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ABSTRACT 

	 A	 significant	 number	 of	 discrepancies	 exist	within	 the	 literature	 regarding	ALDE-
FLUOR-positive	stem	cell	populations	in	cell	lines.	We	hypothesized	that	these	inconsistencies	
resulted	from	differences	in	culture	conditions,	particularly	cell	density.	We	cultured	several	
colon	cancer	 cell	 lines	 (N=8)	 at	 high	and	 low	densities	 and	 found	a	 significant	decrease	 in	
ALDEFLUOR-positive	cell	populations	at	high	density.	However,	we	found	no	changes	in	the	
CD166-positive	stem	cell	population,	self-renewal,	or	cell	cycle	distribution	of	cells	cultured	
at	different	densities.	Interestingly,	when	we	sorted	both	ALDEFLUOR	positive	and	negative	
populations	from	the	different	density	cultures,	we	identified	a	significant	number	of	Aldehyde	
dehydrogenase	(ALDH)	isoforms	whose	expression	was	decreased	in	ALDEFLUOR-positive	
stem	cells	cultured	at	high	density.	This	novel	finding	suggests	that	multiple	ALDH	isoforms	
contribute	to	ALDEFLUOR	activity	in	colon	cancer	stem	cells	and	decreases	in	ALDEFLU-
OR-positive	stem	cells	at	high	cell	density	are	due	to	decreased	expression	of	multiple	ALDH	
isoforms.	Thus,	designing	therapeutics	to	target	ALDEFLUOR-positive	cancer	stem	cells	may	
require	inhibition	of	multiple	ALDH	isoforms.	

KEYWORDS: ALDEFLUOR;	Cancer	stem	cells;	ALDH	isoforms;	Density.	

ABBREVIATIONS:	CSCs:	Cancer	stem	cells;	ALDH:	Aldehyde	dehydrogenase;	BAAA:	BODI-
PY-Aminoacetaldehyde;	DEAB:	Diethylaminobenzaldehyde;	ATRA:	All-Trans-Retinoic	Acid;	
ATCC:	American	Type	Culture	Collection;	FBS:	Fetal	Bovine	Serum;	HepG2:	Hepatocellular	
carcinoma;	HEK293:	Human	embryonic	kidney	cells;	DMEM:	Dulbecco’s	Modified	Eagle’s	
Medium;	EDTA:	(Ethylenedinitrilo)tetraacetic	acid;	EGF:	Epidermal	Growth	Factor;	CTCR:	
Center	for	Translational	Cancer	Research;	RNA:	Ribonucleic	acid;	DNA:	Deoxyribonucleic	
acid;	DNAse:	Deoxyribonuclease;	TECAN:	Tecan	Group	Ltd.;	PCR:	Polymerase	Chain	Reac-
tion.	

INTRODUCTION 

	 With	the	increased	use	of	the	ALDEFLUOR	assay	to	isolate	and	identify	Cancer	Stem	
Cells	(CSCs),	we	noticed	different	published	papers	reported	different	percent	ALDEFLUOR-
positive	cells	for	the	same	cancer	cell	lines.1-4	This	difference	was	also	seen	in	our	own	cell	
cultures	especially	when	the	colon	cancer	cell	lines	were	grown	in	low	or	high	densities.	We	
hypothesized	that	the	variation	in	ALDEFLUOR	results	was	due	to	cultures	being	grown	at	dif-
ferent	densities	and	that	ALDEFLUOR-positive	stem	cell	populations	might	express	different	
Aldehyde	dehydrogenase	(ALDH)	isoforms	dependent	on	culture	density.	There	is	a	paucity	
of	data	reported	on	cell	culture	density	in	papers	giving	results	on	the	number	of	CSCs	using	
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the	ALDEFLUOR	assay.	However,	there	are	a	few	articles	and	
reviews	that	acknowledge	that	gene	expression	can	change	with	
respect	to	the	changing	characteristics	of	stem	cells	observed	at	
different	culture	densities.5-9

	 Aldehyde	dehydrogenase	(ALDH)	is	part	of	a	family	of	
enzymes	localized	in	the	cytoplasm,	mitochondria	or	nucleus.10 
In	recent	years,	ALDH	has	been	used	to	identify	CSCs	in	vari-
ous	solid	tumors	and	it	has	become	a	universal	marker	for	CSCs	
in	epithelial	cancers.10,11	The	ALDEFLUOR	assay	allows	for	the	
isolation	of	viable	CSCs	from	patient	tissue	samples	and	for	fur-
ther	analysis	 involving	 in vitro and in vivo	 studies.	This	assay	
measures	the	ALDH	enzyme	activity	via	cleavage	of	a	fluores-
cent	substrate,	BODIPY-Aminoacetaldehyde	(BAAA),	that	con-
sists	of	 an	aminoacetaldehyde	moiety	bonded	 to	 the	BODIPY	
fluorochrome.12	To	measure	the	exact	percent	of	cells	with	high	
ALDH	activity,	an	ALDH	inhibitor,	Diethylaminobenzaldehyde	
(DEAB),	is	used	as	a	control.	

	 There	 are	 19	 known	 isoforms	 of	ALDH	 and	 several	
have	 been	 implicated	 in	 different	 types	 of	 cancers.	 Isoform	
expression	 is	 cell	 and	 tissue	 type	dependent.	 In	breast	 cancer,	
ALDH1,	ALDH1A1,	1A3,	and	3A1	have	all	been	identified	and	
correlated	 with	 aggression,	 progression,	 or	 poor	 survival.13-16 
ALDH1A3	has	also	been	identified	as	the	main	isoform	respon-
sible	for	ALDEFLUOR	activity	in	breast	cancer	cells.17	In	ovar-
ian	cancer,	ALDH1A1	overexpression	was	tumor-type	specific.	
Overexpression	of	isoforms	1A3,	3A2	and	7A1	in	ovarian	cancer	
appear	to	be	a	more	consistent	finding.18	ALDH7A1	overexpres-
sion	is	reported	to	contribute	to	metastasis	in	prostate	cancer.19 
Overexpression	of	ALDH3A1	has	also	been	identified	in	pros-
tate	cancer	and	hepatocellular	carcinoma.	In	colon,	ALDH1B1	
was	identified	as	a	potential	CSC	biomarker	in	patient	samples.20 
Particularly	in	colon,	a	pan-ALDH1	antibody	has	been	used	to	
identify	expression	patterns.	Expression	of	 the	ALDH1	family	
in	colon	cancer	cell	lines	and	patient	samples	have	been	utilized	
by	several	lab	groups	to	identify	and	isolate	CSCs.2,11,21,22	While	
many	isoforms	have	been	identified	as	biomarkers	and	indica-
tors	of	tumorigenicity	and	cancer	progression,	several	other	iso-
forms	still	remain	to	be	investigated.	

	 Each	of	the	different	ALDH	isoforms	has	a	particular	
specificity	for	different	substrates	linked	to	their	role	in	cellular	
function.	For	example,	ALDH1A1,	ALDH1A2,	ALDH1A3	and	
ALDH8A1	have	been	linked	to	retinoic	acid	cell	signaling	via 
retinoic	acid	production	due	to	the	oxidation	of	All-Trans-Reti-
noic	Acid	(ATRA)	and	9-cis	retinoic	acid.23	The	other	isoforms	
are	not	directly	related	to	retinoic	acid	signaling	and	instead	have	
slightly	different	roles.	Their	substrate	preferences	also	depend	
on	the	intra-cellular	location	of	the	isoforms,	as	some	isoforms	
are	mitochondrial	and	others	are	found	in	the	cytoplasm.	

	 In	 our	 current	 study,	 we	 analyzed	 colon	 cancer	 cell	
lines	cultured	in	low	and	high	densities	to	ascertain	the	effects	
of	density	on	the	ALDH	population	size	via	the	ALDEFLUOR	

assay.	Our	goal	was	 to	 investigate	how	density	 culture	 condi-
tions	contribute	to	changes	to	the	ALDEFLUOR	cell	population	
size	and	whether	or	not	this	regulation	occurs	due	to	changes	in	
a	specific	ALDH	isoform,	particularly	one	that	might	be	unique	
to	colon	cancer	cells.	To	our	knowledge,	this	is	the	first	report	of	
density	differences	observed	with	the	ALDEFLUOR	assay	and	
an	attempt	of	looking	at	the	possible	causes	behind	these	differ-
ences.	

METHODS 

Cell Culture

	 HT29	and	HCT116	cells	obtained	from	American	Type	
Culture	Collection	(ATCC;	Manassas,	VA,	USA)	were	grown	in	
monolayer	cultures	and	maintained	in:	McCoys	medium	(GIB-
CO/Life	 Technologies)	 supplemented	 with	 5%	 Fetal	 Bovine	
Serum	(FBS)	and	100	units/ml	penicillin	and	100	ug/ml	strep-
tomycin	 (P/S).	SW480	cells	 obtained	 from	ATCC	were	main-
tained	in	Leibovitz’s	15	(L-15)	medium	(GIBCO/Life	Technolo-
gies)	supplemented	with	5%	FBS	and	P/S.	LoVo,	Colo320	and	
DiFi	cells	were	maintained	in	Roswell	Park	Memorial	Institute	
(RPMI-1640)	medium	(GIBCO/Life	Technologies)	supplement-
ed	with	 5%	FBS	 and	P/S.	Hepatocellular	 carcinoma	 (HepG2)	
and	Human	embryonic	kidney	cells	 (HEK293)	cell	 lines	were	
maintained	 in	Dulbecco’s	Modified	Eagle’s	medium	(DMEM)	
supplemented	 with	 5%	 FBS	 and	 P/S.	 All	 cell	 cultures	 were	
maintained	at	37	°C	in	humidified	air	at	5%	CO2.	To	achieve	the	
desired	low	and	high	cell	densities,	cells	were	plated	at	400,000	
cells/100	mm	culture	dish	(Greiner,	VWR	International)	for	low	
density	and	800,000	cells/100	mm	dishes	for	high	density.	Cells	
were	allowed	to	grow	for	3-5	days	until	a	confluency	of	30-40%	
was	achieved	for	low	density	and	70-80%	was	achieved	for	high	
density.	Culture	medium	for	all	cell	lines	was	changed	every	48	
hours.	Cell	cultures	never	reached	full	confluency	at	the	time	of	
analysis.	All	 experiments	 in	 this	 study	were	 conducted	within	
ten	passages.	

ALDEFLUOR Assay

	 Protocol	was	 followed	according	 to	 the	manufacturer	
(STEMCELL	Technologies).	Briefly,	cells	were	grown	to	80%	
confluence	and	 lifted	using	0.25%	Trypsin-EDTA	(Fisher	Sci-
entific).	Cells	were	spun	for	five	minutes	to	pellet	and	washed	
once	with	PBS.	Cells	were	resuspended	in	ALDEFLUOR	assay	
buffer	at	a	concentration	of	one	million	cells/ml.	Two	tubes	were	
labeled	as	control	and	sample.	To	the	control	 tube,	5	μl	of	 the	
DEAB	inhibitor	was	added.	To	the	sample	tube,	5	μl	of	the	acti-
vated	ALDEFLUOR	reagent	was	added,	mixed	and	immediately	
500	μl	of	 the	suspension	was	 taken	out	and	put	 in	 the	control	
tube	with	the	inhibitor.	Cells	were	incubated	for	40	minutes	at	
37	°C.	After	incubation,	cells	were	spun	for	five	minutes	to	pellet	
and	washed	once	with	ALDEFLUOR	buffer.	Cell	were	 resus-
pended	in	500	μl	ALDEFLUOR	buffer	and	passed	through	a	BD	
round	bottom	tube	with	a	50	μm	cell	strainer	(BD	Biosciences).	
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Samples	were	placed	on	ice	and	covered	from	light	until	ready	
for	analysis	on	the	BD	FACSAria	II	Flow	Cytometer.	

Flow Cytometry 

	 All	cells	were	grown	to	 the	appropriate	 low	and	high	
culture	densities	and	lifted	using	an	(Ethylenedinitrilo)tetraace-
tic	acid	(EDTA)	based	solution	called	Cell	Stripper	(Fisher	Sci-
entific).	 Cells	were	 spun	 for	 five	minutes	 to	 pellet	 and	 resus-
pended	in	a	3%	BSA	blocking	solution	made	in	PBS.	Cells	were	
incubated	for	1	hour	on	ice	in	this	blocking	solution	before	5	μl	
of	CD166-PE	conjugated	antibody	(BD	Biosciences)	was	add-
ed	to	the	cells.	An	appropriate	PE	conjugated	IgG	control	(BD	
Biosciences)	was	used	at	an	equal	concentration	to	the	CD166	
antibody.	Cells	were	incubated	on	ice	for	30	minutes.	Following	
primary	antibody	and	IgG	incubation,	cells	were	washed	twice	
with	PBS,	and	then	resuspended	in	PBS.	Cell	suspensions	were	
passed	through	a	BD	round	bottom	tube	with	a	50	μm	cell	strain-
er	(BD	Biosciences).	Cell	surface	staining	was	analyzed	using	
the	BD	FACSAria	II	Flow	Cytometer.	

Colonosphere Assay

	 Cells	were	plated	at	a	cell	density	of	200	cells	per	100	
μl	of	stem	cell	media	which	is	composed	of	serum	free	DMEM/
F12	(GIBCO	Inc.)	with	the	addition	of	Epidermal	Growth	Fac-
tor	(EGF)	and	basic	Fibroblast	Growth	Factor	(bFGF)	and	B-27	
complex	without	Vitamin	A	(Life	Technologies,	Carlsbad,	CA,	
USA).	 The	 method	 and	 culture	 medium	 used	 to	 perform	 the	
colonosphere	 assay	was	 from	 a	 previously	 published	 article.24 
Ultra	low	attachment	plates	(BD	Biosciences)	were	used	for	this	
assay	and	colon	spheres	were	analyzed	for	their	size	(diameter)	
and	numbers	per	well	on	day	 ten	using	 the	10x	objective	of	a	
phase	contrast	microscope.	

Cell Cycle

	 Cells	were	plated	at	low	and	high	densities	in	100	mm	
cell	culture	dishes	and	harvested	using	trypsin.	The	cells	were	
washed	two	times	with	PBS	and	then	fixed	in	1	mL	ice	cold	70%	
ethanol.	Ethanol	was	added	dropwise	to	the	cells	while	vortex-
ing	 to	 avoid	 clumping.	Cells	were	 fixed	 for	 at	 least	 48	 hours	
before	analysis	and	stored	in	4	°C	until	ready	to	stain	with	prop-
idium	 iodide.	When	 ready	 to	 stain	and	analyze	 samples,	fixed	
cells	were	washed	twice	with	PBS	and	spun	down	at	2000	rpm	
for	 5	minutes	 each	 time.	Cells	were	 resuspended	 in	 1mL	Fx-
Cycle	 PI/RNase	 staining	 solution	 (Invitrogen)	 and	 allowed	 to	
incubate	for	15	minutes	at	room	temperature	and	covered	from	
light.	Cells	were	transferred	to	a	BD	tube	and	analyzed	on	the	
BD	FACSAria	II	Flow	Cytometer	with	the	PE	channel.	

Reverse Transcriptase-Polymerase Chain Reaction

	 Ribonucleic	 acid	 (RNA)	 was	 isolated	 from	 ALDE-
FLUOR	 positive	 and	 negative	 sorted	 cells	 that	 were	 cultured	

at	high	and	low	densities.	RNA	was	 isolated	using	 the	TRIzol	
reagent	 (Thermo	 Fisher	 Scientific)	 and	 the	 protocol	 provided	
by	 the	manufacturer.	 Briefly,	 cells	were	 pelleted	 and	 lysed	 in	
TRIzol	reagent.	After	a	brief	incubation	at	RT,	chloroform	was	
added	and	samples	were	incubated	for	2-3	minutes	at	RT.	Sam-
ples	were	centrifuged	and	the	aqueous	phase	was	removed.	RNA	
was	 precipitated	with	 isopropyl	 alcohol,	 washed	with	 ethanol	
and	resuspended	in	sterile	water.	RNA	was	Deoxyribonuclease	
(DNAse)	 treated	 with	 the	 Deoxyribonucleic	 acid	 (DNA)-free	
DNA	Removal	Kit	 (Ambion)	per	 the	manufacturer’s	protocol.	
Concentration	 of	 the	 RNA	 was	 determined	 using	 the	 Tecan	
Group	Ltd.	(TECAN)	Infinite	200	PRO	microplate	reader.	Equal	
amounts	of	RNA	were	used	 for	 the	 reverse	 transcriptase	 reac-
tion.	 Using	 the	 SuperScript	 III	 First-Strand	 Synthesis	 System	
(Life	Technologies)	and	the	provided	protocol,	complementary	
DNA	(Cdna)	was	generated.	Polymerase	Chain	Reaction	(PCR)	
was	performed	using	50	ng	cDNA	and	the	GoTaq	Green	PCR	
Mastermix	(Promega).	Primers	and	reaction	conditions	for	 the	
19	ALDH	isoforms	were	previously	published.17 PCR	products	
were	analyzed	on	a	1.5%	agarose	gel	and	imaged	on	the	Syngene	
imaging	system.
 
Statistics

	 All	statistics	were	performed	using	Student’s	t-test	us-
ing	Microsoft	 excel	 or	 a	 Paired	 t-test	 using	Graph	 Pad	 Prism	
software	analysis.

RESULTS 

	 Our	 laboratory	 observed	 significant	 variations	 in	 the	
percent	of	ALDEFLUOR	positive	cells	from	one	experiment	to	
the	next	and	between	scientist	to	scientist.	In	order	to	understand	
why	such	large	variations	occurred,	we	looked	at	several	differ-
ent	cell	lines	and	plated	them	at	different	cell	densities	(Figure	
1A).	We	found	that	when	most	cells	were	harvested	at	a	lower	
density	 (30-40%)	 they	had	 a	 higher	 percent	 of	ALDEFLUOR	
positive	 cells.	 However,	 when	 the	 cells	 were	 harvested	 at	 a	
higher	density	(70-80%),	but	not	confluent,	the	percent	ALDE-
FLUOR	activity	was	much	lower	(Figure	1B).	This	difference	
between	 the	 percent	ALDEFLUOR	 positive	 cells	 in	 low	 and	
high	density	was	statistically	significant	in	6	of	the	8	cell	lines	
(Figure	 1C).	The	DiFi	 and	HCT116	 did	 show	 the	 same	 trend	
with	decreased	ALDEFLUOR	activity	in	high	density	cultures,	
but	they	did	not	reach	a	statistically	significant	difference	in	the	
percent	ALDEFLUOR	positive	cells	between	the	two	cell	densi-
ties	(Figure	1C).	

	 While	 the	ALDEFLUOR	 assay	 is	 a	 commonly	 used	
method	to	identify	and	isolate	stem	cells,	another	marker	often	
used	to	identify	colonic	stem	cells	 is	CD166.	To	investigate	if	
the	changes	we	see	in	ALDEFLUOR	activity	at	different	densi-
ties	 correlates	with	 changes	 in	 the	 stem	cell	 population	 based	
on	another	marker,	we	evaluated	the	percent	of	CD166	positive	
cells	in	three	cell	lines	at	low	and	high	densities.	In	the	three	cell	
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lines	we	studied,	none	of	them	showed	differences	in	CD166	ex-
pression	with	cell	density	(Figure	1D).	To	further	assess	changes	
in	the	stem	cell	characteristics	based	on	density	differences,	we	
performed	a	colonosphere	assay	 for	 self-renewal	ability.	Cells	
were	cultured	under	the	conditions	that	yield	high	or	low	den-
sity,	 and	at	 that	point,	 the	 same	number	of	 cells	derived	 from	
each	culture	condition	was	dissociated	and	plated	for	the	sphere	
formation	assay.	After	10	days,	there	was	no	change	in	the	num-
ber	or	sizes	of	the	spheres	formed	from	either	condition	(Figure	
1E).	This	indicates	that	whatever	changes	are	occurring	are	cul-
ture	dependent	and	when	cells	are	removed	from	these	culturing	
conditions,	they	do	not	retain	the	changes	in	the	ALDH-positive	
stem	cell	population.	

	 The	progression	of	 cells	 through	 the	 cell	 cycle	 could	
possibility	explain	the	decreased	number	of	ALDEFLUOR	posi-
tive	cells	at	high	density.	Stem	cells	are	believed	to	have	slow	
cycling	times	as	compared	to	other	cell	 types	found	in	the	co-
lonic	epithelium.	 If	 the	higher	ALDEFLUOR	positive	popula-
tion	observed	at	low	density	is	a	result	of	increased	number	of	

stem	cells,	then	fewer	cells	present	in	S	phase	would	correlate	
with	this	finding.	However,	at	high	density,	there	is	no	substan-
tial	change	in	the	percent	of	cells	at	any	of	the	stages	of	the	cell	
cycle	when	compared	to	the	lower	density	cultures	(Figure	2).	

	 Based	on	 these	findings	described	 above,	we	haven’t	
seen	any	change	to	explain	why	there	is	a	higher	percentage	of	
ALDEFLUOR	positive	cells	at	lower	cell	densities.	We	then	sur-
mised	that	the	level	of	ALDH	expression	might	decrease	at	high	
density.	In	the	literature,	there	are	19	different	ALDH	isoforms	
that	have	been	identified.	Accordingly,	we	sorted	out	the	ALDE-
FLUOR	positive	and	negative	populations	from	cells	grown	in	
both	the	high	and	low	density	and	performed	PCR	for	each	of	
the	19	isoforms.	In	HT29	cells,	several	isoforms	were	decreased	
in	the	high	density	ALDEFLUOR	positive	populations	(Figure	
3).	Compared	 to	 the	 high	density	ALDH	negative	 population,	
approximately	50%	of	the	isoforms	expressed	show	a	decreased	
presence	in	the	ALDH	positive	samples.	Some	of	the	same	iso-
forms	follow	this	pattern	in	the	SW480	cells	as	well,	but	not	to	
the	extent	 as	 seen	 in	HT29	cells	 (Figure	3).	Based	on	 several	

Figure 1: Cell density affects ALDEFLUOR activity without changing other stem cell characteristics. Representative images of HT29 and SW480 cells grown ay low (30-
40%) and high (70-80%) cell densities (A). It is important to note that the cells never reach full confluence before analysis. Cells from low and high density were cultured 
and ALDEFLUOR assay was performed. Representative histograms from one set of analysis on HT29 and SW480 cells grown at low and high density (B). Different colon 
cancer cell lines were cultured at low and high densities and ALDEFLUOR was performed. The average values of percent positive cells is graphed to show significant 
changes in ALDEFLUOR positive cells at low and high densities (C). Expression of CD166 on three different colon cancer cell lines grown at low and high densities (D). 
Cells were grown at low and high density and then plated for colonosphere assay. Graph represents average number of spheres formed under each culture condition (E). 
All experiments were N=3 except ALDEFLUOR assay was performed with multiple relicates (N=10). *=p<0.05, **= p<0.01, ***=p<0.001.
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different	sets	of	cells	that	were	screened,	the	expression	of	the	
19	ALDH	isoforms	is	summarized	in	Table	1.	Our	results	indi-
cate	expression	of	several	ALDH	isoforms	in	colorectal	cancer	
becomes	decreased	at	high	density.	

DISCUSSION 

	 Large	 differences	 were	 observed	 in	 ALDEFLUOR	
activity	 between	 cell	 cultures	 grown	 in	 low	 and	 high	 densi-
ties.	We	evaluated	 several	different	 colon	cancer	 cell	 lines,	 as	
well	as	HepG2	and	HEK293	cells,	and	all	lines	except	DiFi	and	
HCT116	cells,	showed	a	significant	difference	in	ALDEFLUOR	

activity	 when	 cultured	 at	 different	 densities.	 In	 the	 literature,	
there	 are	 many	 reports	 of	 different	 percentages	 of	ALDH	 or	
ALDEFLUOR	positive	cells	in	various	colon	cancer	cell	lines.	
In	the	current	study	we	found	SW480	cells	have	an	average	of	
38%	ALDH	positive	cells	in	low	density	growth	conditions	and	
19%	ALDH	positive	cells	 in	high	density	conditions.	 In	com-
parison,	 others	 have	 cited	 the	 SW480	 cell	 population	 to	 have	
percentages	of	ALDH	positive	cells	approximately	17.5±0.07%	
which	 resemble	our	values	 for	 cultures	grown	 in	high	density	
conditions,	or	48.3%	ALDH	positive	cells	which	resemble	more	
of	our	cultures	grown	in	low	density	conditions.3	HCT116	cells	
also	had	a	wide	range	of	ALDH	positive	cells,	but	while	trending	

Figure 2: Cell cycle does not change with density. Cells were plated at low and high densities and then fixed before prop-
idium iodide analysis. HT29 (A), SW480 (B), and HCT116 (C) cells were analyzed for different phases of the cell cycle and 
there was no significant changes seen between each phase (N=3).

Figure 3: Expression of several ALDH isoforms change with density in HT29 cells. Images are repre-
sentative of RT-PCR data obtained from multiple experiments. All isoforms shown, except ALDH1A1, 
demonstrate reduced or absent expression in the high density ALDH positive samples.
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to	a	decreased	ALDEFLUOR	positivity	in	high	density	cultures,	
HCT116	 populations	 did	 not	 reach	 statistical	 significance	 in	
our	analysis.	However,	in	the	literature,	there	is	a	large	range	of	
HCT116	ALDH	positive	cells	(~4.0-49%	ALDH	positive)	with	
no	clear	mention	of	culture	density	conditions.1-4	Overall,	these	
reports	illustrate	the	discrepancy	between	the	ALDEFLUOR	as-
say	and	quantification	of	stem	cell	populations.	Our	data	herein	
shows	a	 significant	difference	between	 the	population	of	 stem	
cells	based	on	low	and	high	density	growth	cultures.	It	is	of	in-
terest	to	note	that	the	experiments	conducted	in	this	study	were	
done	within	ten	passages	and	based	on	our	results	there	was	no	
correlation	between	passage	number	and	ALDEFLUOR	activ-
ity.	Our	findings	suggest	a	standard	needs	to	be	set,	according	to	
cell	density,	when	performing	experiments	in	order	to	be	able	to	
compare	experimental	results	on	stem	cell	populations	based	on	
the	ALDEFLUOR	assay.	

	 After	discovering	this	change	in	ALDH	positive	cells	
in	 low	and	high	density	cultures,	we	wanted	 to	see	 if	 this	dif-
ference	translated	to	other	colon	cancer	stem	cell	markers.	Re-
search	 suggests	 that	 there	 are	 several	 subpopulations	 of	 stem	
cells	that	reside	within	a	tissue.25	Therefore,	we	looked	specifi-
cally	at	CD166	expression	since	it	is	known	that	this	is	another	
marker	for	identification	of	colon	cancer	stem	cells.26,27	We	see	
that	CD166	 and	ALDH1	 identify	 different	 sub-populations	 of	
colon	CSCs	as	immunostaining	marks	distinct	subsets	of	cells.	
Interestingly,	the	density-based	changes	we	noted	to	be	associat-
ed	with	ALDEFLUOR	assay	are	unique	to	the	sub-population	of	
ALDH-positive	cells,	but	not	to	the	CD166-positive	cells.	Thus,	
the	stem	cells	marked	by	high	ALDEFLUOR	activity	appear	to	
be	sensitive	to	changes	in	cell	density,	but	the	sub-population	of	
stem	cells	marked	by	CD166	expression	is	not	affected.	

	 Since	we	saw	a	significant	difference	in	ALDEFLUOR	

activity	 in	 low	and	high	density	cultures,	we	examined	sphere	
formation	 to	corroborate	 the	effect	of	density	on	 the	stem	cell	
property	 of	 self-renewal	 of	 these	 cells.	 Colonosphere	 assays	
showed	that	no	significant	change	occurred	in	sphere	formation	
or	sphere	size	with	cell	density.	

	 We	 then	measured	 the	distribution	of	cells	 in	 the	dif-
ferent	phases	of	the	cell	cycle	between	cells	grown	in	low	and	
high	cell	density.	There	was	no	statistically	significant	change	in	
the	percent	of	cells	in	each	phase	of	the	cell	cycle	with	different	
density	cultures.	It	is	important	to	note	that	the	cell	cycle	analy-
sis	shows	cells	are	still	proliferating	at	high	density.	It	could	be	
possible	 that	 the	 cells	 are	 distributed	 similarly	 throughout	 the	
cell	cycle,	but	 that	 the	 time	 it	 takes	 the	cells	 to	 transverse	 the	
cycle	is	slower.	

	 Up	to	this	point	we	had	not	seen	any	changes	between	
cell	cultures	grown	in	low	and	high	density	other	than	the	change	
in	ALDEFLUOR	assay.	To	try	to	discern	what	might	cause	these	
observed	 differences,	 we	 grew	 cells	 to	 low	 and	 high	 density	
and	then	sorted	the	ALDEFLUOR	positive	and	ALDEFLUOR	
negative	populations	to	assess	changes	in	the	ALDH	messenger	
RNA	(mRNA)	level.	Although	not	widely	published,	research-
ers	 have	 observed	 changes	 in	 gene	 expression	when	 cells	 are	
cultured	at	different	densities.8	One	group	has	looked	at	changes	
in	gene	expression	in	mesenchymal	stem	cells.	They	observed	
that	less	dense	cultures	upregulate	genes	involved	in	prolifera-
tion	and	when	the	cultures	become	more	confluent	these	genes	
are	down-regulated	and	genes	involved	in	secretion	of	cytokines	
are	upregulated.7	It	is	possible	that	this	is	similar	in	our	cultures.	
At	lower	densities,	genes	involved	in	proliferation	could	be	up-
regulated	 and	 increased	 stem	cell	 population	 size	 could	 occur	
to	maintain	 the	proliferative	capacity	of	 the	culture.	At	higher	

HT29 
cells

1A1 1A2 1A3 1B1 1L1 1L2 2 3A1 3A2 3B1 3B2 4A1 5A1 6A1 7A1 8A1 9A1 16A1 18A1

LD- +++ + +++ +++ +++ +++ +++ +++ + +++ +++ +++ +++ ++ +++

LD+ +++ +++ +++ +++ +++ ++ +++ ++ ++ +++ +++ +++ ++ +++

HD- +++ ++ +++ +++ +++ +++ +++ +++ ++ +++ ++ +++ +++ +++ +++

HD+ +++ + + + + +++ +++ + + ++ +++ +++

SW480 
cells

1A1 1A2 1A3 1B1 1L1 1L2 2 3A1 3A2 3B1 3B2 4A1 5A1 6A1 7A1 8A1 9A1 16A1 18A1

LD- +++ ++++ + +++ ++++ ++++ ++++ +++ + +++ +++ ++++ ++ +++

LD+ + ++++ ++++ + ++++ ++++ ++++ ++++ ++++ ++ ++++ ++++ ++++ ++ ++++

HD- ++ +++ +++ +++ ++ ++++ +++ +++ +++ +++ +++ +++ +++ +++ ++ +++

HD+ + + +++ ++++ + ++++ ++++ ++++ ++++ +++ +++ ++++ ++++ ++++ ++++ ++++

Table 1: Expression of ALDH isoforms in HT29 and SW480 cells. Reverse Transcriptase PCR was performed on RNA isolated from ALDH positive and negative populations sorted from high and 
low density cultures. Particularly in the HT29 cell line, some isoforms are absent in the high density ALDH positive fraction. Plus (+) signs indicate presence of a band for each replicate. Three 
replicates were performed for the HT29 cell line and four replicates were performed for the SW480 cell line.
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cells	densities,	while	still	not	yet	confluent,	cells	could	begin	the	
process	of	maturation,	thus	causing	the	stem	cell	population	size	
to	contract.

	 In	order	to	look	at	changes	at	the	mRNA	level	of	AL-
DEFLUOR	positive	and	negative	cells	grown	in	low	and	high	
cell	 densities,	 we	 profiled	 the	 entire	 spectrum	 of	ALDH	 iso-
forms.	There	 are	 19	 different	 isoforms	of	ALDH	and	not	 one	
specific	type	of	isoform	is	linked	directly	to	ALDEFLUOR	as-
say,	although	the	manufacturer	Stem	Cell	Technologies	Inc.	re-
ports	that	the	assay	was	optimized	for	the	ALDH1A1	isoform.	
However,	based	on	our	PCR	data,	there	may	be	other	isoforms	
responsible	for	the	ALDEFLUOR	activity	in	colon	cancer	stem	
cells.	 Indeed,	our	 study	demonstrated	 the	 involvement	of	 sev-
eral	 isoforms	 previously	 not	 identified	 in	 colon	 cancer.	While	
data	exists	linking	ALDH1B1	to	colon	cancer	as	a	potential	bio-
marker20	and	modulator	of	the	Wnt/β-catenin,	Notch	and	PI3K/
Akt	 signaling	 pathways,28	 few	 other	 studies	 have	 looked	 spe-
cifically	at	 this	 isoform.	Changes	 in	 the	ALDH1A3	isoform	is	
interesting,	as	this	isoform	has	been	linked	to	many	other	cancer	
types	and	often	follows	the	same	pattern	of	ALDH1A1.	In	fact,	
ALDH1A3	was	identified	as	the	dominant	isoform	in	breast	can-
cer	responsible	for	ALDEFLUOR	activity.17	In	colon	cancer	cell	
lines,	ALDH1A3	is	upregulated	in	chemoresistant	lines29	and	its	
regulation	in	chemoresistant	lines	may	be	due	to	changes	in	ex-
pression.30	While	 there	 is	no	data,	 to	our	knowledge,	 showing	
any	links	between	ALDH4A1,	ALDH6A1,	and	ALDH7A1	ex-
pression	and	colon	cancer,	our	findings	show	changes	in	expres-
sion	of	these	three	isoforms	at	the	mRNA	level.	Thus,	it	appears	
that	the	activity	detected	by	the	ALDEFLUOR	assay	may	be	at-
tributed	to	several	different	isoforms.	It	is	possible	that	identifi-
cation	of	these	other	isoforms	in	CSCs	will	allow	us	other	means	
to	distinguish	colon	CSCs	from	normal	stem	cells.	

CONCLUSION 
 
	 Our	study	discovered	a	considerable	effect	of	cell	den-
sity	on	the	degree	of	ALDH	activity	using	the	ALDEFLUOR	as-
say.	When	cells	are	cultured	in	either	low	or	high	density	there	is	
a	significant	decrease	in	ALDH	activity,	but	no	drastic	changes	
in	CD166	positive	cells,	sphere	formation,	or	cell	cycle	distri-
bution.	The	fact	that	most	of	the	cancer	cell	lines	in	this	study	
showed	a	significant	decrease	in	ALDH	activity	when	cultured	
at	high	density,	we	surmised	 there	must	be	a	difference	 in	 the	
specific	isoform	of	ALDH	that	is	expressed	or	not	expressed.	In-
deed,	our	study	identified	several	unique	ALDH	isoforms	that	are	
differentially	expressed	in	ALDH	positive	cells	that	were	grown	
at	different	densities.	Moreover,	our	findings	indicate	that	there	
are	different	ALDH	isoforms	expressed	that	have	not	been	previ-
ously	linked	to	colorectal	cancer.	Results	from	our	study	could	
open	up	new	approaches	toward	targeting	colon	CSCs.	Effective	
stem-cell-targeted	 treatments	 may	 result,	 not	 from	 the	 target-
ing	of	a	single	isoform,	but	multiple	ALDH	isoforms.	Targeting	
and	 destroying	 different	 sub-populations	 of	CSCs	may	 neces-
sitate	 inhibiting	multiple	ALDH	 isoforms,	 resulting	 in	 growth	

suppression	 and	 lowering	 the	 tumor’s	 self-renewal	 ability. 

CONFLICTS OF INTEREST 

The	authors	declare	that	have	no	conflicts	of	interests.

ACKNOWLEDGEMENTS 

The	authors	would	like	to	thank	the	Center	for	Translational	Can-
cer	Research	(CTCR)	Core	Facility	at	the	Helen	F.	Graham	Can-
cer	Center	and	Research	Institute	for	use	of	the	BD	FACSAria	II	
Flow	Cytometer.	We	would	like	to	thank	the	NIH	NIGMS	IDeA	
Program	(P20	GM103446)	grant	for	support	of	the	project,	and	
Cancer	*B*	Ware	for	the	generous	donation	to	support	colorec-
tal	cancer	research	in	the	CTCR.	Finally,	the	authors	would	like	
to	thank	Dr.	Nicholas	Petrelli	for	his	support	of	the	project	that	
was	conducted	at	the	CTCR.	

 AUTHORS CONTRIBUTIONS 

All	authors	meet	the	authorship	requirements.	LO,	BB	and	SM	
contributed	to	the	design	of	the	study.	LO	designed	and	LO	and	
SM	performed	all	of	the	in vitro	experiments	presented	in	this	
paper.	LO	supervised	all	flow	cytometry,	cell	sorting	and	analy-
sis.	LO,	SM	and	BB	wrote	and	finalized	the	manuscript.	All	au-
thors	helped	revise	the	manuscript.	All	authors	have	read,	edited	
and	approved	the	final	manuscript.	

REFERENCES

1.	Suzuki	Y,	Haraguchi	N,	Takahashi	H,	et	al.	SSEA-3	as	a	novel	
amplifying	cancer	cell	surface	marker	in	colorectal	cancers.	Int J 
Oncol.	2013;	42:	161-167.	doi:	10.3892/ijo.2012.1713 

2.	Deng	S,	Yang	X,	Lassus	H,	et	al.	Distinct	expression	levels	
and	patterns	of	stem	cell	marker,	aldehyde	dehydrogenase	iso-
form	1	(ALDH1),	in	human	epithelial	cancers.	PLoS One.	2010;	
5:	e10277.	doi:	10.1371/journal.pone.0010277 

3.	Muraro	MG,	Mele	V,	Daster	S,	et	al.	CD133+,	CD166+CD44+,	
and	CD24+CD44+	phenotypes	fail	to	reliably	identify	cell	popu-
lations	with	cancer	stem	cell	functional	features	 in	established	
human	colorectal	cancer	cell	lines.	Stem Cells Transl Med .2012;	
1:	592-603.	doi:	10.5966/sctm.2012-0003 

4.	Morita	R,	Hirohashi	Y,	 Suzuki	H,	 et	 al.	DNA	methyltrans-
ferase	1	is	essential	for	initiation	of	the	colon	cancers.	Exp Mol 
Pathol. 2011;	94:	322-329.	doi:	10.1016/j.yexmp.2012.10.004 

5.	Tsai	CC,	Chen	YJ,	Yew	TL,	et	al.	Hypoxia	inhibits	senescence	
and	maintains	mesenchymal	stem	cell	properties	through	down-
regulation	of	E2A-p21	by	HIF-TWIST.	Blood.	2011;	117:	459-
469.	doi:	10.1182/blood-2010-05-287508

6.	Fossett	E,	Khan	WS.	Optimising	human	mesenchymal	stem	

http://www.ncbi.nlm.nih.gov/pubmed/23175153
http://www.ncbi.nlm.nih.gov/pubmed/20422001
http://www.ncbi.nlm.nih.gov/pubmed/23197865
http://www.ncbi.nlm.nih.gov/pubmed/23064049
http://www.ncbi.nlm.nih.gov/pubmed/20952688


                                          CANCER STUDIES AND MOLECULAR MEDICINE

Open Journal
http://dx.doi.org/10.17140/CSMMOJ-2-113

Cancer Stud Mol Med Open J

ISSN 2377-1518

cell	numbers	 for	 clinical	 application:	 a	 literature	 review.	Stem 
Cells Int.	2012:	465259.	doi:	10.1155/2012/465259
 
7.	Kim	DS,	Lee	MW,	Yoo	KH,	et	al.	Gene	expression	profiles	
of	 human	 adipose	 tissue-derived	mesenchymal	 stem	 cells	 are	
modified	by	 cell	 culture	 density.	PLoS One.	 2014;	 9:	 e83363.	
doi:	10.1371/journal.pone.0083363
 
8.	Lee	MW,	Kim	DS,	Yoo	KH,	et	al.	Human	bone	marrow-de-
rived	mesenchymal	stem	cell	gene	expression	patterns	vary	with	
culture	conditions.	Blood Res. 2013;	48:	107-114.	doi:	10.5045/
br.2013.48.2.107
 
9.	 Haack-Sorensen	 M,	 Hansen	 SK,	 Hansen	 L,	 et	 al.	 Mesen-
chymal	stromal	cell	phenotype	is	not	influenced	by	confluence	
during	 culture	 expansion.	Stem Cell Rev.	 2013;	 9:	 44-58.	 doi:	
10.1007/s12015-012-9386-3
 
10.	Marcato	P,	Dean	CA,	Giacomantonio	CA,	Lee	PW.	Alde-
hyde	dehydrogenase:	its	role	as	a	cancer	stem	cell	marker	comes	
down	to	the	specific	isoform.	Cell Cycle.	2011;	10:	1378-1384.	

11.	Shenoy	A,	Butterworth	E,	Huang	EH.	ALDH	as	a	marker	for	
enriching	tumorigenic	human	colonic	stem	cells.	Methods Mol 
Biol.	2012;	916:	373-385.	doi:	10.1007/978-1-61779-980-8_27
 
12.	 Storms	 RW,	 Trujillo	AP,	 Springer	 JB,	 et	 al.	 Isolation	 of	
primitive	human	hematopoietic	progenitors	on	the	basis	of	alde-
hyde	dehydrogenase	activity.	Proc Natl Acad Sci USA.	1999;	96:	
9118-9123.	doi:	10.1073/pnas.96.16.9118

13.	Opdenaker	LM,	Arnold	KM,	Pohlig	RT,	Padmanabhan	JS,	
Flynn	 DC,	 Sims-Mourtada	 J.	 Immunohistochemical	 analysis	
of	aldehyde	dehydrogenase	isoforms	and	their	association	with	
estrogen-receptor	status	and	disease	progression	in	breast	can-
cer.	Breast Cancer (Dove Med Press).	 2014;	 6:	 205-209.	 doi:	
10.2147/BCTT.S73674
 
14.	Woodward	WA,	Krishnamurthy	S,	Lodhi	A,	et	al.	Aldehyde	
dehydrogenase1	 immunohistochemical	 staining	 in	 primary	
breast	cancer	cells	independently	predicted	overall	survival	but	
did	not	correlate	with	the	presence	of	circulating	or	disseminated	
tumors	cells. J Cancer.	2014;	5:	360-367.	doi:	10.7150/jca.7885
 
15.	Currie	MJ,	Beardsley	BE,	Harris	GC,	et	al.	 Immunohisto-
chemical	analysis	of	cancer	stem	cell	markers	in	invasive	breast	
carcinoma	 and	 associated	 ductal	 carcinoma	 in	 situ:	 relation-
ships	with	markers	of	tumor	hypoxia	and	microvascularity.	Hum 
Pathol. 2013;	44:	402-411.	doi:	10.1016/j.humpath.2012.06.004
 
16.	Morimoto	K,	Kim	SJ,	Tanei	T,	et	al.	Stem	cell	marker	alde-
hyde	dehydrogenase	1-positive	breast	cancers	are	characterized	
by	negative	estrogen	receptor,	positive	human	epidermal	growth	
factor	 receptor	 type	2,	 and	high	Ki67	expression.	Cancer Sci. 

2009;	100:	1062-1068.	doi:	10.1111/j.1349-7006.2009.01151.x

17.	Marcato	P,	Dean	CA,	Pan	D,	et	al.	Aldehyde	dehydrogenase	
activity	of	breast	cancer	stem	cells	is	primarily	due	to	isoform	
ALDH1A3	and	its	expression	is	predictive	of	metastasis.	Stem 
Cells.	2011;	29:	32-45.	doi:	10.1002/stem.563
 
18.	Saw	YT,	Yang	J,	Ng	SK,	et	al.	Characterization	of	aldehyde	
dehydrogenase	 isozymes	 in	 ovarian	 cancer	 tissues	 and	 sphere	
cultures.	BMC Cancer.	2012;	12:	329.	doi:	10.1186/1471-2407-
12-329
 
19.	van	den	Hoogen	C,	van	der	Horst	G,	Cheung	H,	Buijs	JT,	
Pelger	RC,	van	der	Pluijm	G.	The	aldehyde	dehydrogenase	en-
zyme	7A1	is	functionally	involved	in	prostate	cancer	bone	me-
tastasis.	Clin Exp Metastasis.	2012;	28:	615-625.	doi:	10.1007/
s10585-011-9395-7
 
20.	Chen	Y,	Orlicky	DJ,	Matsumoto	A,	Singh	S,	Thompson	DC,	
Vasiliou	V.	Aldehyde	dehydrogenase	1B1	(ALDH1B1)	is	a	po-
tential	biomarker	for	human	colon	cancer.	Biochem Biophys Res 
Commun.	2011;	405:	173-179.	doi:	10.1016/j.bbrc.2011.01.002
 
21.	Huang	EH,	Hynes	MJ,	Zhang	T,	et	al.	Aldehyde	dehydroge-
nase	1	is	a	marker	for	normal	and	malignant	human	colonic	stem	
cells	 (SC)	and	 tracks	SC	overpopulation	during	colon	 tumori-
genesis.	Cancer Res.	2009;	69:	3382-3389.	doi:	10.1158/0008-
5472.CAN-08-4418
 
22.	Vogler	T,	Kriegl	L,	Horst	D,	et	al.	The	expression	pattern	of	
aldehyde	dehydrogenase	1	(ALDH1)	is	an	independent	prognos-
tic	marker	for	low	survival	in	colorectal	tumors.	Exp Mol Pathol.	
2012;	92:	111-117.	doi:	10.1016/j.yexmp.2011.10.010
 
23.	Ma	I,	Allan	AL.	The	role	of	human	aldehyde	dehydrogenase	
in	normal	and	cancer	stem	cells.	Stem Cell Rev.	2011;	7:	292-
306.	doi:	10.1007/s12015-010-9208-4
 
24.	Kanwar	SS,	Yu	Y,	Nautiyal	J,	Patel	BB,	Majumdar	AP.	The	
Wnt/beta-catenin	pathway	regulates	growth	and	maintenance	of	
colonospheres.	Mol Cancer.	 2012;	 9:	 212.	 doi:	 10.1186/1476-
4598-9-212
 
25.	Opdenaker	LM	FJ,	Boman	BM.	Stem	Cells	and	Cancer:	A	
Paradigm	Shift.	.	In:	Siegel	EB.	World	Stem	Cell	Reported.	Wel-
lington,	FL:	Genetics	Policy	Institute,	2009:	90-95.

26.	Lugli	A,	Iezzi	G,	Hostettler	I,	et	al.	Prognostic	impact	of	the	
expression	of	putative	cancer	stem	cell	markers	CD133,	CD166,	
CD44s,	EpCAM,	and	ALDH1	in	colorectal	cancer.	Br J Cancer. 
103:	382-390.	doi:	10.1038/sj.bjc.6605762
 
27.	 Dalerba	 P,	 Dylla	 SJ,	 Park	 IK,	 et	 al.	 Phenotypic	 charac-
terization	 of	 human	 colorectal	 cancer	 stem	 cells.	 Proc Natl 

Page 94

http://www.hindawi.com/journals/sci/2012/465259/
http://www.ncbi.nlm.nih.gov/pubmed/24400072
http://www.ncbi.nlm.nih.gov/pubmed/23826579
http://www.ncbi.nlm.nih.gov/pubmed/23826579
http://www.ncbi.nlm.nih.gov/pubmed/22644809
http://www.ncbi.nlm.nih.gov/pubmed/22914954
http://www.pnas.org/content/96/16/9118.long
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4270298/
http://www.ncbi.nlm.nih.gov/pubmed/24799954
http://www.ncbi.nlm.nih.gov/pubmed/23036368
http://www.ncbi.nlm.nih.gov/pubmed/19385968
http://www.ncbi.nlm.nih.gov/pubmed/21280157
http://www.biomedcentral.com/1471-2407/12/329
http://www.biomedcentral.com/1471-2407/12/329
http://www.ncbi.nlm.nih.gov/pubmed/21647815
http://www.ncbi.nlm.nih.gov/pubmed/21647815
http://www.ncbi.nlm.nih.gov/pubmed/21216231
http://www.ncbi.nlm.nih.gov/pubmed/19336570
http://www.ncbi.nlm.nih.gov/pubmed/19336570
http://www.ncbi.nlm.nih.gov/pubmed/22101256
http://www.ncbi.nlm.nih.gov/pubmed/21103958
http://www.ncbi.nlm.nih.gov/pubmed/20691072
http://www.ncbi.nlm.nih.gov/pubmed/20691072
http://www.ncbi.nlm.nih.gov/pubmed/20606680


                                          CANCER STUDIES AND MOLECULAR MEDICINE

Open Journal
http://dx.doi.org/10.17140/CSMMOJ-2-113

Cancer Stud Mol Med Open J

ISSN 2377-1518

Acad Sci USA.	 2007;	 104(24):	 10158-10163.	 doi:	 10.1073/
pnas.0703478104

28.	 Singh	 S,	Arcaroli	 J,	 Chen	Y,	 et	 al.	ALDH1B1	 Is	 Crucial	
for	 Colon	 Tumorigenesis	 by	 Modulating	 Wnt/beta-Catenin,	
Notch	and	PI3K/Akt	Signaling	Pathways.	PLoS One.	2015;	10:	
e0121648.	doi:	10.1371/journal.pone.0121648
 
29.	Golubovskaya	V,	O’Brien	S,	Ho	B,	et	al.	Down-regulation	
of	ALDH1A3,	CD44	or	MDR1	sensitizes	resistant	cancer	cells	
to	FAK	autophosphorylation	inhibitor	Y15.	J Cancer Res Clin 
Oncol.	2015;	141:	1613-1631.	doi:	10.1007/s00432-015-1924-3
 
30.	Chen	J,	Chen	Y,	Chen	Z.	MiR-125a/b	regulates	the	activation	
of	cancer	stem	cells	in	paclitaxel-resistant	colon	cancer.	Cancer 
Invest.	2013;	31:	17-23.	doi:	10.3109/07357907.2012.743557 

Page 95

http://www.pnas.org/content/104/24/10158.long
http://www.pnas.org/content/104/24/10158.long
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4423958/
http://www.ncbi.nlm.nih.gov/pubmed/25656374
http://www.ncbi.nlm.nih.gov/pubmed/23327190

