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4	 Background	 	
In	clinical	routine	diagnostics,	breast	cancers	are	character-

ized	 by	 immunohistochemistry.	 Triple	 negative	 breast	 can-

cers	(TNBCs)	are	defined	by	the	lack	of	expression	of	estro-

gen,	 progesterone	 and	 HER2	 receptors.	 The	 majority	 of	

TNBCs	are	high-grade,	invasive	ductal	carcinomas	with	rele-

vant	 nuclear	 pleomorphism,	 high	mitotic	 rates	 and	 lack	 of	

tubule	formation	with	a	high	propensity	for	systemic	metas-

tases	and	poor	survival	[1].	

However,	 TNBCs	 show	 a	 considerable	 pathologic	 and	 mo-

lecular	 heterogeneity	 leading	 to	markedly	 different	 clincial	

courses.	

Five	intrinsic	molecular	subtypes	of	breast	cancer	have	been	
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characterized	 by	 genomic	 analyses,	 luminal	 A,	 luminal	 B,	

HER-2	enriched,	basal-like	and	claudin-low,	as	well	as	a	nor-

mal	breast-like	group.	Although	the	majority	of	TNBC	corre-

sponds	 to	 the	 basal-like	 subtype	 (~	 90%),	 all	 the	 intrinsic	

molecular	 subtypes	 can	 be	 found	 within	 TNBCs.	 However,	

the	 prognostic	 impact	 of	 these	 molecular	 subtypes	 within	

the	group	of	TNBCs	is	unclear.	

	However,	 DNA	 and	 RNA	 profiling	 of	 198	 TNBC	 tumors	

revealed	 4	 subtypes	 with	 prognostic	 significance:	 luminal	

androgen	receptor	(LAR),	mesenchymal,	basal-like	immune-

suppressed,	and	basal-like	immune-activated	[2].	

Lehmann	 et	 al	 identified	 at	 least	 6	 TNBC	 subtypes	 dis-

playing	unique	gene	expression	and	ontologies,	 including	2	

basal-like	 (BL1	 and	 BL2),	 an	 immunomodulatory	 (IM),	 a	

mesenchymal	 (M),	 a	mesenchymal	 stem–like	 (MSL),	 and	 a	

luminal	androgen	receptor	(LAR)	subtype	[3].		

Besides	 gene	 experssion	 profiling,	 there	 is	 increasing	 evi-

dence	of	a	prognostic	and	predictive	role	of	tumor	infiltrat-

ing	 lymphocytes	 in	 TNBC	 [4-6].	 Significant	 levels	 of	 tumor	

infiltrating	 lymphocytes	 (TILs)	 have	 been	 associated	 with	

improved	 disease-free	 and	 overall	 survival	 rates	 in	 TNBC	

patients	with	and	without	any	treatment	[4,5].	The	presence	

of	TILs	in	the	breast	tumor	microenvironment	can	also	pre-

dict	responses	to	adjuvant	[7-9]	and	to	neoadjuvant		chemo-

therapy	 [10,11].	 High	 numbers	 of	 TILs	 correlate	 with	 in-

creased	 pathological	 complete	 responses	 (pCR)	 in	 TNBC.	

Moreover,	 TILs	 in	post-treatment	 residual	 tissue	were	 con-

sistently	associated	with	good	prognosis	 in	TNBC	 [12].	 This	
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might	be	related	to	the	process	of	 immune-editing	induced	

by	chemothrapy.	These	observations	supported	the	concept	

of	developing	an	immunoscore	on	the	basis	of	the	pattern	of	

TIL	in	TNBC	[13].		However,	whether	the	presence	of	TILs	is	

associated	 with	 immunomodulatory	 or	 basal-like	 immuno-

activated	TNBC	subtypes	is	not	known.	

Moreover,	little	is	known	about	the	prognostic	role	of	TILs	in	

metastatic	 TNBC	 (mTNBC)	 [14].	 It	 might	 be	 likely	 that	 the	

immune	response	of	patients	plays	also	an	important	role	in	

the	 course	 of	 metastatic	 TNBC.	 Furthermore,	 all	 kinds	 of	

immune	 cells	 infiltrate	 tumors	 and	 regulate	 immune	 re-

sponse:	 macrophages,	 mast	 cells,	 dendritic	 cells,	 natural	

killer	cells,	memory	lymphocytes,	B	cells	and	T	lymphocytes	

with	their	subsets	(TH1,	TH2,	TH17,	cytotoxic	T	cells,	T	follic-

ular	helper	cells	and	regulatory	T	cells)	[15-19]	[20].	The	dis-

tribution	of	immune	cells	is	termed	the	immune	contexture	

[21].	 Histopathological	 analysis	 of	 tumors	 demonstrated	

that	 the	 number	 of	 those	 cells	 vary	 between	 different	 tu-

mors	 of	 the	 same	 type	 and	 concentrate	 in	 different	 loca-

tions	within	 a	 tumor.	 In	 addition,	 	 not	 only	 the	 infiltration	

pattern	 but	 also	 the	 activation	 status	 of	 the	 immune	 cells	

might	differ	and	play	a	prognostic	role	in	TNBCs.	

The	main	goal	of	 this	project	 is	 the	 identification	of	an	 im-

mune	biomarker	for	therapy	stratifcation	of	mTNBC	patients	

by	 determining	 the	 immune	 contexture	 using	 (immu-

no)histopathology	 and	 by	 determining	 the	 mRNA	 immune	

signature	of	tumor	samples	using	the	hNanostring	technolo-

gy.	 The	 Nanostring	 technology	 is	 based	 on	 a	 color-coded	
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barcode	 technology	 that	 allows	 direct	 measurements	 of	

gene	transcripts.	The	nCounter	PanCancer	Immune	Profiling	

Kit	by	Nanostring	technology	enables	to	measure	the	mRNA-

based	gene	expression	profile	of	up	to	770	genes	involved	in	

immune	response	[22]	.	

An	 immune	 biomarker	 will	 help	 to	 identify	 subgroups	 of	

patients	 with	 favorable	 disease	 course	 and	 to	 identify	 pa-

tients	that	might	most	profit	from	further	therapy	including	

immunotherapeutic	 approaches.	 This	 biomarker	 can	 be	 a	

single	 marker,	 or	 an	 Immunoscore	 based	 on	 an	 immuno-

phenotype	 and	 /	 or	 an	 immune	 signature.	 After	 identifica-

tion	of	 such	a	biomarker,	 it	needs	 to	be	validated	 in	a	 fur-

ther	prospective	study.	 	 	Moreover,	by	determining	the	im-

mune	contexture	in	mTNBC	new	targets	for	immunotherapy	

could	be	identified	byond	PD-1	/	PD-L1.		 

5	 Aim	 1. Characterization	 of	 tumor	 lymphocyte	 infiltration	 pat-

terns	 and	 of	 immunosuppressive	 cell	 populations	 for	

characterization	of	the	immune	contextures.	

2. mRNA	immune	profiling	and	definition	of	immune	signa-

tures.	

3. Correlation	 of	 immune	 contextures	 and	 immune	 signa-

tures	with	clinico-pathological	parameters	 including	 the	

molecular	tumour	phenotype.	

4. Identification	 of	 an	 immune	 biomarker	 (that	 can	 be	 a	

single	marker,	a	specific	immune	contexture	or	a	specific	

immune	 signature)	 that	 can	 be	 used	 as	 prognostic	

and/or	predictive	factor.	
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6a	 Methods	 Exploring	of	the	tumor	and	its	microenvironment	by	mRNA	

immune	profiling		

Formalin-fixed	paraffin-embedded	 (FFPE)	 tumor	 tissues	will	

be	analyzed	 in	cooperation	with	 the	 Institute	of	Pathology,	

Charité.	 The	mRNA-based	 gene	 expression	 profile	 of	 up	 to	

800	 genes	 involved	 in	 immune	 response	 will	 be	 explored	

using	 the	 nCounter®	 GX	 Human	 Immunology	 v2	 Kit	 by	

Nanostring	technology.	Based	on	the	results	obtained,	gene	

expression	selected	genes	will	be	confirmed	on	protein	level	

by	immunohistochemical	staining.	

Characterization	of	the	immune	contexture		

Adequate	 interpretation	 of	 gene	 expression	 levels	may	 be	

hampered	 by	 the	 fact	 that	 solid	 tumors	 vary	 in	 both	 the	

cellular	 composition	 and	 in	 the	 expression	 level	 of	 specific	

cells	 in	 it.	Therefore,	histopathologic	analysis	on	hematoxy-

lin	 and	 eosin	 stained	 tissue	 sections	 followed	 by	 detailed	

immunohistochemical	 staining	 of	 immune	 cell	 subsets	 in-

cluding	lymphocyte	subpopulations	and	immunosuppressive	

cells	 will	 be	 performed	 in	 addition	 -	 depending	 on	 the	 re-

sults	obtained	by	mRNA	expression	profiling.	

Correlation	of	immune	signatures	and	immune	contextures	

with	clinic-pathological	parameters	including	the	molecular	

tumor	phenotype	and	identification	of	prognostic	/	predic-

tive	biomarkers	

Immune	 contextures	 will	 be	 defined	 based	 on	 the	 histo-

pathologic	/	immunohistochemical	analyses;	immune	signa-

tures	 will	 be	 defined	 based	 on	 expression	 profiles	 of	 im-

mune-related	 genes.	 Both	 will	 be	 correlated	 with	 clinico-
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pathological	paramters	 like,	 age,	 tumor	 stage	and	with	 the	

molecular	phenotype	of	the	tumors	(BRCA).	For	the	identifi-

cation	of	 an	 immune	biomarker	 a	 specific	 immune	 contex-

ture	or	a	 specific	 immune	signature	or	 specific	 immune	re-

lated	proteins	will	 be	 correlated	with	progression	 free	 and	

overall	survival	 in	order	to	identify	prognostic	and	/	or	pre-

dictive	factors	that	could	be	used	for	therapy	stratification.	

6b	 Which	data	and	bio-
materials	are	to	be	used?	

FFPE	tumor	samples	of	patients	with	mTNBC	before	system-

ic	treatment			

Clinical	 data	 including	 age,	 tumor	 stage	 molecular	 pheno-

type	of	the	tumor,	response	to	therapy	and	survival		

7	 Patient	cohort	 mTNBC	patients	of	the	PRAEGNANT	study	cohort	with	base-

line	tumor	samples	

N=	50	

8	 What	do	you	need	from	
the	PRAEGNANT	study	
group	(data,	biomaterials,	
other	support?)	

Access	to	patient	tumor	samples	and	clinical	data	

9	 Please	make	a	statement,	
why	the	proposed	re-
search	is	innovative	

On	a	molecular	level,	TNBC	is	a	heterogeneous	disease.	The	

main	goal	of	this	project	 is	the	 identification	of	an	 immune	

biomarker	 for	 therapy	 stratification	 of	 mTNBC	 patients	 by	

determining	the	 immune	contexture	using	not	only	 (immu-

no)histopahtology	 but	 also	 by	 deterrmining	 the	mRNA	 im-

mune	 signature	 of	 tumor	 samples	 using	 the	 Nanostring	

technology.	This	allows	us	a	more	detailed	characterization	

and	 to	 identify	 immune-inhibitory	 molecules,	 that	 can	 al-

ready	be	 targeted	by	pharmacological	agents	or	antibodies	

(i.e.	PD-1	/	PD-L1,	CTLA-4,	IDO,	TGF-β,	arginase,	TIM-3),	but	

also	to	identify	new	molecules	that	have	the	potential	to	be	
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therapeutically	 targeted.	 The	nCounter	 PanCancer	 Immune	

Profiling	 Kit	 by	 Nanostring	 technology	 enables	 to	measure	

the	mRNA-based	gene	expression	profile	of	up	to	770	genes	

involved	 in	 immune	 response	 based	 on	 a	 color-coded	 bar-

code	technology.[22]		

An	 immune	 biomarker	 will	 help	 to	 identify	 subgroups	 of	

patients	with	 favorable	 disease	 course	 and	will	 help	 to	 es-

tablish	a	more	personalized	treatment.	Moreover,	 it	will	be	

possible	 to	 identify	 patients	 that	 might	 most	 profit	 from	

further	therapy	including	immunotherapeutic	approaches.		

This	biomarker	can	be	a	single	marker,	or	an	 Immunoscore	

based	on	an	immunophenotype	and	/	or	an	 immune	signa-

ture.	After	identification	of	such	a	biomarker,	it	needs	to	be	

validated	in	a	further	prospective	study.				

10	 Decision	(to	be	completed	
by	PRAEGNANT	Study	
Group)	
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