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Molecular	diagnosis	in	lymphoma	
Objec(ves:	
•  	 Be[er	 defini(on	 of	 lymphoma	 disorders	 with	
precise	 clinical	 features,	 molecular	 markers	 and	
therapy	
•  	 Iden(fica(on	 of	 predic(ve	 and	 prognos(c	
markers	
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Molecular	diagnosis	in	lymphoma	
Results:	
• 	Gene(c	markers	for	Splenic	red	pulp	lymphomas	
•  	 Iden(fica(on	 of	 DUSP22-translocated	 Anaplas(c	 large	 cell	
lymphoma	as	a	precise	clinicopathological	en(ty	
• 	 Recogni(on	 of	 the	 spectrum	 of	 EBV+	mucocutaneous	 ulcer	 as	 an	
indolent	disorder	
• 	Merkel	cell	carcinoma:	Immune	stroma	study	in	a	series	of	300	cases	
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•  Identificación de mecanismos de resistencia a nuevos anticuerpos 
anti-HER2 en cáncer de mama HER2 positivo 

•  Papel de la heterogeneidad tumoral y la reprogramación dinámica 
de la célula tumoral en la resistencia a anticuerpos anti-HER2 en 
cáncer de mama HER2 positivo 

•  Caracterización y repercusión terapéutica de la ecología del cáncer 
de mama 

Cáncer de mama: Objetivos 
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Implicación de la quimioquina CCL5 en la resistencia 
adquirida a trastuzumab. 

Velasco-Velázquez et al. Expert Opin Ther Targets. 2014 
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Activación de Hippo/YAP1 como factor de resistencia a trastuzumab. 
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Prediction of bone dissemination in breast cancer 

Pavlovic, M et al. JNCI 2015 
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Prediction of bone dissemination in breast cancer 
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NK cell infiltrates and response to therapy in 
HER2 breast cancer  

FIGURE 3 | Actionable NK cell checkpoints for enhancing anti-HER2 mAb-induced ADCC responses. Several strategies can be tackled for harnessing NK cell 
ADCC responses with the objective of enhancing the clinical efficacy of anti-HER2 mAbs. Toll-like receptor (TLR) agonists and cytokines such as IL-2, IL-15, and 
IL-12 have been shown to lower NK cell activation threshold and enhance their effector potential. Among immune checkpoint modulators targeting surface 
receptors, anti-TIGIT and anti-PD-1 blocking mAbs as well as anti-CD137 agonist mAbs enhance NK cell-mediated ADCC and survival. Impeding CD16 shedding 
with A disintegrin and metalloproteinase 17 (ADAM17) inhibitors can be yet another strategy amplifying NK cell-mediated ADCC triggered by HER2-specific 
therapeutic mAbs.
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Muntasell et al. NK Cell ADCC in Breast Cancer

Frontiers in Immunology | www.frontiersin.org November 2017 | Volume 8 | Article 1544

(84). Remarkably, NKG2C+ NK cells display enhanced effector 
function upon antibody-driven recognition of virus-infected 
targets and rituximab-coated B lymphoblastoid cell lines in vitro 
(85–87).

Influence of HER2 Breast Cancer 
Molecular Subtypes on NK Cell-Mediated 
ADCC
Hormone receptor status differentiates two HER2+ breast tumor 
subgroups with distinct pathological response rate and overall 
survival upon anti-HER2 mAb treatment (88). The benefit of 
anti-HER2 therapy is highest in estrogen receptor (ER)-negative 
tumors and progressively decreases in tumors with increased ER 
expression (89). Globally, many immune parameters in HER2+ 
breast tumors (i.e., TILs, CD8+ infiltrate) are inversely correlated 
with ER or progesterone receptor expression (90), and it is 
tempting to propose a possible relationship between decreased 
clinical benefit of ER+ tumors to anti-HER2 mAbs and their 
increased resistance to NK  cell-mediated ADCC. E-cadherin 

expression associated to ER+ breast carcinomas (91, 92) dampens 
trastuzumab-dependent ADCC through its specific interaction 
with the inhibitory killer cell lectin-like receptor G1 (KLRG1) 
on NK cells in preclinical in vitro and in vivo models (93, 94). 
Remarkably, resistance to trastuzumab-based treatment has been 
associated to E-cadherin expression in tumors from patients 
with HER2+ metastatic breast cancer (94). In addition, estrogens 
regulate the transcription of SerpinB9/proteinase inhibitor 9, a 
granzyme B inhibitor shown to decrease the susceptibility of ER+ 
breast cancer cells to NK and CD8+ T cell cytotoxicity in vitro 
(95, 96). Estrogens also upregulate HLA-I transcription through 
a cis-regulatory element in breast cancer cell lines (97–99), 
potentially modulating their susceptibility to NK cell-mediated 
ADCC. The relationship between ER and HLA-I expression has 
been confirmed by HLA-I immunohistochemical score in ER+/
HER2+ as compared to ER−/HER2+ tumors (90). Whether other 
molecular features underlying breast carcinoma heterogeneity 
(e.g., mutations in PI3K, PTEN, p53, or p95HER2) (8) may 
modulate the susceptibility to NK cell-mediated ADCC remains 
uncertain.
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NK cell infiltrates and response to therapy in 
HER2 breast cancer  
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PERSPECTIVAS FUTURAS 

•  La caracterización de la ecología del cáncer de mama HER2+ tiene el potencial 
de mejorar la selección de pacientes que se benefician a las terapias y en el 
desarrollo de herramientas diagnósticas novedosas. 

•  La modulación del microambiente tumoral permitirá el desarrollo de nuevas 
estrategias terapéuticas más personalizadas para prevenir o revertir la resistencia 
a los anticuerpos anti-HER2 

•  Una visión global que integre los procesos biológicos del tumor con la respuesta 
inmune del paciente mejorará la predicción de la eficacia clínica de los 
tratamientos, en especial de la inmunoterapia en cáncer de mama 


