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ABSTRACT	

Research	was	completed	to	elucidate	whether	a	single	X	chromosome	was	

preferentially	inactivated	within	cancer	cell	lines	that	came	from	female	donors.		

This	was	approached	with	a	mind	towards	using	non‐essential	X‐linked	proteins	as	

targets	for	pointed	cancer	therapy.		Research	used	reverse	transcriptase	polymerase	

chain	reaction	and	custom	oligonucleotide	primers	designed	to	include	the	poly‐Q	

region	of	androgen	receptor	mRNA.	Agarose	gel	electrophoresis	(1%)	and	

polyacrylamide	gel	electrophoresis	(6.5%)	with	ethidium	bromide	allowed	

visualization	of	all	mRNA	polymorphs	produced	within	a	population	of	

approximately	106	cells	for	each	replicate.	It	was	found	that	up	to	five	androgen	

receptor	polymorphs	were	expressed	within	a	given	population	of	cancer	cells	from	

the	cell	lines	SKBR3,	MCF‐7,	and	MDA‐MB‐468.	Since	many	polymorphs	are	

expressed	it	is	reasonable	to	conclude	that	there	is	not	only	one	X	chromosome	

expressed	throughout	an	entire	cell	culture.		This	finding	conforms	to	the	known	

mutator	phenotype	associated	with	cancer	cells.		It	became	apparent	that	certain	

polymorphic	variants	were	not	only	selected	for	within	the	same	cell	line,	but	also	

between	different	breast	cancer	cell	lines.			Certain	polymorphs	being	conserved	

suggests	there	is	a	potential	selective	pressure	that	causes	the	production	of	specific	

androgen	receptor	polymorphs.		Due	to	this	discovery,	future	research	might	be	

completed	regarding	assessment	of	androgen	receptor	polymorphs	in	primary	

tissue	samples.		Completed	research	also	supports	research	on	the	use	of	androgen	

ablation	therapy	in	the	treatment	of	breast	cancer.	

	



INTRODUCTION	

	 Providing	positive	patient	outcomes	with	a	prudent	“standard	of	care”	

proves	elusive	when	the	patients	present	with	solid	tumor	metastatic	breast	cancer.		

However,	an	appealing	method	of	approaching	this	challenge	is	with	treatments	that	

involve	using	the	immune	system	of	the	patient.		Immunotherapy	strategies	may	

involve	adoptive	T‐cell	therapy,	with	concomitant	use	of	standard	chemotherapy,	or	

through	the	use	of	immune‐activating	antibodies.		Lloyd	John	Old,	who	is	known	as	

the	father	of	tumor	immunotherapy,	pioneered	the	idea	that	the	body’s	defense	

mechanism	could	be	used	to	fight	cancer.		In	the	1960’s	when	Old	began	research	on	

tumor	immunotherapy	it	was	considered	an	unconventional	idea,	and	he	was	on	the	

fringe	of	the	scientific	community,	but	that	position	was	not	held	for	long—in	

contrast	to	his	position	as	director	of	the	Cancer	Research	Institute.		Old	is	credited	

with	being	the	first	to	discover	p53	a	protein	known	as	“the	guardian	of	the	genome”	

(DeLeo	1979),	the	first	to	discover	that	killer	T‐cells	and	helper	T‐cells	do	respond	

to	cancer	cells	as	well	as	naming	them	as	CD8+	and	CD4+	cells	owing	to	his	

experiment	which	grouped	them	according	to	clusters	of	differentiation,	and	that	

there	were	antibody	receptors	on	all	human	cells	including	cancer	cells	which	are	all	

critical	to	the	idea	of	using	the	immune	system	to	try	and	defeat	cancer	

proliferation.			

	 When	cancers	do	respond	to	immunotherapy	the	response	is	long	lasting,	on	

the	order	of	years	as	compared	to	other	treatments	that	are	effective	only	for	

months	or	weeks.	Unfortunately,	current	immunotherapies	exhibit	only	5‐10%	

positive	response	likelihood	among	all	metastatic	solid	cancers	that	these	therapies	



have	been	tested	upon	(Rosenberg	2004).		Therefore,	when	immunotherapy	is	

effective	the	result	is	often	long	lasting;	unfortunately	the	probability	of	this	is	not	

very	high.		The	paradigm	in	immunotherapy	has	switched	away	from	working	to	

find	a	vaccine	and	toward	moderation	of	the	immunosuppressive	tumor	

microenvironment	using	targeted	therapies	(Begley	2008).	

	 The	following	research	was	based	on	assessing	whether	every	cancer	cell	

carries	the	same	active	X	chromosome.	It	was	critical	to	assess	the	levels	and	

presence	of	mRNA	or	transcription	using	a	novel	methodology	that	makes	use	of	

reverse	transcriptase	polymerase	chain	reaction	(RT‐PCR).		The	purpose	of	

assessing	the	clonality	of	cells	at	this	level	was	to	establish	not	only	which	genes	are	

expressed,	but	also	the	rates	at	which	each	individual	cell	expresses	these	genes.	

Rates	are	expected	to	be	equivalent	if	the	cells	are	truly	clonal.	The	use	of	RT‐PCR	

for	this	purpose	is	novel,	but	is	comparable	to	other	research	has	been	successfully	

completed	in	the	past	(Bukur	2010).	Research	focused	on	targeting	X‐linked	non‐

essential	expressed	proteins,	which	can	be	accomplished	using	primers	for	those	

proteins.		The	human	androgen	receptor	was	targetted	for	this	purpose	and	has	

been	used	successfully	by	the	SickKids	Hospital	for	X‐chromosome	inactivation	

studies.		The	inactive	X	chromosome	does	not	express	the	androgen	receptor	

protein.		SickKids	hospital	did	not	divulge	their	primer	sequence	so	a	custom	

sequence	was	developed.		The	use	of	MDA‐MB‐468	and	MCF‐7	have	been	used	in	

past	research	as	controls	owing	to	their	basal	level	and	moderate	levels	of	HER2	

expression	respectively	(Belsches‐Jablonski	2001).		These	can	be	compared	to	the	

cell	line	SKBR3,	which	has	a	high	level	of	HER2	expression.		



	 By	assessing	transcription	via	cDNA	products	from	RT‐PCR	and	size	

differentiation	using	polyacrylamide	gels	for	higher	resolution	of	the	~500bp	

androgen	receptor	bands	it	was	found	that	there	are	preferentially	selected	

androgen	polymorphs	both	within	a	cancer	cell	line,	but	also	between	cancer	lines	

suggesting	there	is	selective	pressure	for	cancer	to	develop	certain	polymorphs	of	

the	androgen	receptor	protein.	

	 	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



METHODS	

Cell	Culturing	Methods	

	 A	seven‐step	procedure	is	standard	for	the	thawing	of	cancer	cell	lines	from	

frozen	cultures	and	was	obtained	from	Thermo	Fisher	Scientific.			An	explicitly	

copied	protocol	is	covered	below;	the	only	modification	was	a	removal	of	process	

steps	that	are	not	pertinent	to	this	study	(Thermo	Fisher	Scientific	2014).		

	

1. A	cryovial	containing	frozen	cells	was	removed	from	an	‐80°C	freezer	and	

was	immediately	placed	in	a	37°C	water	bath.	

2. Cells	were	thawed	quickly	(<	1	minute)	by	gently	swirling	the	vial	in	the	37°C	

water	bath	until	there	was	just	a	small	bit	of	ice	left	in	the	vial.	

3. The	vial	was	transferred	to	a	laminar	flow	hood	and	was	disinfected	with	

70%	ethanol	prior	to	being	placed	in	the	hood.	

4. Cells	were	transferred	to	Nunc‐easy	flasks	that	had	prewarmed	growth	

media	(10%FBS,	in	RPMI	solution).	

5. Cell	media	was	changed	after	3‐5	hours	to	allow	cell	attachment	and	removal	

of	DMSO	containing	media.	

6. Subsequent	cell	splits	involved	freezing	of	cells	in	excess	of	the	500,000	used	

to	establish	new	cultures.	

	 The	flasks	used	in	the	study	were	NuncEasyFlasks	and	were	available	once	

again	through	Concordia	University	College	of	Alberta.		Media	was	RPMI	from	Life	

technologies	(Gibco	22400‐089)	supplemented	with	10%	FBS.	



	 Cell	cultures	were	all	gifts	of	the	University	of	Alberta	(MCF7,	SKBR3,	and	

MDA‐MB‐468).		These	were	then	split	three	times	into	new	cultures	resulting	in	3	

“generations”	of	cells	to	produce	the	best	possible	pseudoreplicates	for	the	

experiment.			

	

RNA	Isolation	Methods	

	 The	GenEluteTM�Mammalian	Total	RNA	Miniprep	Kit	(Catalogue	No.	

G1N10‐1KT)	produced	by	SigmaAldrich	contained	all	the	necessary	reagents	and	

components	for	high	yield	RNA	extraction.		The	kit	uses	a	silica‐based	system	with	a	

microspin	format	and	obviates	the	use	of	cesium	chloride	reagents,	and	phenols.	

Cells	were	lysed	and	homogenized	in	a	buffer	containing	guanidine	thiocyanate	that	

denatures	macromolecules	such	as:	proteins,	DNA,	and	importantly	RNases.		

Addition	of	ethanol	caused	the	RNA	to	bind	to	the	media	when	the	lysate	was	spun	

through	a	silica	membrane	in	a	microcentrifuge	tube.		The	contents	were	washed,	

and	RNA	was	eluted	in	75	μL	of	elution	solutionTM.		RNA	that	is	less	than	200	

nucleotides	in	length	was	not	recovered,	therefore	selectively	enriching	for	the	

recovery	of	mRNA.			

	 Some	materials	were	not	included	in	the	kit	and	were	used	from	Concordia’s	

supply,	they	included:	ethanol	(100%),	RNase‐free	pipette	tips,	microcentrifuge	

tubes,	and	a	microcentrifuge.		The	following	protocol	was	used	to	produce	an	RNA	

solution	that	had	10‐30	µg	of	RNA	for	each	reaction	from	10^6	cells	taken	from	each	

culture.		Before	beginning,	the	lysis	solution	was	prepared.		2‐mercaptoethanol	(ME)	

was	added	to	a	volume	of	250	μL	of	lysis	solution	(1106	cells).		Cell	counts	were	



determined	using	standard	hemocytometer	methods	with	4	counts	per	culture	

averaged.		2‐mercaptoethanol	was	used	to	fully	inactivate	RNases.		The	2‐ME	was	

added	to	a	concentration	of	10	μL/mL	of	lysis	solution.		In	addition	to	this	

preparation	the	wash	solution	is	also	supplied	as	a	concentrate	and	was	diluted	

using	100%	ethanol.			

	 To	derive	ideal	centrifuge	rpm	values	the	equation	RCF	=	1.118	X	10‐5		

radius	(in	cm)		rpm2,	where	RCF	=	gravitational	acceleration	in	units	of	g	was	used.	

The	following	protocol	was	taken	explicitly	from	Sigma‐Aldrich.		

Cells	attached	to	the	NuncEasy	Flasks	were	released	with	2	mL	of	trypsin�and	

pelleted	before	lysis.		Pellets	were	vortexed	with	250	µL	of	the	lysis	Solution/2‐ME	

mixture	which	was	added	to	the	1,000,000‐pelleted	cells	from	each	replicate.	

To	remove	cellular	debris	and	sheared	DNA	the	lysed	cells	were	pipetted	into	a	

GenElute	Filtration	Column	(blue	insert	with	a	2	mL	receiving	tube).	Cells	were	

centrifuged	at	maximum	speed	(12,000–16,000	3	g)	for	2	minutes.	The	filtration	

column	was	discarded.		250	µL	of	70%	ethanol	were	added	to	the	filtered	lysate	and	

the	mixture	was	agitated	via	repeated	pipetting.		The	entirety	of	the	lysate/ethanol	

mixture	was	pipetted	into	a	GenElute	Binding	Column	(colorless	insert	with	a	red	o‐

ring	seated	in	a	2	mL	receiving	tube).	The	column	was	spun	at	15,000	rpm	for	15	

seconds.		The	flow	through	was	discarded.	

The	first	column	wash	was	done	with	500	µL	of	Wash	Solution	1	and	was	pipetted	

into	the	column	and	centrifuged	at	maximum	speed	for	15	seconds.		Flow	through	

was	discarded	once	again.	�The	binding	column	was	transferred	into	a	fresh	2	mL	

collection	tube.	500µL	of	the	earlier	diluted	Wash	Solution	2	was	pipetted	into	the	



column	and	centrifuged	at	maximum	speed	for	15	seconds.	The	flow	through	was	

discarded.		A	third	column	wash	was	performed	using	a	second	500	µL	aliquot	of	

Wash	Solution	2	that	was	pipetted	into	the	column	and	centrifuged	at	maximum	

speed	for	2	minutes	to	dry	the	binding	column.		Finally,	the	binding	column	was	

transferred	to	a	new	2mL	collection	tube.		50	µL	of	the	Elution	Solution	was	pipetted	

into	the	binding	column	and	centrifuged	at	maximum	speed	for�1	minute.	Only	30	

µg	of	RNA	were	expected	from	the	10^6	cells	used.	

	

RT‐PCR	Methods	

	 Since	the	above	procedure	did	not	yield	sufficient	RNA	for	gel	

electrophoresis,	polymerase	chain	reaction	was	used	to	produce	stronger	DNA	

equivalents	of	the	mRNA	yielded	and	amplified	their	presence.		This	was	done	in	

research	by	Bukur	and	colleagues	in	2010	and	produced	an	elucidation	of	one	of	the	

components	of	the	antigen	processing	machinery.		Since	we	are	assessing	clonality	

via	gene	expression,	custom	androgen	and	herstatin	primers	were	used	in	the	RT‐

PCR	and	are	shown	in	appendix	I	immediately	following	this	report.		

The	protocol	served	as	a	guideline	for	one‐step	RT‐PCR.	Reverse	

transcription	and	PCR	were	carried	out	consecutively	in	the	same	tube.	All	

components	required	for	both	reactions	were	added	during	setup.	The	protocol	was	

optimized	for	1	pg	–	2	μg	of	total	RNA	so	only	10	µL	of	template	RNA	was	used	from	

the	previous	RNA	isolation.		

HotStarTaq	DNA	Polymerase,	contained	in	the	QIAGEN	OneStep	RT‐PCR	

Enzyme	Mix,	required	initial	activation	by	incubation	at	95°C	for	15	min	before	



amplification	could	take	place.		Incubation	also	inactivated	the	reverse	

transcriptases.		It	was	therefore	an	important	consideration	to	avoid	heating	and	

activating	the	HotStarTaq	DNA	Polymerase	until	the	reverse‐transcriptase	reaction	

was	finished.	

The	primers	used	in	the	RT‐PCR	reaction	are	described	in	appendix	I	of	this	

report	and	target	the	polymorphic	(Q)	region	of	the	androgen	receptor	and	the	

herstatin	mRNA	respectively.		These	were	developed	according	to	common	

protocols	laid	out	by	the	NCBI	primer	design	website.	

	 The	5x	QIAGEN	OneStep	RT‐PCR	Buffer	provided	a	final	concentration	of	2.5	

mM	MgCl2	in	the	reaction	mix.		Reaction	mixtures	were	set	up	in	an	area	separate	

from	that	used	for	RNA	preparation	or	PCR	product	analysis.		The	mix	for	each	

reaction	of	the	20	described	below	included	10	µL	of	Qiagen	one	step	RT‐PCR	buffer	

5x,	2	µL	of	dNTP	mix,	forward	primer	0.3	µL,	reverse	primer	0.3	µL,	RNase	free	

water	25.4	µL,	2	µL	of	polymerase	enzyme,	10	µL	of	template	RNA	from	the	RNA	

extraction	tube,	for	a	total	of	50	µL	for	each	reaction.	

	
Reaction	contents:	
1‐3:	Replicates	of	MDA‐MB‐468	with	HER2	primers	
4‐6:	Replicates	of	MCF‐7	with	HER2	primers	
7‐9:	Replicates	of	SKBR3	with	HER2	primers	
10:	A	reaction	with	no	RNA	expected	to	be	present	(negative	control),	but	including	
HER2	primers.	
11‐13:	Replicates	of	MDA‐MB‐468	with	Androgen	receptor	primers	
14‐16:	Replicates	of	MCF‐7	with	Androgen	receptor	primers	
17‐19:	Replicates	of	SKBR3	with	Androgen	receptor	primers	
20:	A	reaction	with	no	RNA	expected	to	be	present	(negative	control),	but	including	
Androgen	primers.	
	



Thermal	cycler	conditions:	

	 Reverse	transcription	was	carried	out	at	50	˚C	for	30	minutes;	PCR	was	then	

activated	at	95˚C	for	15	minutes.		25	cycles	of	1	minute	at	94˚C	(denaturation),	1	

minute	at	50˚C	(annealing),	and	1	minute	at	72˚C	(extending)	were	carried	out	and	

then	the	PCR	products	were	stored	at	4˚C	until	samples	were	used	in	

electrophoresis	18	hours	later.	

	

Restriction	Digest	of	Androgen	Receptor	cDNA	

	 	 Restriction	endonuclease	digestion	was	performed	on	cDNA	products	

isolated	from	the	androgen	receptor	mRNA	RT‐PCR	method	listed	above	using	SmaI	

restriction	enzyme	(NEB	Cat.	R0141s).		Since	the	DNA	was	estimated	to	be	0.833	

µg/µL	and	common	practice	for	endonuclease	digestion	describes	the	need	of	1µg	

then	1.2	µL	of	DNA	template	was	required	and	used.		To	separate	PCR	tubes	was	

added	16.3	µL	of	sterile	deionized	and	nuclease	free	water,	2	µL	of	2.1	10X	buffer	

(NEB	Cat.	B7002S),	0.2	µL	acetylated	BSA,	1.2	µL	DNA	template,	and	0.5	µL	of	SmaI	

restriction	enzyme	(10	Units	total).		This	restriction	mixture	was	centrifuged	for	5	

seconds	at	13,500	rpm	to	concentrate	the	reaction	at	the	bottom	of	the	PCR	tubes.		

The	reaction	was	then	left	to	incubate	at	20˚C	for	4	hours	before	the	products	were	

run	on	a	1%	agarose	gel.	

Gel	Electrophoresis	Methods	

	 	 The	final	DNA	contents	from	the	PCR	as	well	as	the	restriction	digestion	

products	were	analyzed	using	standard	gel	electrophoresis	on	a	1%	agarose	gel.		



The	purpose	of	using	the	gel	was	to	provide	size	determination	of	the	mRNA	present	

from	the	metastatic	breast	cancer	cells.	The	gel	was	run	using	the	Biorad	gel	

electrophoresis	apparatus	available	at	Concordia	University	College	of	Alberta.		To	a	

250	mL	Erlenmeyer	flask	1.0g	of	agarose	was	added	to	100	mL	of	1X	TAE.	The	

solution	was	microwaved	until	clear,	3	μL	of	ethidium	bromide	was	added	to	the	

solution	at	a	concentration	of	1	µg/mL,	and	poured	into	a	casting	apparatus	with	a	

comb.		This	was	allowed	to	cool	until	solid.		All	ethidium	bromide	was	stored	in	a	

separate	ethidium	bromide	waste	container	because	the	intercalator	is	toxic	and	

mutagenic	to	humans.		To	each	of	the	PCR	products	5μL	of	standard	6X	loading	dye	

was	added,	and	a	10	μL	1kb	DNA	ladder	from	NEB	(Cat.	NO468S)	was	added	to	

various	lanes	for	comparison.		The	gel	was	run	at	80	V	for	30	minutes	with	some	

checking	using	UV	light	in	between	to	make	sure	bands	didn’t	run	off	the	end	of	the	

gel.		Finally	the	gel	was	photographed.	All	surfaces	were	washed	with	a	10%	bleach	

solution.	The	gel	was	visualized	using	a	UV	transilluminator	and	photographed	

using	a	Samsung	Galaxy	S5	camera.		In	addition	to	these	results	the	products	of	RT‐

PCR	for	the	androgen	receptor	polymorphism	were	also	run	on	a	6.5%	

polyacrylamide	gel	for	better	resolution	of	the	~500	bp	size	fragments.		The	PAGE	

was	accomplished	using	Ready	to	Use	Gel	Matrix	(Li	Cor	cat.	827‐05607).		Samples	

were	added	to	the	polyacrylamide	gel	and	ran	with	1X	TBE	(995	mL	dH2O,	10.8g	

Tris	base,	5.5	g	boric	acid,	and	0.744g	Na2EDTA*2	H2O)	buffer	at	150V	for	44	

minutes.		In	addition	to	the	androgen	receptor	products	run	on	the	gel	a	1kb	DNA	

ladder	was	also	ran	alongside	for	size	determination	(NEB	4086S).	

	



Restriction	Digest	of	Androgen	Receptor	cDNA	

	 	 Restriction	endonuclease	digestion	was	performed	on	cDNA	products	

isolated	from	the	androgen	receptor	mRNA	RT‐PCR	method	listed	above	using	SmaI	

restriction	enzyme.		Since	the	DNA	was	estimated	to	be	0.833	µg/µL	and	common	

practice	for	endonuclease	digestion	describes	the	need	of	1µg	then	1.2	µL	of	DNA	

template	was	required	and	used.		To	separate	PCR	tubes	was	added	16.3	µL	of	

sterile	deionized	and	nuclease	free	water,	2	µL	of	2.1	10X	buffer	(Cat.	B7002S),	0.2	

µL	acetylated	BSA,	1.2	µL	DNA	template,	and	0.5	µL	of	SmaI	restriction	enzyme	or	10	

Units	total	(Invitrogen	Catalogue:	14228‐018).		This	restriction	mixture	was	

centrifuged	for	5	seconds	at	13,500	rpm	to	concentrate	the	reaction	at	the	bottom	of	

the	PCR	tubes.		The	reaction	was	then	left	to	incubate	at	20˚C	for	4	hours	before	the	

products	were	run	on	a	1%	agarose	gel.		Using	NEB	Cutter	2.0	it	was	determined	

that	284	bp	and	142	bp	bands	should	be	produced	if	the	sequence	was	the	androgen	

cDNA	sequence.	

RESULTS	

	 Results	on	the	cDNA	from	herstatin	mRNA	transcripts	from	living	cancer	

cells	are	minimal	with	no	bands	present	for	each	of	each	of:	MCF7,	SKBR3,	and	MDA‐

MB‐468.		The	gel	was	produced	using	standard	1%	agarose	protocols	and	2µL	of	

ethidium	bromide	for	each	of	the	100	mL	poured	gels.	The	gel	produced	of	the	cDNA	

compliments	produced	by	the	herstatin	primers	chosen	is	shown	below	in	figure	1.		

The	primers	used	are	shown	below	in	the	appendices.			Herstatin	protein	was	not	

found	to	be	over	transcribed	via	this	method	while	literature	asserts	that	it	is	



definitely	overexpressed	in	SKBR3,	and	moderately	expressed	in	MCF‐7	(Cobleigh	et	

al.	1999).			Furthermore,	pieces	found	were	too	small	to	be	the	expected	cDNA	

isolated	from	intact	herstatin	protein	mRNA.	

	
Figure	1‐	the	agarose	gel	produced	for	the	cDNA	products	of	the	RT‐PCR	reaction	using	Herstatin	
primers.		A	green	line	indicates	a	boundary	that	we	expect	to	see	banding	above	if	substantial	
amounts	of	herstatin	mRNA	was	successfully	copied	into	cDNA	using	reverse	transcriptase.		The	
image	was	produced	using	a	Samsung	Galaxy	S5	camera	of	the	gel	on	a	UV	transilluminator.		Negative	
control	also	shows	no	banding.		The	500	and	250	designate	band	sizes	(in	basepairs)	as	outlined	by	
New	England	Biolabs	for	that	particular	ladder	type.		
	 	

	 The	androgen	receptor	mRNA	transcript	was	chosen	to	find	X‐chromosome	

inactivation	throughout	the	population	of	cancer	cells.		In	every	cell	line	and	every	

pseudoreplicate	a	single	distinct	and	clear	band	was	produced	in	the	~500	base	pair	

region	of	the	size	exclusion	gel.		Negative	control	with	no	template	shows	no	band	

and	any	DNA	present	before	RT‐PCR	was	degraded	using	DNase	prior	to	RT‐PCR	

and	gel	electrophoresis.		While	these	results	are	clear,	future	research	using	

restriction	endonuclease	digestion	and	6%	non‐denaturing	poly	acrylamide	gel	

electrophoresis	will	seek	to	validate	the	finding	further.		The	gel	produced	for	the	



androgen	cDNA	is	shown	below	in	figure	2.		Replicate	3	for	MCF‐7	shows	a	fainter	

single	band	at	~433	bases.	

	

	
Figure	2‐	the	agarose	gel	produced	for	the	cDNA	products	of	the	RT‐PCR	reaction	using	androgen	primers.	
The	image	was	produced	using	a	Samsung	Galaxy	S5	camera	of	the	gel	on	a	UV	trans‐illuminator.	500	and	
250	designate	band	sizes	(in	basepairs)	as	outlined	by	New	England	Biolabs	for	that	particular	ladder	type.		
The	gel	shows	distinct	single	bands	for	each	cDNA	compliment	to	androgen	receptor	mRNA.		For	all	
replicates	a	distinct	single	band	is	present	in	the	size	range	where	androgen	receptor	cDNA	should	be	
located	and	the	negative	control	shows	no	banding.		The	band	for	replicate	3	of	the	MCF‐7	replicates	
shows	a	lower	illumination	than	replicate	1	and	replicate	2	for	that	cell	type.	
	
	
	 There	was	a	low	affinity	for	androgen	primers	and	CCHCR1	protein	mRNA.		If	that	

product	had	been	converted	to	cDNA	there	would	be	bands	present	at	761	base	

pairs	in	size.		Affinity	was	determined	to	be	low	using	NCBI’s	primer‐BLAST	

software,	which	calculates	affinity	for	products	via	local	base	alignment.		For	this	

reason	endonuclease	digestion	becomes	a	good	method	of	discerning	the	product	

present	from	the	RT‐PCR	process	and	presents	an	opportunity	for	due	diligence.		

The	result	of	the	restriction	digestion	of	androgen	receptor	cDNA	by	SmaI	is	shown	

below	in	figure	3.		It	is	apparent	from	the	gel	that	the	DNA	present	is	cut	into	~284	

basepair	and	~142	basepair	bands.	



	

Figure	3‐	Bands	of	a	size	equivalent	to	~284	and	~142	basepairs	as	derived	from	G571A	Promega	
ladder	are	visible	on	this	1%	agarose	gel.		The	bands	are	the	result	of	a	SmaI	digestion	of	the	
suspected	androgen	receptor	cDNA.	
	
	 	 In	order	to	get	a	better	resolution	of	the	~500	base	pair	sized	androgen	

receptor	cDNA	bands	from	figure	1	a	6.5%	polyacrylamide	gel	was	run	and	the	

results	of	that	are	shown	below	in	figure	4.		Lanes	are	numbered	from	left	to	right	

and	the	first	three	lanes	are	1kb	ladder	purchased	from	New	England	Bio	Labs	(Cat.	

N0468S).		Lanes	4,	5,	and	6	are	the	androgen	receptor	cDNA	isolated	from	MDA‐MB‐

468	replicates.		Lanes	7,8,	and	9	are	the	androgen	receptor	cDNA	isolated	from	MCF‐

7.		Lanes	10,	11,	and	12	are	the	androgen	receptor	cDNA	isolated	from	SKBR3	and	

Lane	13	is	a	Negative	control.		With	no	glutamines	present	in	the	receptor	protein	

there	would	be	a	piece	of	cDNA	produced	equal	to	426	base	pairs.		As	can	be	seen	in	

figure	4	there	are	500	base	pair	polymorphs	in	lanes	4	and	12;	~480	base	pair	

polymorphs	in	lanes	4	and	12;	~466	bp	bands	in	lanes	4,	6,	11,	and	12;	~450	base	



pair	polymorphs	in	lanes	4,	5,	6,	7,	9,	and	12;	~433	basepair	polymorphs	in	lanes	4,	

5,	6,	7,	8,	9,	11,	and	12;	and	finally	an	approximately	400	base	pair	band	in	every	

lane.		The	433	base	pair	polymorph	was	found	in	all,	but	one	lane	that	being	for	the	

SKBR3	replicate	1	which	showed	no	androgen	polymorph.	In	total	then	there	was	

found	anywhere	from	0	to	5	different	androgen	polymorphic	variants	in	any	one	cell	

population	(106	cells)	and	there	were	shared	polymorphs	within	and	between	

different	cell	lines.	

	

Figure	4‐	the	6.5%	polyacrylamide	gel	produced	for	the	androgen	polymorph	cDNA	to	better	resolve	
the	single	bands	present	in	figure	2.		The	largest	band	can	be	no	larger	than	500	as	no	DNA	was	
present	larger	than	that	amount	in	the	1%	agarose	gel	so	that	was	used	to	align	the	1kb	N0468S	
ladder.		The	asterisk	*	is	used	because	the	500	basepair	band	is	split	from	NO468S	1kb	ladder	and	
there	is	no	lower	bound	from	the	ladder	chosen	so	the	sizes	of	androgen	polymorphs	were	
determined	from	extrapolation	of	the	molecular	weight	vs.	distance	curve	created	in	excel.		Band	
sizes	are	indicated	in	the	second	set	of	parentheses	beside	each	cancer	cell	type	and	its	replicate	
number.	
	
	



DISCUSSION	and	CONCLUSIONS	

The	initial	point	of	the	research	was	to	elucidate	whether	a	single	

polymorphic	variant	of	androgen	was	used	in	any	cell	line	population.		This	would	

have	had	implications	regarding	only	a	single	X	chromosome	being	activated	or	

inactivated	throughout	the	cancer	and	potentially	lead	to	a	target	for	

immunotherapy.		However,	it	is	clear	that	due	to	the	mutator	phenotype	consistent	

with	cancer	(Loeb	1997)	that	there	is	not	only	one	X	expressed	in	any	population.	In	

fact,	in	a	single	population	there	may	be	up	to	5	different	polymorphic	variants	

expressed,	indicating	5	different	X‐chromosome	variants	meaning	the	active	X‐

chromosome	is	unlikely	to	be	a	good	target	for	immunotherapy.			

Herstatin	products	from	RT‐PCR	were	not	consistent	with	the	expected	DNA	

length	of	545	base	pairs.		Instead	there	was	an	~250	basepair	band	present	in	many	

samples	but	not	all	suggesting	the	gene	may	have	been	mutated	wildly.		This	could	

be	elucidated	using	sequencing,	but	the	genetic	material	garnered	from	the	reaction	

was	used	and	so	this	was	not	accomplished	in	this	work.		It	is	a	consideration	for	the	

future	as	it	would	be	interesting	to	see	if	the	DNA	sequence	showed	any	homology	

to	the	expected	herstatin	sequence	or	not	(appendix	I).			

The	SmaI	restriction	digestion	of	the	~500	basepair	products	from	the	RT‐

PCR	reaction	to	ascertain	whether	the	product	was	indeed	cDNA	from	androgen	

mRNA	produced	bands	that	were	approximately	284	and	142	base	pairs	in	size.		

This	finding	is	consistent	with	the	restriction	site	for	SmaI	in	the	androgen	sequence	

detailed	in	Appendix	I	alongside	the	primer	details	for	this	experiment.		This	

provides	further	evidence	and	due	diligence	towards	the	identification	of	the	500	



base	pair	bands	as	being	androgen	receptor	DNA.	

Interestingly,	borne	from	this	research	is	the	finding	that	several	androgen	

polymorphs	are	used	within	and	between	cancer	cell	types	MCF‐7,	MDA‐MB‐468.		

Since	an	androgen	gene	variant	with	no	glutamine	codons	would	be	426	base	pairs	

in	size	the	number	of	glutamine	codons	can	be	calculated	for	each	polymorph	

present.		The	two	most	prevalent	polymorphs	are	the	433	base	pair	variant,	and	the	

450	base	pair	variant.		The	433	base	pair	variant	was	found	in	8	of	the	9	cell	lines	

and	is	consistent	with	an	androgen	that	has	two	glutamine	codons	in	its	

polymorphic	region.		The	450	base	pair	polymorph	was	found	in	7	of	the	9	cancer	

cell	lines	and	is	consistent	with	an	androgen	variant	that	has	8	glutamine	condons	in	

its	polymorphic	poly‐Q	region.			Given	the	diminishing	quantity	of	cDNA	and	its	

exposure	to	many	freeze	thaw	cycles	it	behooves	this	researcher	to	replicate	the	

findings	with	an	aim	at	elucidating	polymorphic	androgen	variants	in	the	

approximately	500	base	pair	region.		A	better	ladder	should	be	used	and	better	care	

should	be	taken	to	avoid	the	running	off	of	the	250‐253	base	pair	fragment	from	

that	ladder.		Both	of	these	considerations	during	replication	of	these	results	would	

likely	work	to	achieve	a	better	result.			A	gel	run	time	of	35	minutes	at	150	V	should	

be	sufficient	to	achieve	this	aim	with	the	6.5%	poly	acrylamide	gel.			

The	finding	that	there	is	a	potential	selective	pressure	on	the	cancer	cell	lines	

causing	advantage	from	certain	variants,	suggests	a	future	avenue	of	research.		The	

finding	that	certain	polymorphs	are	favored	within	and	between	metastatic	breast	

cancer	lines	suggests	that	there	may	be	some	reason	to	believe	that	androgen	

ablation	therapy	may	have	an	impact	on	breast	cancers.		Presently	androgen	



ablation	therapy	is	used	in	the	treatment	of	prostate	cancers,	but	there	is	only	a	

tenuous	link	to	better	patient	outcomes	with	its	use	as	a	neoadjuvant	therapy	after	5	

years	when	used	in	combination	with	surgery	(Soloway	2002).		It	is	unwise	to	

extend	the	findings	too	far,	but	an	opportunity	exists	for	research	drawing	out	this	

finding	further.	
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APPENDIX	I	PRIMER	DETAILS	

The	primers	I	chose	are	highlighted	in	the	sequences.	

Human androgen-receptor mRNA, complete cds 
GenBank: M34233.1 

FASTA Graphics 

Go to: 

LOCUS       HUMARX                  3231 bp    mRNA    linear   PRI 31-

OCT-1994 DEFINITION  Human androgen-receptor mRNA, complete cds. 

ACCESSION   M34233 VERSION     M34233.1  GI:179033 KEYWORDS    androgen 

receptor. SOURCE      Homo sapiens (human)   ORGANISM  Homo sapiens             

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;             

Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;             

Catarrhini; Hominidae; Homo. REFERENCE   1  (bases 1 to 3231)   AUTHORS   

Govindan,M.V.   TITLE     Specific region in hormone binding domain is 

essential for hormone             binding and trans-activation by human 

androgen receptor   JOURNAL   Mol. Endocrinol. 4 (3), 417-427 (1990)    

PUBMED   2342476 COMMENT     Original source text: Human testis and 

prostate cancer cell line             LNCaP, cDNA to mRNA. FEATURES             

Location/Qualifiers      source          1..3231                      

/organism="Homo sapiens"                      /mol_type="mRNA"                      

/db_xref="taxon:9606"                      /map="Xq11.2-q12"      gene            

1..3231                      /gene="AR"      CDS             109..2829                 

/gene="AR"                      /note="androgen-receptor"                      

/codon_start=1                      /protein_id="AAA51780.1"                      

/db_xref="GI:179034"                      /db_xref="GDB:G00-120-556"                   

/translation="MEVQLGLGRVYPRPPSKTYRGAFQNLFQSVREVIQNPGPRHPEA                      

ASAAPPGASLLLLQQQQQQQQQQQQQQQQETSPRQQQQQQGEDGSPQAHRRGPTGYLV                      

LDEEQQPSQPQSALECHPERGCVPEPGAAVAASKGLPQQLPAPPDEDDSAAPSTLSLL                      

APTFPGLSSCSADLKDILSEASTMQLLQQQQQEAVSEGSSSGRAREASGAPTSSKDNY                      

LGGTSTISDNAKELCKAVSVSMGLGVEALEHLSPGEQLRGDCMYAPLLGVPPAVRPTP                      

CAPLAECKGSLLDDSAGKSTEDTAEYSPFKGGYTKGLEGESLGCSGSAAAGSSGTLEL                      

PSTLSLYKSGALDEAAAYQSRDYYNFPLALAGPPPPPPPPHPHARIKLENPLDYGSAW                      

AAAAAQCRYGDLASLHGAGAAGPGSGSPSAAASSSWHTLFTAEEGQLYGPCGGGGGGG                      

GGGGGGGGGEAGAVAPYGYTRPPQGLAGQESDFTAPDVWYPGGMVSRVPYPSPTCVKS                      

EMGPWMDSYSGPYGDMRLETARDHVLPIDYYFPPQKTCLICGDEASGCHYGALTCGSC                      

KVFFKRAAEGKQKYLCASRNDCTIDKFRRKNCPSCRLRKCYEAGMTLGARKLKKLGNL                      

KLQEEGEASSTTSPTEETTQKLTVSHIEGYECQPIFLNVLEAIEPGVVCAGHDNNQPD                      

SFAALLSSLNELGERQLVHVVKWAKALPGLRNLHVDDQMAVIQYSWMGLMVFAMGWRS                      

FTNVNSRMLYFAPDLVFNEYRMHKSRMYSQCVRMRHLSQEFGWLQITPQEFLCMKAML                      



LFSIIPVDGLKNQKFFDELRMNYIKELDRIIACKRKNPTSCSRRFYQLTKLLDSVQPI                      

ARELHQFTFDLLIKSHMVSVDFPEMMAEIISVQVPKILSGKVKPIYFHTQ"      misc_feature    

2083..2820                      /gene="AR"                      

/note="Ligand binding domain of the nuclear receptor                      

androgen receptor, ligand activated transcription                      

regulator; Region: NR_LBD_AR; cd07073"                      

/db_xref="CDD:132758"      misc_feature    1729..1974                      

/gene="AR"                      /note="DNA-binding domain of androgen 

receptor (AR) is                      composed of two C4-type zinc 

fingers; Region: NR_DBD_AR;                      cd07173"                      

/db_xref="CDD:143547"      misc_feature    124..1434                      

/gene="AR"                      /note="Androgen receptor; Region: 

Androgen_recep;                      pfam02166"                      

/db_xref="CDD:111097"      misc_feature    

order(2170..2172,2179..2184,2188..2193,2200..2202,                      

2290..2295,2302..2307,2314..2316,2323..2325,2359..2361,                      

2407..2409,2428..2430,2686..2688,2698..2700)                      

/gene="AR"                      /note="ligand binding site [chemical 

binding]; other site"                      /db_xref="CDD:132758"      

misc_feature    order(2206..2208,2215..2217,2227..2229,2245..2247,                     

2257..2259,2269..2271,2281..2283,2746..2751,2758..2763)                      

/gene="AR"                      /note="coactivator recognition site 

[polypeptide binding];                      other site"                      

/db_xref="CDD:132758"      misc_feature    

order(1744..1746,1753..1755,1795..1797,1804..1806,                      

1852..1854,1870..1872,1900..1902,1909..1911)                      

/gene="AR"                      /note="zinc binding site [ion binding]; 

other site"                      /db_xref="CDD:143547"      misc_feature    

order(1771..1782,1801..1803,1807..1812,1819..1824,                      

1846..1848,1891..1896,1903..1905,1912..1914)                      

/gene="AR"                      /note="DNA binding site [nucleotide 

binding]"                      /db_xref="CDD:143547"      misc_feature    

order(1849..1863,1867..1875,1888..1890,1897..1899)                      

/gene="AR"                      /note="dimer interface [polypeptide 

binding]; other site"                      /db_xref="CDD:143547" ORIGIN               

1 agctagctgc agcgactacc gcatcatcac agcctgttga actcttctga gcaagagaag        

61 gggaggcggg gtaagggaag taggtggaag attcagccaa gctcaaggat ggaagtgcag       

121 ttagggctgg gaagggtcta ccctcggccg ccgtccaaga cctaccgagg agctttccag       

181 aatctgttcc agagcgtccg cgaagtgatc cagaacccgg gccccaggca cccagaggcc       

241 gcgagcgcag cacctcccgg cgccagtttg ctgctgctgc agcagcagca gcagcagcag       

301 cagcagcagc agcagcagca gcagcaagag actagcccca ggcagcagca gcagcagcag       



361 ggtgaggatg gttctcccca agcccatcgt agaggcccca caggctacct ggtcctggat       

421 gaggaacagc aaccttcaca gccgcagtcg gccctggagt gccaccccga gagaggttgc       

481 gtcccagagc ctggagccgc cgtggccgcc agcaaggggc tgccgcagca gctgccagca       

541 cctccggacg aggatgactc agctgcccca tccacgttgt ccctgctggc ccccactttc       

601 cccggcttaa gcagctgctc cgctgacctt aaagacatcc tgagcgaggc cagcaccatg       

661 caactccttc agcaacagca gcaggaagca gtatccgaag gcagcagcag cgggagagcg       

721 agggaggcct cgggggctcc cacttcctcc aaggacaatt acttaggggg cacttcgacc       

781 atttctgaca acgccaagga gttgtgtaag gcagtgtcgg tgtccatggg cctgggtgtg       

841 gaggcgttgg agcatctgag tccaggggaa cagcttcggg gggattgcat gtacgcccca       

901 cttttgggag ttccacccgc tgtgcgtccc actccttgtg ccccattggc cgaatgcaaa       

961 ggttctctgc tagacgacag cgcaggcaag agcactgaag atactgctga gtattcccct      

1021 ttcaagggag gttacaccaa agggctagaa ggcgagagcc taggctgctc tggcagcgct      

1081 gcagcaggga gctccgggac acttgaactg ccgtctaccc tgtctctcta caagtccgga      

1141 gcactggacg aggcagctgc gtaccagagt cgcgactact acaactttcc actggctctg      

1201 gccggaccgc cgccccctcc gccgcctccc catccccacg ctcgcatcaa gctggagaac      

1261 ccgctggact acggcagcgc ctgggcggct gcggcggcgc agtgccgcta tggggacctg      

1321 gcgagcctgc atggcgcggg tgcagcggga cccggttctg ggtcaccctc agccgccgct      

1381 tcctcatcct ggcacactct cttcacagcc gaagaaggcc agttgtatgg accgtgtggt      

1441 ggtggtgggg gtggtggcgg cggcggcggc ggcggcggcg gcggcgaggc gggagctgta      

1501 gccccctacg gctacactcg gccccctcag gggctggcgg gccaggaaag cgacttcacc      

1561 gcacctgatg tgtggtaccc tggcggcatg gtgagcagag tgccctatcc cagtcccact      

1621 tgtgtcaaaa gcgaaatggg cccctggatg gatagctact ccggacctta cggggacatg      

1681 cgtttggaga ctgccaggga ccatgttttg cccattgact attactttcc accccagaag      

1741 acctgcctga tctgtggaga tgaagcttct gggtgtcact atggagctct cacatgtgga      

1801 agctgcaagg tcttcttcaa aagagccgct gaagggaaac agaagtacct gtgcgccagc      

1861 agaaatgatt gcactattga taaattccga aggaaaaatt gtccatcttg tcgtcttcgg      

1921 aaatgttatg aagcagggat gactctggga gcccggaagc tgaagaaact tggtaatctg      

1981 aaactacagg aggaaggaga ggcttccagc accaccagcc ccactgagga gacaacccag      

2041 aagctgacag tgtcacacat tgaaggctat gaatgtcagc ccatctttct gaatgtcctg      

2101 gaagccattg agccaggtgt agtgtgtgct ggacacgaca acaaccagcc cgactccttt      

2161 gcagccttgc tctctagcct caatgaactg ggagagagac agcttgtaca cgtggtcaag      

2221 tgggccaagg ccttgcctgg cctccgcaac ttacacgtgg acgaccagat ggctgtcatt      

2281 cagtactcct ggatggggct catggtgttt gccatgggct ggcgatcctt caccaatgtc      

2341 aactccagga tgctctactt cgcccctgat ctggttttca atgagtaccg catgcacaag      

2401 tcccggatgt acagccagtg tgtccgaatg aggcacctct ctcaagagtt tggatggctc      

2461 caaatcaccc cccaggaatt cctgtgcatg aaagccatgc tactcttcag cattattcca      

2521 gtggatgggc tgaaaaatca aaaattcttt gatgaacttc gaatgaacta catcaaggaa      

2581 ctcgatcgta tcattgcatg caaaagaaaa aatcccacat cctgctcaag acgcttctac      

2641 cagctcacca agctcctgga ctccgtgcag cctattgcga gagagctgca tcagttcact      

2701 tttgacctgc taatcaagtc acacatggtg agcgtggact ttccggaaat gatggcagag      

2761 atcatctctg tgcaagtgcc caagatcctt tctgggaaag tcaagcccat ctatttccac      



2821 acccagtgaa gcattggaaa ccctatttcc ccaccccagc tcatgccccc tttcagatgt      

2881 cttctgcctg ttataactct gcactactcc tctgcagtgc cttggggaat ttcctctatt      

2941 gatgtacagt ctgtcatgaa catgttcctg aattctatct gctgggcttt ttttttctct      

3001 ttctctcctt tctttttctt cttccctccc tatctaaccc tcccatggca ccttcagact      

3061 ttgcttccca ttgtggctcc tatctgtgtt ttgaatggtg ttgtatgcct taaatctgtg      

3121 atgatcctca tatggcccag tgtcaagttg tgcttgttta cacgcatctc tgtgccagcc      

3181 acacaaaccg tttacttact taccgcaagg gaacttagag agctagaatt c 

	
	
	
	

	
	
	
	
Database	derived	primers	were	not	useful	for	the	research	proposed	as	they	did	not	
include	the	polymorphic	region	which	is	at	the	crux	of	deriving	X‐chromosome	
inactivation	so	we	used.	
Green	highlighting	above	indicates	primers	and	the	yellow	highlighting	indicates	the	
polymorphic	region.	
	
	
Forward	75‐95:	5’‐GGG	AAG	TAG	GTG	GAA	GAT	TC	‐3’	
Reverse	500‐481:	5’‐GCG	GCT	CCA	GGC	TCT	GGG	AC‐3’	
Total	Length:	433	Base	pairs	making	it	easy	to	discern	its	size	as	compared	to	the	
CCHRCR1	transcript	variant	at	~760	base	pairs	long.		All	other	complimentary	
regions	in	the	human	genome	produce	strands	that	are	very	small	(<100	bp)	or	very	
large	(>1000	base	pairs.)	
	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Homo	sapiens	herstatin	(HER‐2)	mRNA,	alternatively	spliced,	complete	cds	
GenBank:	AF177761.2	
FASTA	Graphics	
Go	to:	
LOCUS							AF177761																1316	bp				mRNA				linear			PRI	20‐SEP‐2000	
DEFINITION		Homo	sapiens	herstatin	(HER‐2)	mRNA,	alternatively	spliced,	
												complete	cds.	
ACCESSION			AF177761	
VERSION					AF177761.2		GI:10181232	
KEYWORDS				.	
SOURCE						Homo	sapiens	(human)	
		ORGANISM		Homo	sapiens	
												Eukaryota;	Metazoa;	Chordata;	Craniata;	Vertebrata;	Euteleostomi;	
												Mammalia;	Eutheria;	Euarchontoglires;	Primates;	Haplorrhini;	
												Catarrhini;	Hominidae;	Homo.	
REFERENCE			1		(bases	1	to	1316)	
		AUTHORS			Doherty,J.K.,	Bond,C.,	Jardim,A.,	Adelman,J.P.	and	Clinton,G.M.	
		TITLE					The	HER‐2/neu	receptor	tyrosine	kinase	gene	encodes	a	secreted	
												autoinhibitor	
		JOURNAL			Proc.	Natl.	Acad.	Sci.	U.S.A.	96	(19),	10869‐10874	(1999)	
			PUBMED			10485918	
REFERENCE			2		(bases	1	to	1316)	
		AUTHORS			Doherty,J.K.,	Clinton,G.M.	and	Adelman,J.P.	
		TITLE					Direct	Submission	
		JOURNAL			Submitted	(16‐AUG‐1999)	Biochemistry,	Oregon	Health	Sciences	
												University,	3181	SW	Sam	Jackson	Park	Road,	Portland,	OR	97201,	USA	
REFERENCE			3		(bases	1	to	1316)	
		AUTHORS			Doherty,J.K.,	Clinton,G.M.,	Adelman,J.P.,	Evans,A.J.	and	
												Henner,W.D.	
		TITLE					Direct	Submission	
		JOURNAL			Submitted	(18‐SEP‐2000)	Biochemistry,	Oregon	Health	Sciences	
												University,	3181	SW	Sam	Jackson	Park	Road,	Portland,	OR	97201,	USA	
		REMARK				Sequence	update	by	submitter	
COMMENT					On	Sep	18,	2000	this	sequence	version	replaced	gi:5917723.	
FEATURES													Location/Qualifiers	
					source										1..1316	
																					/organism="Homo	sapiens"	
																					/mol_type="mRNA"	
																					/db_xref="taxon:9606"	
																					/chromosome="17"	
																					/map="17q21‐q22"	
					gene												1..1316	
																					/gene="HER‐2"	
																					/gene_synonym="c‐erbB‐2"	
																					/note="formerly	neu;	developmentally	expressed	oncogene"	
					CDS													13..1272	



																					/gene="HER‐2"	
																					/gene_synonym="c‐erbB‐2"	
																					/function="binds	p185HER‐2	receptor"	
																					/function="inhibits	HER‐2‐mediated	tumorigenic	growth"	
																					/note="approximately	68	kDa	secreted	autoinhibitor	
																					glycoprotein;	alternatively	spliced"	
																					/codon_start=1	
																					/product="herstatin"	
																					/protein_id="AAD56009.2"	
																					/db_xref="GI:10181233"	
																					
/translation="MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLD	
																					
MLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEVQGYVLIAHNQVRQVPLQRLRIV	
																					
RGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEILKGGVLIQRNPQ	
																					
LCYQDTILWKDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGESSEDCQSLTRT	
																					
VCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNT	
																					
DTFESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCPLHNQEVTAEDGTQRCEKC	
																					
SKPCARGTHSLPPRPAAVPVPLRMQPGPAHPVLSFLRPSWDLVSAFYSLPLAPLSPTS	
																					VPISPVSVGRGPDPDAHVAVDLSRYEG"	
ORIGIN		
	
I’ve	Highlighted	the	primer	sequences.							
								1	gcagtgagca	ccatggagct	ggcggccttg	tgccgctggg	ggctcctcct	cgccctcttg	
							61	ccccccggag	ccgcgagcac	ccaagtgtgc	accggcacag	acatgaagct	gcggctccct	
						121	gccagtcccg	agacccacct	ggacatgctc	cgccacctct	accagggatg	ccaggtggtg	
						181	cagggaaacc	tggaactcac	ctacctgccc	accaatgcca	gcctgtcctt	cctgcaggat	
						241	atccaggagg	tgcagggcta	cgtgctcatc	gctcacaacc	aagtgaggca	ggtcccactg	
						301	cagaggctgc	ggattgtgcg	aggcacccag	ctctttgagg	acaactatgc	cctggccgtg	
						361	ctagacaatg	gagacccgct	gaacaatacc	acccctgtca	caggggcctc	cccaggaggc	
						421	ctgcgggagc	tgcagcttcg	aagcctcaca	gagatcttga	aaggaggggt	cttgatccag	
						481	cggaaccccc	agctctgcta	ccaggacacg	attttgtgga	aggacatctt	ccacaagaac	
						541	aaccagctgg	ctctcacact	gatagacacc	aaccgctctc	gggcctgcca	cccctgctct	
						601	ccgatgtgta	agggctcccg	ctgctgggga	gagagttctg	aggattgtca	gagcctgacg	
						661	cgcactgtct	gtgccggtgg	ctgtgcccgc	tgcaaggggc	cactgcccac	tgactgctgc	
						721	catgagcagt	gtgctgccgg	ctgcacgggc	cccaagcact	ctgactgcct	ggcctgcctc	
						781	cacttcaacc	acagtggcat	ctgtgagctg	cactgcccag	ccctggtcac	ctacaacaca	
						841	gacacgtttg	agtccatgcc	caatcccgag	ggccggtata	cattcggcgc	cagctgtgtc	
						901	actgcctgtc	cctacaacta	cctttctacg	gacgtgggat	cctgcaccct	cgtctgcccc	
						961	ctgcacaacc	aagaggtgac	agcagaggat	ggaacacagc	ggtgtgagaa	gtgcagcaag	
					1021	ccctgtgccc	gaggtaccca	ctcactgccc	ccgaggccag	ctgcagttcc	tgtccctctg	



					1081	cgcatgcagc	ctggcccagc	ccaccctgtc	ctatccttcc	tcagaccctc	ttgggaccta	
					1141	gtctctgcct	tctactctct	acccctggcc	cccctcagcc	ctacaagtgt	ccctatatcc	
					1201	cctgtcagtg	tggggagggg	cccggaccct	gatgctcatg	tggctgttga	cctgtcccgg	
					1261	tatgaaggct	gagacggccc	cttccccacc	cacccccacc	tcctcagtgt	gctatg	
	

		
	

	
	
	

	


