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Generation of lentiviral vectors that mimic the expression pattern of TCR in T cells for immunotherapy
applications.
Gene therapy can be used to repair genetic alterations or to provide new functions to cells. Conventional cancer
treatments are generally inefficient due to the development of mechanisms to escape from the immune system.
New strategies based on Immunotherapy (arming the immune system to attack tumor cells) are becoming
important tools for several types of cancer, in particular, the use of lentiviral vectors (LVs) to generate chimeric
antigen receptors (CARs). CAR expression on T cells is very high due to the presence of strong promoters like
elongation factor 1 (EF1-). There is evidence indicating that uncontrolled expression of CARs could be responsible
of serious side effects and lack of efficacy in some patients. Dr.Sadelain's group demonstrated that expressing the
CAR through the TRAC promoter using genome editing (GE) increased the antitumor efficacy of CAR-T cells. Our
point was to generate LVs that mimic the expression pattern of the TCR as an alternative to GE strategy. We
designed chimeric promoters in order to achieve TCR-like kinetic expression on T cells. Those promoters were
based on CD4, B2M, LCK and CD247 genes and inserted into LVs to express eGFP. LVs were used to transduce
primary human T cells and the eGFP expression levels analyzed along time after CD3/CD28 estimulation. Our data
showed that both, the CD4 and B2M chimeric promoters mimicked the expression pattern of the endogenous TCR,
lowering the levels 8 hours after the stimuli and a continuous increase thereafter, reaching normal levels after 72
hours. Of note, the T cells transduced with B2M-based LVs were almost completely silenced 8h after T cell
activation, and this could be an important aspect to reduce T cell exhaustion if apply to CAR-T. We propose the use
B2M-regulated LVs for the expression of CAR in T cells, as way to reduce T cell exhaustion.

Alba Ortigosa Palomo
Estudio transcriptómico de subpoblaciones celulares en pacientes con cáncer de mama.
El cáncer de mama es el segundo tipo de cáncer más común en el mundo y el más frecuente en mujeres. El interés
en el control de la diseminación del cáncer en general, y del cáncer de mama en particular, ha impulsado el
desarrollo de nuevas estrategias de detección y pronóstico de la enfermedad y de respuesta a los tratamientos.
Entre estas estrategias destaca principalmente la biopsia líquida (BL), una técnica no invasiva que permite obtener
información tumoral en base a la determinación de biomarcadores en un fluido corporal. Entre esos
biomarcadores de BL se encuentran, entre otros, las células tumorales circulantes (CTCs), las plaquetas educadas
por tumor (TEPs, del inglés Tumor Educated Platelet) y los leucocitos. Este trabajo tiene como principal objetivo el
estudio transcriptómico de las subpoblaciones leucocitarias y plaquetarias tanto en pacientes de cáncer de mama
como en donantes sanos para determinar biomarcadores diagnóstico en este tipo de cáncer. Además, se
determinó la presencia de CTCs en estas poblaciones y se correlacionaron con variables clinicopatológicas. Los
resultados preliminaries determinan que los niveles de miRNA5690 y FHL3 en leucocitos y GLYATL2, HLA-B, CTSW,
CDK16 y SH3PXD2A en plaquetas son potenciales biomarcadores diagnóstico de la enfermedad.
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CRISPR/Cas9-mediated edition of KRAS driver mutations in Non-Small Cell Lung Cancer (NSCLC).
INTRODUCTION
Lung cancer is the leading cause of cancer worldwide, being Non-Small Cell Lung Cancer (NSCLC) the most
prevalent subtype. It is estimated that 30% of these tumors harbor mutations in Kirsten Rat Sarcoma viral
oncogene (KRAS), which are mainly located in the 12th codon. These mutations are known as driver mutations,
because they constitute an oncogenic form of the KRAS protein which continuously promotes cell proliferation and
eventually leads to tumor development. Given the high frequency of these KRAS mutations in NSCLC and the lack
of successful compounds for its treatment to the date, we have developed a Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)/Cas gene targeting strategy against G12C and G12D driver mutations, which aim to
be an alternative approach for future lung cancer treatment.
METHODOLOGY
Designed gRNAs targeting G12C and G12D mutations were tested in KRAS mutant and KRAS wildtype cell lines.
CRISPR tools were delivered to cells as a ribonucleoprotein (RNP) complex. Specificity of gRNAS and KRAS loss were
assessed through T7 endonuclease assay and Western Blot, respectively.
RESULTS
We have demonstrated that the CRISPR/Cas system can be implemented to selectively target KRAS mutations
without affecting its wildtype sequence. Consequently, the edition of mutant KRAS in NSCLC cell lines (H1792,
SKLU-1 and A427) displays a significant reduction in tumor phenotype, in terms of cell viability and clonogenic
ability. Thus, our results provide a new insight and a very promising tool to treat lung cancer, by selectively editing
the most frequent mutations of KRAS without affecting the wildtype version of this oncogene.
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Estudio del papel de Cortistatina como regulador endógeno de los procesos de fibrosis asociados a
patologías crónicas.
El 45% de las muertes que se producen a nivel mundial están asociadas a procesos fibróticos crónicos exacerbados.
Existe gran variedad de patologías relacionadas con estos, incluyendo Esclerodermia y Fibrosis pulmonar
idiopática, resultando prioritaria la identificación de genes y factores de susceptibilidad y severidad de las mismas.
Existen evidencias que indican que el neuropéptido anti-inflamatorio cortistatina podría jugar un papel clave como
regulador endógeno de fibrosis crónica patológica. Inicialmente encontramos que cortistatina y sus receptores se
expresaban en células efectoras fibróticas, como fibroblastos y miofibroblastos, y que su presencia estaba alterada
en tejidos fibróticos. Generamos ratones totalmente (CST-KO) o parcialmente (CST-HET) deficientes en cortistatina
y los ensayamos en un modelo experimental preclínico de Esclerodermia, y observamos que mostraban lesiones
fibróticas cutáneas significativamente más exacerbadas y con marcadores fibróticos más elevados que las
mostradas por ratones CST-WT. Además, la deficiencia en cortistatina iba asociada a un desarrollo de fibrosis
pulmonar severa en los animales con esclerodermia, un proceso secundario que ocurre en un porcentaje
significativo de pacientes con esta enfermedad y que compromete su calidad de vida. Igualmente, en un modelo
preclínico de fibrosis pulmonar idiopática, constatamos que la deficiencia en cortistatina resultó en una elevada
mortalidad causada por infiltración leucocitaria y fibrosis parenquimatosa pulmonar exacerbada y subsiguiente
fallo orgánico. El tratamiento con cortistatina revirtió este fenotipo patológico y la mortalidad observada en ambos
modelos experimentales, normalizando los procesos fibróticos. Cultivos de fibroblastos primarios aislados de piel y
pulmones de ratones CST-WT, CST-HET y CST-KO demostraron que la deficiencia en cortistatina llevaba asociada
una mayor activación de las rutas de señalización intracelulares profibróticas, y un aumento de la expresión de
marcadores fibróticos. Nuestros datos indican que cortistatina podría considerarse en un futuro un biomarcador
de susceptibilidad a sufrir procesos fibróticos asociados a patologías crónicas y una alternativa terapéutica para su
tratamiento.
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Knockdown of TGF-activated NDRG1 inhibits migration and epithelial-mesenchymal transition of
metastatic triple negative breast cancer cells
Background: Triple Negative Breast Cancer (TNBC) displays the worst patient survival rates among breast cancer
subtypes, mainly due to chemoresistance, cellular heterogeneity and metastases. TNBC exhibits overactive
aggressiveness-related signaling pathways like TGF, which induces EMT (Epithelial-Mesenchymal Transition) during
metastasis. NDRG1 (N-myc downstream regulated gene 1) is described as a metastasis suppressor in a range of
tumor types, including breast cancer. We have previously observed that TGF induces the phosphorylation of
NDRG1 in different TNBC cell lines. We aimed at determining whether NDRG1 is involved in tumor cell migration
and EMT upon TGF activation.

Methods: TNBC cell lines from pleural effusion (MDA-MB-231, MDA-MB-436) and primary tumor

(SUM159, BT549) were used. Changes in phospho(p)-NDRG1(Thr346) were assessed by Western blot in
SUM159 and MDA-MB-231 cells treated with TGF1 (10ng/ml) for 8, 12, 24, 48 and 72h. NDRG1
knockdown (50nM siRNA) was performed in MDA-MB-231, MDA-MB-436, SUM159 and BT549 cells for
48h, with/without TGF1. Cell migration and expression of EMT markers (SNAIL, SLUG, TWIST, Vimentin)
were determined by the wound healing assay and Western blot, respectively.
Result:
Our results showed a sustained phosphorylation of NDRG1 during TGF1 treatment. Overall, upon TGF
activation, NDRG1 knockdown was correlated with less expression of TWIST, SNAIL and SLUG in all cell
lines. Interestingly, Vimentin was reduced only in cells from pleural effusion. Opposite to those from
primary tumor, migration was significantly decreased in pleural effusionderived cells.
Conclusions:
We are the first to demonstrate that TGF motivates and maintains NDRG1 activation in TNBC.
Noteworthy, NDRG1 may mediate TGF-induced migration only in those cells that have escaped from
their primary site and reached distant organs, what could be attributed to the modulation ofEMT.
Moreover, we show that EMT process is dispensable for the role of NDRG1 on the TGFpromoted
metastatic events.
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Assessment of efficacy and safety of universal CD19-CAR T cells
Current adoptive immunotherapy strategies use autologous T cells expressing a Chimeric Antigen Receptor (CAR)
against CD19+ B cells malignancies. Beyond the impressive benefit, time and quality of manufacturing T cells from
the refractory patients constitutes a critical limitation for a successful therapy. On the other hand, severe side
effects, including patient deaths by cytokinerelease- syndrome (CRS) and appearance of relapsed leukemia, have
been reported as a consequence of a strong and bad regulated CAR expression. Our hypothesis is that allogenic
universal CAR-T cells can overcome the histocompatibility problem and can be generated from healthy donors to
treat several patients, expanding access to immunotherapy. In addition, expressing the CARs by using promoters
that mimic the physiological pattern of the TCR can reduce toxicity and improve therapeutic activity. In first place
we generated universal primary T cells disrupting the TCR molecule using Cas9/sgRNA ribonucleoprotein (70-90%
KO efficiency) without affecting negatively the phenotype and the proliferation capacity. Both WT and TCRKO T
cells expressing the CD19-CAR in a constitutive way showed good efficacy and selectivity in vitro (>90% specific
lysis). In parallel, we have tested a panel of different LV-backbones to investigate which one mimic better the
TCR/CD3 expression profile after TCR stimulation, obtaining the best results with the promoter from the WiskottAldrich syndrome (WAS) locus. TCRKO T cells expressing the CAR in a TCR-like fashion displayed specific lytic
activity and a less exhausted phenotype. Regarding edition safety, CRISPR/Cas9 technology could encounter
undesired side effects on T cells due to off-targets and on-target repair mechanisms. We didn´t find any
significative cleavage in six predicted off-targets in silico. However, we found large deletions on the target site of
up to 4 kb. At this point, we are generating mouse models to study the efficacy and safety of these new TCRKOCD19CAR T cells in vivo.
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Study of the role of ADAMTS1 to modulate macrophage polarization toward a protumorigenic
ADAMTS1 (a disintegrin and metalloprotease with thrombospondin motifs 1) is an extracellular protease which
cleaves proteoglycans modifying the tumor microenvironment. The role of ADAMTS1 in tumorigenesis is
ambiguous, and both anti- and pro-tumorigenic activities have been reported. Recently, our group has described
that ADAMTS1 modulate the tumor immune infiltrate and the immune balance in spleen and bone marrow, with
consequences promoting tumor progression. Considering that macrophages are relevant players inducing an
immunosuppressive microenvironment, in this work we have studied the possible role of ADAMTS1 to educate
macrophages toward a pro-tumorigenic state. We worked with two different tumor models, melanoma B16F1 and
Lung Lewis Cancer (LLC) cell lines, whose tumor capacities are differently affected by the absence of ADAMTS1.
Bone marrow derived macrophages (BMDM) isolated from C57Bl/6 mice were treated with B161F1 and LLC
conditioned medium, containing or not ADAMTS1. In both models, ADAMTS1 promotes a pro-tumorigenic
polarization of macrophages, but the effect was more pronounced with LLC conditioned medium. In addition,
endogenous ADAMTS1 also showed contribute to polarize BMDM. To reduce variability and complexity derived
from ex-vivo BMDMs experiments, we also approached the polarization of Raw 264.7 cells under similar
conditions. However, these polarization experiments did not success; CM from LLC and B16F1 cells did not
promote any change in expression of pro-tumorigenic markers in Raw 264.7 cells. Although deeper studies are
needed, our findings corroborate that ADAMTS1 can modulate the immune cell population, specifically BMDMs,
toward a pro-tumorigenic phenotype.
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Optimization of the delivery method for the knock-in in vitro with the CRISPR-Cas9 system
Autologous adoptive therapy of modified T lymphocytes to express Chimeric Antigen Receptors (CARs), combines
genetic engineering and tumour immunology in order to improve cancer therapy. Infusion of autologous CAR-T
cells directed against CD19 for the treatment of refractory lymphoma and type-B leukaemia have had great
efficacy, leading to the approval of two new gene therapy drugs, Yescasta and Khymriah. Nevertheless, there are
several drawbacks that must be overcome to apply this treatment to a broader range of patients. Two important
limiting factors are 1) the difficulty to obtain enough suitable T cells from cancer patients, and 2) the unregulated
expression of the CARs. Our hypothesis is that the use of CAR-T cells from healthy donors TCR knock-out
(preventing Graft versus Host Disease) and that express the CAR physiologically (preventing exhaustion) could
avoid the mentioned limitations.
To achieve these goals simultaneously we aim to engineer T cells through genome editing (GE) in order to insert
the CAR’s cDNA into the TCR locus. Firstly, to check and optimize the GE process we demonstrated the efficient
disruption of the TCR using our gRNA directed to the alpha chain of the TCR locus. After that we designed a donor
DNA expressing a reporter gene (eGFP). This system allowed us to analyse the efficiency and safety of the GE

mechanism by comparing the levels of TCR-eGFP+ (precise genome editing) versus TCR+eGFP+ (unspecific donor
insertions). Our results showed that the incubation of the DNA donor with the preformed ribonucleoparticle
during half hour increase the efficiency and specificity of the knock-in process. We also establish the importance of
the donor DNA design regarding the size of the homology arms. As the reduction to 300pb in our design show
worse preliminary results about knock-in efficiency and specificity, and worse cell viability.
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Generation of cellular models to study gene therapy strategies for Pompe disease
Pompe disease is a rare disorder caused by mutations in the lysosomal acid alpha-glucosidase enzyme (GAA) gene
that lead to accumulation of glycogen in multiple tissues. The replacement enzyme therapy is the only therapeutic
option but is effective only for a subset of Pompe patients and partially effective. As an alternative, gene therapy
could offer a definitive cure by restoring the normal expression of the GAA gene. The purpose of this project was
to generate murine GAA-KO Sol8 cell lines to study efficacy and safety of gene therapy strategies for Pompe
disease. Using CRISPR/Cas9 technology targeting the GAA gene, we have generated different murine skeletal
muscle cell lines (Sol8) that resemble different genotypes present in Pompe patients with a severe form of the
disease, as well as mutations found in the murine Pompe model (B6; 129- Gaatm1Rabn/J). Functional analyses
showed absence of GAA activity in all the models generated. Interestingly, initial assays to restore activity through
LV-GAA transduction at the different models showed different levels of GAA activity depending on the mutation
type, been easier to restore the activity in 5’ mutations compared to those generating truncating proteins.

Juan Elías González Correa, Araceli Aguilar-González1,2, Iris Ramos-Hernández1, Francisco Martín1 and
Pilar Muñoz1
1: GENyO- Centro de Genómica e Investigación Oncológica: Pfizer Universidad de Granada/Junta de
Andalucía
2: Universidad de Granada
Gene-cell therapy for Pompe disease
Pompe disease is a rare autosomal recessive multisystem disorder caused by mutations in the gene coding for the
acid alpha-glucosidase enzyme (GAA) that leads to accumulation of glycogen in most tissues, producing tissue
damage, especially in cardiac and skeletal muscle. In the absence of treatment, patients die in their first years due
to cardiac or respiratory failure. Current treatments, based on intravenous infusion of recombinant human GAA
(ERT), are only palliative. As an alternative to ERT, gene therapy is becoming a realistic possibility that could
theoretically cure Pompe patients. In this work we aim to achieve this goal through transplantation of
Hematopoietic Stem Cells (HSCs) over-expressing GAA. This strategy must achieve two important milestones in
order to be successful: 1) high engraftment into damaged organs and 2) high secretion of GAA that must be
uptaken by these tissues. Therefore, we first studied engraftment efficacy of HSCs (Lin- and Sca1+ cells) expressing
eGFP in a Pompe murine model, showing a long term expression and distribution, reaching several target tissues
including the central nervous system (CNS). In parallel, we designed modified murine GAAs transgenes in order to
achieve high expression levels, secretion and improved uptake by target cells. Myeloid cells (K562) transduced with
LVs-mGAAopt expressed and secreted high levels of GAA that was efficiently captured by murine muscle target
cells and peritoneal macrophages from GAA KO mice. We have performed comparative experiments in order to
study the improvement in expression, secretion and uptake between different designs of mGAA, mGAAopt and

IGF2-mGAA. We are currently studying the therapeutic efficacy of our strategy in a murine model of Pompe
disease by intravenous inoculation of Lin- GAAKO cells transduced with LVs expressing mGAAopt, IGF2-mGAA and
mGAA.
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Frequent mutations in the amino-terminal domain of BCL7A impair its tumor suppressor role in DLBCL
Mutations in genes encoding the subunits of the SWI/SNF chromatin remodeling complex are frequently found in
different human cancers. Although the tumor suppressor function of this complex has been widely established in
solid tumors, its role in hematologic malignancies remains to be explored. Recurrent point mutations in BCL7A, a
subunit of the SWI/SNF complex, have been reported in diffuse large B-cell lymphoma (DLBCL) but their functional
impact remains unknown. In this work, the re-analysis of large DLBCL cohorts has revealed that mutations in the
amino-terminal domain of BCL7A are present in a substantial fraction of DLBCL patients and we report a previously
unnoticed mutational hotspot in the splice donor site of intron one. Furthermore, we provide evidence that BCL7A
recurrently suffers biallelic inactivation in DLBCL cell lines and patients, a characteristic pattern of tumor
suppressor genes. Importantly, our study has brought to light that the splice site mutations, among other BCL7A
mutations, are the most frequent in DLBCL but beyond the numbers, we have also demonstrated that the splice
site mutations have a functional impact. The splice site mutations render a mutant BCL7A, lacking a portion of the
aminoterminal domain, and wild-type BCL7A expression restoration has a tumor suppressor-like phenotype both
in vitro and in vivo. Our data support that splice site mutations block the BCL7A tumor suppressor function and
prevent its binding to the SWI/SNF complex. In addition, we report that the SWI/SNF complex subunits accumulate
mutations in high percentage of DLBCL tumors. Aberrant SWI/SNF complex formation might represent a general
mechanism of lymphomagenesis and targeting this pathway is a promising tool in the fight against cancer. Overall,
these findings highlight the tumor suppressor role of BCL7A in DLBCL, and suggest that the SWI/SNF complex is
involved in DLBCL pathogenesis.
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The tumor suppressor microRNA let-7 inhibits human LINE-1 retrotransposition
More than half of the human genome is made of transposable elements (TEs) whose ongoing activity continues to
impact its structure and function. Among them, Long INterspersed Element class 1 retrotransposons (LINE-1s or
L1s) are the only autonomously active TEs in humans. Active L1s are 6kb long and encode the enzymatic machinery
required for their mobilization (L1-ORF1p and L1-ORF2p). In most human somatic cells, the expression of active L1
elements is silenced by several mechanisms. However, L1s are expressed and can mobilize in many human tumor
types, generating mutagenic insertions that could affect tumor’s malignancy. On the other hand, microRNAs
(miRNAs) are endogenous 22nt RNAs that play crucial gene-regulatory roles in eukaryotes by pairing to mRNAs of
protein-coding genes to direct their post-transcriptional repression. Among them, tumor suppressor miRNAs such
as the let-7 family regulate the expression of oncogenes and are frequently downregulated in cancer. However,
whether they exert any influence in L1 mobilization is not completely understood. Interestingly, our analysis of
whole genome and miRNA-sequencing data from lung tumour samples shows that downregulation of several
members of the let-7 family correlates with increased somatic L1 retrotransposition. Indeed, let-7 overexpression
or depletion decreases and increases, respectively, engineered L1 retrotransposition in a panel of cultured human
cells, including lung cancer cells. Mechanistically, using molecular and biochemical assays we show that let-7 binds
to the L1 mRNA and impairs the translation of L1-ORF2p, which is indispensable for retrotransposition, reducing its
mobilization. Overall, our data uncovers a new role for the tumor suppressor let-7 miRNAs, which is to maintain
genome integrity by restricting L1 retrotransposition.
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Design, synthesis and evaluation of salicylates as double GO/LDHA inhibitors with application in the
treatment of primary hyperoxaluria type 1
Primary hyperoxaluria type 1 (PH1) is a rare genetic disease related to disorders in glyoxylate metabolism. This
inborn error of liver metabolism is caused by a deficit in the enzyme alanineglyoxylate aminotransferase (AGT) due
to different mutations affecting the AGXT gene. Under these circumstances, glyoxylate is oxidized into oxalate by
enzymes like glycolate oxidase (GO) and lactate dehydrogenase A (LDHA). Since oxalate constitutes an end-product
of metabolism, it precipitates as insoluble calcium oxalate crystals in the renal system, causing kidney
malfunctioning and deterioration, and combined kidney-liver transplantation is the only healing treatment. With
the aim of developing a useful pharmacological approach for the treatment of PH1, and following substrate
reduction therapy (SRT) as our main strategy, we identified furylsalicylates as moderate GO inhibitors and efficient
agents reducing oxalate output on Agxt1-/- mouse hepatocytes culture. However, for some of our furylsalicylates
behaving as modest GO inhibitors, we found a significant reduction in oxalate production in culture, and therefore,
the possibility of additional targets for these compounds was considered. Both GO and LDHA are able to
metabolize the same substrate, glyoxylate. In fact, it has been recently published that siRNA-mediated LDHA and
GO inhibition achieve efficient oxalate reduction and prevents the deposition of calcium oxalate crystals in animal
models. Thus, we contemplated that our inhibitors could also be able to bind the active site of LDHA, which would

lead to dual GO/LDHA inhibition. In order to verify this hypothesis, those compounds suspected to have additional
biological targets were tested for LDHA inhibition. The results obtained confirm that some of our GO inhibitors,
which resulted excellent agents decreasing oxalate production on Agxt1-/- hepatocytes, also present a notable
inhibitory activity against LDHA. Additionally, docking studies on GO and LDHA are being conducted to study the
interactions between our inhibitors and these enzymes.
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Metallofluorescent nanoparticles as mass-tag barcodes for multiparametric mass-tag cellular
barcoding of ovarian cancer cells by mass cytometry
Mass Cytometry allows the detection of nearly 40, and up to 52, markers within cells, with singlecell resolution. In
mass cytometry, isotopes of rare earth elements or other several elements, which are not naturally presented in
cells, are detected. As a consequence, mass-tag cellular barcoding can be achieved using mass-tag reagents, like
small molecules and barcoding agents based on antibodies, such as CD45. Nevertheless, small molecules are
usually toxic for cells, whilst barcoding agents based on antibodies are dependent on cell expression of antibodies.
Alternatively, we have developed novel non-toxic metallofluorescent nanoparticles carrying a fluorophore and
specific palladium isotopes as mass-tag barcodes for mass-tag cellular barcoding. Our nanoparticles circumvent the
drawbacks associated to conventional mass-tag barcodes as they are innocuous for cells and independent of
cellular processes. Therefore, these nanoparticles can be used as universal mass-tag barcodes for mass-tag cellular
barcoding of a myriad of cell types. In fact, polystyrene nanoparticles have been reported to be easily and
efficiently internalized within adherent cells, suspension cells, stem cells, and primary cells. Bearing this in mind,
three metallofluorescent nanoparticles containing different palladium isotopes (106Pd, 110Pd, and 106-110Pd)
were used as mass-tag barcodes for the specific barcoding of three ovarian cancer cell lines (TYK-nu, Kuramochi,
and OVCAR-4). Simultaneously, the cell lines were stained with a set of specific ovarian cancer cell panel of
antibodies for both surface and intracellular markers. The nanoparticles-based barcoding allowed the specific
identification of each barcoded cell line among a mixture of barcoded cells. Furthermore, specific protein
expression pattern analysis of these three ovarian cancer cell lines had confirmed that this proposed barcoding
nanodevice does not affect their protein expression. Then, each barcoded cell line pattern matched with that of
the non-barcoded cell line. Therefore, a multiparametric and non-toxic mass-tag cellular barcoding using
metallofluorescent nanoparticles was successfully accomplished.
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A new member of Curvicollide family kills African trypanosomes by inhibiting transcription.
African trypanosomiasis is a serious health problem with an added socio-economic impact in sub- Saharan Africa,
due to direct infection in both humans and their domestic livestock. There is no vaccine available against these
African trypanosomes and the main reason is the ability of the parasite to change the major surface glycoprotein
(VSG) avoiding the antibody-mediated response. Most of the current drugs used to treat the disease present
resistance, toxicity and specificity problems. Therefore, there is a clear need of novel, safe, and affordable
treatments. In a search for new molecules with trypanocidal activity, we have performed a highthroughput
screening of 2000 microbial extracts from a fungi and actinomycetes natural products library. Several known active
molecules were identified, including Cordycepin, Curvicollide A-C, Chaetocin, 11-DeoxyverticillinA &Verticillin and
also a new member of curvicollide family with an unreported molecular structure that we have named Curvicollide
D. The new compound showed an effective concentration 50 (EC50) of 1 uM, 16-fold lower than in human
hepatoma G2 cells. Treatment with Curvicollide D induced cell cycle arrest, causing an accumulation of cells in the
G2/M phase. The new compound also induces morphological changes and at intracellular level, Curvicollide D
caused the disruption of the nucleolar structure. Analyzing the nucleolus function revealed that RNA polymerase I
(Pol I) transcription was inhibited at the ribosomal locus, but also at the locus where the variant surface
glycoprotein is expressed. We next study the effect on RNA Pol II transcription, finding that it was inhibited too.
Finally, FID assay demonstrated that curvicollide D is an intercalator of duplex DNA. Taken together, this data
demonstrate that Curvicollide D binds DNA and inhibits transcription, causing cell death. In addition, these results
provide for the first time an insight on the mechanism of action of the members of the Curvicollide family.
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Extracellular protease ADAMTS1 is required for uveal melanoma development by inducing stemness
and endothelial-like features on tumor cells.
Tumor microenvironment composition and its remodeling by extracellular matrix proteases have been remarked
as key players during tumor growth. Particularly, extracellular protease ADAMTS1 has been associated with tumor
development by inducing stemness features and endothelial-like phenotypes in tumor cells. In this work we aimed

to evaluate the role of ADAMTS1 in human melanoma. First, we characterized and classified eight melanoma cell
lines according to their endothelial-like phenotype. We observed a positive correlation of ADAMTS1 gene
expression and endothelial-like phenotypes, suggesting their close relationship. Then we edited ADAMTS1 in some
of them with CRISPR-Cas9 and observed that ADAMTS1 deficiency affected their endothelial signature and
phenotype. Remarkably, in vivo experiments with NOD scid gamma mice revealed that ADAMTS1-KO tumors
showed a clear impairment of the vasculature and a significant down-regulation of endothelial and stemness
genes, as well as a substantial reduction in tumor growth. Likewise, immunohistological analyses revealed that the
close stemness-endothelial spatial relationship of wild-type tumors was lost in ADAMTS1-KO ones. Moreover,
TCGA public data allowed us to identify several of our genes of interest as poor prognosis factors in uveal
melanoma, including other ADAMTS proteases and endothelial-related genes. Focusing on the impairment of
stemness capacities when ADAMTS1 is inhibited, we evaluated melanoma sphereformation capacity of our cells,
revealing that only wild-type cells were able to generate them. Furthermore, they showed a clear enrichment on
stemness markers, also correlating with an upregulation of ADAMTS1 and endothelial-related CDH5. Additionally,
recombinant human ADAMTS1 recovered the sphere formation capacity in ADAMTS1-KO cells, highlighting the
important role of ADAMTS1 in the initial steps of tumor growth. Taking together, our data describe for the first
time the protumorigenic role of ADAMTS1 and its requirement for human uveal melanoma development as main
player in the complex crosstalk between stemness features, endothelial-like phenotype and extracellular matrix
regulation.
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Development of lentiviral vectors for a fine-tuned regulated immunotherapy.
T cells expressing Chimeric Antigen Receptors (CAR-T cells) have emerged to boost immunotherapy against
refractory cancers. Anti-CD19-CAR-T cells have resulted remarkably successful but still encloses important issues
that compromise the safety (cytokine release syndrome, neurologic toxicity, B-cell aplasia) and efficacy of the
therapy (poorly regulated CAR-T cells lead to exhaustion and relapsing). To overcome these challenges, we aim to
develop lentiviral vectors (LVs) that can regulate CAR expression levels in order to control CAR-T cell activity. We
pursued two different approaches: 1) Control the CAR expression by external factors and 2) Achieve a physiological
(TCR-like) CAR expression. For the first strategy, we showed that the LentOnPlus-Is2-LV, previously generated by
our group, is a good platform to regulate transgene expression in T cells in vitro and in vivo without the
requirement of transactivators. The system exhibited very low leaking and good sensitivity to Doxycycline
(<1ng/ml in vitro and <1ug/ml in vivo). Based on that, we produced inducible 3rdgeneration- CAR-T cells (iCARIs2-T
cells), that lysed specifically CD19+ cells only in the presence of Dox. For the second approach, we first analyzed
the expression kinetic of different LVs in T cells after activation and compared them with the TCR pattern. We
found that EF1-alpha promoter, the most used in clinics, increased transgene expression, unlike the physiological
downregulation of TCR. Interestingly, LVs harboring a chimeric promoter derived from the WAS locus (AWE), a
protein implicated in TCR signaling, was a promising candidate for TCR-like CAR-T cells. We therefore constructed
clinical LVs-expressing an anti-CD19-CAR under the control of WAS promoter(AWARI) that lysed specifically
CD19+cells lines in vitro and in vivo with similar efficacy compared to EF1alpha-CAR-LVs, but using a more
physiological CAR kinetics. We are currently analyzing exhaustion markers and persistence to investigate whether
WAS-CAR-T cells are more efficient compared to EF1-alpha-CAR-T cells in vivo.
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Targeting of KRAS oncogenic mutations with CRISPR-Cas9 reduces the tumorigenic potential of
humanized MEFs.
Cancer is a genetic disease where some cells with DNA damaged begin to divide without stopping and spread into
surrounding tissues. Interestingly, some tumors rely on mutations in key oncogenes (driver mutations) to drive
carcinogenesis and maintain the tumor phenotype. Suggestively, if we can disrupt these mutations, we can
damage an established tumoral phenotype. We seek out for using Crispr-Cas9 technology to target KRAS driver
mutations and evaluate its therapeutic value on humanized MEFs. Mutated RAS genes represent the most
frequently mutated oncogene family and are present in approximately 25% of human tumors including pancreatic
ductal adenocarcinomas (PDACs), colorectal adenocarcinomas (CRCs), lung adenocarcinomas, and gastric
adenocarcinomas. Mutations that activate KRAS account for 30% of the 1.6 million annual cases of lung cancer, the
deadliest type of cancer. Most of these KRAS mutations are located on codon 12 being KRAS G12C the
predominant mutation subtype in smokers, while G12D the most common subtype of KRAS mutations in never
smokers. We designed gRNA-guided-CRISPR-Cas9 to specifically target the two single-nucleotide missense
mutations on KRAS codon-12, while leaving KRAS WT untouched. Disruption of KRAS G12D gene using its specific
gRNA decreases the tumorogenic potential of KRAS G12D-MEFs, measured by loss of contact growth inhibition,
without modifying their proliferative ability.
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NG2 antigen is a therapeutic target for MLL-rearranged B-cell acute lymphoblastic leukemia.
B cell acute lymphoblastic leukemia (B-ALL) is the most common childhood cancer, with cure rates of 80%.
MLLrearranged (MLLr) B-ALL (MLLr-B-ALL) has, however, an unfavorable prognosis with common therapy
refractoriness and early relapse, and therefore new therapeutic targets are needed for relapsed/refractory MLLrB-ALL. MLLr leukemias are characterized by the specific expression of chondroitin sulfate proteoglycan-4, also
known as neuron-glial antigen-2 (NG2). NG2 was recently shown involved in leukemia invasiveness and central
nervous system infiltration in MLLr-B-ALL, and correlated with lower event-free survival (EFS). We here

hypothesized that blocking NG2 may synergize with established induction therapy for B-ALL based on vincristine,
glucocorticoids, and L-asparaginase (VxL). Using robust patient-derived xenograft (PDX) models, we found that
NG2 is crucial for MLLr-B-ALL engraftment upon intravenous (i.v.) transplantation. In vivo blockade of NG2 using
either chondroitinase-ABC or an anti-NG2-specific monoclonal antibody (MoAb) resulted in a significant
mobilization of MLLr-B-ALL blasts from bone marrow (BM) to peripheral blood (PB) as demonstrated by cytometric
and 3D confocal imaging analysis. When combined with either NG2 antagonist, VxL treatment achieved higher
rates of complete remission, and consequently higher EFS and delayed time to relapse. Mechanistically, anti-NG2
MoAb induces neither antibody-dependent cell-mediated not complement- dependent cytotoxicity. NG2 blockade
rather overrides BM stroma-mediated chemoprotection through PB mobilization of MLLr-BALL blasts, thus
becoming more accessible to chemotherapy. We provide a proof of concept for NG2 as a therapeutic target for
MLLr-B-ALL.
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Development of Pd-loaded exosomes for targeted bioorthogonal catalysis.
Palladium (Pd) catalysts have played a prominent role in the growing subfield of bioorthogonal catalysis by
producing xenobiotics and uncaging biomolecules in living systems [1]. Although effective intracellular catalysts
based on abiotic metals have been reported in the literature [2], the development of devices able not only to
display bioorthogonal catalytic activity but also be precisely delivered to specific anatomical locations is still in its
infancy. Exosomes are membrane-enclosed vesicles released by cells to the extracellular space to mediate
intercellular exchange of biomolecules. The biochemical composition of the exosomal membrane is reflective of
the donor cell, thus investing exosomes with selective tropism for cells that are parented to their cell of origin [3].
Based on this property, we envisaged that exosomes could be ideally suited to protect and deliver a catalytic cargo
into specific cancer cells. Herein, we present the development of a bio-artificial device consisting of A549 cancerderived exosomes loaded with ultrathin Pd nanosheets. The resulting bioartificial vesicles (Pd-ExoA549) are highly
catalytic under physiological conditions, capable of selectively delivering their catalytic cargo to their target cells
and activate a novel prodrug of the recently approved anticancer drug panobinostat inside them by Pd-mediated
dealkylation.
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