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Colorectal cancer is globally among the most lethal malignancies 
& second cause of cancer death 

Introduction 
Colorectal cancer therapy challenges



Susceptibility to degradation
Poor cell membrane penetration

Difficult endosomal escape
Possible off-target effects

Introduction 
microRNAs as therapeutic agents



Introduction
Calcium Phosphate nanoparticles as nucleic acid nanocarriers

Biocompatibility & biodegradability

Strong affinity to nucleic acids & other biologics

Scaled-up synthesis by flame spray pyrolysis

Calcium Phosphate Nanoparticles



FcRn crystallographic illustration  

Understanding FcRn role in tumor microenvironment
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Introduction
Neonatal Fc Receptor as CRC target

Peptides with FcRn pH-dependent affinity 

CQRFVTGHFGGLYPANG
FcRn affinity in-house 

Kd at pH 6.0 2,094 ± 900 nM
No binding at pH 7.4



Graphical Abstract
FcRn-targeted Nanomedicines for combined Gene and Chemotherapy



(CH3COO)2Ca  + (CH₃CH₂CH₂CH₂O)₃PO

Ca/P 2.19  
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CaP Nanoparticles by Flame-spray pyrolysis 
Crystallographic Structure (XRD)

Amorphous NP

Surface Area 

(BET)

Average Particle Size 

(BET)

259 m2/g 7.3 nm

CaP NP functional groups (FTIR)

TEM of CaP NP 0.5 mg/mL in ethanol



Size (nm) PdI ζ potential (mV)

CaP NP (H2O) 4442 ± 173.4 0.28 ± 0.22  2.25 ± 0.27

CaP NP (0.1M MES buffer) 1305 ± 117.4 0.32 ± 0.12  1.07 ± 0.16

CaP-PEG(5KDa) NP (PBS 0.01M) 1072 ± 77.3 0.56 ± 0.10 0.98 ± 0.37

CaP-PEG(5KDa)-FcRnpeptide NP 816 ± 118 0.51 ± 0.25  1.79 ± 0.29

Hydrodynamic Characterization 

In 0.1M MES buffer pH 6.0 In 0.01M PBS1x pH 7.4, o/n

MicroBCA assay confirmed 43.6  ±  3.09 % conjugation efficiency for FcRn-peptide

1. MES buffer maintains mildly acidic pH avoiding CaP dissolution 

at lower pH, but also avoids flocculation and aggregation in 

aqueous suspension;

2. After pegylation CaP NP are more stable in aqueous solution 

without the need to maintain pH constant;

3. Site-oriented conjugation of FcRn-affinity peptide to CaP-PEG 

NP was well-succeeded and able to stabilize CaP NP.



Nucleic Acids Loading & Release 

Bare NP load miRNA faster than functionalized NP,

with values of AE % after 30 minutes incubation

compared with 3h incubation in functionalized NP.

miRNA % Release in simulated GIT fluids

MicroRNA release from CaP NP is higher in simulated gastric

fluid compared to simulated intestinal fluid release.

This was attributed to the faster dissolution of CaP, which can

be advantageous to escape intracellular acidic organelles.

miRNA Association Efficiency

Bare vs Functionalized NPs



Cytotoxicity & Efficacy Assays

• No significant sensitization to 5-FU

observed under any condition.

• Longer doubling time of HIF cells; 5-FU

targets actively dividing cells.

• Observed trend at higher miRNA

concentrations: miRNA-CaP NPs & FcRnpeptide-

miRNA-CaP NPs may sensitize cells to 5-FU.

HCT116 HIF



CRC Spheroids: Monoculture and Triple Co-culture

Morphology comparison between monoculture (HCT116) and triple co-culture (HCT116, HIF and monocytes) multicellular 

tumor spheroids using brightfield microscopy on day 4 development. 

Initial cell density of 5000 cells/spheroid, 

1:4:4

HCT116 : monocytes : HIF

Initial cell density of 5000 cells/spheroid 

100 μm 100 μm



Validation of uptake and transfection in 2D & 3D cell models

A. Cell transfection efficiency of CaP NP in comparison to other transfection vectors

B. Uptake studies using labeled NP and cy5-miRNA by flow cytometry & confocal microscopy

Evaluate the efficacy of combined therapy in sensitizing advanced 3D 

CRC chemoresistant in vitro models 

Future Perspectives
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