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ABSTRACT 

Five peptide ligands of four different cell surface receptors (nucleolin, CXCR1 CMKLR1 and 

CD44v6) have been evaluated as targeting moieties for triple-negative human breast cancers. 

Among them, the peptide F3, derived from phage display, promotes the fast and efficient 

internalization of a genetically fused GFP inside MDA-MB-231 cancer stem cells, in a specific 

receptor-dependent fashion. The further engineering of this protein into the modular construct 

F3-RK-GFP-H6 and the subsequent construct F3-RK-PE24-H6, resulted in self-assembling 

polypeptides that organize as discrete and regular nanoparticles. These materials, of 15-20 nm in 

size, show enhanced nucleolin-dependent cell penetrability. We show that the F3-RK-PE24-H6, 

based on the Pseudomonas aeruginosa exotoxin A (PE24) as a core functional domain, is highly 

cytotoxic over target cells. The combination of F3, the cationic peptide (RK)n, and the toxin 

domain PE24 in such unusual presentation appears as a promising approach to cell-targeted drug 

carriers in breast cancers and address selective drug delivery in otherwise difficult-to-treat triple-

negative breast cancers. 
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1. Introduction 

Cancer is one of the leading causes of death in developed countries, with breast carcinoma 

being the most frequently diagnosed cancer and the leading cause of cancer death in females 

worldwide.1 Among one million cases of breast cancer diagnosed each year, approximately 15 % 

are characterized as triple-negative (triple negative breast cancer, TNBC), lacking the expression 

of estrogen receptor (ER), progesterone receptor (PgR) and HER2/neu receptor.2 Absence of 

effective therapies, younger age of onset, and early metastatic spread have contributed to the 

poor prognoses and outcomes associated with this malignancy. Unlike patients with ER/PgR+ 

and/or HER2 overexpressing disease, with positive responses to endocrine or HER2-targeted 

therapies, systemic treatment options for TNBC are limited to the cytotoxic chemotherapy. 

Anthracyclines and taxanes are the most active and widely used chemotherapeutic agents for 

TNBC, but they have important drawbacks. Combination of antracyclines and taxanes deal with 

serious cytotoxic side-effects 3 and more importantly, a subset of TNBC patients will present 

early, aggressive metastatic relapse.2 The increased use of these chemotherapeutics at an early 

stage of disease often renders tumors resistant to these drugs and, by the time the disease recurs, 

thereby reducing the number of treatment options for metastatic disease. 4,5 

Evidences that breast cancer maintenance, resistance to therapy and metastatic disease are 

sustained by cancer stem cells (CSC) are recently accumulating.6 In breast cancer, these cells 

correspond to a small fraction of cells within the tumor that express stem cell markers 

(CD44+/CD24-/low/lin-) and have the ability to grow as spheres and differentiate into defined 

progenies, and initiate and sustain tumor growth in vivo.7 According to the “cancer stem cell 

hypothesis”, cancers originate from the malignant transformation of an adult stem cell, through 

the deregulation of the normally tightly regulated self-renewal program. This leads to the clonal 
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expansion of stem/progenitor cells that undergo further genetic or epigenetic alterations to 

become fully transformed. As a consequence, tumors contain a cellular compartment of CSCs 

that retain the capacity of repopulating the tumor while being insensitive to conventional 

anticancer therapies, antimitotic agents or radiation.8 Interestingly, TNBC have a basal-like gene 

signature, and basal-like breast cancers are enriched in CSC. In this regard, new therapies against 

TNBC should compile two requirements: (i) reduce the toxicity seen in combination therapies 

and most importantly, (ii) specifically target and eliminate CSCs. In this scenario, emerging 

nanomedical approaches in oncology 9,10 could be useful to improve drug therapeutic indexes 

based on active receptor-based targeting to CSC. Most conveniently, the targeted drug itself 

should be desirably organized as a nanoscale structure, to avoid the use of nanoscale carriers 

with potential side toxicities.11 Proteins are specially versatile and appropriate to construct 

nanoscale drugs and functional materials for targeted cancer therapies based on self-assembly 

peptides or protein domains. 12,13 

Following this concept, we first explored ligands of cell surface proteins overexpressed in 

populations of TNBC cells, namely nucleolin,14,15 CXCR1,16,17 CMKLR1 or chemerin receptor 18 

and CD44v6,19,20 still unwell examined as potential targets for drug delivery. In this context, we 

wondered if peptide ligands of these receptors could serve as a basis for the development of 

protein-based carriers for intracellular delivery in cancer cells.  

2. Experimental section 

Peptide synthesis 

Carboxyfluoresceinated derivatives from hv6pep, pw14, sCH9 and p17 peptide ligands were 

synthesized manually using the 2-Chlorotrityl Chloride resin following a Fmoc/tBu synthesis 
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strategy. The peptide elongation was carried out using diisopropylcarbodiimide (DIC) and 

HOBt·H2O as coupling reagents and Fmoc elimination was performed by treatments with 

piperidine:DMF (2:8, v/v). Once the peptide sequence elongation was accomplished, each 

peptidyl-resin was split in two parts. One part was derivatized with carboxyfluorescein (CF) 

directly linked to the N-terminus of the peptide ligand sequence. To the other part, Fmoc-6-

aminohexanoic acid spacer was introduced onto the N-terminus of the peptide sequence, which 

was subsequently modified with CF after the previous elimination of the Fmoc protecting group. 

Peptides were cleaved from the resin by an acidolysis treatment with trifluoroacetic acid (TFA-

H2O-TIS, 95: 2.5: 2.5). 

Carboxyfluoresceinated version of peptide ligand F3 was synthesized by a convergent strategy 

using two protected peptide fragments (Fragment F3A (1-15) and fragment F3B (16-30)). Both 

peptide fragments were synthesized on a Liberty Lite microwave peptide synthesizer (CEM 

corporation) using a HMPB-ChemMatrix resin previously functionalized with the C-terminal 

amino acid, which was incorporated manually using the Fmoc-aa, DIC and 4-

dimethylaminopyridine (DMAP). Both fragment peptides were elongated using a Fmoc/tBu 

synthesis strategy. The Fmoc elimination was performed with 10% piperazine (w/v) in NMP-

EtOH (9:1, v/v) mixture, DIC and Oxyma Pure were used as coupling reagents and 

dimethylformamide (DMF) as solvent. Once the peptide elongation was finished, CF was 

incorporated onto the F3A peptidyl-resin and both peptidyl-resins (CF-F3A and F3B) were 

cleaved by an acidolysis treatment with TFA:DCM (2:98, v/v). Then, peptide fragment F3B was 

coupled to NH2-Lys(Boc)-OtBu in solution, generating the fully protected peptide fragment F3C 

(15-31). The Fmoc protecting group of the N-terminus residue of the F3C fragment was 

eliminated by treatment with diisopropylethylamine in dichloromethane (DIEA in DCM). Later, 
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peptide fragment CF-F3A was reacted with peptide fragment F3C using PyBOP: DIEA as 

coupling reagents, rendering the protected CF-F3 peptide. Finally, CF-F3 peptide was obtained 

after an acidolysis treatment with TFA (TFA-H2O-TIS, 95: 2.5: 2.5) to eliminate tBu based side 

chain protecting groups, and a precipitation in diethyl ether.  

All carboxyfluoresceinated peptide ligands were analyzed by HPLC and HPLC-MS and 

purified by semipreparative HPLC-MS.  Purity of final peptides was ≥90%. 

Protein expression and production 

Ligand-presenting GFP-H6 constructs were expressed as recombinant proteins in Escherichia 

coli BL21 under IPTG-induced pET22b expression vector. A culture of E. coli cells in LB media 

was induced upon addition of 1 mM IPTG when OD reached 0.5 and was further cultivated 

overnight at 20 ºC. Cells were centrifuged at 5,000 g for 15’. Pellet was washed with PBS and 

then resuspended in lysis buffer (20 mM TrisHCl, 500 mM NaCl, 10 mM Imidazole; pH 8.0) 

with Complete protease inhibitor cocktail (Roche).  

Purification of the His-tagged constructs was performed by Nickel affinity chromatography. 

Cell suspension was lysated by French Press at 1,200 psi and lysate was centrifuged at 15,000 g 

for 45’. Supernatant was filtered and injected to a HiTrap Chelating HP column using an AKTA 

system. Protein was eluted applying an imidazole gradient to 500 mM and dialyzed against 

carbonate buffer (166 mM NaCO3H; pH 7.4). Protein purity was analyzed by SDS-PAGE 

Coomassie Brilliant Blue staining and Western blot incubating with anti-His antibody (Santa 

Cruz Biotechnology). Protein concentration was determined by Bradford’s assay.  



 8 

Dynamic light scattering 

Protein and nanoparticles size distribution was by dynamic light scattering at 633 nm 

(Zetasizer Nano ZS, Malvern Instruments). 

Electron microscopy 

Ultrastructural characterization of nanoparticle morphometry (size and shape) articles was 

determined at nearly native state with field emission scanning electron microscopy (FESEM). 

Drops of 3 µl of F3-RK-GFP-H6 (C), and F3-RK-PE24-H6 (CS) samples diluted at 0.3 mg/ml in 

their respective buffers were directly deposited on silicon wafers (Ted Pella Inc.) for 30 s. Excess 

of liquid was blotted with Whatman filter paper number 1 (GE Healthcare), air dried for few min 

and immediately observed without coating with a FESEM Zeiss Merlin (Zeiss) operating at 1 kV 

and equipped with a high resolution in-lens secondary electron detector. Representative images 

of a general field and nanoparticle detail were captured at three high magnifications (from 

150,000x, 250,000x and 400,000x). 

Cell culture and flow cytometry 

MDA-MB-231 breast cancer cell line was routenely maintained in RPMI 1640 supplemented 

with 10 % fetal bovine serum (FBS) and 6 mM GlutaMAX (Invitrogen). Breast cancer cell lines 

naturally contain CSC.21 To facilitate the enrichment of CSC within the MDA-MB-231 cell line, 

mammosphere were cultured as previously described 22 in low attachment plates (Corning) in 

serum‐free RPMI 1640 supplemented with 60 mg/mL glucose, 10 µL/mL L‐glutamine, 10 

µL/mL antibiotic‐antimitotic mixture (Life Technologies), 0.01 μg/mL FGFb (Thermo Fisher 

Scientific), and 4 μg/mL heparin, 2 mg/mL BSA, 0.02 µg/mL EGF, 10 μg/mL putrescin, 0.1 
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mg/mL apo‐transferrin, 25 μg/mL insulin, 30 μM selenium, and 20 μM progesterone (all from 

Sigma).  

Flow cytometry 

Peptide internalization assessment was performed in MDA-MB-231 cells grown in attachment 

or non-attachment conditions after 4 h of incubation of 1.5 µM peptide (10,000 and 1,000 

cells/well, respectively in corresponding 96 well-plates). On the other hand, for analyzing the 

entry of protein constructs, cells were seeded on 24-well plates at 80,000 cells/well and 

incubated in presence of OptiPRO SFM (serum-free medium) and L-glutamine for 24 h. 

Competition experiments with protein constructs were performed adding lactoferrin (Sigma-

Aldrich) at 1:3 and 1:10 ratio 1 h before protein incubation, and maintained afterwards. After the 

incubation, cells were collected using a harsh protocol that removes all the protein attached in the 

cellular membrane adding 1 mg/ml of Trypsin-EDTA (Gibco) for 15 min at 37 ºC. Finally, 

samples were analyzed using a FACS-Canto or LSR Fortessa flow cytometer (Becton 

Dickinson). Experiments were performed in duplicate. 

Cell viability 

The cytotoxicity of F3-RK-PE24-H6 protein was assessed using the CellTiter-Glo® 

Luminescent Cell Viability Assay (Promega). MDA-MB-231 cells were cultured on 96-well 

opaque plates at 2,500 cells/well for 24 h at 37 ºC until reaching 70 % confluence. Proteins were 

incubated at 0.1, 1 and 3 µM for 24 and 48 h. Cell death specificity was tested at 48 h adding the 

competitor lactoferrin (Sigma) at 1:3 ratio 1 h prior to protein incubation (0.1 µM) and 

maintained afterwards. Samples luminescence was measured with a conventional luminometer, 

Victor3 (Perkin Elmer). Experiments were performed in triplicate. 
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Statistical analysis 

Pairwise comparisons between groups were determined by Tukey’s test. Divergences between 

groups were considered significant at p < 0.05 and relevant significances were indicated as * for 

0.01 < p < 0.05 and ** for p < 0.01 in the figures. Quantitative data were expressed as mean ± 

standard error of the mean (SEM). Past3 software was employed to perform statistical analysis. 

3. Results and discussion 

Five different peptides were selected to target nucleolin, CXCR1, CMKLR1 and CD44v6 

receptors based on previous findings in the literature (Figure 1A). In order to test the selectivity 

of these peptides to CSC, they were synthesized and linked to 5(6)-carboxyfluorescein (CF), 

with or without the aminohexanoic (Ahx) linker (Supplementary Figure 1A) and incubated with 

MDA-MB-231 cells (ATCC® HTB-26™), in normal cell culture conditions, in monolayers and 

with complete media, or in low attachment conditions, with a specific media. MDA-MB-231 is a 

poorly differentiated triple-negative breast cancer cell line, ER, PgR and E-cadherin negative, 

commonly used as in vitro model for triple-negative breast cancer.23 MDA-MB-231 cells 

growing in low attachment conditions form mammospheres, which are naturally enriched in 

CSC. Thus, we measured the internalization of peptides in attachment and low-attachment 

conditions (Figure 1B). All peptides except sCH9 showed a better internalization in low 

attachment conditions. Moreover, these assays revealed that F3 and P17 were the peptides with 

the highest internalization in CSC enriched cultures (Figure 1B). Based in these results, sCH9 

was discarded for future developments.  
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Figure 1. Evaluation of the internalization potential of peptide ligands selected for 

targeting specific CSC receptors. A) Selected peptide ligands for CD44v6,20,24 

CXCR1,16,21,25,26 CMKLR1 18,27,28 and nucleolin 14,29 receptors which are overexpressed in CSC. 

B) Internalization of chemically synthesized peptide ligands conjugated with CF. Cell 

penetrability was evaluated by flow cytometry in MDA-MB-231 cells grown in attachment or 

low-attachment conditions after 4 h incubation. Data represent mean ± SEM of a representative 

experiment. 

 

In a step further, we designed larger protein constructs containing the selected targeting 

peptides with good internalization profiles. In detail, F3 peptide, identified by phage display 

techniques due to its high affinity for nucleolin,29,30 the CXCL8-derivative pwt14 26 and HIV p17 
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matrix protein 31,32 that interact with CXCR1, and hv6pep that binds the CD44v6.24 Among 

them, F3 had been previously assayed in form of fusion protein with gelonin, a ribosome-

inactivating protein,33 and the F3 selective binding to nucleolin largely determined,29,34,35 what 

represents a solid potential as a tumor-homing peptide in anti-cancer therapies.14,34–37 Therefore, 

four fusion proteins were then constructed with each of those peptides at the amino terminus, 

followed by a core protein (GFP) and a carboxy terminal hexa-histidine (H6) peptide (Figure 

2A). GFP provided a simple marker to trace cell internalization and H6, apart from offering a 

tool for single-step purification from cell extracts of producing recombinant bacteria, was 

expected to enhance endosomal escape upon uptake.38 The recombinant genes were highly 

expressed in Escherichia coli and modular proteins synthesized and purified as stable, full-length 

forms (Supplementary Figure 2) ranging between 5 to 7 nm size (Figure 2B). These proteins 

were added to the culture media of regular MDA-MB-231 cells to test their internalization 

capacities vs. the GFP-H6 control construct. All tested proteins were efficiently internalized in a 

dose-dependent fashion (Figure 2C) reaching values above 40% of positive cells after 24 h 

incubation at 3 μM. The use of protein constructs indeed facilitated the cell entry compared to 

the single ligand peptides, whose cell uptake was below 20% even at long incubation times. 

Among all protein constructs, those binding nucleolin (F3-GFP-H6) and CXCR1 (pwt14-GFP-

H6 and p17-GFP-H6) were the more efficient in terms of cell internalization, reaching higher 

percentage of MDA-MB-231 internalized cells. F3-construct, at 3 μM, showed 10-fold higher 

cellular uptake than the GFP-H6 control, and 1.4-fold higher uptake than the next protein 

construct with the best internalization profile (pw14-GFP-H6). Even at lower concentrations (1 

μM), the number of cells incorporating F3-GFP-H6 doubled positive cells for pw14-GFP-H6 or 

other receptor targeted constructs. Therefore, the F3 was observed as the best candidate to 
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promote molecular binding and internalization of protein constructs in this cell line, and it was 

consequently selected for further studies. 

 

Figure 2. Physicochemical characterization and internalization evaluation of peptide-

presenting GFP modular proteins. A) Theoretical molecular weight and recombinant 

production yield (mg protein/L of culture) of modular proteins. Number of negative and positive 

charged amino acids (AA) on peptide ligands. B) Hydrodynamic size of modular proteins by 

DLS ranging from 5 to 7 nm diameter. C) Concentration-dependent internalization by flow 

cytometry of peptide-presenting modular proteins after 24 h incubation in MDA-MB-231 cells. 

D) Specificity of F3-mediated internalization of F3-GFP-H6 protein. Internalization was 
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significantly reduced when lactoferrin was pre-incubated in MDA-MB-231 cells. All data are 

presented as mean ± SEM (n=3). 

First, we were interested in confirming the specificity of the F3-nucleolin interaction in the 

modular constructions generated here. The specific F3-nucleolin binding had been already 

demonstrated in other systems,29,34,35 including fusion proteins,33 but we were interested to obtain 

a full confirmation that such interaction would be maintained in a complex modular protein such 

as F3-GFP-H6. Since lactoferrin is a natural ligand of nucleolin,39 we selected this glycoprotein 

to challenge the binding of F3-GFP-H6 to MDA-MB-231 cells. Interestingly, when added in a 

1:3 or 1:10 molar excess to F3-GFP-H6-exposed cell cultures (1 μM), LTF significantly inhibits 

the internalization of the fusion protein in a dose-dependent manner (Figure 2D, p=0.002 and 

p=0.001 for 1:3 and 1:10, respectively). This finding confirmed the specificity of the construct 

for nucleolin on the cell surface, and the potential of the ligand F3 as a protein tool for precision 

molecular delivery in form of complex multidomain modular protein. To take it a step further, 

we focused on the engineering of the modular protein to promote its self-assembling as protein-

only nanoparticles. Enhancing the cationic character of the amino-terminal segment of H6-

tagged proteins promotes their self-assembling as toroid nanoparticles,40 in which the 

overhanging H6 tails strongly contribute through divalent cation coordination.41 The combined 

occurrence of a cationic N-terminal region plus a histidine-rich C-terminal peptide represents a 

well-known platform to promote protein oligomerization, irrespective of the precise amino acid 

sequence of the core region.42 Self-assembling of such modular proteins is promoted by 

electrostatic interactions42 and stabilized by cross-coordination of overhanging histidine-rich tails 

with divalent cations.41,43 The combination of these two types of interactions results in 

nanoparticles with a structural organization compatible with toroidal forms,41,44 and that are 



 15 

stable upon in vivo administration even after dilution in the bloodstream.45 A controlled 

oligomerization of F3-GFP-H6 would offer multiple F3 display, optimal nanoscale size and a 

cooperative virus-like binding to the cell receptor 46 for enhanced penetration and precise whole-

body biodistribution.47 For that, we constructed a longer fusion F3-RK-GFP-H6 by the 

incorporation of the policationic RKRKRKRK motif (Figure 3A). The protein was produced in a 

stable form as a single species and successfully assembled as 16 and 12 mm nanoparticles 

(Figure 3A and 3B), that were fluorescent both in carbonate buffer (C) and carbonate with salt 

buffer (CS). Oligomerization of F3-GFP-H6 by the incorporation of the RK domain resulted in a 

dramatic enhancement of the cellular uptake (Figure 3C), that as in the case of the simpler 

protein construct was still nucleolin-dependent, since it was clearly inhibited by lactoferrin 

(Figure 3D, p= 0.013) in the version dialyzed against carbonate with salt buffer (CS). Cellular 

uptake and intracellular localization of the F3-RK-GFP-H6 construct was further confirmed by 

confocal imaging (Supplementary Figure 3). Such internalization and specificity was not 

observed in the version in carbonate buffer (C), probably due to an enhanced but differential 

building-blocks compactability and disposition when oligomerized in low ionic strength 

environment, as it can be observed in the mean hydrodynamic sizes (Figure 3A). Only a well 

oriented self-assembly will allow efficient and specific peptide-mediated internalization. This 

confirmed that nanoparticle formation through self-assembling is a powerful strategy to improve 

the molecular delivery properties of F3. 
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Figure 3. Physicochemical and functional characterization of F3-RK-GFP-H6 modular 

protein. A) Modular organization of the rationally designed F3-RK-GFP-H6 (top). In light grey 

is represented the linker sequence (GGSSRSS) added for conformational reasons. Dynamic light 

scattering (bottom) comparing parental F3-GFP-H6 and the newly designed F3-RK-GFP-H6 

nanoparticle in carbonate (C) and carbonate with salt (CS) buffer. B) Field Emission Scanning 

Electron Microscopy of newly produced F3RK-GFP-H6 (CS) nanoparticles. Bars size: 30 nm. C) 

Internalization of F3-empowered modular proteins in MDA-MB-231 cells at 1 and 3 µM after 1 

h incubation. Significant differences between relevant data are indicated with asterisks. D) 

Specific internalization of F3-RK-GFP-H6 nanoparticles, through the addition of LTF at 1:3 

ratio (1 µM protein: 3 µM competitor). All data are presented as mean ± SEM (n=3). 
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At this stage, we decided to go forward and test if the developed platform could be suitable to 

generate nucleolin-targeted antitumoral drugs with nanostructure. For that, we replaced the 

irrelevant GFP domain by PE24, the exotoxin A of Pseudomonas aeruginosa that is under pre-

clinical development as antitumoral drug.12,48 Exotoxin A is a highly cytotoxic ribosome 

inactivating protein (RIP), described to inhibit the eukaryotic elongation factor 2 (EF-2) through 

ADP-ribosylation. When located in the cytoplasm of the host cell, exotoxin A inactivates EF-2, 

causing irreversible protein synthesis inhibition and cell death.49 PE24, targeted to the tumor 

marker CXCR4, has recently shown to be an excellent cytotoxic drug for the treatment of 

colorectal cancer.50 Over these premises, F3-RK-PE24-H6 was designed and produced as a 

single protein species (Figure 4A), that as in the case of the simpler version self-assembled as 20 

nm-nanoparticles (Figure 4A and 4B), fully stable at high dilutions until at least 0.05 mg/mL, the 

detection limit of the DLS analyzer (data not shown). These materials caused dose-dependent 

MDA-MB-231 cell death (Figure 4C), which was inhibited by the addition of the competitor 

LTF. Addition of LFT rescued cell viability and therefore confirmed the specificity of the cell-

entry mechanism (Figure 4D, p= 0.038). 
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Figure 4. Physicochemical and functional characterization of the intrinsically cytotoxic F3-

RK-PE24-H6. A) Modular organization of the rationally designed F3RK-PE24-H6 (top). The 

cytotoxic domain PE24 corresponds to the exotoxin A from Pseudomonas aeruginosa. Dynamic 

light scattering (bottom) of F3-RK-PE24-H6 modular protein dialyzed in carbonate (C) and 

carbonate with salt (CS) buffer. B) Field Emission Scanning Electron Microscopy of newly 

produced cytotoxic F3RK-PE24-H6 (C) nanoparticles. Bars size: 30 nm C) Cytotoxicity induced 

by F3-RK-PE24-H6 nanoparticles in MDA-MB-231 cells after the exposure to 0.1, 1 and 3 µM 

for 24 and 48 h. Statistical comparisons are made against the non-treated control cells. D) 

Reversion of cellular death (at 0.1 µM, 48 h) by the addition of the nucleolin competitor 

lactoferrin (ratio 1:3). All data are presented as mean ± SEM (n=3).  
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4. Conclusions 

In this work we explore the use of receptor targeted peptide constructs with the idea of 

targeting specifically the CSC subpopulation within breast tumors. Screening of peptide ligands 

on CSC and non-CSC enriched cell cultures, revealed that F3 and pwt14 or p17, binding 

nucleolin and CXCR1 respectively, act as good ligands to facilitate the entry inside CSC in 

breast cancer cell cultures. Incorporation of these peptide sequences in larger peptide constructs 

increased the cell internalization and revealed that F3 outstand other ligands as a targeting 

moiety. Based on these results, we built a second-generation protein nanoparticles incorporating 

the policationic RKRKRKRK motif and the PE24 therapeutic domain. Indeed, F3-RK-PE24-H6, 

inhibited the growth of MDA-MB-231 breast cancer cell in a dose-dependent and receptor-

specific manner, opening new avenues for future, nanoparticle-based CSC-targeted treatments. 

ASSOCIATED CONTENT 

Supporting Information. Peptide labeling strategy, MALDI characterization of recombinant 

proteins and confocal imaging of the cell internalization of F3RK-GFP-H6 is shown in a single 

PDF file. 
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epidermal growth factor; ER, estrogen receptor; GFP, green fluorescent protein; FGFb, basic 

fibroblast grothw factor; IPTG, isopropyl β-d-1-thiogalactopyranoside; PE24, exotoxin A of 

Pseudomonas aeruginosa; PgR, progesterone receptor; TFA, diisopropylethylamine; TNBC, 

triple negative breast cancer;  

 

http://www.nanbiosis.es/portfolio/u6-biomaterial-processing-and-nanostructuring-unit/
http://www.nanbiosis.es/portfolio/u6-biomaterial-processing-and-nanostructuring-unit/
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