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Amphiphilic Janus dendrimers (JDs) can be defined as dendritic macromolecules made of two dendrons with
opposite polarities, which either differ from each other by their terminal groups, or their structures differ entirely.
Amphiphilic JDs are named following a more or less general scheme that encompass in this order, the lipophilic
dendrons, the core if exists, and the hydrophilic dendrons. The unique architectures of amphiphilic Janus
dendrimers, with multifunctional terminal groups, different structures of branches in a single molecule (beside the
capacity of self-assembly in agueous media forming dendrimersomes, which in turn benefit from properties like
predictable size and thickness, stability and biocompatibility), constitute premises for a wide range of biomedical

applications where conventional dendrimers have failed.

Janus dendrimers dendrimersomes glycodendrimersomes stabilizing agents

nanocarriers gene delivery

| 1. Janus Dendrimers as Stabilizing Agents
1.1. Drug Suspensions

The formulation of pharmaceutical nanosuspensions requires the presence of stabilizers, which act via electrostatic
or steric interactions and enhance the dissolution of poorly water-soluble drug molecules. Amphiphilic Janus
dendrimers can be adsorbed onto drug particles and provide steric stabilization against aggregation and

recrystallization, offering a versatile platform for general use as stabilizing agents for drug suspensions .

Thus, four new amphiphilic Janus dendrimers with hydroxyl-terminated bis-MPA dendrons and dodecyloxy chains
were obtained and tested for their ability to stabilize colloidal drug suspensions through steric stabilization. Janus
dendrimers (JDs) adsorb onto indomethacine surfaces, forming hydrophobic interactions, and the adsorption
kinetics are strongly related to the number of hydrophobic alkyl chains. These experiments proved the potential of

such G4 JDs as stabilizers in nanomilling (Figure 1) and other steps of dry-state processing of drugs .
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Figure 1. G4 JDs as stabilizers in media milling and dry-state processing of pharmaceuticals 1.

1.2. Au and Ag Nanoparticles

Silver and gold NPs are very important for nanoscience and nanotechnology due to their numerous applications in

catalysis, materials science, optical biosensors, and nanomedicine 21314,

Janus metallodendrimers incorporate metal-containing moieties into the structure of JDs and benefit from the
exceptional combination of organic and inorganic components, with outstanding catalytic, electronic, magnetic and

radioactive properties 2,

Thus, ferrocene (Fc)-containing JDs can be used as neutral single-electron transfer agents for the reduction of
Au(lll) and Ag(l) in the synthesis of AuNPs RIBIZIEIRILOILZILS] and AgNPs [L1IIL2][13][14][15][16]
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Few experiments regarding the preparation of silver and gold NPs using water-soluble Fc-containing dendrimers as
both, stabilizers and reductants, in water systems involving no external reductant are available (217, The use of
external reducing agents, such as NaBH,, along with Fc-containing dendrimers for obtaining AgNPs and AuNPs,
are highlighted in some works [2[271[18],

Hence, two novel amphiphilic triazolylferrocenyl with TEG termini JD were obtained by the click reaction between
azidomethylferrocene and TEG-terminated acetylenes, and tested as neutral ligands for the AgNPs-1 and AuNPs-1
stabilization in water in the presence of NaBH, as a reducing agent for Ag(l) and Au(lll). In the reaction between
JDs and Ag(l) or Au(lll), the significant impact of the electronic properties of the ferrocenyl-core linker on the
viability of the redox reaction, and the ability of this kind of JDs to manage such redox processes was proven. The
authors also highlighted the potential of ferrocenyl-containing JDs with varied types of redox active units for

extending the spectrum of properties in this field 17,

Redox-responsive Fc-containing polymers could also be used as drug carriers, ensuring manageable processes of
delivery and release of the drugs due to the reversible conversion between hydrophobic Fc and hydrophilic
ferrocenium groups via chemical and electrochemical reduction, offering them the capacity to form reversible self-

assembly systems [2119]120]

| 2. Janus Dendrimers as Biological Membrane Mimics

The understanding of various cellular processes needs some artifacts like biological reconstitution of the cell
membranes, thus a significant interest in designing synthetic analogs and models of the membrane components is

granted.

Two important components of cell membranes are phospholipids and glycolipids. Phospholipids can be mimicked
by amphiphilic JDs which have the ability to self-assemble in different liquid media into stable dendrimersomes
(DSs) [2122123] \ith membrane thickness similar to phospholipids 21, Janus glycodendrimers (JGDs) obtained by
conjugation of sugars with JDs, were able to self-assemble in buffer solutions [21241251[26] jnto

glycodendrimersomes (GDSs) which mimic glycolipids.

Therefore, dendrimersomes and glycodendrimersomes could successfully substitute liposomes if researchers
consider their special features like tunable size 24, structural organization 241281 enhanced stability [23]128]

biocompatibility, similar membrane to living cells 21 and functional surfaces 24!,

Based on the studies on the coassembly into hybrid vesicles of block copolymers, natural phospholipids and
membrane proteins 2BABLIE2B3] DSs and GDSs have also been joined with phospholipids, membrane proteins,
bacterial cell membranes, etc., forming hybrid architectures with unique morphologies that lend themselves to

interesting biological applications.

2.1. Amphiphilic Janus Dendrimers (JDs)
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In order to stabilize the cell membranes and vesicles that have originated from human cells, Yadavalli and
coworkers (2019) used DSs obtained from appropriate JDs containing hydrophobic 3,5-di-dodecyloxybenzoic ester
dendrons and hydrophilic 3,4,5-tris-triethylene glycol benzoic ester dendrons. They also proved the value of such
DSs as potential cell-targeting agents by combining them with bacterial membrane vesicles holding a bacterial
adhesin protein (YadA), generating a cell-like hybrid vesicles recognized by the living human cells. Using DSs, the
development of synthetic and hybrid protocell capsules to perform cell-like functions such as recognition, signaling,
and delivery, seems tangible 23],

Natural polyphenols and phenolic acids possessing dodecyloxy chains were employed as building blocks for
designing new amphiphilic JDs as cell membrane mimics, with bilayer thickness comparable to the natural
phospholipids having 16 or 18 carbons in the alkyl groups. Unilamellar DSs were obtained in higher yields and
shorter reaction times via self-assembly of such programmable JDs, and have the potential to act as significant

tools for synthetic cell biology, encapsulation, and delivery (241,

A new type of zwitterionic JD, consisting of a zwitterionic phosphocholine hydrophilic headgroup and a 3,5-
substituted dihydroxybenzoate-based hydrophobic dendron, was introduced by Joseph et al. B3, This type of JDs
self-assembles in water into zwitterionic dendrimersomes (z-DSs) that closely mimic the thickness, lateral mobility,

and flexibility of natural cell membranes.

The combination of the two key features of cell-like DSs assembled from JDs, i.e., high flexibility and stability,
confers them the ability to engulf bacteria. Kostina et al. (2019) synthesized new JDs which self-assemble into
unilamellar vesicles with a biomimetic thickness, high flexibility and stability conferred by dodecane hydrophobic
chains, and ultra-low adhesion to bacteria owed to the tri(ethylene oxide) hydrophilicity. These cell-like DSs proved
superior to natural liposomes and synthetic polymersomes in terms of living bacteria endocytosis, emphasizing the

opportunities of using the dendrimersomes in biomedical field [2€l,

Kostina et al. (2021) studied the influence of variation of amphiphile topology in the bilayer of some
photoactive/stable JDs on shape changes of such cell membrane models, and demonstrated the utility of DSs to

simulate and explain some cellular processes occurring in living cells 7.

Torre et al., 2019 considered the rebuilding of synthetic cells starting from compartmentation, encapsulation, and
surface ornamentation of unilamellar and onion-like DSs self-assembled from amphiphilic JDs. They propose an
approach for the modularly binding of proteins, nucleic acids, and hydrophobic target compounds to the edge of the

DSs, demonstrating their value as adaptable synthetic biological membranes 22,

2.2. Janus glycodendrimers (JGDs)

Janus glycodendrimers (JGDs), synthetic macromolecules mimicking glycolipids, were proved to self-assemble into
nanovesicles presenting carbohydrates on their external surface, like the glycocalyx layer of eukaryotic cells,

bacteria, and viruses.
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Glycodendrimersomes (GDSs) are feasible mimics of biological membranes, i.e., glycans, that can serve to explain
the structure and function of glycans. GDSs are self-assembled nanovesicles with cell surface-like programmable
structures comprising carbohydrates moieties, which can be combined with lectins to discover the complexity of
glycan-lectin specificity. Clinically, GDs could be used to target the nanoparticles to lectins in vivo and to
specifically scavenge a lectin at sites of damaging action 24. Xiao and coworkers (2018) synthesized Janus
glycodendrimers with various sugar headgroups and coupled them with homodimeric, heterodimeric, and chimera
galectins, to disclose the degree of cross-linking of the biomimetic nanoscale vesicles having both charged and

uncharged ligands, hence contributing to elucidate the nature of these vital interactions 24,

Other exceptional Janus amphiphilic glycopeptide dendrimers for the biomimicry of glycans exhibited strong and

specific recognitions with C-type mannose-specific lectin 28],

Rodriguez-Emmenegger (2019) obtained GDs acting as cell-membrane mimics, with hierarchical morphologies
resembling bicomponent rafts starting from JGDs containing Lac and triethylene glycol. Their structures encode
biological recognition and permit to reduce sugar—sugar interactions, allowing stronger binding to proteins, which

recommend them for applications in cellular biology and nanomedicine 23],

Some JGDs were obtained by an isothiocyanate—amine coupling reaction among isothiocyanate-containing
sequence-defined JDs, and linear or branched carbohydrates containing oligosaccharide and hydrophobic amino-
pentyl units. These structures containing thiourea groups, which enhances the hydrophilic character of the N-pentyl
linker, self-assemble into nanovesicles with lamellar surface, that mimic the recognition assemblies of the cell-
surface of glycans and viral glycoproteins and displayed the potential of elucidating the ability of viruses to

camouflage in order to avoid recognition 22,

Similar results, regarding the important influence of the thiourea interconnecting group placed amid the
hydrophobic and hydrophilic dendrons of JDSs to their self-assembly, were obtained by Murphy et al. (2021). They
also proved the stabilization of glycolipid-rich rafts and association of sulfatide-rich regions with specific

glycoproteins [28],

Various pathogenic bacterial strains act by infecting the host cells through multivalent host-guest connections 29,
In order to find optimized carbohydrates-containing dendrimers nanostructures known for their ability to capture
bacterial strains [28 Krishnan et al. (2020) designed carbohydrate-based Janus dendrimers that spontaneously
self-assemble into high aspect ratio 2D sheets. The conjugation between the hydrophilic dendron containing
galactose and hydrophobic tetraphenylethylene (TPE) dendron formed two JDs that proved to be multivalent

ligands for bacteria able to capture and agglutinate them and to inhibit the bacterial proliferation (411,

Kostina et al. (2021) utilized glycodendrimersomes synthetic vesicles formed by the self-assembly of mannose-

JDs, whose membrane simulate the surface of a cell, to examine the carbohydrate biological activity 42!,

| 3. Janus Dendrimers as Nanocarriers
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The limitations of free drugs, for example poor water-solubility, toxicity related to a non-selective biodistribution and
multi drug resistance, could be prevented using vesicular assemblies as drug delivery systems. As against

micelles, vesicles benefit from the ability to encapsulate both hydrophobic and hydrophilic cargos 43,

The suitable self-assembly comportment of amphiphilic JDs has turned into a powerful tactic to obtain nanocarriers
(171341 with strong advantages for drug-delivery applications [42144145][46]47]

Both dyes and drugs have been encapsulated in dendrimersomes. Hydrophobic molecules were added to an
organic solution of the JD and used for thin film hydration or oil-in-water approaches, resulting in the inclusion of
the molecule in the hydrophobic bilayer of DSs. On the other hand, hydrophilic molecules were encapsulated in the
hydrophilic cavity of DSs by addition to the water or buffer solution, used forward for hydration in the thin film
approach or to the organic phase in the oil-in-water approach. The excess amount was removed via dialysis or

size-exclusion chromatography 211,

Thus, the encapsulation of dyes, such as calcein in DSs self-assembled JDs containing bis-MPA-based polyester
hydrophilic dendrons G1-G3 and (3,4,5)-trisubstituted Percec-type hydrophobic dendrons 8], carboxyfluorescein in
DSs coassembled from JD comprising bis-MPA-based polyester hydrophilic dendrons G2 and (3,5)-disubstituted
Percec-type hydrophobic dendrons 2 fluorescein and Nile red in DSs self-assembled from JD bearing
hydrophobic photodegradable polyester dendron G3 with o-nitrobenzyl units and hydrophilic (3,4,5) Percec-type
dendron G1 with tri(ethylene glycol) monomethyl ether chains Y, were earlier reported. The dye-loaded DSs
proved impermeability and stability in time 28!, degradation and triggered release upon irradiation with UV light 22,

or fluorescence color changes as a function of pH (11,

Until 2018, the most researches regarding the use of JDs as drug nanocarriers refer to the encapsulation of
anticancer drugs. Therefore, the inclusion of doxorubicin in DSs self-assembled from either JDs with bis-MPA-
based polyester hydrophilic G2 dendrons and (3,5)-disubstituted Percec-type hydrophobic dendrons 8! or JD
bearing a hydrophilic poly(amidoamine) dendron and two hydrophobic C18 alkyl chains B2 and Plitidepsin in DSs
co-assembled from JD comprising two bis-MPA dendrimers G1-3 of different polarity, the hydrophilic one with free
terminal OH groups, and the hydrophobic one functionalized with aliphatic chains derived from stearic acid 2!
were reported. The drug-DSs assemblies showed good stability and impermeability 481531 pH-dependent drug
release [8I51  prevention of systemic toxicity (2 or encapsulating ability dependent on the

hydrophobic/hydrophilic ratio of dendrons 23],

More recently, DSs were used as extraordinary carriers for various small molecules and macromolecules, being a

concrete promise as therapeutic entities for different diseases treatment.

Unique amphiphilic Janus glycopeptide dendrimers, with precise and varied molecular structures containing [3-
cyclodextrin as core grafted with hydrophilic saccharides as dendrons and hydrophobic peptides as arms, were
designed and synthesized by Bi and colleagues (2022). They were self-assembled into different controllable

nanostructures such as glycospheres, worm-like micelles, and fibers conditioned by the repeating unit fraction of
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saccharides and phenylalanine. These nanomaterials were successfully encapsulated with Nile red dye and

fluorofenidone, an anti-inflammatory agent 8],

Redox-sensitive DSs, containing disulfide-linked cholesterol-bearing PEGylated dendrimers, were also able to
entrap both the lipophilic Nile red and the hydrophilic dye rhodamine. The redox-triggered release of the
encapsulated lipophilic dye from the cholesterol-based DSs was assessed using glutathione as a reducing agent
B4l Rhodamine B was also encapsulated in a triazolylferrocenyl JD micelles and released based on the redox
response of the Fc moiety &. On the other hand, hydrophobic fluorescent probe molecules, N-phenyl-1-
naphthylamine and coumarin-153, were entrapped in DSs obtained by spontaneous self-assembly of a disulfide-
linked octadecyl chain modified PEGylated dendrimer, which showed a redox-responsive disassembly at a

glutathione concentration similar to the one of the intracellular media 2!,

Because the release of loaded molecules from cell-like nanocarriers can be accomplished by optical modulation of
membrane properties, and based on the chemical flexibility of JDs, Li et al. (2020) designed an ideal self-
assembling light-responsive dendrimersome vesicle platform, starting from JDs containing ortho-nitrobenzyl
photolabile core between the lipophilic and hydrophilic dendrons (Figure 2). Supramolecular structures such as
unilamellar, multilamellar, and onion-like vesicles, after milliseconds to seconds of illumination, photocleave,
disassemble, and reassemble. If loaded with small molecules (Bodipy, a dye, and doxorubicin, an anticancer drug)
or macromolecules (His-tagged red fluorescent protein and E. coli dihydrofolate reductase with an N-terminal
fusion to glutathione-S-transferase and green fluorescence protein), they photocleave and release up to 90% of
their cargo, proving the feasibility of such JDs in an optically controlled recruitment and release of encapsulated

components (28],
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Figure 2. Light-responsive dendrimersome vesicle platform. (a) Example of photocleavable Janus dendrimer; (b)

Representation of light-induced release of attached protein cargo of the outer JD vesicle layer. Redrawn from 28],

Najafi et al. (2020) designed new JDs containing poly(propylene imine) G1-5 as hydrophobic dendron and PAMAM

with NH, end groups as hydrophilic dendron used for increasing drug solubility in water of tetracycline, an

antibiotic, and dexamethasone, and an anti-inflammatory agent. The role of hydrophobic dendron was to

encapsulate the hydrophobic drug, while the solubility in water was achieved by the hydrophilic one. The

improvement of the solubility was dependent on concentration and generation of the used dendrimer 48],
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Special attention has been paid in recent years to the use of JDs as carriers for antivirals. Though the existing

antiviral agents are efficacious against some viral infection, side effects and acquired resistance can limit their use.

New, broad-spectrum antimicrobial agents are immediately required to efficiently treat some infection diseases 7.
There are some anti-HCV medicines, i.e., camptothecin 7, jopanoic acid, tiratricol B8l acting as bioactive
inhibitors of viral NS3 protease, unstable at physiological pH 44 or with no precise activity in inhibition of viral
replication in cell-based tests due to cell internalization problems (8l These issues can be resolved using JDs
nanocarriers owing exceptional properties, positive input on drug pharmacokinetics favoring drug bioavailability,
drug targeting and cellular internalization 475815960

Amphiphilic JDs obtained via combination of 2,2'-bis(hydroxymethyl)propionic acid (bis-MPA) and 2,2'-
bis(glyciloxy)propionic acid (bis-GMPA) functionalized with hydrophilic ammonium or stearic acid lipophilic groups
were used to encapsulate iopanoic acid and tiratricol antiviral drugs. The antiviral combinations proved the
cytotoxicity absence in normal cells and inhibitory effects on HCV replication 8. Another anti-HCV drug,
camptothecin (CPT), was earlier encapsulated either in JDs based on different generations bis-MPA dendrons
terminated in ammonium and stearic acid groups 44, or in bis-GMPA dendrimers having inner amide groups 61,

CPT-nanocarriers proved to be less toxic and the solubility of CPT was increased 47611,

The importance of JDs in the antiviral fight has become evident in recent years. JDs can act not only as guests for
inclusion of some antiviral agents, but also as anchor for antiviral peptide sequences. The last approach can initiate
the development of a novel strategy for obtaining therapeutically relevant drugs to fight against many global

threatening viral infections. Some examples in this regard can be found in Section 4.

Besides, JDs can be used as prodrugs for anti-inflammatory agents. Very recently, a (bis-MPA) Janus-type
dendrimer, having multiple naproxen ends in one dendron and multiple ibuprofen ends in the other dendron, was
designed and tested for its antiproliferative activity against leukemia and colorectal cancer cells. The antitumoral
activity of this ibuprofen-naproxen-Janus conjugate, superior to the one of free drugs and similar to the one of
acknowledged anticancer cisplatin, and the lack of toxicity observed for normal cells recommend this kind of

conjugates for biomedical application as drug delivery vehicles 62,

The properties of JDs, including unique and specific structures, bioactivity, targeting, and controllable cargo
release, could provide a new pattern for the development of smart and structure—controllable nanomaterials with

great potential for biological applications, such as target delivery and release of therapeutic and bioactive drugs.

| 4. Janus Dendrimers as Protein Recruitment Enhancers

Synthetic polymers [63I64I651[66] and nanoscale supramolecular assemblies like dendrimers BZI68I69] were studied
as delivery systems for therapeutic peptides that target intracellular proteins. Despite much research in this area,
there are still many challenges, like the difficulty of formulation which influences the physicochemical properties

and bioactivity of peptides and the lack of robustness shown by some of these carriers in the delivery of peptides
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with different size, hydrophobicity, and charge. Hence, the development of a facile and robust approach for

delivering peptides that can overcome many extracellular and intracellular impediments remains a challenging task
[z

Decoration of the dendrimersomes surface with proteins in order to enhance the interactions with living cells is a

trend, especially since the stability of DSs better tolerates the introduction of functionality compared to liposomes
2

Choi and co-workers (2019) developed some Janus peptide dendrimers (JPDs) self-assembled into 3D structures
analogous to those of globular proteins, where only the dendrimer generation dictates the morphology. The co-
assembly of two JPD building blocks gives rare and fascinating architectures, proving the relevance of JPD

systems as materials with high avidity for the desired cell types and possibly any target receptors [/,

Remarkable results were obtained by Falanga et al. (2021) who designed a polyamide-based Newkome-type JD
scaffold for postsynthesis bioconjugation with peptides derived from the envelope fusion-glycoproteins (gH, gB) of
Herpes simplex virus type 1 (HSV-1). The JD structure mimics proteins and ensures biocompatibility and
biodegradability of the novel engineered antiviral hanotherapeutics. It is capable of improving the viral inhibition
mechanism by multivalent binding, which is concretized in the appearance of irreversible local distortion and loss of
infectivity at a much lower peptide concentration. Such JD can be coupled, as needed, with the required peptides

for the prevention and treatment of multiple viral infections Z2,

Wang et al. (2019) designed and obtained new zwitterionic Janus dendrimers with specific functionalities for
effective binding/repelling of targeted proteins. Besides the capability to form protein loaded assemblies via
interaction and encapsulation of proteins through hybrid electrostatic and hydrophobic forces, these JD-
nanocarriers showed the ability to resist the nonspecific serum protein binding in a biological medium due to the
zwitterionic dendrons. JDs containing glycerylphosphorylcholine (GPC) were superior in enhancing the intracellular
uptake of protein cancer therapeutics against zwitterionic carboxybetain (CB)-JD and PEGylated JDs. Benefits like
biocompatibility, efficient lysosomal escape, controlled in vivo release of insulin and the improved blood sugar

control in mice, recommend this JD class for application in therapeutic protein delivery [Z3],

Without endangering the high lateral mobility for advanced functions and the stability of DSs, the periphery of the
DSs can be functionalized with a nitrilotriacetic acid-conjugated Janus dendrimer (NTA-JD), resulting in

supramolecular structures with great capacity of binding His-tagged protein cargo 22174 and a DNA aptamer [22],

Besides NTA-JD, TrisNTA-JD can also be used to co-assemble phospholipids and cholesterol with JDs and block
copolymers to give liposomes, dendrimersomes, and polymersomes, respectively. The great protein-binding
activity of such hybrid liposomes recommends them as novel resourceful tools for biological reconstitution,

synthetic cell biology and nanomedicine 4!,

| 5. Vectors for Gene Delivery
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Gene therapy, a promising therapy for various diseases such as genetic disorders, viral infection and cancers,
depends on the adaptable targeting gene delivery systems. Non-viral vectors of gene delivery, composed of
biocompatible materials, are less likely to induce an immune response compared to viral vectors, and have to
protect the foreign genetic molecule to remain stable within the host cells 2. Besides non-viral vectors such as
liposomes and polymers, which facilitate gene delivery by the formation of lipoplexes and polyplexes, respectively
(73] dendrimers that form dendriplexes with nucleic acids stood out due to their characteristic multivalency, precise

structure, and significant binding capability together with high efficiency for the internalization into target cells 28,

5.1. DNA

One of the most frequently used gene therapy techniques consists of recombinant DNA technology, in which the
gene of interest, or a healthy gene is inserted into a vector able to carry therapeutic DNA and to selectively deliver
the extrachromosomal material to target cells, without side effects to healthy tissues. The main focus of this

technique is the optimization of delivery vectors [Z7,

In this regard, disulfide-linked cholesterol-bearing PEGylated G3 diaminobutyric-polypropylenimine dendrimers
formed DSs which proved the ability to condense DNA instantly, being stable for at least 24 h. These vesicles
resulted in an enhanced cellular uptake of DNA, and increased the gene transfection on the PC-3 prostate cancer
cells B4l Further study reports for the first time the prodrug camptothecin-bearing PEGylated polypropylenimine
dendrimer, which creates spontaneous, redox-sensitive, 7 days stable cationic DSs, with a supplementary ability to
bind via electrostatic interactions to negatively charged phosphodiester groups of DNA, leading to improved gene
expression in the prostate cancer cell line. Together, camptothecin and DNA were co-localized in the target cells
nuclei 8. Another example of dendriplexes is the one obtained from self-assembled disulfide-linked octadecyl
chain modified PEGylated dendrimer, which has the ability to condense DNA, forming positively charged vesicular-

shaped dendriplexes with enhanced cellular uptake of DNA on PC-3 and DU145 prostate cancer cell lines 321,

Based on these facts, it can be stated that the DSs are auspicious gene delivery systems for potential applications

in cancer therapies, that can combine DNA and chemotherapeutics for optimized efficiency.

5.2. Messenger RNA

Messenger RNA (mRNA) is an emerging class of therapeutic agents used for prophylaxis and treatment of various
diseases. Due to the recent triumph of the two highly effective mRNA COVID-19 vaccines, the enormous power of
mRNA technology to reform life science and medical research is evident 2. Issues referring to stability and
immunogenicity of mRNA, in vivo distribution and the ability to pass various biological membranes and target
selective organs, were widely debated 289 The selective organ targeting strategy was employed for lipid
nanoparticles used in mRNA delivery and might cover further nucleic acid therapeutics, providing the approach for
a target organ delivery [9, This key obstacle for clinical applications of nucleic acid therapeutics was addressed
recently in the work of Zhang et al. (2021) 8182l They designed a synthetic delivery system for mRNA based on

one-component multifunctional sequence-defined ionizable amphiphilic Janus dendrimer. Thus, 54 well-defined
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ionizable amphiphilic JDs were synthesized via an accelerated modular-orthogonal approach. The hydrophilic
dendron  hold sequence-defined configurations of selected ionizable amines, dimethylamino-
acetate/propanoate/butanoate and piperidine/methylpiperazine-butanoate, while the hydrophobic dendron hold
linear and branched alkyl radicals of different length. These JDs were used to obtain dendrimersome containing
mMRNA nanoparticles (NRNA-DNPs). Via a simple injection in acetate buffer, 98% of mMRNA was encapsulated in
the inner of the DNPs. Several in vitro active mRNA-DNPs, stable at 5 °C for more than 135 days even in serum,
exhibited higher transfection efficiency at lower ionizable amine concentration and organ specificity, with the
highest luminescence intensity observed in the lung Bl After some changes in the structure of hydrophilic
dendron, like removal of its almost entire hydrophilic part but keeping ionizable amine, and replacement of the
interconnecting moiety at the hydrophobic dendron from amide to ester, new supramolecular architectures were
obtained. The protonated ionizable amines also acted as binding ligands for mRNA, and modification of the mRNA
delivery from lung to spleen and/or liver was achieved. Thus, such simple one-component ionizable amphiphilic
Janus dendrimer formulation, easy to transform when needed, and with appropriate size and delivery efficacy,

represent promising vectors for mRNA delivery for future biomedical applications B9,

5.3. Small Interference RNAs

Small interference RNAs (siRNAs) constitute one of the most important progresses able to regulate gene
expression, showing promising therapeutic results for a good number of diseases, particularly in cancer. The
advance of effective siRNA delivery systems in nanomedicine is based on the successful siRNA delivery in vivo, so
the development of novel systems with exceptional stability, high reproducibility and lower toxicity is mandatory,

due to the critical role of delivery systems in the clinical application [2l,

siRNA lipid-based nano-formulations are already scaled up (4, but their instability and toxicity limit their clinical
value 83, Besides, cationic polymers, which are stable and biocompatible agents, can only be synthesized with low
reproducibility 81, Thus, using JDs as siRNA delivery systems seems to offer the opportunity of combining
conveniently synthesis and high reproducibility with negligible cytotoxicity, excellent biocompatibility and rapid
intracellular siRNA release from nanoparticles improving gene silencing efficacy and safety of such gene delivery

vectors 87,

On the other hand, JDs have arisen as promising siRNA carriers due to their well-defined structure, appropriate

multivalency, and great ability to carry a large cargo loaded within a nanosized volume 24,

Cationic Janus dendrimers merge the multivalency of dendrimer vectors with the self-assembly of lipid vectors,

providing robust and versatile nanoassemblies for siRNA delivery [E7I88][89][90][31][92]

Du and colleagues developed an original amphiphilic Janus dendrimer comprising a cationic hydrophilic dendrimer
with three amino groups, and a hydrophobic dendrimer with two fatty chains bearing disulfide bonds. They self-

assembled into a redox-sensitive dendrimersome able to efficiently bind the siRNA by electrostatic interactions,
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carry the siRNA into cancer cells and release of siRNA by disulfide bond cleavage in the redox environment of
tumor cells 87,

Very promising results were obtained by Dong and coworkers, who report the first example of a targeting strategy
employed for self-assembling dendrimer-mediated siRNA delivery. Small amphiphilic Janus dendrimer-based
delivery system was equipped with the dual targeting warhead RGDK peptide, which successfully directed the
specific delivery to PC-3 prostate cancer cells within the tumor, enhanced gene silencing and spared the other cells
from toxicity (82,
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