	 deaths,	 demonstrating	 that	
current	 therapies	 cannot	 eradicate	 some	 of	 cancer	
cells	effectively	(24).	The	colorectal	cancer	mortality	
rate	is	high	due	to	the	tendency	for	early	metastasis	
and	 high	 resistance	 to	 chemotherapy	 and	 radiation	
(12).	 Evidence	 indicates	 that	 CSCs	 are	 capable	 of				
self‐renewal	and	multipotent	differentiation	and	play	
an	 important	 role	 in	 colorectal	 cancer	 initiation,	
progression,	 metastasis,	 chemoresistance,	 and	
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relapse	 despite	 of	 their	 small	 quantity	 (8).	 CSCs	
possess	 inherent	 resistance	 to	 anti‐proliferative	
agents,	 a	 specification	 which	 is	 the	 main	 clinical	
challenge	 for	 complete	 eradication	 of	 cancer	 cells	
(11).	 CSCs	 are	 recognized	 by	 expression	 of	 specific	
surface	markers	such	as	the	CD133	in	the	colorectal	
cancers	(10,	12).	Data	of	present	study	showed	that	
about	 10%	 of	 HT29	 cancer	 cells	 are	 CD133+	 CSCs.	
Currently	 available	 anticancer	 drugs	 are	 mostly	
effective	against	non‐stem	cancer	cells	and	therefore,	
cancer	 research	 centers	 around	 the	 world	 have	
focused	 their	 studies	 on	 introducing	 natural	 and	
synthetic	compounds	to	target	and	eradicate	CSCs.	

Many	 studies	 have	 confirmed	 the	 presence	 of	
cytotoxic	 compounds	 in	 different	 plants	 that	 show	
potential	 anticancer	 effects	 in	 various	 cancer	 cells	
(25‐27).	Quer	is	one	of	the	important	flavonoids	that	
exert	 anti‐proliferative	 effects	 on	 cancer	 cells	
mediated	by	various	mechanisms	of	action	including	
cell	cycle	arrest	and	apoptosis	 induction,	alterations	
in	 gene	 expression	 of	 oncogenes,	 tumor	 suppressor	
genes	and	apoptosis	related	genes	such	as	Bcl‐2	and	
caspases	(28).	

In	 this	 report,	 effects	 of	 Quer	 and	 Dox	 on	
proliferation,	 cell	 cycle	 distribution	 and	 apoptosis	
induction	were	evaluated	in	human	colorectal	cancer	
HT29	cells	and	its	isolated	CD133+	CSCs.	On	the	other	
hand,	 Dox	 is	 an	 effective	 and	 commonly	 used	
anthracycline	 chemotherapeutic	 agent	 in	 different	
human	 cancers.	 The	 major	 anticancer	 activities	 of	
Dox	 are	 DNA	 intercalation,	 topoisomerase	 II	
inhibition	and	free	radical	formation	resulting	in	cell	
death	 or	 growth	 arrest	 (29).	 Results	 of	 this	 study	
indicate	 that	 Quer	 and	 Dox	 can	 decrease	
proliferation	of	HT29	cancer	cells	in	a	concentration‐	
and	 time‐dependent	 manner.	 Importantly,	 adding	
low	concentration	of	Quer	to	1/3	of	 IC50	of	Dox	was	
able	to	show	similar	or	higher	anticancer	effects	than	
IC50	 of	 either	 compound	 alone.	 This	 indicated	 that	
Quer	 can	 increase	 efficacy	 of	 Dox	 chemotherapy	 at	
much	 lower	 concentration	 that	 in	 turn	 also	 reduces	
the	 side	 effects	 associated	 with	 Dox	 chemotherapy	
on	normal	cells	at	higher	doses.	Results	of	MTT	assay	
showed	 that	 the	 IC50	 of	 Dox	 and	 Quer	 alone	 had	
significantly	 lower	 cytotoxic	 effects	 on	 the	 isolated	
CD133+	 CSCs	 in	 comparison	 to	 the	 parental	 HT29	
cancer	cells.	This	data	further	supports	the	previous	
findings	such	as	the	study	conducted	by	Eramo	et	al	
(5),	 showing	 CSCs	 are	 more	 resistant	 to	
chemotherapeutic	 agents.	 Importantly,	 combination	
treatment	 of	 Dox	 and	 Quer	 at	 much	 lower	
concentration	 than	 their	 IC50	 was	 able	 to	 exhibit	
antiproliferative	 effects	 similar	 to	 IC50	 of	 each	
treatment	 alone.	 This	 data	 also	 indicated	 that	 Quer	
can	 enhance	 anticancer	 effects	 of	 Dox	 at	 lower	
concentration,	 which	 in	 turn	 decreases	 the	 side	
effects	associated	with	Dox	on	normal	cells.			

It	 is	 currently	 well	 accepted	 that	 most	
conventional	chemotherapeutic	agents	target	rapidly	
dividing	 tumor	 cells	 and	 therefore,	 have	 minor	
effects	on	the	slow	dividing	and	quiescent	CSCs	(30).	
Furthermore,	 the	 cell	 cycle	 arrest	 followed																							
by	apoptosis	induction	in	tumor	cells	after	treatment	
with	 chemotherapeutic	 agents	 is	 the	 main															
efficient	 strategy	 to	 prevent	 the	 uncontrolled	 cell	
proliferation	 of	 cancer	 cells.	 Results	 of	 cell	 cycle	
analysis	 by	 flow	 cytometry	 in	 our	 studies	 further	
support	 that	 a	 high	 percentage	 of	 CSCs	 are	 in	 the	
G0/G1	 phase	 as	 observed	 in	 the	 isolated	 CD133+	
CSCs	 of	 the	 HT29	 colorectal	 cancer	 cells	 under	
control	 (RPMI)	 culture	 conditions.	 In	 the	 present	
study	we	examined	the	effects	of	Quer	and	Dox	alone	
or	 in	 combination	 on	 cell	 cycle	 pattern	 of	 HT29	
cancer	cells	and	its	isolated	CD133+	CSCs.	Consistent	
with	 the	 previous	 findings	 (31),	 in	 this	 study													
HT29	 cancer	 cells	 were	 mostly	 arrested	 in																			
G2/M	phase	when	treated	with	Quer	that	was	similar	
to	 the	 effects	 of	Dox	 treatment	 in	 these	 cells.	 It	 has	
been	 reported	 that	 Quer	 induces	 G2/M	 phase	
accumulation	 due	 to	 enhanced	 level	 of	 the	 cyclin	 B	
and	 decreased	 level	 of	 the	 cyclin	 E,	 cyclin	 D,	 E2F1,	
and	E2F2	(31).	In	addition,	Dox	and	Quer	alone	or	in	
combination	 induced	 G2/M	 arrest	 in	 the	 isolated	
CD133+	CSCs	but	to	a	lesser	extent	than	observed	in	
the	parental	HT29	cancer	cells.		

Furthermore,	 CSCs	 have	 been	 proposed	 to	 be	
resistant	 to	 death‐inducing	 signals	 by	 different	
mechanisms	 including	 being	 relatively	 quiescent	
(30),	 slow	 cycling	 (9),	 showing	 high	 expression	 of	
drug	 efflux	 pumps	 such	 as	 breast	 cancer	 resistance	
protein	 (BCRP)	 (32),	 showing	 high	 DNA‐repair	
capacity	 (9),	 and	 high	 expression	 of	 anti‐apoptotic	
proteins	 such	 as	Bcl2.	 In	 this	 study,	 flow	 cytometry	
analysis	 revealed	 that	 Dox	 and	 Quer	 alone	 induced	
apoptosis	 significantly	 more	 in	 the	 parental	 HT29	
cancer	 cells	 than	 in	 the	 isolated	 CD133+	 CSCs.	 The	
resistance	of	CSCs	 to	apoptosis	 can	be	 explained	by	
different	 mechanisms,	 one	 of	 the	 important	
mechanisms	 being	 dysregulation	 of	 balances	
between	anti‐	and	pro‐apoptotic	Bcl2	genes	(33‐34).	
Furthermore,	 it	 has	 been	 shown	 that	 activation	 of	
Wnt/β‐catenin	signaling	pathway	in	CSCs	can	inhibit	
apoptosis	(33).	It	is	important	to	note	that	the	results	
of	our	study	can	be	clinically	relevant:	adding	Quer	to	
low	 concentration	 of	 Dox	 (1/3	 of	 IC50)	 can	 induce	
apoptosis	to	similar	extent	as	IC50	of	each	compound	
alone	 in	 both	 parental	 HT29	 cancer	 cells	 and	 its	
isolated	CD133+	CSCs.	
	
Conclusion	

Findings	of	this	study	further	support	the	previously	
reported	data	 that	despite	CSCs	being	quantitatively	a	
minor	population	within	the	majority	of	bulk	of	tumor	
cells,	using	compounds	to	target	these	resistant	cells	is	
very	 essential	 for	 a	 successful	 cancer	 therapy.	
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Furthermore,	 accumulation	of	CSCs	at	G0/G1	phase,	 a	
quiescent	 and	 slow	 cycling	 phenotype,	 which	 is	
observed	 in	 the	 isolated	 CD133+	 CSCs	 of	 HT29	
colorectal	cancer		cells,	partly	explains	the	resistance	of	
CSCs	 to	 chemotherapy	 that	 mostly	 targets	 rapidly	
dividing	 cells.	 Quer	 can	 enhance	 the	 efficacy	 of	 low	
concentration	 of	 Dox	 chemotherapy	 in	 inhibiting	 cell	
proliferation,	inducing	cell	cycle	arrest	and	apoptosis	in	
HT29	 parental	 and	 more	 importantly	 in	 its	 CD133+	
CSCs.	 This	 effect	 of	 Quer	 is	 clinically	 very	 important	
because	 of	 reducing	 life	 threatening	 side	 effects	
associated	 with	 Dox	 chemotherapy	 at	 high	
concentration	on	normal	cells.	Results	of	this	and	other	
similar	 studies	 will	 advance	 our	 knowledge	 about	
characteristics	 of	 CSCs	 and	 natural	 or	 synthetic	
compounds	to	target	and	eradicate	both	differentiated	
cancer	cells	as	well	as	multipotent	CSCs.		
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