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Abstract

Nanoerythrosomes (NERs), vesicle-like nanoparticles derived from red blood cells, represent a
new and interesting vector for therapeutic molecules and imaging probes, mainly thanks to their
high stability and excellent biocompatibility. Aiming to present a proof-of-concept of the use of
NERs as diagnostic tools for in vitro/in vivo imaging purposes, we report here several
functionalization routes to decorate the surfaces of NERs derived from bovine blood with two
different fluorophores: 7-amino-4-methylcumarin and dibenzocyclooctinecyanine5.5. Notably,
the fluorophores were cross-linked to the NERs surface with glutaraldehyde and, in the case of
dibenzocyclooctinecyanine5.5, also using a click-chemistry route, termed strain-promoted azide-
alkyne cycloaddition. The physicochemical characterization highlighted the high stability of the
NERs derivatives in physiological conditions. Furthermore, the loading efficiency of the
fluorophores on the NERs surface was evaluated using both UV-Vis spectroscopy and

fluorescence microscopy.
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1. Introduction

The development of a robust therapeutic and diagnostic tools based on nanoparticles to manage
diseases is a current goal in nanomedicine. These nanocarriers can significantly enhance the
bioavailability of drugs and probes while minimizing the pharmacological side effects. Many
carriers, such as cubosomes,[ 1-5] hexosomes,[6,7] silica nanoparticles,[8,9] and vesicles,[10-15]
have been studied over the past years, and their efficacy via many administration routes has been
proven.

Recent advances have opened the possibility of using cellular carriers such as erythrocytes,
exosomes, leukocytes, and cancer cells.[11,16-20] These carriers meet several criteria desirable
in clinical applications, such as biocompatibility and their unharmful degradation products. Among
the possible carriers, the so-called ghosts have gained attention as a valid alternative to other
vectors. Ghosts can be obtained from red blood cells (RBCs) by removing the inner content (mostly
hemoglobin) via hypotonic conditions. Unfortunately, due to their micrometric size, they exhibit
fast in vivo clearance.[11,21] In 1994, Gaudreault and collaborators reported the first example of
ghost nanoderivatives, named nanoerythrosomes (NERs).[22,23] Being essentially vesicles (100
— 150 nm) derived by shearing (e.g., extrusion or sonication) of RBCs’ ghosts, NERs do not show
toxicity against different cell lines, and they are non-immunogenic in autologous
administration.[16,20,21,24,25] The composition of the membrane gives NERs high versatility,
both in the types of molecules that can be encapsulated and in the functionalization of their surface.
[21,26,27] However, the high-shear process during NERs preparation can induce modification of
the shell composition, especially removal of membrane proteins.[26] Interestingly, a recent work

from Bota et al. showed that addition of specific phospholipids originates a polygonal proteins



scaffold that enhances the nanoerythrosomes stiffness and allows tailoring of these
nanocarriers.[28]

The coupling of targeting agents or imaging probes onto the surfaces of nanocarriers is a strategical
step to minimize the leaching of these molecules (compared to merely encapsulating the molecules
in the lumen of the nanocarriers). In this regard, Click Chemistry has proven to be a powerful tool
in chemistry for gaining insight into biology, and nanomedicine. Exploiting a reaction among an
azide and an alkyne catalyzed by copper (Cu, copper-catalyzed azide alkyne cycloaddition,
CuAAC) species, it is possible to obtain a stable covalent 1,2,3-triazole ring conjugate. Such azide-
alkyne cycloaddition has found a wide variety of practical applications across many different
scientific sectors, especially in cell membrane functionalization.[29-31] The presence of Cu
catalysts could affect the cell microenvironment, and a Cu-free click-chemistry route called
“strain-promoted azide-alkyne cycloaddition” (SpAAC) represents a superior alternative. In this
latter case, the reaction is promoted by a strain on the alkyne or azide, without any Cu catalysts.
The benefits of SpAAC include biocompatibility, stability, specificity, and bio-
orthogonality.[4,30,32,33] The SpAAC is preferable whenever a small concentration of Cu can
affect protein folding or cell function.[33,34]

Fluorescence light has been widely used in medical imaging.[35-37] The proper choice of a
fluorescent probe is crucial, since UV-Vis and near-infrared (NIR) emitters can be adopted for
imaging applications in vitro and in vivo, respectively. In the latter case, features such as minimal
autofluorescence and adsorption in tissue are advantages of the so-called “NIR window”, within
the range 650-900 nm. Consequently, fluorophores emitting in the NIR region are a valuable asset

for in vivo diagnostics.[3,38] Moreover, compared with visible light, NIR fluorescence



wavelengths allow high-sensitivity real-time image guidance in different surgery protocols.[35—
37,39]

So far, the application of NERs as probes for optical imaging has barely been studied.[24,40,41]
Therefore we explored the possibility of using this kind of nanovectors as imaging tools for in
vitro/in vivo applications by labelling their surface with two fluorescent dyes (a coumarin and a
cyanine derivative). Specifically, labelling was realized by using the cross-linking method with

glutaraldehyde, and the first example of SpAAC Click Chemistry applied to NERs.

2. Material and Methods
2.1 Materials

Bovine blood was obtained from Istituto Zooprofilattico della Sardegna and withdrawn from a
healthy two-years-old cow, during a routine clinical examination. Na-EDTA (1.5 mg per mL of
blood) was added to blood samples to avoid coagulation of RBCs, thereafter the samples were
stored at 4 °C before any manipulation. The blood was used no longer than 2 hours after
withdrawal.

Glutaraldehyde 50 % v/v, 7-amino-4-methylcoumarin (AMC), 3-azido-1-propylamine were
purchased from TCI Chemicals (Belgium). Sodium chloride, sodium phosphate dibasic, potassium
chloride and sodium phosphate monobasic were purchased from Sigma Aldrich S.r.I. (Italy). The
fluorophore dibenzocyclooctinecyanine5.5 (DBCO-Cy5.5) was purchased from Lumiprobe
GmbH (Germany).

Fresh distilled water was purified using a Milli-Q system (Millipore Corporation, Bedford, MA,
U.S.) for standards preparation, and it was filtered with a 0.22 pum pore size hydrophilic Millipore

filter before any use.



2.2 Preparation of NERs
The protocol used in this work for the preparation of Nanoerythrosomes was derived from the one
proposed by Raghavan and collaborators.[25] It can be divided into four steps (three centrifugation
steps and one ultrasonication process) described as following. The first step is the extraction of the
red blood cells: blood (usually 80 mL and divided in four fractions of 20 mL each) was diluted
with 30 mL of cold phosphate-buffered saline (PBS) solution at pH 7.4 and centrifuged at 1859 g
at 4 °C for 15 minutes. The light-yellow supernatant (mainly plasma) was removed, the red pellet
at the bottom of the tube (RBCs) was washed with 30 mL of cold PBS solution at pH 7.4 and then
dispersed. This step was repeated until the supernatant appeared colorless and transparent, usually
three times. In the second step, the RBCs were lysed in a hypotonic environment. After the removal
of the supernatant, they were dispersed in 30 mL of cold hypotonic solution 0.5 % wt of NaCl and
incubated for 30 minutes in a cold bath. The dark red solution (derived from the release of
hemoglobin) was then centrifuged at 10706 g for 15 minutes at 4 °C. The supernatant was
removed, and the pellet was resuspended and washed with cold PBS solution at pH 7.4 and
dispersed in the medium. This step was repeated until the pellet appeared cream-colored or light
yellow (usually three times), to remove most of hemoglobin from RBCs. In the third step,
microerythrosomes (MERs) were formed: the pellet obtained in the previous step was dispersed in
30 mL of cold PBS solution at pH 7.4 and centrifuged at 24088 g for 15 minutes at 4 °C. The
supernatant was removed, the pellet was resuspended in PBS and dispersed again. This step was
repeated three times. Finally, in the fourth and final step, nanoerythrosomes were formed. The
cream-color pellet was resuspended in 3 mL of PBS 10 mM at pH 7.4 and sonicated for 5 minutes
using a tip-sonicator and the temperature of the dispersion was controlled using a water bath. The

pulse of the sonicator was set to 90 % of amplitude, having 1 s of sonication (ON) and 1 s of break



(OFF). The solution was then filtered three times through a 2.7 pm pore size membrane from
Millipore. After an additional 10 minutes of sonication with the same set-up as before, a bluish

and homogeneous colloidal dispersion of NERs was obtained.

2.3 Functionalization of NERs surface by cross-linking
The first surface functionalization to fluorescently label the NERs is based on a cross-linking
method using glutaraldehyde.[23]100 puL of 0.5 % v/v solution of glutaraldehyde was added to 1
mL of NERs formulation in 1 mL of PBS at pH 7.4. Then 1 mg of the fluorescent dye AMC was
added to the solution under mild stirring at room temperature in the dark for 1 hour. A solution of
glycine 15 % v/v in PBS at pH 7.4 was added to stop the reaction and the formulation was stored
at 25 °C overnight. The day after, the formulation appeared as a light yellow solution, and it was
purified from the free fluorophore by dialysis, loading 2 mL of formulation into a dialysis tubing
cellulose membrane (14 kDa molecular weight cutoff, purchased from Sigma Aldrich) and
dialyzing it against 2 L of PBS pH 7.4 for 2 h by replacing the buffer after 1 hour at room

temperature in the dark. The formulation NER-F1 was thereafter stored at 25 °C until use.

2.4 Functionalization of NERs surface with cross-linking and SpAAC method
By implementing Click Chemistry into the previous functionalization, we were able to obtain the
formulation NER-F2 as follows. 100 puL of 0.5 % v/v solution in PBS of glutaraldehyde 5 puL of
3-azido-1-propylamina were added to 1 mL of NERs formulation in another 1 mL of PBS at pH
7.4. It was let under mild stirring for 1 hour in the dark at room temperature. The bright pink
solution was dialyzed to remove the free 3-azido-1-propylamina, following the procedure

described in the previous section. Then, 1 mg of DBCO-Cy5.5 was added to the formulation and



it was let under mild stirring overnight at room temperature in the dark. The formulation appeared
as a light purple/blue solution with some dark blue precipitate (the fluorophore) at the bottom of
the tube. 2 mL of the formulation was loaded into a dialysis tubing cellulose membrane (14 kDa
MW cutoff, purchased from Sigma Aldrich) and dialyzed again 2 L of PBS pH 7.4 for 2 h (by

replacing the buffer after 1 h) at room temperature in the dark. NER-F2 was stored at 25 °C.

2.5 Dynamic light scattering and electrophoretic light scattering
The three samples, NERs, NER-F1 and NER-F2 were diluted 1:50 with PBS pH 7.4 solution prior
to any measurement and were analyzed within 24 hours after preparation. Their hydrodynamic
size was measured by Dynamic Light Scattering using a ZetaSizer Nano ZS instrument (Malvern
Instruments/Malvern Panalytical), Malvern, U.K.) at a temperature of 25.0 = 0.1 °C.[42] The
instrument is equipped with a 4 mW He—Ne laser (operating at a wavelength of 633 nm) and the
light scattering measurements were performed in a backscattering geometry at a scattering angle
of 173°. The same instrument was used for the determination of the C-potential (using the
Smoluchowski’s equation) from measurements of the electrophoretic mobility in DTS1070
disposable folded capillary cells at the scattering angle of 13°. The intensity-weighted
hydrodynamic diameter (Dn) and the polydispersity index (PdI) extracted from a second-order
Cumulant analysis as well as the C-potential are reported as averages of six consecutive

measurements.



2.6 Effect of sonication on NERs size
We studied how the sonication time affects NER’s size. After each sonication cycle (5, 6, 8, 10,
15, 20 and 30 minutes), a portion of the dispersion was diluted with the buffer (1:50) and then the

hydrodynamic diameter was determined using DLS.

2.7 Cryogenic transmission electron microscopy
The morphology of the NERs was examined using a JEM-2200FS transmission electron
microscope (JEOL) specially optimized for cryo-TEM at the National Center for High Resolution
Electron Microscopy (nCHREM) at Lund University. It is equipped with a field-emission electron
source and an in-column energy filter (omega filter). The images were recorded under low-dose
conditions with 15 eV slit width in place, adopting an acceleration voltage of 200 kV on a bottom-
mounted TemCam-F416 camera (TVIPS) using SerialEM. Each sample was prepared using an
automatic plunge freezer system (Leica Em GP) with the environmental chamber operated at 21.0
°C and 90 % of relative humidity. A droplet (4 uL) of the NERs formulation was deposited on a
lacey formvar carbon-coated grid (Ted Pella) and was blotted with filter paper to remove excess
fluid. The grid was then plunged into liquid ethane (around —183 °C) to ensure the rapid
vitrification of the sample in its native state. Prior to the Cryo-TEM measurements, the specimens
were stored in liquid nitrogen (—196 °C) before imaging microscope using a cryo-transfer

tomography holder (Fischione Model 2550).
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2.8 Photophysical measurements
NER-F1 and NER-F2 were studied through ultraviolet-visible (UV-Vis) absorption and steady-
state fluorescence spectroscopy using a Win-CaryVarian UV-Vis double-beam spectrophotometer
and a Win-CaryVarian Fluorimeter respectively, after dilution 1:10 and 1:500. The absorption
spectra of the two fluorophores were measured in 1 cm quartz cuvettes from which the background
was subtracted by using the pure solvent. The fluorescence signal was measured using 5.0 and 2.5
slits aperture, for excitation and emission respectively. AMC was excited at 351 nm and DBCO-
Cy5.5 at 680 nm. The dyes loading was measured three times using the calibration curve methods
in the UV-Vis range: the measurements were performed in MeOH/H20: 3/1 buffered at pH 7.4 for
the free AMC and NER-F1. Since the solubility of DBCO-Cy5.5 in DMSO, the analyses for NER-
F2 were performed in a DMSO/H20: 3/1 mixture buffered at pH 7.4. The free dyes excitation and

emission spectra were acquired in MeOH and DMSO (data not shown).

2.9 Fluorescence single molecule microscopy
The DBCO-Cy5.5-labelled NERs were studied with a Nikon Apo TIRF 100x magnification oil
immersion objective on a customized Nikon Eclipse Ti Eclipse microscope equipped with a
Photometrics Prime 95B scientific CMOS. The DBCO-Cy5.5-labelled NERs were diluted 1:100
in PBS and added to a cover glass slide (25 mm diameter, No 1, VWR), resulting in approximately
500 NERs in the image field of view. The sample was illuminated using an Oxxius diode laser
operating at a wavelength of 638 nm (180 mW). The acquired images were 600 pixels by 600
pixels with a pixel size of 0.11 pm by 0.11 pm and were acquired at an exposure time of 100 ms.

The individual NER-F2 particles were detected using the MATLAB script pkfnd.m

11



(http://site.physics.georgetown.edu/matlab/code.html) after background subtraction.

Photobleaching steps were obtained by continuously taking images until the particles bleached.

3. Results and discussion

The RBC vesicles were obtained from a total bovine blood sample according to a procedure that
slightly alters that reported by Raghavan et al.[25] It consisted of several centrifugation and
washing steps to purify the RBCs. The centrifugation steps are required first to separate the blood
cells from plasma. Then, by tuning the concentration of the hypotonic solution from 0.85 % w/v
to 0.5 % w/v, the membranes of the RBCs were osmolyzed to ensure the complete release of the
hemoglobin content. The membrane materials are finally resealed in an isotonic environment (PBS
buffer 10 mM at pH 7.4) and ultrasonicated to obtain the nanoderivatives, i1.e. the NERs. Initially,
large aggregates (ca. 3 —4 um) were observed by DLS, even after 20 minutes of sonication (data
not shown). Therefore, an extrusion method was implemented in the preparation of the
nanoparticles, in order to remove larger aggregates. After extrusion through a filter (2.7 um pore
size), the dispersion was ultrasonicated again to reduce the size to ca. 100 nm. The appearance of
the dispersion after the final sonication step was transparent and bluish.

As it 1s possible to obtain NERs both in water and buffers, we evaluated their stability over one
month in terms of their hydrodynamic diameter (Dn) in each media using DLS. As reported in
Figure la, the apparent hydrodynamic diameter in water and physiological buffer at 25 °C is
initially ca. 100 nm, while the (-potentials —18 mV and —30 mV were respectively recorded for

NERs dispersed in water or PBS buftfer.
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Fig. 1. a) The apparent hydrodynamic diameter (Dn) of the NER particles in water as a function of
time after preparation. b) Stability of the NERs in PBS pH 7.4 in terms of D and polydispersity
index (PdI) of the formulation over 5 months. The dashed lines are guides for the eyes. Both Dn
and PdI were obtained from a second-order Cumulant analysis of the measured intensity-intensity

autocorrelation functions.

13



By aging, the sample in water exhibited an increasing trend in terms of size and polydispersity. On
the contrary, the size and polydispersity of NERs in 1x PBS pH 7.4 (10 mM) remained stable
without any significant changes over one month (between measurements, the NERs were stored at
25 °C), most likely because of the higher negative surface charge of NERs in PBS buffer that better
prevents flocculation of the nanoparticles. For this reason, PBS was used as a buffer to investigate
further NERs morphology, stability, and physicochemical features.

First, the long-time stability of the NER particles in this formulation was followed in terms of Dn
over five months (Fig. 1b). As reported above, the sample was stored at 25 °C between each
measurement. As noticed, the hydrodynamic diameter and the accompanied polydispersity index
remained almost constant during the investigated temporal range, hence indicating that aging did
not affect the dispersion significantly in terms of size. It is worth noticing that the polydispersity
indices measured for the formulations here investigated are in good agreement with those reported
in literature in similar systems.[25,40]

The size of the vesicles strongly depends on the sonication conditions adopted during the sample
preparation. Therefore, the effect of sonication time on the size was investigated sonicating the

sample for 5, 6, 8, 10, 15, 20, and 30 minutes after the extrusion procedure.
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Fig. 2. Evaluation of sonication time on the apparent hydrodynamic diameter (Dn) of the NERs.

As shown in Fig. 2, after 5 minutes, the NER particles showed a quite large size. While increasing
the sonication time, their size decreased, reaching a plateau at 10 minutes. These features were not
reduced further by longer sonication times, probably because the cytoskeleton material
constituting the NERs membrane does not allow a further reduction of the bilayer curvature.

Cryo-TEM images reported in Figure 3a and b showed that the NERs exhibit in 1x PBS at pH 7.4
mostly unilamellar vesicles with spherical shape (white arrows) coexisting with some membranes
not reassembled into vesicles (black arrowheads). Although no direct evidence can be obtained
from this formulation, it was already reported that the morphology of these nanoparticles in
hypertonic conditions is reminiscent of that exhibited by RBCs, showing the same biconcave
structure.[25] This finding suggests that, after the hypotonic lysis, the membrane may reassemble
in its native conformation. However, a membrane flipping during the reconstituting process cannot
be fully excluded. In addition, the sonication process could solubilize some membrane proteins
that aggregates in solution with their lipid surroundings,[26] originating part of the particulate

material observed in Figure 3a and b.
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Fig. 3. NERs cryo-TEM image in PBS buffer at pH 7.4 10 mM at two different magnitudes (a at
x40k and b at x80k). Several membranes not reassembled into vesicles are indicated by black

arrowheads. The white arrows point toward spherical unilamellar vesicles.

The retention of membrane structures, e.g. proteins, lipids, and glycolipids, on NERs surface and
the possible use of their -NH2 terminal groups for a functionalization process was already
hypothesized and exploited by Lejeune, who applied the cross-linking method to decorate the
NERs surface with daunorubicin.[23] Accordingly, glutaraldehyde was here used as a cross-linker
to have a first layer on which the fluorophores i) AMC and ii) DBCO-Cy5.5 were attached using

SpAAC Click Chemistry to obtain NERs-F1 and NERs-F2, respectively (Scheme 1).
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Scheme 1. Surface modification to obtain NERs-F1 and NERs-F2.

The reactions required dark conditions to avoid glutaraldehyde polymerization. These labelled
NER particles had an apparent Dn around 120 nm and were characterized by a slightly larger PdI

with respect to bare NERs (see Table 1).

Formulation Dy [nm] PdI C-potential [mV]
NERs 101 £1 0.12 £0.01 -31.2+1.1
NERs-F1 120 £ 4 0.20 £0.01 232 +2.1
NERs-F2 127 £4 0.18 £0.02 -24.0+2.3

Table 1. Hydrodynamic diameters (Dn), polydispersity index (PdI) and C-potentials of the

unlabeled and labelled formulations.
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Moreover, a decrease of the {-potential values for both NERs-F1 and NERs-F2 was recorded
compared to unlabeled NERs, a finding certainly related to the functionalization of the membrane
proteins that removes charged groups in the electric double layer.

AMC is a commercial dye that absorbs at 350 nm and emits at 430 nm in MeOH, whereas the
DBCO-Cy5.5 fluorophore absorbs the radiation in the red (680 nm) and has a fluorescence
emission around 710 nm in DMSO. The maxima of absorption in the UV-Vis region for both dyes,
350 nm for AMC and 680 nm for DBCO-CyS5.5, respectively (Fig. 4a e b), were used to quantify

the fluorophores covalently linked to the surface of NERs using the curve calibration method.
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Fig. 4. Absorption and emission spectra for NERs-F1 (a) and NERs-F2 (b) after dilution 1:500 in

PBS pH 7.4 medium.

The concentration of the dyes was found to be (5.2 + 0.8) x103M in the case of AMC and (9.2 +
0.7) x10°° M in the case of DBCO-Cy5.5. It is important to address that small membrane fragments
or proteins/lipids aggregates could be solubilized during the sonication step. This material in

solution can affect the functionalization ratio.
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The absorption spectra and the emission fluorescence spectra for the NERs-F1 and NERs-F2 are
reported in Figure 4, where AMC and DBCO-Cy5.5 exhibit an emission band with a maximum at
443 nm and 713 nm, respectively. The small red shift observed for both dyes in comparison with
the free dye emission indicates they are experiencing a more polar environment. Also, NERs-F1
and NERs-F2 showed a strong fluorescence emission signal after dilution up to 1:500 in PBS
medium. These two fluorescent formulations can be recognized as suitable candidates for optical

imaging in vitro (NERs-F1) and in vivo (NERs-F2).

Fig. 5. Single-molecule fluorescence imaging of NERs-F2. (a) A representative fluorescence

image showing NER-F2 particles absorbed to a glass slide. (b) Histogram of the intensity
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distribution from individually detected NERs-F2. The data is from two measurements with a total
of 1124 detected particles. Approximately 7% of the particles have an intensity larger than 200

counts. (¢) The change in intensity when bleaching a representative NER-F2 particle in (a).

Since we have already stressed the importance of having an in vivo tool for optical imaging, the
NERs-F2 formulation was furthermore analyzed using single-molecule fluorescence microscopy
at an excitation wavelength of 638 nm (Figure 5a). Individual NERs-F2 particles could be
discerned in the microscopy images and the intensity from two separate measurements gave the
fluorescence intensity distribution shown in Figure 5b.

A typical fluorescence intensity was about 30 counts (Figure 5b), whereas the average intensity
from all 1100 detected NERs-F2 particles was 80 counts. The 30 counts correspond approximately
to the fluorescence from one DBCO-Cy5.5 fluorophore, which could be estimated from the abrupt
change in intensity when one of the NERs-F2 particles exhibited bleaching (Figure 5¢). This means
that the average number of dye molecules is roughly 2.5 per labelled NE2-F2 particle. However,
most of the labelled NERs-F2 contains only one fluorophore. This data corresponded to the very
low amount of DBCO-Cy5.5 used for the preparation of NERs-F2. Indeed, by increasing the
concentration, it would be possible to obtain a higher number of dye molecules per nanoparticle,

increasing the fluorescence signal consequently.

4. Conclusions
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Given the high demand for finding novel, biocompatible, biodegradable, and non-cytotoxic tools
in nanomedicine, the physicochemical properties of unlabeled, and fluorescently labelled
nanoerythrosomes (nanoderivatives of bovine red blood cells) were here investigated. Indeed,
NERs are a new class of drug and imaging probe carriers engineered to reduce the biological
impact at a minimum, with excellent perspectives in personalized medicine.

NERs applicability in the imaging field has not been established yet. Therefore, different
functionalization methods to achieve fluorescent labelling of this kind of nanoparticles were
presented in this work. The first case of Click Chemistry on NERs was reported, showing how
SpAAC could come in aid to functionalize such kind of nanocarriers. NERs stability was
investigated in two different media and over time, highlighting that the physiological PBS was the
best buffer to prepare and store the nanoparticles. Given their high colloidal stability and physico-
chemical features, NERs represent an interesting alternative to other drug carriers, especially when
biocompatibility is an issue. Indeed, they could be harvested directly from a patient blood, thus the
immunological response should be negligible. Two different fluorophores were successfully
conjugated on NERs surface for imaging applications: AMC and DBCO-CyS5.5. The spectroscopic
properties of the labelled formulations showed that in both cases the dyes are experiencing a polar
environment, being oriented towards the bulk water. Remarkably, the loading efficiency on NERs
surfaces and their fluorescence properties after high dilution ratio (1:500) suggest that
fluorescently labelled nanoerythrosomes can be used as a potent imaging tool in vitro and in vivo.
Drugs can be either encapsulated within the NERs core[43] or conjugated on their surface.[23]
Particularly, by combining the versatility of different functionalization routes, e.g. Click Chemistry
and cross-linking, with NERs intrinsic biocompatibility, these surface-modified systems could

assist in several clinical therapies and imaging applications. However, given the desired
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application in nanomedicine, these nanovectors should be tested against different cell lines to
understand possible difference in terms of uptake in comparison with other soft matter-based
formulations. Different groups can be used to conjugate therapeutic molecules or imaging probes
to the NERs surface (such as -COOH, -OH, -SH and, of course NH2),[16] and new decoration
routes of NERs surface could represent another possible outlook, possibly with targeting agents to
achieve selective delivery of therapeutic agents. Nevertheless, surface functionalization should be
evaluated with care to avoid activation of the complement with consequent reduction of the NERs

permanence in the bloodstream because of RES clearance.[44]
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