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Abstract	

	 Over	240,000	new	breast	cancer	cases	were	estimated	to	be	diagnosed	cases	in	2016.	

Beyond	this,	an	estimated	40,000	deaths	were	due	to	breast	cancer	last	year.	Of	these	deaths,	

over	half	are	due	to	recurrence	of	the	disease	5	or	more	years	after	initial	regression.	Despite	

this,	very	little	is	known	about	the	mechanisms	behind	cancer	dormancy	or	recurrence.		Using	a	

doxycycline	(dox)-inducible	mouse	model	capable	of	inducing	mammary	gland-specific	

expression	HER2	(a	commonly	overexpressed	oncogene	in	many	breast	tumors),	our	lab	has	

shown	that	macrophages	associate	with	tumor	legions	throughout	all	stages	of	cancer	

progression,	from	the	primary	tumor,	through	dormancy,	and	into	recurrence.	This	paper	

looked	to	elucidate	the	role	these	immune	cells	are	playing	in	promoting	tumor	survival	and	

subsequent	regrowth	by	characterizing	their	activation.	We	hypothesized	that	signaling	from	

breast	cancer	cells	causes	macrophages	to	polarize	to	their	pro-tumorigenic,	M2	state,	which	

are	anti-inflammatory	and	attenuate	adaptive	immune	responses.	Cultured	media	and	co-

culture	experiments	showed	an	upregulation	of	IL-10,	an	M2-specific	marker,	in	macrophages	

exposed	to	signaling	from	both	dormant	and	recurrent	tumor	cells.	These	results	set	the	stage	

for	further	determining	the	effects	macrophages	have	on	tumor	recurrence.	Further	research	

into	the	dynamics	between	M2	macrophages	and	dormant	cancer	cells	will	help	us	learn	about	

why	and	how	tumors	are	able	to	recur,	and	will	lead	to	more	effective	long-term	treatments	in	

the	future.	
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Background	

Over	240,000	new	breast	cancer	cases	were	estimated	to	be	diagnosed	in	2016,	making	

it	the	most	prevalent	cancer	in	terms	of	new	cases	(Siegel,	Miller	et	al.	2016).	Additionally,	40,000	

breast	cancer-related	deaths	occurred	in	2016.	Half	of	breast	cancer-related	deaths	are	due	to	

recurrence	of	 the	disease	5	or	more	 years	 after	 initially	 regression	 (Sosa	2014).	 The	 cancer’s	

ability	 to	 recur	 suggests	 the	 presence	 and	 survival	 of	 dormant	 tumor	 cells	 in	 patients	 post-

treatment.	

Clinically,	tumor	dormancy	is	the	gap	between	disappearance	of	a	primary	lesion	and	its	

following	recurrence.	Tumor	dormancy	was	first	recorded	by	Rupert	Willis	when	he	characterized	

metastasis	in	human	autopsy	samples.	Dormancy,	as	related	to	cancer,	became	further	defined	

several	decades	later	in	1954	by	Geoffery	Hadfield.	He	proposed	an	idea	of	“temporary	mitotic	

arrest,”	 and	 he	 described	 this	 non-proliferative	 state	 as	 being	 responsible	 for	 clinical	 latency	

periods	of	over	5	years	(Klein,	et	al.	2011).	 	This	 idea	was	controversial	because	the	 idea	of	a	

dormant	state	directly	opposed	the	conventional	model	of	uncontrollable	growth.	

There	are	3	major	models	of	 tumor	dormancy	 today,	which	 should	not	be	considered	

mutually	 exclusive.	 These	 are	 angiogenic	 dormancy,	 immunogenic	 dormancy,	 and	 cellular	

dormancy.	The	first	two	describe	a	state	of	equilibrium,	in	which	cancer	cells	are	proliferating	at	

an	equal	 rate	 to	 their	death.	 This	 is	 either	due	 to	 lack	of	nutrients	 (angiogenic	dormancy)	or	

cytotoxic	activity	of	the	immune	system	(immunogenic	dormancy).	Cellular	dormancy,	however,	

is	 characterized	 by	 a	 reversible,	 non-proliferating	 state	 called	 quiescence	 (Páez,	et	 al.	2012).	

Recent	research	has	shown	breast	cancer	cells	are	able	to	regulate	ERK/p38	ratios	in	order	to	
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switch	to	a	high	p38,	suppressed	growth	state	(Aguirre-Ghiso,	et	al.	2013).	Additionally,	these	

cellular	dormant	states	are	maintained	by	the	tumor’s	microenvironment.	Other	cells,	such	CD4+	

T	cells,	are	able	to	promote	immune-dependent	cell	cycle	regulation	through	excreted	cytokine	

signaling	of	TNFR1	and	IFN-γ	(Klein,	et	al.	2014)	

The	tumor	microenvironment	is	especially	important	when	considering	the	initial	onset	

of	 dormancy	 (Mantovani	 2008	 and	 Sfanos	 2012).	 Both	 major	 mechanisms	 through	 which	

dormancy	arises,	metastatic	dormancy	and	therapy-induced	dormancy,	describe	very	different	

cell-environment	 interactions.	 Metastatic	 dormancy	 involves	 disseminated	 cells	 becoming	

deposited	throughout	the	patient’s	body	and	being	deposited	in	foreign	microenvironments	that	

can	promote	a	reversible	non-proliferative	state	called	quiescence	(Aguirre-Ghiso	et	al.	2013).	

Conversely,	 therapy-induced	 dormancy	 is	 caused	 by	 treatments	 such	 as	 chemotherapy	 or	

targeted	therapies	that	change	cellular	signaling.	While	both	methods	are	not	well	understood,	

especially	little	is	known	as	to	the	mechanisms	of	therapy-induced	dormancy.	This	is	largely	due	

to	our	limited	ability	to	detect	dormant	cells	in	patients	following	therapy,	and	there	is	also	a	lack	

of	sound	mouse	models	that	recapitulate	tumor	regression,	dormancy,	and	eventual	recurrence.		

	
Figure 1. Doxycycline Inducible Her2 mouse model. A. Her2 expression as shown by luciferase in primary, 
regressed, and recurrent tumor. B. Tumor volume over time graph after dox administration, and dox removal at day 0. 
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To	 this	 end,	 our	 lab	 has	 developed	 a	 doxycycline	 (dox)-inducible	 mouse	 model	 that	

induces	 mammary	 gland-specific	 expression	 of	 HER2,	 a	 well-studied	 oncogene	 that	 is	

upregulated	in	many	breast	tumors.	Upregulation	of	HER2	causes	the	mice	to	grow	intact	primary	

breast	tumors,	as	shown	in	figure	1.A.	The	removal	of	dox	from	the	mice’s	water	after	around	

150	 days	 deinduces	 HER2	 expression,	 mimicking	 common	 targeted	 chemotherapies	 such	 as	

trastuzumab	and	lapatinib	(Tagliabue).	As	shown	in	figure	1.B,	tumors	completely	regress	over	

several	weeks.	After	120-150	days,	recurrent	HER2-independent	tumors	form.		

We	 have	 used	 this	 model	 to	 study	

tumor	microenvironments	at	various	stages	

of	 therapy-induced	 dormancy.	 Our	 lab	

conducted	an	antibody-based	cytokine	array	

in	 order	 to	 measure	 concentrations	 of	

various	 secreted	 signaling	 proteins	 present	

at	the	primary,	early	dormant,	late	dormant,	

and	recurrent	stages	of	tumor	development.	

The	 array	 showed	 concentration	 levels	 of	

CCL5,	or	RANTES,	to	be	higher	 in	dormancy	

than	in	primary	tumors	in	our	mouse	model	(figure	2A).	This	was	compelling	because	CCL5	is	a	

chemoattractant	cytokine	that	can	be	produced	by	CD8+	T	cells,	epithelial	cells,	fibroblasts,	and	

platelets	 (Appay	 et	 al.	 2001).	Additionally,	 Enzyme-linked	 immunosorbent	 assay	 (ELISA)	 data	

from	 independent	 tumor	 samples	 verified	 the	 increase	 in	 CCL5	 secretion	 in	 the	

microenvironment	 during	 dormancy	 and	 recurrence	 (figure	 2B).	 Cell	 lines	 created	 from	 the	

	
Figure 2. CCL5 expression in tumor dormancy. (A) CCL5 
expression from Mouse Cytokine Array Q1 (RayBiotech) in 
primary and early dormant tumors. (B) CCL5 protein expression 
measured via ELISA in primary, early dormant, and recurrent 
tumors from orthotopic injections. (C) CCL5 RNA expression in 
primary and recurrent cell lines. (D) Model of CCL5 expression in 
tumor progression as a recurrence specific cytokine. 
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mouse	model	and	used	in	our	in	vitro	experiments	also	show	increased	CCL5	gene	expression	

(figure	2B),	indicating	that	it	is	tumor	derived.	Recent	studies	have	shown	that	tumors	can	hijack	

normal	immune-system	chemokine	function	like	that	of	CCL5	and	its	receptor	CCR5	in	order	to	

regulate	their	microenvironments	(Aldinucci	et	al.	2014).	One	such	role	is	CCL5’s	ability	to	localize	

macrophages	to	the	tumor.		

Macrophages	have	been	shown	to	play	key	roles	in	cancer	progression	(Sica	et	al.	2008).	

They	 have	 been	 linked	 to	 cancer	 cells’	 release	 from	 dormancy	 (Long	 et	 al.	 2014).	 Tumor-

associated	macrophages	 (TAMs)	have	also	been	 linked	 to	 recurrence	and	aggressive	prostate	

cancers	in	men.	These	TAMs	release	various	cytokines	and	proteins	such	as	IL-6,	VEGF,	and	MMPs	

that	can	shape	the	microenvironment	(Gollapudi	2013).		

Macrophages	 affect	 the	 microenvironment,	 and	 their	 impact	 on	 tumor	 development	

depends	on	their	activation.	Macrophages	have	a	continuum	of	polarization,	with	M1	lying	on	

one	end	and	M2	 lying	on	the	other.	Differently	polarized	macrophages	have	distinct	receptor	

expression,	effector	function,	and	cytokine	production	(Mantovani,	et	al.	2002).	M1	cells	are	pro-

inflammatory	(Martinez,	et	al	2014;	Stein	et	al.	1992;	Mills	et	al.	2000)	effector	cells	able	to	kill	a	

wide	range	of	pathogens	and	cancer	cells	(Mantovani,	et	al.	2002).	M1	macrophages	have	higher	

cytotoxic	abilities	due	to	greater	iNOS	expression,	and	they	also	present	antigens	to	T	cells,	which	

arms	 the	 adaptive	 immune	 system	 against	 the	 tumor	 (Pollard	 2004).	 M2	 cells	 are	 anti-

inflammatory	 and	 suppress	 adaptive	 immune	 responses	 (Mantovani,	 et	 al.	 2011).	 They	 also	

induce	 tissue	 remodeling,	 repair,	 and	 angiogenesis	 (Mantovani,	 et	 al.	 2011).	 Due	 to	 these	

characteristics,	M2	macrophages	are	thought	to	be	pro-tumorigenic.		
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	 Immunohistochemical	 staining	 of	

tumors	 from	 our	mouse	model	 showed	

an	influx	of	macrophages	5	days	after	de-

induction	 (figure	 3).	 Macrophage	

presence	 persisted	 through	 dormancy	

and	into	recurrence,	suggesting	they	are	

important	 for	 maintaining	 these	 states.	

ELISA	data	showed	increased	secretion	of	

IL-13	 (figure	 4),	 a	 well	 documented	 the	

M2	 activating	 chemokine	 (Hao	 et	 al.	

2012),	 in	dormant	 tumors.	 Increased	 IL-

13	 signaling	 suggests	 that	macrophages	

recruited	 to	 dormant	 tumors	 after	 de-

induction	may	be	M2	polarized.	

	 In	 order	 to	 better	 understand	 how	 macrophages	 are	 being	 activated	 during	 tumor	

dormancy	and	recurrence,	 I	did	several	conditioned	media	and	co-culture	experiments.	Using	

these	 techniques,	 RAW	 267.4	 secondary	 mouse	 macrophages	 were	 exposed	 to	 signaling	

molecules	 secreted	by	 tumor	cells,	 and	 their	gene	expression	profiles	were	assessed	 through	

quantitative	polymerase	chain	reaction	(qPCR).	Two	M1	macrophage	genes,	inducible	nitric	oxide	

synthase	 (iNOS)	 and	 tumor	 necrosis	 factor	 (TNF),	 as	 well	 as	 two	 M2	 macrophage	 genes,	

interleukin-10	(IL-10)	and	transforming	growth	factor	beta	1	 (TGFB1)	 (Mantovani	et	al.	2002),	

	

Figure 3. Macrophage infiltration increases during tumor 
dormancy and recurrence. Immunohistochemical staining for 
F4/80 showing macrophage infiltration in primary tumors (A), 
tumors 5 days following Her2 de-induction (B), during early (C) and 
late (D) dormancy, and in recurrent tumors (E). 

 

 

Figure 4. Macrophage-secreted cytokines and polarization 
during tumor progression. ELISA showing increased secretion of 
the M2-activating cytokine IL-13 in dormant tumors, suggesting that 
dormant tumor macrophages may be to M2 polarized. 

 

A 
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were	analyzed	and	used	to	characterize	the	macrophage	polarization	state	during	both	dormancy	

and	recurrence.		

Methods	

Making	Primary	Mouse	Tumor	Cell	Lines	

	 The	mouse	was	dissected	and	the	mammary	gland	tumor	was	harvested.	The	tissue	was	

then	placed	in	wash	buffer	containing	Dulbecco’s	Modified	Eagle	Media	(DMEM)/F12,	50	μg/ml	

Gentamycin,	5%	fetal	bovine	serum	(FBS),	and	2	μg/ml	Doxycycline	(dox).	Wash	buffer	was	then	

aspirated	away	and	the	tumor	was	cut	up	into	pieces	<1mm	in	diameter.	The	tumor	cells	were	

then	cut	 further	with	a	 razor	and	placed	 in	warmed	digestion	buffer	containing	EBSS	without	

phenol	red,	300	U/ml	Collagenase,	100	U/ml	hyaluronidase,	2%	FBS,	100	μg/ml	Gentamycin,	1%	

Pen/Strep,	and	2	μg/ml	Doxycycline.	The	solution	was	incubated	at	37°C	for	2-4	hours.	Cells	were	

vortexed	every	30	minutes	to	disrupt	the	tissue.	The	solution	was	then	spun	down	at	800G	for	5	

minutes	 and	 washed	 twice	 with	 wash	 buffer.	 Cells	 were	 spun	 down	 again,	 re-suspended	 in	

5mg/ml	Dispase	II	and	100	μg/ml	Dnase	I.	The	enzymes	were	then	quenched	with	wash	buffer	

and	the	cells	were	passed	through	a	70um	cell	strainer.	Cells	were	then	spun	down	at	800G	for	5	

minutes,	re-suspended	using	primary	cell	media,	and	placed	on	10	cm	plates	at	a	confluency	of	

2x106	cells	per	plate.	

Tissue	Cultures	and	Reagents	

The	Raw	264.7	mouse	secondary	macrophage	cell	was	purchased	from	Duke	University	

Cell	Culture	Facility	(CCF,	Durham,	NC).	Raw	264.7	cells	were	cultured	in	sterile	filtered	RPMI	1640	
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(ThermoFisher,	Waltham,	MA)	 with	 10%	 FBS	 (not	 heat	 inactivated),	 1x	 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic	acid	(HEPES),	and	1x	Na	Pyruvate,	and	.56%	of	Glucose	45%.	RAW	264.7	

cells	were	split	via	scraping	in	cold	phosphate-buffered	saline	(PBS),	and	passaged	every	2	days	

or	at	70%	confluence.	

Primary	and	recurrent	MTB/TAN	primary	tumor	cells	taken	from	our	mouse	model	were	

grown	at	37°C	in	5%	CO2	as	described	(Moody	et	al.,	2005).	Primary	tumor	cells	were	cultured	in	

DMEM	with	10%	super	calf	serum	(SCS)	(head	inactivated;	Gemini),	1%	Penicillin/Streptomycin,	

and	1%	L-Glutamine	supplemented	with	10	ng/ml	epidermal	growth	factor	(EGF)	(Sigma	#E4127),	

5	μg/ml	bovine	insulin	(Sigma	#16634),	1	μg/ml	hydrocortisone	(Sigma	#H0396),	5	μg/ml	ovine	

prolactin	 (NIDDK-OPRL-21),	1	μM	progesterone	(Sigma	#P7556),	and	2	μg/ml	doxycycline	 (RPI	

#D43020)	to	maintain	HER2/neu	expression.	Dormant	tumor	media	contained	no	doxycycline.	

Cells	were	split	1:3	roughly	every	3	days,	or	until	they	reached	80%	confluence.	

Recurrent	tumor	cells	were	cultured	in	DMEM	with	4.5	g/L	glucose	(Corning/Cellgro	#10-

017-CV),	10%	SVS	(heat	inactivated;	Gemini),	1%	L-glutamine,	and	10	ng/ml	mouse	EGF	(Sigma	

#E4127).	Cells	were	split	1:6	roughly	every	3	days,	or	until	they	reached	70%	confluence.	

Conditioned	Media	Experiment	

In	 order	 to	 test	 if	 cytokines	 or	 other	 proteins	 secreted	 by	 primary	 tumor	 cells	 was	

sufficient	in	activating	M2	macrophages,	we	performed	a	conditioned	media	experiment.	Both	

primary	cell	lines,	99142	and	54074,	as	well	as	recurrent	cell	line	48316,	were	plated	at	500,000	

cells	per	plate	in	10	cm	plates.	Next	day,	the	media	was	removed	and	cells	were	washed	with	1x	

PBS.	For	the	primary	cells,	new	media,	either	with	(proliferative	condition)	or	without	(dormant	
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condition)	doxycycline,	was	placed	on	the	cells.	Recurrent	cells	were	grown	in	recurrent	media.	

For	a	positive	M1	activation	control	1	μg/ml	LPS	was	added	to	macrophages	growing	 in	 their	

normal	media.	For	a	positive	M2	control,	 10	ng/ml	 IL-13	was	added.	After	4	days,	 the	newly	

conditioned	media	was	collected	in	50	ml	conical	tubes	(Corning,	Corning,	NY),	and	spun	down	

at	500G	for	5	minutes	in	a	centrifuge	(Epindorf,	Hamburg,	GER).	Raw	246.7	cells	were	plated	in	6	

well	 plates	 at	 300,000	 cells	 per	 well	 so	 that	 they	 would	 be	 confluent	 on	 day	 1.	 Regular	

macrophage	media	(3	ml	per	well)	described	above	was	used	to	plate	the	cells.	Next	day,	media	

was	removed,	cells	were	washed	with	PBS,	and	the	conditioned	media	was	added.	Cells	were	

taken	at	days	1,	3,	and	7.	RNA	was	extracted	and	used	for	qPCR	analysis.	

Co-Culture	Media	Experiment	

In	 order	 to	 test	 some	 of	 the	 dynamics	 of	 communication	 between	macrophages	 and	

tumor	cells,	and	their	effects	on	macrophage	activation,	a	co-culture	experiment	was	performed	

so	that	the	two	cell	types	could	signal	back	and	forth.			Raw	264.7	cells	were	plated	onto	12	well	

plates	in	control	media	at	3.1x105	cells	per	well.	Next	day,	either	99142s	or	54074s	cells	were	

plated	on	inserts	in	each	well	at	1.2x105	cells/insert.	To	some	wells,	1	μg/ml	LPS	or	10	ng/ml	IL-

13	was	added	to	Raw	264.7	cells	in	control	media	with	no	other	cell	types	in	the	insert.	Primary	

media	were	added	to	Raw	264.7	cells	as	controls	for	the	medias’	effects	on	cell	signaling.	Cells	

were	harvested	at	1,	3,	and	7	days	for	qPCR	analysis.		

IL-10	and	TFGB1	Colony	Formation	Assay	

Both	9914s	or	54074s	were	thoroughly	suspended	and	passed	through	70	μm	filters	to	

ensure	they	were	single	cells.	Then	each	cell	line	was	plated	onto	separate	10	cm	plates	at	1000	
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cells/plate	in	+doxycycline	primary	media	conditions.	The	next	day,	media	was	removed	and	the	

cells	were	washed	with	PBS.	Depending	on	which	condition	the	cells	were	designated	for,	new	

media	was	added:	+dox	primary	media	(proliferative	condition),	+dox	media	with	TGFB1,	or	–dox	

media	(dormant	condition).	Cells	were	allowed	to	grow	in	these	conditions	for	1	week,	then	the	

media	was	removed	and	cells	were	washed	with	PBS.	Depending	on	the	condition	each	plate	was	

designated,	new	media	was	again	added	so	 that	 the	 following	conditions	were	met:	 (format:	

Week	1	condition/Week	2	condition)	+dox/+dox	 ;	 -dox/-dox	 ;	+dox,	+TGFB1/+dox,	+TGFB1	 ;	 -

dox/+dox	;	-dox/+IL-10	;	-dox/+TGFB1.	After	another	week	in	the	second	condition,	the	media	on	

each	plate	was	removed	and	the	cells	were	washed	with	PBS	twice.	Crystal	violet	(5	ml/plate)	

was	then	added	and	the	plates	were	allowed	to	shake	for	5	minutes.	The	crystal	violet	plates	

were	scanned	and	colony	number	and	area	were	determined	using	imageJ	software.		

Statistical	Analysis	

All	 data	 were	 expressed	 as	 mean	 with	 error	 bars	 representing	 standard	 deviation.	

Experiments	were	performed	in	biological	duplicates,	with	each	duplicate	having	three	technical	

replicates	for	qPCR.	Differences	between	groups	were	evaluated	by	analysis	of	variance	(ANOVA),	

with	multiple	comparisons	done	by	the	Tukey	post	hoc	test.	Statistical	significance	was	measured	

as	a		P-value	<0.05.	

Gene	expression	in	raw	cells	grown	in	54074-conditioned	media	appeared	different	from	

those	 grown	 in	 99142-conditioned	media.	 Unlike	 the	 results	 seen	 in	 the	 99142	 experiment,	

macrophage	 expression	 both	 M1	 and	 M2	 genes	 was	 not	 significantly	 altered	 in	 any	 of	 the	

conditioned	 medias.	 ANOVA	 statistical	 test	 showed	 no	 differences	 in	 macrophage	 IL-10	
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expression	(figure	7A)	and	TGFB1	expression	(figure	7B)	across	any	of	the	variables	(p=	.7648	and	

p=.5574	respectively).	Gene	expression	for	iNOS	(figure	7C)	and	TNF	(figure	7D)	was	increased	

when	macrophages	were	exposed	to	LPS	as	a	M1	activation	positive	control	(p=0.0021	and	p=	

<0.0001	respectively),	however,	there	was	no	difference	between	macrophages	in	control	media	

and	macrophages	in	either	primary	or	dormant	54074	conditioned	media.	

Results	

Cultured	Media	Experiment	

	 To	determine	if	dormant	tumor	cells	secrete	enzymes	sufficient	in	activating	macrophages	to	an	

M2-like	gene	expression,	quantitative	polymerase	chain	reaction	(qPCR)	analysis,	which	quantifies	relative	

expression	of	RNA,	was	performed	on	two	M1-specific	genes	(iNOS	and	TNF),	and	two	M2-specific	genes	

(IL-10	and	TGFB1).	Higher	concentrations	of	RNA	suggest	an	increase	in	that	gene’s	expression,	which	is	

then	 indicative	of	what	polarized	 state	 the	macrophages	have	been	activated	 to.	Because	 tumors	are	

heterogeneous	and	different	tumors	can	have	varying	gene	expression	profiles,	we	tested	two	different	

primary	tumor	cell	lines	from	our	mouse	model:	99142s	and	54074s.	

Macrophage	expression	of	IL-10	on	day	7	(figure	5A)	was	3.5	times	greater	when	grown	in	99142	

dormant	conditioned	media	than	in	control	media	(p=	0.0013).	The	macrophages	in	primary	tumor	media	

showed	no	statistical	 increase	in	IL-10	expression	over	the	7	day	time	course,	nor	were	the	expression	

values	 higher	 than	 the	 control	 media.	 There	 were	 no	 statistical	 differences	 in	 macrophage	 TGFB1	

expression	 in	 99142	 dormant	 conditioned	media	 (figure	 1B)	 due	 the	 the	 large	 error	 bar.	 One	 of	 the	
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biological	replicates	had	abnormally	high	actin	values,	which	is	a	gene	used	to	standardize	expression	of	

other	genes	because	it	is	normally	expressed	at	

a	 constant	 rate.	 TGFB1	 expression	 by	

macrophages	 did	 not	 change	 significantly	 in	

primary	 99142	 conditioned	media	 (p=	0.9996),	

and	was	not	greater	than	the	control	at	day	1	(p=	

0.9998)	 or	 day	 7	 (p=	 0.9809).	 There	 was	 no	

statistical	 induction	 of	 either	 macrophage	

expression	of	iNOS	(figure	1C)	or	TNF	(figure	1D)	

for	 either	 those	 growing	 in	 primary	 99142	

conditioned	 media	 or	 dormant	 99142	

conditioned	media.	Though	it	appears	as	if	iNOS	

expression	 was	 slightly	 higher	 in	 both	 these	

conditions	 on	 day	 1	 than	 the	 control,	 neither	

value	was	 significant	 compared	 to	 the	 positive	

control	for	M1	activation	by	LPS.	

In	 order	 to	 confirm	 these	 results,	 the	

99142	 conditioned	 media	 experiment	 was	

repeated	 and	 IL-10	 RNA	 was	 probed	 for	 and	

analyzed	via	qPCR.	Macrophage	IL-10	expression	

was	 increased	 in	 dormant	 99142	 conditioned	

media	when	compared	to	that	of	macrophages	

growing	in	control	media	(p=	0.0285).		

A)		 	 	 B)	

	

C)	 	 	 D)	

	
Figure 5. 99142 dormant conditioned media induces 
M2, but not M1 specific gene expression. qRT-PCR 
analysis for the M2-specific genes IL-10 (A) or TGFb (B) 
and the M1-specific genes iNOS (C) or TNF (D) in RAW 
267.4 macrophages exposed to conditioned media (CM) 
from dormant or primary 99142 tumor cells for 1 or 7 
days.  

 

 

 

Figure 6. Repeat of the 99142 conditioned media 
experiment confirms dormant tumor cells’ ability to 
induce M2 gene expression. qRT-PCR analysis for the 
M2-specific gene IL-10 in RAW 267.4 macrophages 
exposed to CM from dormant or primary 99142 tumor 
cells for 7 days. 	
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Gene	expression	in	raw	cells	grown	in	54074-conditioned	media	appeared	different	from	those	

grown	 in	 99142-conditioned	 media.	 Unlike	 the	 results	 seen	 in	 the	 99142	 experiment,	 macrophage	

expression	 both	 M1	 and	 M2	 genes	 was	 not	

significantly	 altered	 in	 any	 of	 the	 conditioned	

medias.	 ANOVA	 statistical	 test	 showed	 no	

differences	in	macrophage	IL-10	expression	(figure	

7A)	and	TGFB1	expression		(figure	7B)	across	any	of	

the	variables	(p=	 .7648	and	p=.5574	respectively).	

Gene	 expression	 for	 iNOS	 (figure	 7C)	 and	 TNF	

(figure	7D)	was	increased	when	macrophages	were	

exposed	to	LPS	as	a	M1	activation	positive	control	

(p=0.0021	and	p=	<0.0001	respectively),	however,	

there	was	no	difference	between	macrophages	 in	

control	media	and	macrophages	 in	either	primary	

or	dormant	54074	conditioned	media.

A)	 	 	 B)	

	

C)	 	 	 D)	

	
 

Figure 7. 54074 dormant conditioned media did not induce 
either M1 or M2 gene expressions. qRT-PCR analysis for the 
M2-specific genes IL-10 (A) or TGFb (B) and the M1-specific 
genes iNOS (C) or TNF (D) in RAW 267.4 macrophages 
exposed to CM from dormant or primary 54074 tumor cells for 1 
or 7 days. 	
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Co-culture	Experiment	

In	order	to	elucidate	how	macrophages	are	affected	by	their	communication	with	tumor	

cells,	 a	 similar	 experiment	 as	 that	 with	 cultured	 media	 was	 executed,	 but	 with	 RAW	 264.7	

macrophages	and	primary	cancer	cells	growing	in	co-culture.	The	cell	lines	were	separated	by	a	

semi-permeable	screen	to	allow	signaling	back	and	forth	between	the	cells,	a	factor	not	allowed	

in	the	conditioned	media	experiment.	

	 ANOVA	tests	on	the	gene	expressions	of	macrophages	grown	in	co-culture	with	99142s,	

in	both	dormant	(without	doxycycline)	

and	 proliferative	 (with	 doxycycline)	

conditions	 showed	 statistical	

differences	 in	 iNOS	 expression	

(p=.<0001),	 IL-10	 (p=<.0001),	 TGFB1	

(p=<.0001),	and	TNF	(p=<.0001).	

Macrophages	grown	in	control	

media	 had	 no	 increase	 in	 IL-10	

expression	(figure	8A)	between	days	1	

and	 7	 (p=	 >.9999),	 whereas	 those	

grown	in	both	primary	conditions	(p=	

0.0001)	 and	 dormant	 conditions	 (p=	

0.0023)	did.	At	day	7,	macrophages	in	

	
Figure 8. Macrophages grown in co-culture with 99142s 
similarly induce M2 gene expression profiles in dormant 
and proliferative conditions. qRT-PCR analysis for the M2-
specific genes IL-10 (A) or TGFb (B) and the M1-specific genes 
iNOS (C) or TNF (D) in RAW 267.4 macrophages grown in co-
culture with dormant or primary tumor cells for 1 or 7 days. 
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co-culture	with	primary	99142	tumor	cells	and	dormant	99142	tumor	cells	had	increased	IL-10	

expression	compared	to	the	day	7	control	media	(p=	0.0001	and	p=	0.0026	respectively).	

TGFB1	expression	 in	macrophages	(figure	8B)	 increased	from	day	1	to	day	7	 in	control	

media	(p=	<0.0001),	primary	99142	co-culture	(p=	<0.0001),	and	dormant	99142	co-culture	(p=	

0.0002).	However,	neither	the	the	day	7	co-culture	conditions	were	statistically	significant	from	

the	control,	signifying	that	the	tumor	cells	were	not	having	any	effect	on	the	observed	TGFB1	

induction	beyond	that	of	the	media	they	were	growing	in.	

	 There	was	no	change	in	expression	from	day	1	to	day	7	in	macrophage	expression	of	iNOS	

(figure	8C)	when	grown	in	control	media	(p=.941).	However,	there	was	a	change	over	this	time	

in	both	the	primary	99142	co-culture	(p=<.0001)	and	dormant	99142	co-culture	(p=.0348).	Day	7	

macrophage	expression	of	iNOS	in	the	primary	condition	was	induced	compared	to	the	control	

(p=	<0.0001)	and	compared	to	the	dormant	condition	(p=	0.0026),	but	was	far	less	than	that	of	

macrophages	activated	by	LPS	as	an	M1	polarization	positive	control	(p=	<0.0001).	Observed	day	

7	 iNOS	 expression	 in	 macrophages	 in	 co-culture	 with	 dormant	 99142	 tumor	 cells	 was	 also	

induced	compared	to	the	day	7	control	(p=	0.0017),	but	also	far	less	than	that	of	macrophages	

stimulated	by	LPS	(p=	<0.0001).	

	 Macrophage	expression	of	TNF	(figure	8D)	was	induced	after	growing	in	the	control	media	

for	7	days	(p=	<0.001).	Expression	of	this	M1	marker	was	elevated	at	day	1	in	primary	99142	co-

culture	 (p=	<0.001),	but	was	 then	reduced	at	 the	7	day	 time	point	 (p=	0.0002).	Macrophages	

grown	in	dormant	99142	co-culture	had	comparatively	lower	levels	of	TNF	expression	at	day	1	

(p=	0.0206),	compared	to	those	grown	in	primary	conditions,	but	at	day	7	there	was	no	difference	



	 17	

in	expression	level	(p=	0.1774).	Macrophages	in	both	primary	and	dormant	co-culture	conditions	

had	TNF	gene	expression	levels	lower	than	that	of	macrophages	activated	by	LPS	(p=	<0.0001	and	

p=	.0005).		

When	the	co-culture	experiment	was	done	with	54074	primary	mouse	tumor	cells	(figure	

9),	ANOVA	statistical	tests	for	gene	expression	values	similarly	reviled	that	there	were	statistical	

differences	 in	 the	 levels	 of	 iNOS	 (p=.0018),	 IL-10	 (p=<.0001),	 TGFB1	 (p=<.0001),	 and	 TNF	

(p=.0027).	

Similar	to	what	was	seen	in	the	99142	

co-culture	 experiment,	 macrophages	 grown	

alongside	 54074s	 in	 primary	 and	 dormant	

conditions	had	upregulated	IL-10	after	7	days	

(p=	 <0.0001	 and	 p=	 <0.0001	 respectively)	

compared	to	day	7	expression	by	macrophages	

grown	in	control	media.	(figure	9A).		

Unlike	what	was	seen	with	in	99142	co-

culture,	 macrophage	 did	 not	 show	 any	

increase	 in	 TGFB1	 expression	 (figure	 9B)	

between	 days	 1	 and	 7	 in	 primary	 54074	 co-

culture	 (p=	 0.5526)	 and	 dormant	 54074	 co-

culture	 (p=	 0.1948).	 TGFB1	 signaling	 was	

	
Figure 9. Macrophages grown in co-culture with 54074s 
similarly induce M2 gene expression profiles in dormant 
and proliferative conditions. qRT-PCR analysis for the M2-
specific genes IL-10 (A) or TGFb (B) and the M1-specific genes 
iNOS (C) or TNF (D) in RAW 267.4 macrophages grown in co-
culture with dormant or primary tumor cells for 1 or 7 days. 
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actually	lower	at	day	7	in	both	primary	(p=	0.0025)	and	dormant	(p=	0.0019)	conditions	compared	

to	the	control.	

Macrophage	iNOS	expression	(figure	9C)	did	not	change	between	days	1	and	7	in	either	

primary	54074	co-culture	(p=	0.2027)	or	dormant	54074	(p=	0.7767)	co-culture.	Day	7	expression	

levels	in	both	conditions	were	also	far	lower	than	that	of	macrophages	activated	by	LPS.	

Expression	of	 TNF	 (figure	 9D)	 increased	 significantly	 in	macrophages	 grown	 in	 control	

media	(p=	0.0009).	The	final	expression	level	of	at	day	7	in	the	control	media	was	similar	to	that	

of	LPS	activated	macrophages	(p=	0.9793).	Expression	of	TNF	in	macrophages	grown	in	primary	

54074	co-culture	at	day	7	was	less	than	that	of	macrophages	grown	in	control	media	(p=	0.061)	

and	macrophages	activated	by	LPS	(p=	.0093),	but	because	the	biological	duplicate	sample	did	

not	yield	enough	RNA	during	extraction	from	the	cells,	this	experiment	must	be	done	again	in	

order	to	verify	this	result.	Day	7	TNF	expression	in	macrophages	grown	in	dormant	54074	co-

culture	conditions	was	similar	to	that	of	macrophages	in	control	media	(p=	0.3610),	so	the	effects	

of	the	tumor	cells	(if	there	are	any	at	all)	are	unable	to	be	separated	from	those	of	the	media	the	

cells	were	grown	in.	

Colony	Formation	Assay	

	 In	order	to	determine	if	the	M2-specific	secreted	cytokines	IL-10	and	TGFB1	that	were	

shown	 to	 possibly	 be	 upregulated	due	 to	 dormant	 tumor	 signaling	 in	 the	 conditioned	media	

experiment	had	any	effect	on	primary	 tumor	 cell	proliferation,	a	 colony	 formation	assay	was	

done.	 Total	 cell	 growth	 after	 2	 weeks	 was	 recorded.	 The	 ANOVA	 showed	 that	 there	 were	
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statistical	differences	 in	 the	growth	area	 for	54074	cells	 (figure	10)	exposed	to	various	media	

conditions	over	a	2-week	period	(p=<.0001).	Cells	

in	1	week	–dox/1	week	+dox	had	a	growth	area	

7.45	times	larger	than	that	of	54074s	grown	in	–

dox	 media	 for	 two	 weeks.	 (p=.0148).	 However,	

there	was	no	difference	in	the	growth	area	of	cells	

in	–dox	media	for	2	weeks	and	cells	with	either	IL-

10	treatment	in	the	2nd	week	(p=>.9999)	or	TGFB1	

treatment	 in	 the	 2nd	 week	 (p=.9953).	 Colonies	

grown	 in	 +dox	 for	 2	 weeks	 had	 a	 growth	 area	

14.78	times	 larger	than	those	grown	in	–dox	for	

two	weeks	(p=.0003).	There	was	no	statistical	difference	in	the	growth	areas	of	colonies	grown	

in	+dox	conditions	for	2	week	and	that	of	colonies	grown	in	+dox	media	with	added	TGFB1	for	

two	weeks	(p=.1459).	

Recurrent	Tumor	Cell	Conditioned	Media	Experiment	

	 A	similar	 conditioned	media	experiment	as	what	was	done	with	 the	primary	 cell	 lines	

99142	and	54074	was	also	executed	with	a	 recurrent	breast	 cancer	 cell	 line	 from	our	mouse	

model	called	48316.	An	ANOVA	on	the	relative	day	7	macrophage	IL-10	expression	(figure	11)	in	

the	various	medias	showed	that	 there	were	statistical	differences	 (p=	<0.0001).	Macrophages	

grown	in	media	conditioned	by	primary	54074	cells	showed	no	change	in	IL-10	expression	(p=	

0.9980).	Macrophages	grown	in	media	conditioned	by	recurrent	48316	cells	had	induced	IL-10	

	

Figure 10. Cytokines secreted by M2 
macrophages do not directly rescue 
proliferation of dormant tumor cells. 
Proliferation of primary tumor cells was measured 
using a colony formation assay. Cells were plated 
sparsely and grown for 1 week in Condition #1, and 
then media was changed and cells were grown for 
an additional week in Condition #2. M2-secreted 
cytokines IL-10 and TGFb1 did not rescue cell 
growth. 
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expression	relative	to	those	in	control	media	

(p=	<0.0001),	LPS	activated	macrophages	(p=	

<0.0001),	 IL-13	 treated	 macrophages	 (p=	

<0.0001),	 and	 macrophages	 in	 primary	

conditioned	 media	 (p=	 <0.0001).	 IL-13	

treated	macrophages	 were	 intended	 to	 be	

used	 as	 a	 M2-activated	 positive	 control,	

because	IL-13	is	well	known	to	induce	IL-10	

expression	 (Mantovani	 et	 al.	 2002).	

However,	 IL-13	 treated	 macrophages	

showed	 no	 increased	 IL-10	 expression	

compared	 to	 those	 in	 control	 media	 (p=	

0.8359).	

Discussion	

Macrophage	activation	and	interactions	with	cancer	cells	during	tumor	dormancy	

	 The	purpose	of	this	thesis	was	to	determine	how	macrophages	are	activated	during	tumor	

dormancy	and	 recurrence.	Prior	 to	 this	 research,	neither	 the	activation	 state,	nor	 the	 role	of	

macrophages	had	been	characterized	in	these	cancer	stages.	The	two	different	cancer	cell	lines	

used	to	test	to	test	activation	 in	dormancy,	99142s	and	54074s,	appeared	to	 induce	different	

RAW	264.7	macrophage	gene	expressions	 in	the	conditioned	media	experiment,	but	had	very	

similar	impacts	in	co-culture.		

	

Figure 11. Conditioned media from recurrent tumor cells 
induces IL-10 up-regulation in macrophages. qRT-PCR 
analysis of IL-10 expression in macrophages exposed to 
conditioned media from primary or recurrent tumor cells for 7 
days. Macrophages exposed to recurrent conditioned media had 
significantly greater IL-10 gene expression, suggesting a 
potential polarization to an M2 phenotype. 
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	 Increased	 expression	 of	 IL-10	 by	 macrophages	 in	 dormant	 99142	 conditioned	 media	

(figure	5A	and	 figure	6),	dormant	99142	co-culture	 (figure	8A)	and	dormant	54074	co-culture	

(figure	9A),	shows	evidence	for	M2	activation	due	to	dormant	tumor	signaling.	An	increase	in	IL-

10	expression	was	not	seen	in	macrophages	grown	in	the	control	media	for	any	experiment,	but	

was	seen	in	both	99142	and	54074	primary	co-culture	conditions.	While	this	result	was	not	seen	

in	the	conditioned	media	experiment,	primary	tumor	cells	have	been	shown	in	prior	literature	to	

at	 least	 partially	 induce	 M2	 macrophage	 activation,	 and	 upregulate	 IL-10	 in	 primary-tumor	

associated	macrophages	(pTAMs)	(Chao-Ying	Liu	et	al.	2013).	It	is	unclear	why	the	primary	tumor	

cells	 were	 not	 able	 to	 induce	 any	 IL-10	 signaling	 through	 conditioned	 media,	 whereas	 the	

dormant	99142	cells	and	recurrent	48361	cells	(figure	11)	were.	It	is	similarly	unclear	if	this	is	of	

any	biological	or	clinical	importance.		

TGFB1	 expression,	 another	 M2-specific	 marker,	 appeared	 as	 though	 it	 might	 be	

upregulated	 in	 dormant	 99142	 conditioned	media	 (figure	 5B),	 but	 one	 of	 the	 two	 biological	

duplicates	had	abnormally	high	actin	values	so	this	experiment	must	be	repeated	in	order	to	draw	

any	further	conclusions.	Other	than	this	result,	tumor	cell	signaling,	either	in	dormant	or	primary	

conditions,	clearly	did	not	upregulate	TGFB1	beyond	that	of	the	control	media.	In	fact,	dormant	

and	primary	54074	 co-culture	 conditions	 resulted	 in	decreased	day	7	expression	of	 TGFB1	 in	

comparison	to	the	control	media.	While	this	is	interesting,	it	is	unclear	how	much	of	an	impact	

the	media	is	having	on	these	results.	Prior	literature	has	shown	pTAMs	secrete	TGFB1	(Balkwill	

et	 al.	 2001;	 Moore	 et	 al.	 2001;	 Lee	 et	 al.	 2001).	 Thus,	 the	 TGFB1	 expression	 seen	 in	 this	

experiment	seems	to	be	greatly	confounded	by	the	media	that	macrophages	were	forced	to	be	

grown	in.	
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Macrophage	expression	of	iNOS,	an	M1-specific	protein,	appeared	to	be	upregulated	in	

dormant	 99142	 cultured	media	 at	 both	 day	 1	 and	 7	 compared	 to	 the	 control,	 however,	 the	

activation	was	not	significant	when	compared	to	that	of	macrophages	stimulated	by	LPS,	which	

served	as	an	M1	positive	 control.	When	 the	LPS-activated	macrophage	values	were	 removed	

from	the	ANOVA	statistical	test,	the	increase	in	iNOS	gene	expression	for	dormant	tumors	was	

significant.	Though	iNOS	is	an	M1-specific	marker,	it	should	be	noted	that	macrophage	activation	

is	highly	complex	and	should	be	thought	of	as	a	continuum.	M2	activated	macrophages	may	still	

have	active	M1	genes.	Slightly	induced	iNOS	gene	expression	during	dormancy	is	very	interesting	

because	even	though	iNOS	is	known	to	cause	inflammation,	have	cytotoxic	effects,	and	aid	 in	

host	defense,	 it	also	has	been	shown	to	regulate	malignant	transformation,	angiogenesis,	and	

metastasis	depending	on	its	concentration	(Lechner	et	al.	2005).	It	is	possible	that	slightly	induced	

iNOS	expression	by	dormant-associated	macrophages	is	aiding	in	tumor	survival.	

	 Like	TGFB1,	TNF	expression	in	the	macrophages	also	appeared	to	be	greatly	affected	by	

the	control	media	in	the	co-culture	experiment.	Dormant	99142	and	54074	did	not	induce	TNF	

beyond	 the	 levels	 seen	by	 the	 control	media.	Unfortunately,	 this	 is	 a	 limitation	of	 co-culture	

experiments;	both	cell	types	must	live	in	the	same	media.	The	media	that	99142	and	54074	tumor	

cells	grow	in	contains	reagents	such	as	EGF,	insulin,	hydrocortisone,	prolactin,	and	progesterone.	

The	co-culture	control	media,	which	was	the	same	as	the	non-dormant	media,	also	contained	

doxycycline.	Some	or	all	of	these	reagents	could	greatly	affect	the	expression	of	genes	such	as	

TGFB1	and	TNF.	Conditioned	media	experiments	can	circumvent	 this	confounding	variable	by	

concentrating	the	secreted	proteins	and	other	signaling	molecules	produced	by	the	tumor	cells	

so	that	these	reagents	may	be	placed	in	the	normal	macrophage	media.	
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	 The	colony	formation	experiment	was	the	first	step	in	trying	to	determine	what	effects	

IL-10	and	TGFB1	might	have	on	dormant	tumor	cells.	There	is	no	literature	on	either	cytokine	

affecting	tumor	growth	directly,	but	both	have	been	implicated	in	primary	cancer	progression	

through	their	immunosuppressive	effects	(Biswas	et	al.	2006)	and	ability	to	induce	angiogenesis	

(Abhik	et	 al.	 2002).	 It	was	 possible	 however	 that	 under	 dormant	 conditions,	 these	 cytokines	

might	also	have	an	affect	on	cell	growth	and	division.	TGFB1	has	been	well	characterized	as	a	

growth	 inhibitor	of	epithelial	 cells,	but	also	can	be	a	growth	stimulant	 for	mesenchymal	cells	

(Barnard	et	al.	1990).	Because	of	this,	TGFB1	secreted	by	M2	macrophages	could	play	a	role	in	

cancer	cell	survival	or	growth	in	metastatic	dormancy.	Cancer	cells	disseminated	throughout	the	

body,	which	eventually	lead	to	metastatic	dormancy	and	tumor	metastases,	have	upregulated	

markers	characteristic	of	an	epithelial-to-mesenchymal	transition	(Aktas	2009).	For	that	reason,	

it	was	possible	that	dormant	tumor	cells	could	react	differently	to	the	growth	signaling	of	TGFB1	

and	IL-10.	

There	 was,	 however,	 no	 difference	 between	 the	 growth	 area	 of	 primary	 tumor	 cell	

colonies	grown	in	dormant	conditions	for	2	weeks	and	those	grown	in	dormant	conditions	with	

added	IL-10	or	TGFB1.	Tumor	cells	exposed	to	dormant	conditions	for	the	first	week,	but	then	

proliferative	 (with	 doxycycline	 added	 back	 to	 the	 media)	 conditions	 the	 second	 week,	

demonstrated	the	ability	to	grow	again.	These	results	suggest	that	if	the	macrophages	associated	

with	the	tumor	cells	during	dormancy	and	recurrence	are	M2	activated,	and	are	assisting	in	cell	

survival	 or	 growth,	 then	 they	 are	 not	 doing	 so	 through	 the	 direct	 effects	 of	 induced	 cell	

proliferation	through	IL-10	and	TGFB1	signaling.	
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Macrophage	activation	during	tumor	recurrence		

	 As	 mentioned	 earlier,	 macrophage	 activation	 during	 tumor	 recurrence	 has	 yet	 to	 be	

characterized.	In	order	to	begin	to	begin	to	answer	the	question	as	to	what	the	gene	expression	

of	 macrophages	 associated	 with	 recurrent	 tumors	 looks	 like,	 another	 conditioned	 media	

experiment	was	performed,	but	with	the	recurrent	cell	line	48316	from	our	mouse	model	(figure	

11).	Analysis	of	qPCR	data	showed	increased	levels	of	IL-10	expression	by	macrophages	growing	

in	recurrent	cell-conditioned	media	compared	to	that	of	macrophages	growing	in	control	media.	

This	is	evidence	for	M2	polarization	of	macrophages	during	tumor	recurrence.		

	 The	addition	of	IL-13	to	the	control	media	was	supposed	to	be	a	M2-activation	positive	

control,	but	it	did	not	appear	to	induce	IL-10	expression,	despite	prior	literature	saying	that	it	

does	(Mantovani	et	al.	2002).	It	could	be	that	10	ng/ml	was	not	enough	to	induce	M2	activation,	

though	 prior	 studied	 have	 shown	 this	 concentration	 to	work	 at	 concentrations	 less	 half	 that	

(Mijatovic	et	al.	1997).	There	have	been	studies	done	that	have	activated	RAW	264.7	with	IL-13	

and	shown	signs	of	different	gene	expression	at	concentrations	as	high	as	120	ng/ml	(Zhongshi	He	

et	al.	2011).	In	future	repetitions	of	both	the	conditioned	and	co-culture	experiments,	various	IL-

13	concentrations	will	have	to	be	tested	in	order	for	it	to	be	a	viable	M2	positive	control.	

Future	Directions	

	 Moving	 forward,	 in	 addition	 to	 repeating	 these	 tests	 with	 the	 purpose	 of	 further	

validating	 their	 results,	 co-culture	 experiments	 will	 be	 done	 on	 other	 recurrent	 cell	 lines	 in	

addition	to	the	48316	cells	already	done.	This	is	important,	because	tumors	are	heterogeneous	

in	their	gene	expression,	both	in	our	mouse	model	and	in	the	clinical	setting	(Ding	et	al.	2017).	
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Testing	multiple	cell	lines	is	an	important	way	to	ensure	that	the	results	we	are	seeing	are	not	

due	to	a	very	specific	or	rare	gene	expression	that	is	not	otherwise	widely	applicable.		

	 The	tests	in	this	thesis	will	also	be	performed	with	primary	macrophages	taken	from	the	

bone	marrow	of	mice		from	our	mouse.	This	will	be	a	more	accurate	representation	as	to	what	is	

going	on	in	vivo,	as	the	macrophages	and	tumor	cells	will	come	from	the	same	lineage	of	mice.		

	 Additionally,	 further	 research	 into	what	 role	macrophages	 play	when	 associated	with	

tumors	 at	 both	 the	dormant	 and	 recurrent	 stages	will	 be	done.	 This	 can	 at	 least	 partially	 be	

executed	 by	 blocking	 the	 switch	 from	 M1	 to	 M2	 activation.	 Doing	 so,	 and	 observing	 the	

phenotypic	 changes	 of	 tumors,	 including	 but	 not	 limited	 to	 their	 gene	 expression	 patterns,	

growth	rates,	time	to	regress,	and	time	to	recur,	will	allow	us	to	understand	the	importance	of	

M2	macrophages.		

	 Blocking	macrophage	association,	either	by	inhibiting	chemokines	such	as	CCL5	that	are	

attracting	them	to	the	tumor,	or	by	suppressing	all	macrophage	activity	in	mice	would	also	be	

effective	at	understanding	what	these	immune	cells	are	doing	in	the	tumor.	

	 Lastly,	experiments	will	be	planned	in	order	to	test	how	macrophages	activated	by	cancer	

cells	 from	 our	 mouse	 model	 effect	 mouse	 T	 cells.	 As	 described	 earlier,	 M2	 macrophages	

attenuate	adaptive	immune	responses	aimed	against	the	cancer	cells.	Secreted	molecules	such	

as	IL-10	and	TGFB1	have	been	shown	to	have	inhibitory	effects	on	T	cells	(Del	Prete	et	al.	1993).	

However,	the	mice	in	our	mouse	model	do	not	have	adaptive	immune	systems,	so	finding	ways	

to	assess	dormant	and	 recurrent	cancer	cell-activated	macrophages’	effects	on	T	cells	will	be	

difficult	and	must	be	carefully	thought	out.	
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