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1. What
they are?

Carbon Atoms
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SWCNTs

Single-Walled Carbon Nanotubes MWCNTSs
Multi-Walled Carbon Nanotubes




1. What
they are?

Biocompatible Biodegradable
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2. What they can
do for clinical
application?

*‘Drug Delivery

Gene delivery

In therapy | Y,
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Carbon Nanotubes
(CNTs)
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i.e. Delogu LG et al Bioconjugate chemistry 2009
Delogu LG et al JNN 2010
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do for clinical
application?

In therapy

/

Carbon Nanotubes
(CNTs)

\

In diagnosis

2. What they can

*‘Drug Delivery

Gene delivery
‘Hyperthermia

‘Tissue regeneration

*To increase

the neuronal perfomance

‘Biosensors

‘For enantioseparation of chiral drugs



3. Interaction with
the immune system

...on human immune cells

» Do differently functionalized carbon nanotubes with
different diameters act differently with the immune
cells?

»Do they interact with the immune system?.....

> .....if yes, how?

» Is the possible impact dependent on the cell type?

Delogu LG et al. Nanomedicine (London) 2012
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3. Interaction with
the immune system

20-30
nm

ox-MWCNT-1 ox-MWCNT-NH;*-1 ox-MWCNT-FITC-1

ox-MWCNT-2 ox-MWCNT-NH,+-2 ox-MWCNT-FITC-2

Delogu LG et al. Nanomedicine (London) 2012



Diameter

3. Interaction with
the immune system oX-MWCNT-FITC-1 === 20-30 Nm
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Functional assay CD25
CD4* T cells CD8* T cells B cells Monocytes
100 - 100 - 30 4 100
" 80 - 80 - 80 + *
' 60 - 60 - 20 60 - :
40 A 40 - 10 - 40 4
20 - 20 - 20 -
- N AA - N A A 0 N A A o'é\ﬂa«mma
LASRD LGSR PFUSERS O BHE
© n“',;!‘t'é ® o*,;*‘fl*& ® Fer e, W F ¥ W
¥ of o* o o¥ of 3 oF
Monocytes
*
000 —
? 5000 - - %
-EI 4000 7
f I
@ 20007
=1 1000
g™ B =
12 M A
Y

%
Delogu LG et al. ‘p,gl‘(“\ ’ﬁo ’sl‘d{\

Nanomedicine (London) 2012 of



3. Interaction with
the immune system

“The immune systerﬁ? is
always a balang‘{pf
switching several g@’ne\“ on
and off”
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- Pescatori M et al. Biomaterials 2013

Affymetrix technology to analyze
the expression of 32 020 transcripts

Diameter T cells | Monocytes
20-30 nm
OX-MWCNTs-1 25 44
OX-MWCNTs-2 a7 212

9.5 nm

P<0.001

OX-MWCNT-NH,*-1

OX-MWCNT-NH,*-2 OX-MWCNT-NH;*-1 OX-MWCNT-NH,*-2

OX-MWCNT-1 OX-MWCNT-2

OX-MWCNT-1 ‘ OX-MWCNT-2

T cells Monocytes



Monocytes activators
MA-CNTs

T 2

Pescatori M et al.
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Gene expression

Real Time PCR

the immune system

v

Multiplex ELISA

Pescatori M et al. Biomaterials 2013
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3. Interaction with
the immune system

- A cell specific action on monocytes from 3 types of nanotubes
(MA-CNTs) with the selective induction of innate activation
pathways.

We have the opportunity to choose the activators
CNTs...
Future perspectives:

A carrier of a
vaccine able also
to act as a
adjuvant



3. Interaction with
the immune system

We have the opportunity to choose the activators CNTs...
Future perspectives:

CCL3L1; CCL4L1
(CCRS Ligands)

CXCL11
(CXCRa3 Ligands)

Expression

Monocytes activators
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3. Interaction with
the immune system
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3. Interaction with

the immune system
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3. Interaction with
the immune system

Possible future
applications:

 in immunotherapy

as vaccine adjuvants

as possible fighters to contrast
spaceflight immune cell dysregulation.
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4. As ultrasound
contrast agents

Functionalized multiwalled carbon nanotubes as

ultrasound contrast agents
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Ultrasonography is a fundamental diagnostic imaging tool in
everyday clinical practice. Here, we are unique in describing the
use of functionalized multiwalled carbon nanotubes (MWCNTs) as
hyperechogenic material, suggesting their potential application as
ultrasound contrast agents. Initially, we carried out a thorough
investigation to assess the echogenic property of the nanotubes
in vitro. We demonstrated their long-lasting ultrasound contrast

menrnarriar WAla =slea rhassndd #had silbenranmed riamal Af foometiam ]l

source, but the conventional ultrasound introduces high-frequency
acoustic waves and detects their echo; (ii ) the photoacoustics is
broadband, containing frequencies up to 50 MHz or more, but
ultrasound usually uses a single frequency. In addition, despite
the high potential of photoacoustic imaging, ultrasonography
remains the most popular medical imaging modality because of
to the low price per examination and safety (11). There are few
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signal

Delogu LG et al

4. As ultrasound
contrast agents
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MICROBUBBLES

*Big size 1-8 um; purely
intravascular flow tracers

* Are classified as long half-life
agents when the signal persists
for more than 5 min after
injection

*Research as drug delivery
system is still at an early stage

CARBON NANOTUBES

*Small enough to reach a tumor
region (vascular pore up to 780
nm)

L.ong lasting signal (are
eliminated in 24-48 hours by
renal clearance)

*Can be functionalized with
therapeutic molecules
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