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Nowadays, the use of engineered immune cells is
one of the most promising approaches to treat
cancer [1]. In particular, adoptive T cell therapies are
widely used for haematological cancers and the
principal way to deliver nucleic acids into cells is
based on viral vectors [2, 3]. Notwithstanding the
success of this approved treatment, the use of viral
vectors faces with some obstacles such as their
complex, highly specialized and expensive
manufacture process, as well as limits in genetic
cargo capacity, biocompatibility, variability of
transduction efficiency between patients, and the
risk of semirandom gene integration with potential
oncogenic transformation/clonal expansion [4, 5]. In
this context, we focused on the development of
nanovector-based approach to genetically engineer
T cells, which proved being challenging since
primary T cells are refractory to transfection [6]. To
achieve this aim, it is important to consider not only
the physico-chemical properties of nanocarrier but
also the phenotype and the status of T cells. Indeed,
memory T with stem cell-like (Tscm) phenotype
creates a link between naive and central memory
cells entailing an increased proliferation capacity
and a superior antitumor effector function [7]. In
order, to investigate several non-viral vectors, T cells
are isolated from healthy donors and activated for
proliferation and expansion. We are investigating
different interleukin concentrations (IL-2, IL-7, IL-15
and IL-21) to address a Tscm phenotype by
monitoring T cell activation marker and Wnt-B-
catenin signalling pathway [8]. Two different
approaches are currently under investigation to
reach high transfection of T cells. The first relies on
the employment of polymeric nanovectors
characterized by high degree of biocompatibility and
hemocompatibility; the second one embraces a
biomimetic coating consisting of either membranes
derived from red blood cell (RBC) functionalized or
not  with DOPE (1,2-Dioleoyl-sn-glycero-3-
phosphoethanolamine), or a coating derived from
peripheral blood mononuclear cell (PBMC)
membranes. From preliminary results we obtained a

good degree of balance between biocompatibility
and transfection with a polymeric nanoparticle
(around 13 %, EGFP as reporter gene). However,
some nanovectors induce cytotoxicity despite single
constituents are biocompatible (Fig.1), thus opening
questions about the role of nanostructuration and its
influence on T cells. The employment of
membranes-coated nanovectors resulted in poor
improvements on transfection efficiency.
Interestingly, by exploring PBMCs-membranes
coating from cells stimulated with a
lipopolysaccharide to increase the superficial
interaction receptors, we noticed that the autologous
targeting of stimulated-PBMCs vehicles is higher
than unstimulated PBMCs- and RBCs- membranes
vehicles (Fig. 2).

In conclusion, the development and the assessment
of Tscm along with the design of biocompatible and
selective non-viral nanovectors will allow us to pave
the way for the generation of highly efficient
nanovectors for nucleic acids delivery into immune
cells.

Acknowledgements: This study was supported by
“Tecnopolo per la medicina di precisione”
(TecnoMed Puglia) - Regione Puglia; research
project “TITAN” (Nanotecnologie per
limmunoterapia dei tumori) Programma PON “R&I”
2014-2020; EU funding within the MUR PNRR
“National Center for Gene Therapy and Drugs based
on RNA Technology” and Hub Life Science -
Terapia Avanzata (LSH--TA) PNC-E3-2022-
23683269, EU funding within the PNC Italian Health
Ministry.

References

[1] Eggermont L.J., Paulis L.E., Tel J., Figdor
C.G. Towards efficient cancer
immunotherapy: advances in developing
artificial antigen-presenting cells. Trends
Biotechnol. (2014) 32(9):456-65.

[2] Maude S.L., Laetsch T.W., Buechner J.,
Rives S., Boyer M., Bittencourt H., Bader P.,
Verneris M.R., Stefanski HE, Myers GD,
Qayed M, De Moerloose B, Hiramatsu H,
Schlis K, Davis KL, Martin PL, Nemecek
E.R., Yanik G.A., Peters C., Baruchel A.,
Boissel N., Mechinaud F., Balduzzi A.,
Krueger J., June C.H., Levine B.L., Wood
P., Taran T., Leung M., Mueller K.T., Zhang
Y., Sen K., Lebwohl D., Pulsipher M.A.,
Grupp S.A. Tisagenlecleucel in Children
and Young Adults with B-Cell Lymphoblastic
Leukemia. N Engl J Med. (2018)
378(5):439-448.



NanoBio&Med2024 November 05-07, 2024 - Barcelona (Spain)

[3] Riddell S.R., Sommermeyer D., Berger C.,
Liu L.S., Balakrishnan A., Salter A.,
Hudecek M., Maloney D.G., Turtle C.J.
Adoptive therapy with chimeric antigen
receptor-modified T cells of defined subset
composition. Cancer J. (2014) 20(2):141-4.

[4] Mitchell R.S., Beitzel B.F., Schroder A.R.W.,
Shinn P., Chen H., Berry C.C., Ecker J.R.,
Bushman F.D. Retroviral DNA Integration:
ASLV, HIV, and MLV Show Distinct Target
Site Preferences. PLoS Biol (2004) 2(8):
e234.

[5] Kalos M., June C.H. Adoptive T Cell Transfer
for Cancer Immunotherapy in the Era of
Synthetic Biology. Immunity, Elsevier Inc
(2013).

[6] Gresch O., Altrogge L. Transfection of
difficult-to-transfect  primary mammalian
cells. Methods Mol Biol (2012) 801:65-74.

[7] Gattinoni L., Lugli E., Ji Y., Pos Z., Paulos
C.M., Quigley M.F., Almeida J.R., Gostick
E., Yu Z., Carpenito C., Wang E., Douek
D.C., Price D.A., June C.H., Marincola F.M.,
Roederer M., Restifo N.P. A human memory
T cell subset with stem cell-like properties.
Nat Med (2011) 17(10):1290-7.

[8] Gattinoni L., Zhong X.S., Palmer D.C., Ji Y.,
Hinrichs C.S., Yu Z., Wrzesinski C., Boni A.,
Cassard L., Garvin L.M., Paulos C.M.,
Muranski P., Restifo N.P. Wnt signaling
arrests effector T cell differentiation and
generates CD8+ memory stem cells. Nat
Med. (2009) 15(7):808-13.

Figures

Bio-compatile Toxic
A nanciommulasion nanoformulaion
[

B. Unitreased T —— Cationic
cels : B " somplexant
| H 8]
5
1 i1
g i v
| o |
= . = - S— :v\- L - an -
Co-complexant .
Co-comnlexant B Caoping agent
e w2 e

4

Figure 1. Primary T cells treatment with (A) two different
polymeric nanostructured complexes and (B) complexes’
single component.
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Figure 2. Uptake experiment to detect the targeting of

PBMCs’ vehicles (stimulated and not) and RBCs’ vehicles
(functionalized and not) at different time points.




