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Hyperbranched polymers (HBPs) have found use in a wide range of applications, such as optical, electronic and magnetic materials, coatings, additives, supramolecular chemistry, and biomedicine. HBPs have gained attention for the development of drug delivery systems due to the presence of internal cavities in their three-dimensional globular structure that can be used to encapsulate drugs and their facile synthesis as compared to dendrimers. The composition, topology, and functionality of HBPs have been tuned to design drug carriers with better efficacies.

Recent advances have been reported to introduce functional groups to enhance targeting tumor cells. HBPs have been modified to promote passive and active targeting. This review article will describe the different routes to synthesize hyperbranched polymer, their use as drug carriers for targeted drug delivery, and their functionalization with ligands for active targeting through various synthesis strategies to give the reader an extended overview of the progresses accomplished in this field. The modification of HBPs with ligands such as peptides, oligonucleotides, and folic acid have been demonstrated to enhance the accumulation of the drug selectively at the tumor sites.

The potential uses and developments of HBPs as nanoobjects for theranostics for example are discussed as perspectives.

INTRODUCTION

Drug delivery systems have been developed considering various types of materials including mesoporous silica nanoparticles, [START_REF] Manzano | Mesoporous silica nanoparticles for drug delivery[END_REF] lipids, [START_REF] Allen | Liposomal drug delivery systems: From concept to clinical applications[END_REF][START_REF] Pattni | New developments in liposomal drug delivery[END_REF] and polymers. [START_REF] Mora-Huertas | Polymer-based nanocapsules for drug delivery[END_REF][START_REF] Chacko | Polymer nanogels: A versatile nanoscopic drug delivery platform[END_REF][START_REF] Canal | Polymer-drug conjugates as nano-sized medicines[END_REF] Inorganic nanoparticles have gained interest due to their optical, magnetic and plasmonic properties, but show limitations in clinic due to their cytotoxicity and limited drug loading. [START_REF] Conde | Revisiting 30 years of biofunctionalization and surface chemistry of inorganic nanoparticles for nanomedicine[END_REF][START_REF] Ajdary | Health concerns of various nanoparticles: A review of their in vitro and in vivo toxicity[END_REF] Lipids and polymers offer high biocompatibility and improved drug loading capacity. While lipids are still more prevalent than polymers in clinical applications, the ability to tune their composition, topology, and functionality makes polymers attractive candidates. The developments in macromolecular engineering have led to the expansion of polymer topologies available. Among them, dendritic macromolecules mimic the branching of trees and possess attractive features such as high degree of branching units, high density of terminal functional groups, and their nanometric size. Dendritic macromolecules can be subdivided into dendrimers, dendrimer-like star polymers, hyperbranched polymers, and dendronized polymers. Dendrimers are characterized by a perfect regular structure and unimolecularity. [START_REF] Bosman | About dendrimers: Structure, physical properties, and applications[END_REF] While dendrimer-like star polymers have similar regularity in the structure as dendrimers but differ by the nature of the branches that are linear polymer chains in this case, [START_REF] Hirao | Dendrimer-like star-branched polymers: novel structurally well-defined hyperbranched polymers[END_REF] hyperbranched polymers are highly and randomly branched macromolecules, [START_REF] Yan | Hyperbranched polymers. Synthesis, properties, and applications[END_REF] and dendronized polymers consist in dendrons attached as side chains to a linear polymer backbone. [START_REF] Schlüter | Dendronized polymers: Synthesis, characterization, assembly at interfaces, and manipulation[END_REF] Hyperbranched polymers (HBPs) have like dendrimers a three-dimensional globular structure that have attracted the attention from both academia and industry. The advantages of HBPs (Figure 1) as compared to linear polymers are their low intrinsic viscosity, low tendency to chain entanglements, smaller hydrodynamic radius, good solubility and high degree of branching (DB) leading to a high number of terminal functional groups. When compared to dendrimers, their structures are irregular with dendritic, linear and terminal units randomly distributed, and their synthesis leads to macromolecules with broad molecular weight distributions. However, HBPs can be easily synthesized in a one-pot reaction and thus are more cost efficient as compared to the multi-step approach for the dendrimers requiring a purification step after each coupling reaction. Furthermore, due to their higher steric hindrance, dendrimers may be more challenging to functionalize than HBPs. HBPs have potential applications in optical, electronic and magnetic materials, coatings, additives, supramolecular chemistry, and biomedicine. [START_REF] Gao | Hyperbranched polymers: from synthesis to applications[END_REF][START_REF] Wu | Functional hyperbranched polymers with advanced optical, electrical and magnetic properties[END_REF][START_REF] Xu | Octreotide-functionalized and resveratrol-loaded unimolecular micelles for targeted neuroendocrine cancer therapy[END_REF][START_REF] Pedziwiatr-Werbicka | Dendrimers and hyperbranched structures for biomedical applications[END_REF] Their features are especially interesting for the development of nanocarriers in the field of drug delivery. [START_REF] Paleos | Drug delivery using multifunctional dendrimers and hyperbranched polymers[END_REF][START_REF] Cook | Branched and dendritic polymer architectures: Functional nanomaterials for therapeutic delivery[END_REF] The composition of HBPs (Figure 2) is tunable at the branching, linear, and terminal units offering a significant degree of freedom in the design of nanocarriers for drug delivery. These units can be chosen to be responsive to one or multiple stimuli (e.g. pH, [START_REF] Peng | Acid degradable cationic galactose-based hyperbranched polymers as nanotherapeutic vehicles for epidermal growth factor receptor (EGFR) knockdown in cervical carcinoma[END_REF][START_REF] Zou | Synthesis of aciddegradable hyperbranched polymers by chain-growth CuAAC polymerization of an AB3 monomer[END_REF][START_REF] Li | Acetal-linked hyperbranched polyphosphoester nanocarriers loaded with chlorin e6 for pH-activatable photodynamic therapy[END_REF][START_REF] Tonhauser | Branched acid-degradable, biocompatible polyether copolymers via anionic ring-opening polymerization using an epoxide inimer[END_REF][START_REF] Wang | pH-Responsive, lysine-based, hyperbranched polymers mimicking endosomolytic cell-penetrating peptides for efficient intracellular delivery[END_REF] temperature, [START_REF] Qi | Hyperbranched multiarm copolymers with a UCST phase transition: Topological effect and the mechanism[END_REF][START_REF] Kojima | Synthesis and characterization of hyperbranched poly(glycidol) modified with pH-and temperature-sensitive groups[END_REF][START_REF] Sideratou | Functionalized hyperbranched polyethylenimines as thermosensitive drug delivery nanocarriers with controlled transition temperatures[END_REF][START_REF] Shi | Preparation of water-soluble hyperbranched polymers with tunable thermosensitivity using chain-growth CuAAC copolymerization[END_REF] redox, [START_REF] Peng | Tumor microenvironment-regulated redox responsive cationic galactose-based hyperbranched polymers for siRNA delivery[END_REF][START_REF] Wang | One-pot synthesis of dualresponsive hyperbranched polymeric prodrugs using an all-in-one chain transfer monomer[END_REF][START_REF] Du | Size-stable supramolecular hyperbranched polymer vesicles for redox-triggered double-drug release[END_REF] light, [START_REF] Chen | Reversibly light-responsive micelles constructed via a simple modification of hyperbranched polymers with chromophores[END_REF][START_REF] Chen | Photo-responsive, biocompatible polymeric micelles self-assembled from hyperbranched polyphosphate-based polymers[END_REF][START_REF] Sun | Diselenide-containing hyperbranched polymer with light-induced cytotoxicity[END_REF][START_REF] Dong | Photo-reversible supramolecular hyperbranched polymer based on host-guest interactions[END_REF][START_REF] Jin | ROSresponsive nanoparticles based on amphiphilic hyperbranched polyphosphoester for drug delivery: Light-triggered size-reducing and enhanced tumor penetration[END_REF] enzyme [START_REF] Mallepally | Enzymatic degradation of hyperbranched polyesters[END_REF][START_REF] Yao | Enzyme degradable hyperbranched polyphosphoester micellar nanomedicines for NIR imaging-guided chemo-photothermal therapy of drug-resistant cancers[END_REF]) to induce a change in conformation of the polymer chain or its degradation to trigger drug release. [START_REF] Wang | Synthesis and applications of stimuli-responsive hyperbranched polymers[END_REF] Their globular three-dimensional structures lead to the formation of internal cavities that can be used to encapsulate small-molecule drugs (less than 900 g mol -1 ), e.g. doxorubicin (DOX) and paclitaxel (PTX) for cancer treatment, and radioisotopes, e.g. 99m Tc, 131 I, and 125 I, for diagnostic purposes. Furthermore, the high density of functional groups at the periphery of HBPs can be exploited to introduce functionalities on HBPs. [START_REF] Bhat | Recent advances in structural modifications of hyperbranched polymers and their applications[END_REF] For biomedical applications, effective contrast agent probes for magnetic resonance imaging or targeting groups to promote the specific accumulation of drug carriers at the target site also known as targeted drug delivery have been considered. In this review, we propose to provide a comprehensive overview of the different types of targeting ligands used for targeted drug delivery and the strategies used to afford these HBP-based nanocarriers. 

SYNTHESIS STRATEGIES TO PREPARE HYPERBRANCHED POLYMERS

Various synthesis strategies have been used to prepare HBPs and have been reviewed in details in previous reviews. [START_REF] Yan | Hyperbranched polymers. Synthesis, properties, and applications[END_REF][START_REF] Gao | Hyperbranched polymers: from synthesis to applications[END_REF][START_REF] Voit | Hyperbranched and highly branched polymer architectures -Synthetic strategies and major characterization aspects[END_REF][START_REF] Jikei | Hyperbranched polymers: A promising new class of materials[END_REF] This section aim at providing the reader a general overview of the main synthesis routes used to obtain HBPs. The two main strategies consider the use of either a pair of monomers or a single monomer with orthogonal functions to prepare HBPs (Figure 3).

As compared to the single monomer route, the monomer-pair route has a stronger tendency to intramolecular cyclization leading to the formation of (multi)cyclic species. [START_REF] Kricheldorf | Polycondensation of 'a-bn' or 'a2 ++ bn' monomers -A comparison[END_REF][START_REF] Kricheldorf | Hyperbranched cyclic and multicyclic polymers by "a2+b4" polycondensations[END_REF] The degree of branching can be tuned for the polymerizations conducted through a chain-growth method by changing the ratio between the monomers leading to linear units (monomers with one vinyl group) and those creating branching points (monomers possessing multiple vinyl groups in Section 2.1.2 and inimers in Section 2.2.2). These strategies have been extended to non-covalent interactions such as electrostatic interaction, hydrophobic interaction, and hydrogen-bonding interaction through both synthesis routes (monomer-pair and single monomer methodology). [START_REF] Tian | Supramolecular hyperbranched polymers[END_REF] Figure 3. Main synthesis routes to prepare HBPs.

Monomer pair route

Step-growth copolymerization of A2 and B3 monomers

The A2 + B3 system (i.e. using two monomers with one bearing two identical functional groups A and the other one three identical functional groups B) is attractive as it can be used to produce HBPs in large scales through a one-pot synthesis. The choice of the groups A and B is dictated by the selective reactivity of the functional groups A with the functional groups B and their reactivity should be the same for the monomers and the functional groups present on the polymers. A large variety of A and B functional groups have been used, which includes those commonly used for step-growth polymerizations, such as hydroxyl groups with epoxides to prepare hyperbranched aliphatic polyethers, [START_REF] Emrick | An A2 + B3 approach to hyperbranched aliphatic polyethers containing chain end epoxy substituents[END_REF] and anhydrides with amines to prepare hyperbranched polyimides, [START_REF] Fang | Hyperbranched polyimides for gas separation applications. 1. Synthesis and characterization[END_REF][START_REF] Hao | Preparation of hyperbranched aromatic polyimides via A2 + B3 approach[END_REF] but also click chemistry such as azide with alkyne groups involved in copper-assisted alkyneazide cycloaddition (CuAAC) reactions. [START_REF] Pandey | Hyperbranched photo responsive and liquid crystalline azo-siloxane polymers synthesized by click chemistry[END_REF][START_REF] Ban | Tunable intramolecular cyclization and glass transition temperature of hyperbranched polymers by regulating monomer reactivity[END_REF] The control of the degree of branching is achieved by controlling the feed ratio and introducing a linear component. However, the A2 + B3 system generally suffers from a tendency to gelation and intramolecular cyclization.

The minimization of gelation can be afforded by quenching the polymerization before the gel point, conducting the polymerization in dilute solution, or introducing monofunctional endcapping reagents. [START_REF] Chen | Hyperbranched polymers from A2 +B3 strategy: recent advances in description and control of fine topology[END_REF] Another interesting approach, known as couple-monomer approach, is based on the use of monomer pairs with functional groups of non-equal reactivity. [START_REF] Yan | Hyperbranched polymers made from A2 and BB'2 type monomers. 1. Polyaddition of 1-(2-aminoethyl)piperazine to divinyl sulfone[END_REF] B3 is replaced by BB'2, for which the functional groups B and B' can both react with A, but do not have the same reactivity. An AB2 intermediate is rapidly formed at the early stage of the polymerization, which then undergoes further propagation leading to the formation of HBPs. The first example of this approach was introduced by Yan et al. using 1-(2-aminoethyl)piperazine as BB'2 in the presence of divinyl sulfone as A2 to prepare hyperbranched poly(sulfone-amine)s. [START_REF] Yan | Hyperbranched polymers made from A2 and BB'2 type monomers. 1. Polyaddition of 1-(2-aminoethyl)piperazine to divinyl sulfone[END_REF] This approach has been extended to other functionalities (e.g. A2 + CB2 such as dithiols with propargyl acrylate forming as AB2 intermediate a molecule bearing one thiol and one alkyne by thiol-ene reaction and leading to HBPs by thiol-yne reaction [START_REF] Han | Sequential click synthesis of hyperbranched polymers via the A2 + CB2 approach[END_REF]) and the use of other asymmetric monomers (e.g. AD + CB2 such as methacryloyl chloride with 2-amino-2-methyl-1,3-propanediol forming as AB2 intermediate by the reaction of the acid chloride with the amine followed by Michael addition of the methacrylate on the hydroxyl groups [START_REF] Lin | Synthesis and characterization of hyperbranched poly(ether amide)s with thermoresponsive property and unexpected strong blue photoluminescence[END_REF]).

The stepwise reaction between the A and B functional groups is random and each step can lead to either the growth of the polymer or a reaction of intramolecular cyclization. The presence of this side reaction affects the structure of the polymer obtained leading to truncated polymer topologies with a more limited number of terminal functional groups. The choice of monomers used can influence the extent of intramolecular cyclization reactions. For example, Ban et al. have investigated A2 monomers with different spacing units between the two terminal alkyne groups. [START_REF] Ban | Tunable intramolecular cyclization and glass transition temperature of hyperbranched polymers by regulating monomer reactivity[END_REF] By increasing the rigidity (i.e. phenyl groups vs. alkyl chains) and decreasing the length (hexyl vs. dodecyl groups) of the spacing units, intramolecular cyclization reactions are diminished. Besides the choice of the monomers, the feed ratio between A2 and B3 strongly affect the intramolecular cyclization reactions. Using a feed ratio far from the stoichiometry in functional groups A and B limits the side reactions. [START_REF] Chen | Intramolecular cyclization in A2 +B3 polymers via step-wise polymerization resulting in a highly branched topology: Quantitative determination of cycles by combined NMR and SEC analytics[END_REF] Furthermore, conducting the polymerization in dilute solution enhances the number of intramolecular cyclization reactions. Unal et al. have demonstrated that the melt polymerization of A2 and B3 monomers leads to highly branched polyesters without significant intramolecular cyclization reactions. [START_REF] Unal | Highly branched poly(ether ester)s via cyclization-free melt condensation of A2 oligomers and B3 monomers[END_REF] With the recent developments in multi-component reactions such as Ugi and Passerini reactions, [START_REF] Kakuchi | Multicomponent reactions in polymer synthesis[END_REF] the one-pot preparation of HBPs has been extended to the use of three or more monomers. Deng et al. have reported the synthesis of HBPs by ABC-type Passerini reaction using hexanedioic acid (A2), hexane-1,6-dial (B2), 1,6-diisocyanohexane (C2) and 10-undecenoic acid (A). [START_REF] Deng | Functional highly branched polymers from multicomponent polymerization (MCP) based on the ABC type Passerini reaction[END_REF] The control of the total amount of A groups used for the polymerization and the ratio between A2 and A is critical to avoid gelation and prepare HBPs. Similarly, Zhang et al. have conducted a multi-component reaction using propargyl amine, N-acethomocysteine thiolactone, diethylenetriamine in the presence of CuCl and p-toluenesulfonyl azide to produce HBPs. [START_REF] Zhang | One-pot sequential multicomponent reaction and a multicomponent polymerization method for the synthesis of topologically different polymers[END_REF] 

Chain-growth polymerization of multivinyl monomers

Similarly, the A2 + Bx system has been adapted to chain growth polymerizations through the use of multivinyl monomers. Usually, multifunctional comonomers (Bx, e.g. divinylbenzene consisting in two difunctional groups corresponding to B4) are used as crosslinking agents for the chain growth polymerization of vinyl monomers (A2) allowing the formation of polymer networks using a small amount of this comonomer. Gelation can be retarded by using thiols as free radical chain transfer agents, but thiols need to be introduced at least in equimolar quantity relative to the multifunctional comonomer, [START_REF] O'brien | Facile, versatile and cost effective route to branched vinyl polymers[END_REF] and the polymerization has to be conducted in dilute solution [START_REF] Isaure | Facile synthesis of branched poly(methyl methacrylate)s[END_REF] to obtain HBPs. The degree of branching can be increased by increasing the polymerization temperature and the amount of multifunctional comonomer. [START_REF] Isaure | Facile synthesis of branched poly(methyl methacrylate)s[END_REF][START_REF] Liu | Synthesis of branched poly(butyl methacrylate) via semicontinuous emulsion polymerization[END_REF] The structure of the multifunctional comonomer affects the polymerization. For example, the two vinyl groups of divinylbenzene do not have the same reactivity (i.e. formation first of polymer chains with pendent vinyl groups followed by their reaction to form branching points) facilitating the formation of HBPs, [START_REF] Isaure | Facile synthesis of branched poly(methyl methacrylate)s[END_REF] while polymer gelation is more challenging to inhibit using oligo(ethylene glycol) dimethacrylate, and ethylene glycol diacrylate is a poor branching agent. [START_REF] Isaure | Synthesis of branched poly(methyl methacrylate)s: Effect of the branching comonomer structure[END_REF] This strategy has been extended to polymerization in dispersed media (i.e. suspension [START_REF] Chisholm | Application of the "Strathclyde route" to branched vinyl polymers in suspension polymerization: Architectural, thermal, and rheological characterization of the derived branched products[END_REF] and emulsion [START_REF] Baudry | Synthesis of highly branched poly(methyl methacrylate)s using the "Strathclyde methodology" in aqueous emulsion[END_REF] polymerizations) and controlled radical polymerization such as atom transfer radical polymerization [START_REF] Bannister | Development of branching in living radical copolymerization of vinyl and divinyl monomers[END_REF] (ATRP) and reversible addition-fragmentation chain transfer (RAFT) polymerization. [START_REF] Liu | One-pot hyperbranched polymer synthesis mediated by reversible addition fragmentation chain transfer (RAFT) polymerization[END_REF] Among the controlled radical polymerization techniques catalytic chain transfer polymerization involving low-spin cobalt(II) complexes (usually cobaloximes) as chain transfer agents has attracted the attention to prepare HBPs using multifunctional monomers. [START_REF] Smeets | Amphiphilic hyperbranched polymers from the copolymerization of a vinyl and divinyl monomer: The potential of catalytic chain transfer polymerization[END_REF] This technique permits the synthesis of HBPs with a minimal amount of chain transfer agent as compared to thiols and can be also performed in dispersed media. [START_REF] Smeets | Polymer architecture control in emulsion polymerization via catalytic chain transfer polymerization[END_REF] Furthermore, HBPs with well-defined topology [START_REF] Guan | Control of polymer topology through transition-metal catalysis: Synthesis of hyperbranched polymers by cobalt-mediated free radical polymerization[END_REF] (i.e. degree of branching and molecular weight) and functionalities (i.e. vinyl groups as terminal units that can be used for post-polymerization functionalization [START_REF] Mcewan | Combining catalytic chain transfer polymerisation (CCTP) and thio-Michael addition: enabling the synthesis of peripherally functionalised branched polymers[END_REF]) can be synthesized.

Single monomer route

Step-growth polymerization of ABx monomers

The random polymerization of ABx monomers bearing one reactive group A and multiple reactive groups B with x ≥ 2 affording highly branched polymers without gelation considering the intramolecular reactions negligible has been predicted by Flory. [START_REF] Flory | Principles of polymer chemistry[END_REF] For AB2 monomers, if both B groups have reacted with A groups of other AB2 monomers a branching point is created, while a linear unit is obtained when only one of the two B groups is consumed. The resulting HBPs contain one A terminal group and (n+1) B terminal groups for n AB2 monomers involved in the polymerization ((x-1)n+1 for ABx monomers). ABx monomers including not only AB2, but also AB3, [START_REF] Lach | Hyperbranched polycarbosilane macromonomers bearing oxazoline functionalities[END_REF][START_REF] Gorodetskaya | Hyperbranched macromolecules via olefin metathesis[END_REF][START_REF] Miravet | New hyperbranched poly(siloxysilanes): Variation of the branching pattern and end-functionalization[END_REF] AB4, [START_REF] Miravet | New hyperbranched poly(siloxysilanes): Variation of the branching pattern and end-functionalization[END_REF][START_REF] Ishida | Synthesis of hyperbranched aromatic polyamides starting from dendrons as ABx monomers: Effect of monomer multiplicity on the degree of branching[END_REF] AB6, [START_REF] Miravet | New hyperbranched poly(siloxysilanes): Variation of the branching pattern and end-functionalization[END_REF] and AB8 [START_REF] Ishida | Synthesis of hyperbranched aromatic polyamides starting from dendrons as ABx monomers: Effect of monomer multiplicity on the degree of branching[END_REF] have been used to prepare HBPs in an one-pot synthesis using different types of functionalities such as trimethylsiloxy groups with acid chlorides for the preparation of hyperbranched aromatic polyesters, protected isocyanates with hydroxyl groups to synthesize hyperbranched polyurethanes, [START_REF] Spindler | Synthesis and characterization of hyperbranched polyurethanes prepared from blocked isocyanate monomers by step-growth polymerization[END_REF] cyclopentadienones with alkyne groups affording hyperbranched polyphenylenes through Diels-Alder reaction, [START_REF] Zhi | Diels-Alder reactions of tetraphenylcyclopentadienones in nanochannels: Fabrication of nanotubes from hyperbranched polyphenylenes[END_REF] and acrylate groups and one terminal olefin through acyclic diene metathesis. [START_REF] Gorodetskaya | Hyperbranched macromolecules via olefin metathesis[END_REF] Extremely broad molecular weight distributions of these HBPs are expected at high conversions of A groups by enumeration of all the possible configurations. [START_REF] Flory | Molecular size distribution in three dimensional polymers. VI. Branched polymers containing A-R-Bf-1 type units[END_REF] The experimental dispersity of HBPs obtained from ABx monomers is larger than the one of linear polymers from AB monomers, but smaller than the calculated ones. To obtain HBPs having narrower molecular weight distributions, few strategies have been proposed: use of multifunctional cores (Bx) for the polymerization of AB2 monomers that can be enhanced by a slow addition of AB2 into a dilute solution of Bx, [START_REF] Hanselmann | Hyperbranched polymers prepared via the coredilution/slow addition technique: Computer simulation of molecular weight distribution and degree of branching[END_REF][START_REF] Bharathi | Controlled synthesis of hyperbranched polymers by slow monomer addition to a core[END_REF] but also the selection of monomers with functional groups having different reactivities if present on the monomer or polymer. [START_REF] Bernal | Effect of core reactivity on the molecular weight, polydispersity, and degree of branching of hyperbranched poly(arylene ether phosphine oxide)s[END_REF][START_REF] Ohta | Synthesis of well-defined hyperbranched polyamides by condensation polymerization of AB2 monomer through changed substituent effects[END_REF][START_REF] Roy | Control of molecular weight and polydispersity of hyperbranched polymers using a reactive B3 core: A single-step route to orthogonally functionalizable hyperbranched polymers[END_REF][START_REF] Chen | Fully branched hyperbranched polymers with a focal point: analogous to dendrimers[END_REF] This route has been combined with controlled radical polymerization to control the topology of HBPs. For example, Zhu et al. have reported the synthesis of V-and Y-type AB2 monomers. [START_REF] Zhu | A comparative study of intrachain cyclization and solution properties of long-subchain hyperbranched polymers prepared via Y-type and V-type macromonomer approaches[END_REF] The V-type AB2 monomer consists of an aromatic core with one alkyne and two bromides as A and B groups respectively, while the Y-type AB2 monomer possesses one bromide and two alkynes. ATRP is performed from the bromo terminal groups followed by CuAAC reaction after modification of the bromides into azide groups to obtain HBPs with different branching patterns.

Self-condensing polymerization

Self-condensing vinyl polymerization (SCVP) was introduced by Fréchet using a vinyl monomer bearing a group able to initiate the polymerization of vinyl groups, known as inimer standing for initiating monomer (A*B), that can be assimilated to the AB2 system where the vinyl group behaves as a difunctional group equivalent to B2, and the initiating group A* as the group A. [START_REF] Fréchet | Self-condensing vinyl polymerization: An approach to dendritic materials[END_REF] In this work, the inimer 3-(1-chloroethyl)ethenylbenzene is polymerized in the presence of SnCl4 and tetrabutylammonium bromide. While the kinetics at the beginning of the polymerization is slow, the evolution of the molecular weight over time increases exponentially. The high dispersity of the obtained HBPs is attributed to the complex mechanism of polymer growth as each inimer can lead to the formation of different species. Besides cationic polymerization, SCVP has been extended to anionic and radical polymerizations with a preference for living and controlled polymerizations to minimize crosslinking reactions and thus gelation of the reaction mixture. Due to the high reactivity of carbanions, the preparation of inimers containing a vinyl group and an anionic initiator is difficult, requiring the formation of the inimer to be formed in situ. [START_REF] Baskaran | Synthesis of hyperbranched polymers by anionic self-condensing vinyl polymerization[END_REF] With the developments of group transfer polymerization inimers with a silylketene acetal group that can be activated by nucleophilic catalysts to initiate the polymerization have been synthesized and used for the preparation of HBPs. [START_REF] Simon | Hyperbranched methacrylates by self-condensing group transfer polymerization[END_REF][START_REF] Sakamoto | Preparation of hyperbranched polymethacrylates by selfcondensing group transfer polymerization[END_REF] In a similar manner than SCVP, A*B inimers have been developed for self-condensing anionic or cationic ring-opening polymerization of cyclic epoxides, [START_REF] Goodwin | Inimer mediated synthesis of hyperbranched polyglycerol via selfcondensing ring-opening polymerization[END_REF][START_REF] Wilms | Hyperbranched polyglycerols: From the controlled synthesis of biocompatible polyether polyols to multipurpose applications[END_REF] oxetanes, [START_REF] Yan | A new approach to control crystallinity of resulting polymers: Self-condensing ring opening polymerization[END_REF] lactones, [START_REF] Liu | A new approach to hyperbranched polymers by ringopening polymerization of an AB monomer: 4-(2-Hydroxyethyl)-ε-caprolactone[END_REF] and phosphates. [START_REF] Liu | Synthesis of hyperbranched polyphosphates by selfcondensing ring-opening polymerization of HEEP without catalyst[END_REF] The inimer usually consists of a hydroxyl group as the initiating species (A*) and a ring (B) acting as the difunctional group. For example, hyperbranched polyethers have been prepared by addition of the hydroxyl (A*) group from glycidol onto the epoxide (B) of another one leading to the formation of an additional alkoxide (b*) that can also promote nucleophilic propagation. One of the potential side reactions is intramolecular cyclization.

The three main controlled radical polymerization techniques (i.e. nitroxide-mediated polymerization (NMP), ATRP, and RAFT polymerizations) have been investigated to synthesize HBPs by SCVP. [START_REF] Wang | Recent progress on hyperbranched polymers synthesized via radical-based self-condensing vinyl polymerization[END_REF] Two approaches have been employed to prepare HBPs by NMP.

Alkoxyamine-functionalized styrenes [START_REF] Hawker | Preparation of hyperbranched and star polymers by a "living", self-condensing free radical polymerization[END_REF] have been used as inimers affording HBPs with terminal alkoxyamines, while polymerizable nitroxides (styrene and methacrylate bearing a nitroxide) lead to HBPs with alkoxyamines at the branching points. [START_REF] Tao | Synthesis of branched polystyrene and poly(styrene-b-4-methoxystyrene) by nitroxyl stable radical controlled polymerization[END_REF][START_REF] Niu | Thermal decomposition kinetics and structure of novel polystyrene clusters with MTEMPO as a branching agent[END_REF] For the latter case, the branching points can be thermolytically degraded. Due to some limitations of NMP [START_REF] Grubbs | Nitroxide-mediated radical polymerization: Limitations and versatility[END_REF] such as slow polymerization kinetics, limited control over the homopolymerization of methacrylates and lower commercial availability of nitroxides and alkoxyamines, this controlled radical polymerization technique has been less extensively investigated as compared to ATRP and RAFT polymerizations. For ATRP, inimers derived from styrene and (meth)acrylates with an alkyl halide, either bromide or chloride, have been employed. Using a too high concentration in copper catalyst lead to gelation due to the formation of a high concentration in radicals promoting termination reactions by bimolecular couplings. The preparation of HBPs is strongly affected by the temperature and the choice of the ligand, which dictates the ability of radicals either to propagate or deactivate into the dormant species and consequently the topology of HBPs obtained, i.e. ratio between linear and branching units. [START_REF] Huang | Effect of variations of CuIIX2/L, surface area of Cu0, solvent, and temperature on atom transfer radical polyaddition of 4-vinylbenzyl 2-bromo-2isobutyrate inimers[END_REF][START_REF] Matyjaszewski | Preparation of hyperbranched polyacrylates by atom transfer radical polymerization. 3. Effect of reaction conditions on the self-condensing vinyl polymerization of 2-((2-bromopropionyl)oxy)ethyl acrylate[END_REF] Photoinduced ATRP SCVP has been recently described to prepare HBPs using perylene [START_REF] Aydogan | Synthesis of hyperbranched polymers by photoinduced metal-free ATRP[END_REF] or dimanganese decacarbonyl [START_REF] Bener | Hydrophilicity tunable hyperbranched polymers by visible light induced self-condensing vinyl polymerization[END_REF] as photocatalysts. RAFT polymerization uses A*B transmer (contraction of chain transfer agent and monomer) based on dithioester compounds, acting as chain transfer agents, functionalized with a vinyl group (styrene, (meth)acrylate, (meth)acrylamide, vinyl acetate). [START_REF] Alfurhood | Hyperbranched polymers via RAFT selfcondensing vinyl polymerization[END_REF] The vinyl group introduced either on the R-group attached to the sulfur of the dithioester or on the Z-group next to the thioketone of the chain transfer agent leads to the positioning of the chain transfer agent either as terminal groups or at the branching points of HBPs respectively. Recently, organotelluriummediated radical polymerization has been explored to prepare HBPs using a vinyl telluride possessing a hierarchical reactivity (i.e. the telluride cannot initiate by itself, but once the vinyl group has been activated, it participates to the polymerization creating branching points) in the presence of acrylates and an organotellurium chain transfer agent. [START_REF] Lu | Synthesis of structurally controlled hyperbranched polymers using a monomer having hierarchical reactivity[END_REF] 

Case of branched polyolefins

Low-density polyethylene is commonly produced by radical polymerization under high temperature and high pressure leading to branched structures due to inter-and intramolecular chain transfer reactions, [START_REF] Peacock | Handbook of polyethylene : structures, properties, and applications[END_REF] while high-density polyethylene with a low content of branching is prepared by coordination polymerization. Late transition metal homogeneous catalysts such as Me2Si(η 5 -C5Me4)(η 1 -N-tBu)TiCl2 have been used to copolymerize ethylene with a low amount of long α-olefins to prepare polyethylene with well-defined branches. [START_REF] Mcknight | Group 4 ansa-cyclopentadienyl-amido catalysts for olefin polymerization[END_REF][START_REF] Stevens | Constrained geometry addition polymerization catalysts, processes for their preparation, precursors therefor, methods of use, and novel polymers formed therewith[END_REF] The development of catalysts for coordination polymerization has been explored to synthesize branched polyethylenes.

For example, Barnhart et al. have proposed the use of a tandem catalyst system consisting in [(η 5 -C5Me4)SiMe2(η 1 -NCMe3)TiCl2 promoting the polymerization of ethylene and 1-alkenes and [C5H5B-Ph]2ZrCl2 producing 1-alkene in situ. [START_REF] Barnhart | Synthesis of branched polyolefins using a combination of homogeneous metallocene mimics[END_REF] Guan et al. have introduced the concept of chain walking polymerization to prepare hyperbranched polyethylenes [START_REF] Guan | Chain walking: A new strategy to control polymer topology[END_REF][START_REF] Dong | Hyperbranched polyethylenes by chain walking polymerization: synthesis, properties, functionalization, and applications[END_REF] through the use of Pd-diimine catalysts, mechanism identified by Johnson et al. [START_REF] Johnson | New Pd(II)-and Ni(II)-based catalysts for polymerization of ethylene and α-olefins[END_REF] The ethylene-dissociated state of the catalyst can yield either the trapping of new ethylene monomer leading to chain growth or β-hydride elimination and isomerization inducing chain migration and formation of branching units. Other catalysts such as catalysts based on nickel [START_REF] Johnson | New Pd(II)-and Ni(II)-based catalysts for polymerization of ethylene and α-olefins[END_REF] and zirconium [START_REF] Schwerdtfeger | Highly branched polyethylene from ethylene alone via a single zirconium-based catalyst[END_REF] can also induce in situ formation of olefin-terminated oligomers via β-hydride elimination.

More recently, the acyclic diene metathesis (ADMET) polymerization technique has been extended by the group of Meier replacing trienes by dienes to prepare HBPs. [START_REF] Mutlu | Acyclic diene metathesis: A versatile tool for the construction of defined polymer architectures[END_REF] Ren et al. have emphasized the importance of the choice of the monomers, metathesis catalysts, and reactions conditions to favor ADMET polymerization over intramolecular ring-closing metathesis. [START_REF] Ren | Synthesis of hyperbranched polyolefins and polyethylenes via ADMET of monomers bearing non-selective olefins[END_REF] The hydrogenation of this hyperbranched polyolefins afforded hyperbranched polyethylene with a higher control of the spacing between branching points as compared to the approaches described previously in this section. Besides polyolefins, ADMET using trienes has been also explored for the preparation of hyperbranched unsaturated polyesters [START_REF] Fokou | Acyclic triene metathesis polymerization with chain-stoppers: Molecular weight control in the synthesis of branched polymers[END_REF] and polyphosphates. [START_REF] Marsico | Hyperbranched unsaturated polyphosphates as a protective matrix for long-term photon upconversion in air[END_REF] 

HYPERBRANCHED POLYMERS AND DRUG DELIVERY

HBPs as other materials designed for drug delivery combine two main functions: loading of the drug through various approaches (i.e. encapsulation or conjugation) and transport to tumor tissue promoted by passive targeting (i.e. importance of the size or modification with functional groups enhancing the circulation half-life).

Drug loading

Like dendrimers, HBPs form cavities that can be used to encapsulate cargos of different sizes [START_REF] Irfan | Encapsulation using hyperbranched polymers: From research and technologies to emerging applications[END_REF] including small chemotherapeutic drugs such as DOX, [START_REF] Etrych | Biodegradable star HPMA polymer conjugates of doxorubicin for passive tumor targeting[END_REF][START_REF] Zhang | Reduction-responsive amphiphilic star copolymers with long-chain hyperbranched poly(ε-caprolactone) core and disulfide bonds for trigger release of anticancer drugs[END_REF] camptothecin (CPT), [START_REF] Hu | Cell-penetrating hyperbranched polyprodrug amphiphiles for synergistic reductive milieu-triggered drug release and enhanced magnetic resonance signals[END_REF][START_REF] Qiu | Unimolecular micelles of camptothecin-bonded hyperbranched star copolymers via β-thiopropionate linkage: synthesis and drug delivery[END_REF] cisplatin, [START_REF] Xia | A tumor pH-responsive complex: Carboxyl-modified hyperbranched polyether and cisdichlorodiammineplatinum(II), Colloids Surf[END_REF][START_REF] Haxton | Hyperbranched polymers for controlled release of cisplatin[END_REF][START_REF] Ye | Synthesis and characterization of carboxylic acid conjugated, hydrophobically derivatized, hyperbranched polyglycerols as nanoparticulate drug carriers for cisplatin[END_REF] [START_REF] Liu | Hyperbranched self-immolative polymers (hSIPs) for programmed payload delivery and ultrasensitive detection[END_REF][START_REF] Yang | Host-guest interaction-based selfengineering of nano-sized vesicles for co-delivery of genes and anticancer drugs[END_REF][START_REF] Cook | Hyperbranched poly(ethylenimine-co-oxazoline) by thiol-yne chemistry for non-viral gene delivery: investigating the role of polymer architecture[END_REF][START_REF] Duan | A facile strategy to prepare hyperbranched hydroxyl-rich polycations for effective gene therapy[END_REF] and siRNA [START_REF] Peng | Achieving safe and highly efficient epidermal growth factor receptor silencing in cervical carcinoma by cationic degradable hyperbranched polymers[END_REF][START_REF] Zhou | Star-shaped amphiphilic hyperbranched polyglycerol conjugated with dendritic poly(l-lysine) for the codelivery of docetaxel and MMP-9 siRNA in cancer therapy[END_REF][START_REF] Zhou | Construction of a high-efficiency drug and gene co-delivery system for cancer therapy from a pH-sensitive supramolecular inclusion between oligoethylenimine-graft-β-cyclodextrin and hyperbranched polyglycerol derivative[END_REF] form complexes with unimolecular HBPs such as branched poly(ethylene imine) (PEI) [START_REF] Pandey | Polyethylenimine: A versatile, multifunctional non-viral vector for nucleic acid delivery[END_REF] by electrostatic interactions. Tuning the structure of HBPs permits to control the strength of the interaction between gene and carrier by modulating the charge density at its surface, adjusting its molecular weight, and preparing different molecular structures. [START_REF] Mou | Designing hyperbranched polymers for gene delivery[END_REF] Besides, by controlling the functionality of HBPs multimolecular structures able to release its large cargo under a stimulus such as pH promoting demicellization have been prepared. [START_REF] Steinhilber | Surfactant free preparation of biodegradable dendritic polyglycerol nanogels by inverse nanoprecipitation for encapsulation and release of pharmaceutical biomacromolecules[END_REF] Loading of the drug in polymer-based drug delivery systems has been explored through different types of non-covalent interactions (hydrophobic interaction, hydrogen bonding, ionic interaction, steric trapping in a crosslinked network), but also conjugation of the drug on the polymer. [START_REF] Ke | Role of non-covalent and covalent interactions in cargo loading capacity and stability of polymeric micelles[END_REF][START_REF] Doane | Nanoparticle mediated non-covalent drug delivery[END_REF][START_REF] Ekladious | Polymer-drug conjugate therapeutics: advances, insights and prospects[END_REF] The interactions between the drug and the polymer are primordial to enhance the stability of the drug, access high drug loading capacities, and tune the drug delivery profile. As drug delivery systems through a non-covalent approach are more sensitive to the physical forces involved in their environment, the conjugation of the drug covalently attached to the polymer through linkers that can be tuned to induce the release of the drug under conditions specifically encountered at the target site has been considered. Due to their high density in functional groups, HBPs provides access to high drug payload by conjugation of the drug to the terminal functionalities of HBPs. [START_REF] Kolhe | Hyperbranched polymer-drug conjugates with high drug payload for enhanced cellular delivery[END_REF][START_REF] Duro-Castano | Smart branched polymer drug conjugates as nano-sized drug delivery systems[END_REF] Kolhe et al. have conjugated ibuprofen as drug and fluorescein isothiocyanate (FITC) on the hydroxyl terminal groups present on hyperbranched polyglycerols using N,N'-dicyclohexylcarbodiimide (DCC) as coupling agent. [START_REF] Kolhe | Hyperbranched polymer-drug conjugates with high drug payload for enhanced cellular delivery[END_REF] These conjugates have a high payload in ibuprofen (70%), enter A549 cells rapidly and are mainly distributed in the cytosol. The drug is released after cleavage of the ester bond by lysosomal enzymes present in the cell.

Interestingly, the drug can also be one of the constituting units of HBPs. Liu et al. have synthesized HBPs with alternated hydrophobic diselenide and hydrophilic phosphate groups. [START_REF] Liu | Hyperbranched polydiselenide as a self assembling broad spectrum anticancer agent[END_REF] While the phosphate groups act as branching units, selenium compounds [START_REF] Gandin | Organic selenium compounds as potential chemotherapeutic agents for improved cancer treatment[END_REF][START_REF] Álvarez-Pérez | Selenides and diselenides: A review of their anticancer and chemopreventive activity[END_REF] have been reported as anticancer agents affording HBP as a self-delivery anticancer agent.

Passive targeting

Targeted drug delivery systems have been developed to optimize their pharmacokinetics aiming at a targeted localization in the body. Nanosized carriers loaded with the drug can circulate in the bloodstream and accumulate preferentially at the tumor by the enhanced permeability and retention effect (EPR). [START_REF] Matsumura | A new concept for macromolecular therapeutics in cancer chemotherapy: Mechanism of tumoritropic accumulation of proteins and the antitumor agent smancs[END_REF][START_REF] Grayson | The role of macromolecular architecture in passively targeted polymeric carriers for drug and gene delivery[END_REF][START_REF] Fang | The EPR effect: Unique features of tumor blood vessels for drug delivery, factors involved, and limitations and augmentation of the effect[END_REF] This passive targeting is promoted by a prolonged circulation in the bloodstream and the differences existing between tumoral and healthy tissues such as higher vasculature and larger gap junctions between endothelial cells of tumors (up to 1 µm). While very small carriers are rapidly cleared by the kidneys (i.e. threshold of renal clearance for nanoobjects with a hydrodynamic diameter of 6 nm) [START_REF] Seymour | Effect of molecular weight (Mw) of N-(2-hydroxypropyl)methacrylamide copolymers on body distribution and rate of excretion after subcutaneous, intraperitoneal, and intravenous administration to rats[END_REF][START_REF] Choi | Renal clearance of quantum dots[END_REF][START_REF] Longmire | Clearance properties of nano-sized particles and molecules as imaging agents: considerations and caveats[END_REF] and large ones accumulated mainly in the liver and spleen (greater than few hundreds of nanometers), [START_REF] Vicent | Polymer conjugates: nanosized medicines for treating cancer[END_REF] nanocarriers with a diameter between 20 and 200 nm can extravasate easily in tumor tissues. [START_REF] Danhier | To exploit the tumor microenvironment: Passive and active tumor targeting of nanocarriers for anti-cancer drug delivery[END_REF] As the size of drug carriers has a critical role in promoting low accumulation in healthy tissue and high accumulation in tumor tissue via the EPR effect, this parameter should be considered when designing polymers as drug delivery systems. Polymers of various topologies including HBPs [START_REF] Kurniasih | Dendritic nanocarriers based on hyperbranched polymers[END_REF][START_REF] Wang | Bioapplications of hyperbranched polymers[END_REF] have been explored as drug carriers (Figure 4). Usually, HBPs of high molecular weight can be relatively easily synthesized reaching a reasonable size (>10 nm) to passively target tumors by EPR effect, while dendrimers with a number of generation higher than five are difficult to prepare due to steric hindrance affording nanostructures with a hydrodynamic diameter lower than 10 nm that are thus not suitable for passive targeting. However, unimolecular HBPs of low molecular weight have a small size and cannot be used for size-related passive targeting at the tumor via EPR effect as they can be easily removed by renal excretion or through bypassing filtration by the spleen. [START_REF] Wang | Hyperbranched polymer drug delivery treatment for lung metastasis of salivary adenoid cystic carcinoma in nude mice[END_REF] Despite this limiting feature for drug delivery, their small size (less than 10 nm) has been exploited for other biomedical applications such as bioimaging reducing the toxicity of radioisotopes and facilitating their elimination through urine and feces. [START_REF] Yi | Ultrasmall hyperbranched semiconducting polymer nanoparticles with different radioisotopes labeling for cancer theranostics[END_REF][START_REF] Li | Macromolecular ligands for gadolinium MRI contrast agents[END_REF] The self-assembly of HBPs into multimolecular nanostructures has been considered to increase the size of the nanocarriers. [START_REF] Picco | Temperature-driven selfassembly of self-limiting uniform supraparticles from non-uniform unimolecular micelles[END_REF][START_REF] Zhou | Self-assembly of hyperbranched polymers and its biomedical applications[END_REF][START_REF] Jin | Biocompatible or biodegradable hyperbranched polymers: From self-assembly to cytomimetic applications[END_REF][START_REF] Jiang | Hyperbranched polymer vesicles: from self-assembly, characterization, mechanisms, and properties to applications[END_REF][START_REF] Zhou | Supramolecular self-assembly of amphiphilic hyperbranched polymers at all scales and dimensions: progress, characteristics and perspectives[END_REF][START_REF] W.-W. Fan | Phase transition dynamics and mechanism for backbone-thermoresponsive hyperbranched polyethers[END_REF] Son et al. have reported the synthesis of hyperbranched polyglycerol monofunctionalized with spiropyran. [START_REF] Son | Light-responsive micelles of spiropyran initiated hyperbranched polyglycerol for smart drug delivery[END_REF] As hydrophobic spiropyran is known to undergo reversible photochromism at 250-380 nm forming the corresponding water-soluble merocyanine species, these spiropyran-functionalized hyperbranched polyglycerol self-assemble into micelles and disassemble upon UV irradiation. Pyrene has been encapsulated into these micelles, released upon irradiation at 254 nm and partially reloaded into micelles upon irradiation at 620 nm. Besides controlling the size, drug loading can be increased as compared to unimolecular nanostructures, [START_REF] Zhou | Supramolecular self-assembly of amphiphilic hyperbranched polymers at all scales and dimensions: progress, characteristics and perspectives[END_REF] but also the loading of large drugs such as enzymes and proteins is more efficient. [START_REF] Steinhilber | Surfactant free preparation of biodegradable dendritic polyglycerol nanogels by inverse nanoprecipitation for encapsulation and release of pharmaceutical biomacromolecules[END_REF] Individual HBPs can be assimilated to unimolecular micelles formed from solely one HBP molecule. Due to their covalent nature with interconnected structures similar to nanogels, these individual HBPs have an excellent stability in diluted environments such as in vitro and in vivo conditions as compared to micelles formed from the self-assembly of molecules, which can undergo demicellization at a concentration below its critical micelle concentration and are more prone to sustained drug release. Popeney et al. have developed hydrophilic hyperbranched polyglycerol grafted on a hydrophobic hyperbranched polyethylene. [START_REF] Popeney | Tandem coordination, ring-opening, hyperbranched polymerization for the synthesis of water-soluble core-shell unimolecular transporters[END_REF] The chain walking copolymerization of ethylene and a siloxy-functionalized comonomer followed by the removal of the protecting groups produce a hyperbranched polyethylene core terminated with hydroxyl groups used for the ring-opening polymerization of glycidol. This polymer under diluted conditions has been used to encapsulate hydrophobic fluorescent dyes such as Nile red. This core-shell hyperbranched copolymer permits the uptake of the dye into A549 cancer cells by endocytosis, while hyperbranched polyglycerol grafted on an aliphatic linear hydrocarbon shows poor cellular uptake. Donskyi et al. have prepared hyperbranched polyglycerol grafted on fullerene. [START_REF] Donskyi | Fullerene polyglycerol amphiphiles as unimolecular transporters[END_REF] These nanostructures self-assemble with a decrease in their size by increasing the number of polyglycerol branches, i.e. multimolecular nanostructures of 19 nm with two branches per fullerene and unimolecular nanostructures of 8 nm for fullerene bearing five polyglycerol branches, as the higher number of branches on fullerene reduces their self-assembly. The loading of a hydrophobic dye decreases with the number of branches on fullerene as the interaction of the drug with the fullerene core is decreased. For unimolecular nanostructures the release profile of the dye depends solely on the interactions between the dye and the carrier, while its release is faster for multimolecular nanostructures where the dye is encapsulated in the aggregates that could be exhibiting dynamic equilibrium between unimolecular and multimolecular nanostructures. [START_REF] Raghupathi | Guest-release control in enzymesensitive, amphiphilic-dendrimer-based nanoparticles through photochemical crosslinking[END_REF][START_REF] Harnoy | Enzyme-responsive amphiphilic PEG-dendron hybrids and their assembly into smart micellar nanocarriers[END_REF] The conjugation of poly(ethylene glycol) (PEG) directly to the drug or its carrier has been proposed to improve their shelf-life, solubility and circulation half-life, thus favoring their accumulation at the tumor sites through the EPR effect. [START_REF] Harris | Effect of pegylation on pharmaceuticals[END_REF] Various types of HBPs, including hyperbranched polyether, [START_REF] Tziveleka | Novel functional hyperbranched polyether polyols as prospective drug delivery systems[END_REF][START_REF] Sharma | Poly(ethylene glycol)-armed hyperbranched polyoxetanes for anticancer drug delivery[END_REF][START_REF] Liu | One-pot synthesis and PEGylation of hyperbranched polyacetals with a degree of branching of 100%[END_REF] polyester, [START_REF] Kontoyianni | A novel micellar PEGylated hyperbranched polyester as a prospective drug delivery system for paclitaxel[END_REF] and poly(amido amine) (PAA), [START_REF] Zhu | Construction and application of a pH-sensitive nanoreactor via a double-hydrophilic multiarm hyperbranched polymer[END_REF] have been modified with PEG affording star-like HBPs. Xu et al. have reported the modification of hyperbranched polyglycerols [START_REF] Xu | Development of pH-responsive core-shell nanocarriers for delivery of therapeutic and diagnostic agents[END_REF] and PEIs [START_REF] Xu | Water-soluble pH-responsive dendritic core-shell nanocarriers for polar dyes based on poly(ethylene imine)[END_REF] with tri-PEGylated benzaldehydes forming an imine group labile under acidic conditions. These tri-PEGylated HBPs leads to a higher encapsulation of dyes as compared to unmodified HBPs and even mono-PEGylated HBPs. Similarly, the higher the degree of functionalization of HBPs with tri-PEGylated benzaldehydes, the higher the encapsulation of the dye. The release of dyes and drugs can be triggered under acidic pH with shorter half-life for a pH of 5 as compared to physiological pH (7.4). Other neutral hydrophilic polymers have been also conjugated to HBPs. Kurniasih thermo-responsive HBPs consisting in a PAA core modified with PEG and PNIPAM. [START_REF] Zhao | PEGylated thermo-sensitive poly(amidoamine) dendritic drug delivery systems[END_REF] This HBP promotes the fast release of indomethacin used as model drug (90% of drug release in 12 h) at 30 °C, while at 37 °C a more sustained drug release (less than 30% in 12 h) is obtained.

FUNCTIONALIZATION OF HYPERBRANCHED POLYMERS FOR ACTIVE TARGETING IN DRUG DELIVERY

Although passive targeting is an effective strategy for targeted drug delivery, it has several limitations such as the inefficient diffusion of the nanocarrier into tumor cells due to its low interaction with the cell surface, [START_REF] Gullotti | Extracellularly activated nanocarriers: A new paradigm of tumor targeted drug delivery[END_REF] but also the extent of vascularization and porosity of the tumor depending on its type and status. [START_REF] Fang | The EPR effect: Unique features of tumor blood vessels for drug delivery, factors involved, and limitations and augmentation of the effect[END_REF][START_REF] Bae | Drug targeting and tumor heterogeneity[END_REF] The development of strategies to promote active targeting (Figure 5) aims at increasing the cellular uptake of the nanocarriers for efficient delivery of its cargo and enhancing cell specificity. Active targeting in drug delivery systems considers the insertion of targeting moieties directly attached at the surface of the nanocarriers. These targeting moieties interact specifically with receptors expressed on cancer or angiogenic endothelial cells enhancing the binding and internalization of nanocarriers. Active targeting moieties are particularly beneficial for cancer therapy due to the reduced delivery of potentially toxic drugs to healthy tissue. A wide variety of targeting moieties have been considered including aptamers that can be either peptides [START_REF] Farkhani | Cell penetrating peptides: Efficient vectors for delivery of nanoparticles, nanocarriers, therapeutic and diagnostic molecules[END_REF][START_REF] Ruoslahti | Tumor penetrating peptides for improved drug delivery[END_REF][START_REF] Soudy | Engineered peptides for applications in cancer-targeted drug delivery and tumor detection[END_REF][START_REF] Zhang | Peptides in cancer nanomedicine: Drug carriers, targeting ligands and protease substrates[END_REF] or oligonucleotides, [START_REF] Liu | Multifunctional aptamer-based nanoparticles for targeted drug delivery to circumvent cancer resistance[END_REF][START_REF] Chen | Advances in the development of aptamer drug conjugates for targeted drug delivery[END_REF][START_REF] Ray | Aptamers for targeted drug delivery[END_REF] and folic acid [START_REF] Zhao | Targeted drug delivery via folate receptors[END_REF][START_REF] Marchetti | Targeted drug delivery via folate receptors in recurrent ovarian cancer: A review[END_REF] that have been conjugated on HBPs. 

Peptides as active targeting groups

Peptides are good candidates as active targeting moieties for drug delivery systems due to their high avidity towards cell receptors and low immunogenicity, but also peptides are easy to synthesize and conjugate onto nanocarriers. [START_REF] Field | Peptides for specifically targeting nanoparticles to cellular organelles: Quo vadis?[END_REF][START_REF] Sun | Peptide-decorated polymeric nanomedicines for precision cancer therapy[END_REF] Peptides have been grafted onto the surface of different nanostructures such as gold, [START_REF] Zong | Peptide-functionalized gold nanoparticles: versatile biomaterials for diagnostic and therapeutic applications[END_REF] quantum dots, [START_REF] Zhou | Quantum dots and peptides: A bright future together[END_REF] iron oxide, [START_REF] Yen | Multifunctional iron oxide nanoparticles for diagnostics, therapy and macromolecule delivery[END_REF] and silica nanoparticles, [START_REF] Hu | Advances in peptide functionalization on mesoporous silica nanoparticles for controlled drug release[END_REF] but also liposomes, [START_REF] Accardo | Review peptide-targeted liposomes for selective drug delivery: Advantages and problematic issues[END_REF] carbon nanotubes, [START_REF] Klumpp | Functionalized carbon nanotubes as emerging nanovectors for the delivery of therapeutics[END_REF] dendrimers, [START_REF] Liu | Peptide-and saccharide-conjugated dendrimers for targeted drug delivery: a concise review[END_REF] and polymers of various topologies [START_REF] Dehn | Synthetic strategies for the design of peptide/polymer conjugates[END_REF] including hyperbranched polymers.

Tumor targeting peptides

Tumor targeting peptides (TTPs), usually shorter than cell penetrating peptides (three to ten residues), interact more specifically with receptors overexpressed by tumor cells. [START_REF] Dissanayake | Recent developments in anticancer drug delivery using cell penetrating and tumor targeting peptides[END_REF][START_REF] Roveri | Peptides for tumor-specific drug targeting: state of the art and beyond[END_REF][START_REF] Liu | Tumor-targeting peptides from combinatorial libraries[END_REF] TTPs are designed to bind to cell surface receptors, intracellular receptors, and the extracellular matrix.

Peptides targeting cell surface receptors

Targeted cell surface receptors include αvβx integrins, somatostatin receptors, epidermal growth factor receptors, vascular endothelial growth factor receptors, and prostate-specific membrane antigen. [START_REF] Zhao | Tumor-targeting peptides: Ligands for molecular imaging and therapy[END_REF] Integrins are cell adhesion receptors [START_REF] Humphries | Integrin ligands at a glance[END_REF] present on the cytoplasmic side of the lipid bilayer promoting the assembly of cytoskeletal polymers and signaling complexes, but also on the extracellular side of the lipid bilayer binding to the extracellular matrix or counter-receptors on adjacent cells. Various ligands have been identified to bind to integrins. The most common minimal peptide sequence used to target αvβ3 integrin overexpressed at the surface of endothelial tumor cells is Arg-Gly-Asp (RGD) that can be found as linear and cyclic (e.g. cyclic RGDdYK where dY stands for the D-isomer of tyrosine, and cyclic CRGDKGPDC known as iRGD) derivatives. [START_REF] Yu | Molecular basis for the targeted binding of RGDcontaining peptide to integrin αVβ3[END_REF] Vascular endothelial adhesion molecules (VCAM) and intercellular adhesion molecule are counter-receptors of leukocyte α4β1 and αLβ2 integrins expressed on endothelial cells. VHSPNKK is a homolog of the α-chain of very late antigen VLA-4, a known ligand for VCAM-1. [START_REF] Casagrande | Molecular targeting of imaging and drug delivery probes in atherosclerosis[END_REF] Somatostatin is a regulatory cyclic tetradecapeptide (sequence: AGCKNFFWKTFTSC) that affects neurotransmission and cell proliferation by interacting with guanidine nucleotide binding protein (known as G protein) coupled somatostatin receptors (SSTRs). However, the half-life of the wild type somatostatin is short (less than 3 min) due to enzymatic degradation. Analogs with higher potency and stability have been developed. Octreotide is a cyclic octapeptide (sequence: dFCFdWKTCT-ol where dF and dW stand for the D-isomer of phenylalanine and tryptophan and the C-terminus is an alcohol) and somatostatin analog that has a half-life of 1.5 h. Octreotide has been used for targeted neuroendocrine cancer therapy [START_REF] Costa | Octreotide -A review of its use in treating neuroendocrine tumours[END_REF][START_REF] Sidéris | Antitumor effects of somatostatin analogs in neuroendocrine tumors[END_REF] due to its high binding affinity to SSTR2 and moderate affinity to SSTR5. [START_REF] Shimon | Somatostatin receptor subtype specificity in human fetal pituitary cultures. Differential role of SSTR2 and SSTR5 for growth hormone, thyroid-stimulating hormone, and prolactin regulation[END_REF] Octrotide has been also radiolabeled by complexation with 111 In for targeted theranostics (i.e. imaging and therapy of tumors). [START_REF] Liu | Tumor-targeting peptides from combinatorial libraries[END_REF][START_REF] Jong | Tumor imaging and therapy using radiolabeled somatostatin analogues[END_REF][START_REF] Deppen | 68 Ga-DOTATATE compared with 111 In-DTPA-octreotide and conventional imaging for pulmonary and gastroenteropancreatic neuroendocrine tumors: A systematic review and metaanalysis[END_REF][START_REF] Jackson | Octreotide functionalized nano-contrast agent for targeted magnetic resonance imaging[END_REF] KE108 (sequence: Y-cyclo(d-Dab-RFFdWKTF where d-Dab is the D-isomer of 2,4diaminobutyric acid) is another somatostatin analog able to bind to all five SSTRs with high affinity. [START_REF] Reubi | A new peptidic somatostatin agonist with high affinity to all five somatostatin receptors[END_REF][START_REF] Chen | KE108-conjugated unimolecular micelles loaded with a novel HDAC inhibitor thailandepsin-A for targeted neuroendocrine cancer therapy[END_REF] Epidermal growth factor (EGF) regulates cell proliferation, survival, and differentiation by binding to EGF receptors (EGFRs). [START_REF] Yewale | Epidermal growth factor receptor targeting in cancer: A review of trends and strategies[END_REF] These receptors are overexpressed or mutated for different cancer cells and play a crucial role in epithelial tumors enhancing tumor growth, invasion, and metastasis.

Several EGFR inhibitors have been developed to disrupt the interaction between the EGF and its receptor and show a specific binding ability to tumors. GE11 (sequence: YHWYGYTPQNVI) is an EGF mimic of small size (twelve amino acids as compared to more than fifty for EGF) showing affinity to EGFRs. [START_REF] Genta | GE11 peptide as an active targeting agent in antitumor therapy: A minireview[END_REF] GE11 has also been reported to enhance potentially nanoparticles endocytosis by EGFR-dependent actin-driven pathway.

Vascular endothelial growth factor (VEGF) plays an important role as a regulator of new blood vessel growth (angiogenesis) and inducer of vascular permeability. [START_REF] Ellis | VEGF-targeted therapy: mechanisms of anti-tumour activity[END_REF] Anti-VEGF approaches to treat cancers aim at inhibiting the interaction between VEGF and either tyrosine kinase receptors or neuropilins. Various peptides affect the interaction of VEGF with its receptors such as HRH [START_REF] Zhang | A novel peptide specifically binding to VEGF receptor suppresses angiogenesis in vitro and in vivo[END_REF] (sequence: HRHTKQRHTALH) and K237 [START_REF] Hetian | A novel peptide isolated from a phage display library inhibits tumor growth and metastasis by blocking the binding of vascular endothelial growth factor to its kinase domain receptor[END_REF] (sequence: HTMYYHHYQHHL), while formin binding protein 21 (FBP21) alters the ratio of VEGF isoforms in favor of antiangiogenic isoforms. [START_REF] Woolard | Borrelidin modulates the alternative splicing of VEGF in favour of anti-angiogenic isoforms[END_REF] Prostate-specific membrane antigen (PSMA) is expressed on the membrane of prostate epithelial cells and overexpressed in prostate cancer cells. [START_REF] Chang | Overview of prostate-specific membrane antigen[END_REF] Peptides such as WQPDTAHHWATL [START_REF] Aggarwal | A dimeric peptide that binds selectively to prostate-specific membrane antigen and inhibits its enzymatic activity[END_REF] have been identified to specifically target PSMA and inhibit its enzymatic activity. [START_REF] Jin | Discovery of PSMA-specific peptide ligands for targeted drug delivery[END_REF] E'EAmc-Ahx-dEdEdEG (where 'E is Glu-OtBu where the gamma-carboxyl group is unprotected, dE the D-isomer of glutamic acid, Ahx 6-aminocaproic acid and Amc N-aminomethylcyclohexanoic acid) is a stable derivative of RBI-1033, known as an urea-based PSMA targeting ligand. [START_REF] Huang | Improving the biodistribution of PSMA-targeting tracers with a highly negatively charged linker[END_REF] Peptides targeting intracellular receptors BCR-ABL fusion genes, cyclin-dependent kinases, and malignant mitochondria are intracellular receptors that have been also targeted.

BCR-ABL fusion gene, also known as Philadelphia chromosome, is formed by joining the ABL gene from chromosome 9 to the BCR gene on chromosome 22 and responsible for the chronic phase of chronic myelogenous leukemia. Peptides rich in serine and proline (e.g. YRAPWPP) [START_REF] Shires | Serine and prolinerich ligands enriched via phage-display technology show preferential binding to BCR/ABL expressing cells[END_REF] have a strong binding and specific affinity to BCR-ABL.

Mitosis is regulated by cyclins, cyclin-dependent kinases (CDKs) and complexes formed between cyclins and CDKs. In cancer cells, the CDK/cyclin complexes can be dysregulated inducing for example gene amplification, protein overexpression, and cyclin mutation. CDK/cyclin inhibitors include peptides such as NBI1 (sequence: dRdWdIdMdYdF, where all amino acids as D-isomers) binding to cyclin A. [START_REF] Peyressatre | Targeting cyclin-dependent kinases in human cancers: From small molecules to peptide inhibitors[END_REF] The primary role of mitochondria is to produce adenosine triphosphate, but also to regulate apoptotic cell death.

Cancer cells can inhibit apoptosis by preventing mitochondrial outer membrane permeabilization

necessary for caspase activation. Peptides mimicking protein regulating the release of apoptoticinducing factors such as pore-forming Bax and Bak proteins, but also the cationic peptide (KLAKLAK)2, are able to bind to tumor cells and induce apoptosis. [START_REF] Constance | Targeting malignant mitochondria with therapeutic peptides[END_REF] Peptides targeting extracellular matrix Preserving the integrity of the extracellular matrix is necessary to prevent the tumor cell migration and invasion through the targeting of fibronectins, fibroblast growth factors, matrix metalloproteinase, prostate-specific antigens, and cathepsins. Fibronectins are overexpressed in various tumors leading to the formation of fibronectin-fibrin complexes facilitating tumor proliferation, angiogenesis, and metastasis. The peptide CREKA binds strongly and selectively to fibronectin-fibrin complexes [START_REF] Simberg | Biomimetic amplification of nanoparticle homing to tumors[END_REF] and has been also used for tumor imaging. [START_REF] Han | Targeting fibronectin for cancer imaging and therapy[END_REF] 

Peptide conjugation on HBPs

Peptide-conjugates are prepared through two main strategies: i) polymerization using peptide-containing macroinitiators or macromonomers and ii) post-polymerization modification with peptides.

The use of either macromonomers or macroinitiators bearing a peptide sequence permits to introduce the peptide sequence during the polymerization. The synthesis of macromonomers and macroinitiators bearing a peptide sequence has been described in the literature through different routes including coupling reactions in solution and on resin end-capping of the peptide sequence with a polymerizable or initiating group. Peptide-functionalized macroinitiators have been designed to prepare linear and star polymers bearing a peptide at the extremity of the polymer chain. [START_REF] Qi | Growing polymers from peptides and proteins: a biomedical perspective[END_REF] Different approaches and polymerization techniques have been explored including NMP, [START_REF] Becker | Peptide-polymer bioconjugates: Hybrid block copolymers generated via living radical polymerizations from resin-supported peptides[END_REF] ATRP, [START_REF] Mei | Solid-phase ATRP synthesis of peptide-polymer hybrids[END_REF] and RAFT polymerization [START_REF] Cate | Sequence-defined polypeptide-polymer conjugates utilizing reversible addition fragmentation transfer radical polymerization[END_REF] from a peptide grafted on the resin, peptide-bearing initiator or chain transfer agent used under ATRP [START_REF] Rettig | Atom transfer radical polymerization with polypeptide initiators: A general approach to block copolymers of sequence-defined polypeptides and synthetic polymers[END_REF] and RAFT [START_REF] Hentschel | Easy access to bioactive peptidepolymer conjugates via RAFT[END_REF][START_REF] Chen | Synthesis of multifunctional miktoarm star polymers via an RGD peptide-based RAFT agent[END_REF][START_REF] Jackson | Octreotide end-functionalized diblock copolymers facilitated by RAFT polymerization[END_REF] polymerization conditions, ring-opening polymerization of N-carboxyanhydrides from peptide-PEG macroinitiator. [START_REF] Wang | Carboplatin-complexed and cRGD-conjugated unimolecular nanoparticles for targeted ovarian cancer therapy[END_REF] The use of peptide-containing macromonomers afford polymers bearing peptides on the side chains of the polymer backbone. Depending on the polymerization technique used, the functional groups on the peptide may have to be protected during the polymerization.

Various polymerization techniques such as ATRP, [START_REF] Bencherif | Cell-adhesive star polymers prepared by ATRP[END_REF][START_REF] Cho | Rapid cellular internalization of multifunctional star polymers prepared by atom transfer radical polymerization[END_REF] RAFT, [START_REF] Chen | Syntheses and effectiveness of functional peptidebased RAFT agents[END_REF][START_REF] Chen | RAFT polymerization of a RGD peptide-based methacrylamide monomer for cell adhesion[END_REF][START_REF] Shokeen | Evaluation of multivalent, functional polymeric nanoparticles for imaging applications[END_REF] and ring-opening metathesis polymerization [START_REF] Maynard | Synthesis of norbornenyl polymers with bioactive oligopeptides by ring-opening metathesis polymerization[END_REF][START_REF] Parelkar | Reconfiguring polylysine architectures for controlling polyplex binding and non-viral transfection[END_REF][START_REF] Kammeyer | Polymerization of protecting-group-free peptides via ROMP[END_REF] have been used to (co)polymerize peptide-containing macromonomers.

Post-polymerization modification of polymers is a well-known strategy to prepare functional polymers through the introduction of further functionalities on polymers. [START_REF] Gauthier | Synthesis of functional polymers by postpolymerization modification[END_REF][START_REF] Theato | Functional polymers by post-polymerization modification : concepts, guidelines, and applications[END_REF] The functional groups present on the polymer should be able to react chemoselectively with those of the molecules to be introduced. Various routes have been exploited to further functionalize polymers either by presenting chemoselective functional groups at one extremity of the polymer or on the side chains of the repeat units constituting the polymer chains. Activated esters [START_REF] Das | Activated ester containing polymers: Opportunities and challenges for the design of functional macromolecules[END_REF] such as N-hydroxysuccinimide (NHS) and pentafluorophenyl (PFP) esters readily reacts with primary amines to form stable amide linkages. Thiols have been widely used to functionalize polymers through either disulfide exchange, Michael addition or radical mechanism reacting with disulfide bridges, epoxides, isocyanates, maleimides, vinyl groups (including (meth)acrylates), and alkynes. [START_REF] Nair | The thiol-Michael addition click reaction: A powerful and widely used tool in materials chemistry[END_REF] Alkynes are involved in different coupling reactions such as CuAAC, [START_REF] Singh | Advances of azide-alkyne cycloaddition-click chemistry over the recent decade[END_REF] strainpromoted 1,3-cycloaddition reactions of cycloalkynes and azides, [START_REF] Jewett | Cu-free click cycloaddition reactions in chemical biology[END_REF] and copper-catalyzed Glaser coupling reactions of terminal alkynes. [START_REF] Sindhu | Recent advances and applications of Glaser coupling employing greener protocols[END_REF] Other routes for post-polymerization modification include ring-opening reaction of azlactones, [START_REF] Buck | Azlactone-functionalized polymers as reactive platforms for the design of advanced materials: Progress in the last ten years[END_REF] atom transfer radical addition, [START_REF] Riva | Functionalization of poly(ε-caprolactone) by pendant hydroxyl, carboxylic acid and epoxide groups by atom transfer radical addition[END_REF][START_REF] Radhakrishnan | Synthesis of hydroxy-and dihydroxy-end-capped poly(n-butyl acrylate)s and their use as reactive stabilizers for the preparation of polyurethane latexes[END_REF] nitroxide radical coupling, [START_REF] Coiai | Post-polymerization modification by nitroxide radical coupling[END_REF] and Diels-Alder reactions. [START_REF]Diels-Alder cycloaddition-cycloreversion: A powerful combo in materials design[END_REF] Various synthetic routes have been considered for the conjugation of TTPs on HBPs by post-polymerization modification as depicted in Figure 6 and summarized in Table 1. proapoptotic peptide. [START_REF] Cheng | One-pot synthesis of pH-responsive hyperbranched polymer-peptide conjugates with enhanced stability and loading efficiency for combined cancer therapy[END_REF] The peptide sequence terminated with cysteine and thiol-functionalized PEG has been conjugated on this HBP by thiol-acrylate Michael addition reaction (Figure 8).

These HBPs have been loaded with DOX inducing their self-assembly into stable positively charged nanoparticles (42-100 nm) in aqueous solution. The release of DOX was faster at pH 5.0 as compared to pH 7.4, phenomenon associated to the acid-triggered degradation of the polymer.

These nanoparticles show enhanced cellular uptake and higher cytotoxic activity as compared to the HBPs solely conjugated with PEG and the free CGGG(KLAKLAK)2 peptide. and conjugating GE11 (an anti-EGFR peptide) on the maleimide-terminated PEG of the HBP. [START_REF] Chen | Tumor-targeted pH/redox dual-sensitive unimolecular nanoparticles for efficient siRNA delivery[END_REF] The presence of GE11 on the polymer enhances cellular uptake in EGFR overexpressing cells promoting gene silencing.

Oligonucleotides as active targeting groups

Short strands of oligonucleotides (i.e. single-stranded DNA and RNA constituted of 15 to 40 bases) can specifically recognize a target molecule and have advantages such as their low molecular weight as compared to antibodies, simple modification, and remarkable affinity, but also high stability, non-immunogenicity and nontoxicity in vivo. [START_REF] Ireson | Discovery and development of anticancer aptamers[END_REF][START_REF] Shieh | Aptamer-based tumor-targeted drug delivery for photodynamic therapy[END_REF] Oligonucleotides have gained attention as targeting moieties grafted on the surface of various nanostructures in recent years, [START_REF] Farokhzad | Nanoparticle-aptamer bioconjugates for cancer targeting[END_REF][START_REF] Zhou | Aptamers as targeting ligands and therapeutic molecules for overcoming drug resistance in cancers[END_REF][START_REF] Alshaer | Aptamer-guided nanomedicines for anticancer drug delivery[END_REF][START_REF] Vandghanooni | Recent advances in aptamer-armed multimodal theranostic nanosystems for imaging and targeted therapy of cancer[END_REF] including HBPs for targeted drug delivery.

Strain-promoted 1,3-cycloaddition reaction has been exploited to conjugate dibenzocyclooctyneterminated oligonucleotides on azide-containing HBPs. DNA with selective binding affinity to cells overexpressing the protein tyrosine kinase 7 [START_REF] Shangguan | Cellspecific aptamer probes for membrane protein elucidation in cancer cells[END_REF]). [START_REF] Yang | Self-assembled aptamer-grafted hyperbranched polymer nanocarrier for targeted and photoresponsive drug delivery[END_REF] These HBPs self-assemble in aqueous medium into stable multimolecular nanostructures constituted of a core of HBP and a corona of DNA with a hydrodynamic diameter of 40 nm (Figure 9). o-Nitrobenzyl groups photodegrade under UV irradiation at 365 nm, which is used to control drug release investigated using Nile red as a model molecule. Besides the effect of the photoresponsiveness of the HBP, the cytotoxicity study of these DOX-loaded nanostructures indicates that sgc8-conjugated HBP is more efficient than HBPs conjugates with DNA of random sequence. 

Folic acid as active targeting group

Small molecules have been also considered as targeting groups. Among them, vitamin B9 also known as folate when naturally occurring or folic acid in its synthetic form is the most investigated targeting ligand for tumor cells as folate receptors are highly overexpressed in epithelial, ovarian, cervical, breast, lung, kidney, colorectal, and brain tumors. [START_REF] Zwicke | Utilizing the folate receptor for active targeting of cancer nanotherapeutics[END_REF] Folic acid has been conjugated to various materials [START_REF] Xu | Folate-mediated chemotherapy and diagnostics: An updated review and outlook[END_REF] including HBPs due to their stability over a broad range of temperatures and pH values, non-immunogenicity, facile functionalization, inexpensiveness, and small size.

Folic acid-conjugated HBPs prepared through different conjugation strategies (Table 2) show higher targeting specificity as compared to unconjugated ones with a significant contrast between the tumor sites and healthy tissues, and a higher and faster accumulation at the tumor site. [START_REF] Tan | Spectroscopic investigation of a hyperbranched cationic amylopectin derivative as a multi-guest molecular host for targeted delivery of a photosensitizer to pancreatic cancer cells[END_REF] Coupling reactions between carboxylic acid and amine groups have been exploited to conjugate folic acid on HBPs using a variety of carbodiimides, e.g. 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide (EDC), [START_REF] Luo | Aerosol delivery of folate-decorated hyperbranched polyspermine complexes to suppress lung tumorigenesis via Akt signaling pathway[END_REF][START_REF] Öztürk | pH sensitive functionalized hyperbranched polyester based nanoparticulate system for the receptor-mediated targeted cancer therapy[END_REF][START_REF] Tan | Hyperbranched polymers as delivery vectors for oligonucleotides[END_REF] 1,1'-carbonyldiimidazole, [START_REF] Santra | Cytochrome c encapsulating theranostic nanoparticles: A novel bifunctional system for targeted delivery of therapeutic membrane-impermeable proteins to tumors and imaging of cancer therapy[END_REF] and DCC, [287-290, 293, 294, 298, 300, 309] but also aminium-based coupling agents such as 2-(1Hbenzotriazole-1-yl)-1,1,3,3-tetramethyluronium. [START_REF] Tziveleka | Novel functional hyperbranched polyether polyols as prospective drug delivery systems[END_REF] The carboxylic acid group next to the methylene on folic acid has been directly used for the conjugation on HBPs. Santra et al. have reported the synthesis of hyperbranched polyesters bearing terminal hydroxyl groups exploited to covalently attach folic acid and the encapsulation of fluorophores (i.e. 1,1'-dioctadecyl-3,3,3',3'tetramethylindocarbocyanine perchlorate and indocyanine green) and cytochrome C (i.e.

mitochondrial protein able to act as endogenous cellular apoptotic initiator). [START_REF] Santra | Cytochrome c encapsulating theranostic nanoparticles: A novel bifunctional system for targeted delivery of therapeutic membrane-impermeable proteins to tumors and imaging of cancer therapy[END_REF] Folic acid has been also conjugated using this conjugation route to H40 functionalized with poly(ε-caprolactone)b-PEG (PCL-b-PEG) for the encapsulation of two drugs (i.e. 5-FU and PTX), [START_REF] Chen | Functionalized amphiphilic hyperbranched polymers for targeted drug delivery[END_REF] star-like hyperbranched polyglycerol with PEG arms loaded with pyrene and tamoxifen [START_REF] Tziveleka | Novel functional hyperbranched polyether polyols as prospective drug delivery systems[END_REF] or PDLLAb-PEG arms studied with PTX as drug, [START_REF] Zhang | Hyperbranched amphiphilic polymer with folate mediated targeting property[END_REF] and star-like polyester with PEG arms loaded with 5-FU, [START_REF] Öztürk | pH sensitive functionalized hyperbranched polyester based nanoparticulate system for the receptor-mediated targeted cancer therapy[END_REF] star-like hyperbranched poly(dimethylaminoethyl methacrylate) with PEG arms complexed with short linear DNA. [START_REF] Tan | Hyperbranched polymers as delivery vectors for oligonucleotides[END_REF] The coupling agent can also be used in the presence of NHS to prepare in situ activated esters to improve the efficiency of the amidation reaction to conjugate folic acid. This approach has been used on H40 functionalized with PLLA coupled to PEG loaded with DOX, [START_REF] Prabaharan | Folate-conjugated amphiphilic hyperbranched block copolymers based on Boltorn® H40, poly(l-lactide) and poly(ethylene glycol) for tumor-targeted drug delivery[END_REF] star-like hyperbranched poly(3-ethyl-3-(hydroxymethyl)oxetane)

with poly(carboxybetaine) arms for the encapsulation and release of DOX, [START_REF] Wang | Synthesis of biomimetic hyperbranched zwitterionic polymers as targeting drug delivery carriers[END_REF] redox-sensitive hyperbranched PAAs complexed with MMP-9 siRNA, [START_REF] Li | Folate-targeting redox hyperbranched poly(amido amine)s delivering MMP-9 siRNA for cancer therapy[END_REF] hyperbranched polyspermines used as vector of shAkt1 DNA, [START_REF] Luo | Aerosol delivery of folate-decorated hyperbranched polyspermine complexes to suppress lung tumorigenesis via Akt signaling pathway[END_REF] and hyperbranched polyethylenimine modified with folic acidfunctionalized PEG complexed with plasmid pCMVCD or pCMVTRAIL DNA. [START_REF] Liang | The use of folate-PEG-grafted-hybranched-PEI nonviral vector for the inhibition of glioma growth in the rat[END_REF] For example, Luo et al. synthesized hyperbranched polyspermine by condensation of spermine and citric acid followed by conjugation of folic acid using EDC as coupling agent in the presence of NHS (Figure 11). [START_REF] Luo | Aerosol delivery of folate-decorated hyperbranched polyspermine complexes to suppress lung tumorigenesis via Akt signaling pathway[END_REF] The HBPs have been complexed with shAkt1 DNA and investigated in HeLa cells. As compared to PEI 25k (branched PEI with a molecular weight of 25 kDa), the complex formed between folic acid-conjugated and unconjugated hyperbranched polyspermines and shAkt1 exhibits a lower cytotoxicity in HeLa, L02, and A549 cells. The cell uptake of these complexes determined by flow cytometry was superior to free shAkt1 especially the folic acidconjugated hyperbranched polyspermine supporting the higher affinity of this polymer towards folate receptors. CuAAC reactions of alkyne-or azide-functionalized polyesters with folic acid modified with azide or alkyne functional groups respectively have been reported. [START_REF] Li | Amphiphilic multiarm star block copolymer-based multifunctional unimolecular micelles for cancer targeted drug delivery and MR imaging[END_REF][START_REF] Tabatabaei Rezaei | pH-Responsive unimolecular micelles self-assembled from amphiphilic hyperbranched block copolymer for efficient intracellular release of poorly water-soluble anticancer drugs[END_REF][START_REF] Heckert | Design and synthesis of new sulfur-containing hyperbranched polymer and theranostic nanomaterials for bimodal imaging and treatment of cancer[END_REF][START_REF] Abandansari | pH-sensitive nanogels based on Boltorn® H40 and poly(vinylpyridine) using mini-emulsion polymerization for delivery of hydrophobic anticancer drugs[END_REF][START_REF] Santra | Aliphatic hyperbranched polyester: A new building block in the construction of multifunctional nanoparticles and nanocomposites[END_REF] Heckert et al.

have prepared sulfur-containing hyperbranched polyesters used for the encapsulation of a fluorescent lipophilic cationic indocarbocyanine (DiI) dye for optical imaging, complex based on bismuth and 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA) for enhanced Xray imaging and taxol as model drug (Figure 12) leading to nanoparticles of 82 nm in diameter. [START_REF] Heckert | Design and synthesis of new sulfur-containing hyperbranched polymer and theranostic nanomaterials for bimodal imaging and treatment of cancer[END_REF] These nanoformulations have been modified successively with α-amino-ωcarboxylic acid and propargylamine by EDC/NHS coupling reaction, and conjugated with azidofolate by CuAAC. The presence of sulfur atoms on the HBPs enhanced the encapsulation of Bi-DOTA complexes due to its higher binding affinity for bismuth atoms towards the sulfur-based pendent groups. In vitro study showed folate-receptor mediated internalization of the loaded HBP and its optical and X-ray imaging. Li et al. have reported the synthesis of star-like HBPs based on H40 with PCL arms for which the terminal groups were modified to introduce an ATRP initiator to copolymerize OEGMA and 3-azidopropyl methacrylate. [START_REF] Li | Amphiphilic multiarm star block copolymer-based multifunctional unimolecular micelles for cancer targeted drug delivery and MR imaging[END_REF] Alkyne-modified folic acid and DOTA were conjugated to HBPs by CuAAC as targeting and gadolinium chelating ligands respectively. In vitro and in vivo studies of HBPs loaded with PTX showed selective cellular uptake with significantly higher cytotoxicity as compared to folate-free HBPs due to folic acid receptormediated endocytosis, good accumulation micelles in tumor cells, extended blood circulation and prominently positive contrast enhancement. Besides covalent attachment of folic acid on HBPs, folic acid can be conjugated to HBPs by supramolecular assembly. Chen et al. have reported the synthesis of PEGylated hyperbranched polyglycerol modified with benzimidazole, a guest molecule able to interact with β-cyclodextrin. [START_REF] Chen | Hyperbranched PEG-based supramolecular nanoparticles for acid-responsive targeted drug delivery[END_REF] This HBP was mixed with folic acid-functionalized β-cyclodextrin and DOX to obtain supramolecular nanoparticles (Figure 13) having a hydrodynamic diameter of 88 and 275 nm at pH 7.4 and 5.3 respectively attributed to the acid-responsiveness of benzimidazole.

Benzimidazole exhibits hydrophobic properties at pH 7 and an increased hydrophilicity associated to the protonation of the aromatic amines under acidic conditions leading to stronger guest-host interactions under physiological conditions and disassembly at lower pH as in endosome-lysosome compartments. The nanoassemblies showed a faster and higher drug release when lowering the pH, phenomenon that was not observed when benzimidazole was replaced by benzoic acid that cannot induce pH-responsiveness. The presence of folic acid enhanced the endocytosis of the nanoparticles loaded with DOX especially in HeLa cells due to their higher overexpression of folate receptors as compared to MCF-7 cells. 

Other ligands as active targeting group

Glutamate urea is a small molecule that binds selectively to PSMA, that is overexpressed 10-fold higher in prostate cancer cells than in healthy prostate tissues. [START_REF] Hillier | Preclinical evaluation of novel glutamate-urea-lysine analogues that target prostate-specific membrane antigen as molecular imaging pharmaceuticals for prostate cancer[END_REF] Glutamate urea has been conjugated on HBPs to treat and detect prostate cancer by the group of Thurecht. [START_REF] Fuchs | Evaluation of polymeric nanomedicines targeted to PSMA: Effect of ligand on targeting efficiency[END_REF][START_REF] Pearce | Development of a polymer theranostic for prostate cancer[END_REF][START_REF] Pearce | Localised delivery of doxorubicin to prostate cancer cells through a PSMA-targeted hyperbranched polymer theranostic[END_REF] Two approaches have been proposed either the coupling reaction of glutamate urea on the PFP ester present at one extremity of the HBP [START_REF] Fuchs | Evaluation of polymeric nanomedicines targeted to PSMA: Effect of ligand on targeting efficiency[END_REF] or the functionalization of the chain transfer agent [START_REF] Pearce | Development of a polymer theranostic for prostate cancer[END_REF][START_REF] Pearce | Localised delivery of doxorubicin to prostate cancer cells through a PSMA-targeted hyperbranched polymer theranostic[END_REF] for RAFT polymerization. In their studies, OEGMA, ethylene glycol dimethacrylate, and Cy5-labelled methacrylamide were used as comonomers to prepare HBPs in the presence of either trifluoroethyl acrylate [START_REF] Fuchs | Evaluation of polymeric nanomedicines targeted to PSMA: Effect of ligand on targeting efficiency[END_REF] or hydrazide-functionalized methacrylate [START_REF] Pearce | Development of a polymer theranostic for prostate cancer[END_REF][START_REF] Pearce | Localised delivery of doxorubicin to prostate cancer cells through a PSMA-targeted hyperbranched polymer theranostic[END_REF]. The hydrazide group was used to conjugate DOX [START_REF] Pearce | Localised delivery of doxorubicin to prostate cancer cells through a PSMA-targeted hyperbranched polymer theranostic[END_REF] or fluorine-2-carboxaldehyde [START_REF] Pearce | Development of a polymer theranostic for prostate cancer[END_REF] as model drugs through a hydrolytically degradable linkage. In vivo studies showed the high specificity of glutamate urea on cells overexpressing PSMA (Figure 14). Alendronate is an amino bisphosphonate used to treat different bone diseases including osteoporosis and bone metastasis, but is also employed as bone-targeting ligand due to its high affinity for hydroxyapatite mineral composing human and animal bones. [ 

SUMMARY AND OUTLOOK

HBPs are highly branched three-dimensional macromolecules. HBPs are less regular than dendrimers and have a higher dispersity. However, their syntheses are easier and can be achieved However, hyperbranched polymers combine simplicity in synthesis when compared to dendrimers with three-dimensional globular structures and a high number of terminal functional groups as for dendrimers, which have been demonstrated to enhance drug encapsulation and functionalization due to their internal cavities and large number of termini respectively. HBPs have been used as carriers of drugs ranging from small molecules (e.g. DOX and CPT) to large nucleic acids (e.g.

DNA and siRNA). Passive and active targeting can enhance the accumulation of the drug at the tumor sites, which can be achieved by modification of HBPs at their periphery using different synthetic routes (e.g. amide bond formation using carbodiimides, CuAAC, thiol-ene reactions).

For passive targeting, functional groups promoting more prolonged circulation in the bloodstream, and thus higher accumulation at the tumor sites, such as PEG, have been covalently attached to HBPs. Active targeting of tumor sites has been first investigated by conjugating folic acid and extended to specific ligands, including peptides and oligonucleotides, on HBPs to target specific receptors overexpressed on cancer cells. The conjugation of such ligands has been proven to be an efficient approach to enhance the delivery of the drug in cancer cells. Antibodies have been successfully explored as ligands on HBPs for targeted bioimaging [START_REF] Fuchs | Evaluation of polymeric nanomedicines targeted to PSMA: Effect of ligand on targeting efficiency[END_REF][START_REF] Li | 188Re-labeled hyperbranched polysulfonamine as a robust tool for targeted cancer diagnosis and radioimmunotherapy[END_REF] and could be also of interest for targeted drug delivery.

The conjugation of targeting ligands is mostly achieved through post-polymerization modification.

This strategy is efficient, but shows some limitations especially in the control of the number of ligands covalently attached at the periphery of HBPs. The copolymerization of inimers or transmers with a monomer bearing a targeting ligand by SCVP, especially under RAFT polymerization conditions, has more rarely been explored, [START_REF] Pearce | Development of a polymer theranostic for prostate cancer[END_REF] but seems an interesting approach to better control the insertion of ligands in terms of number of ligands but also their localization on HBPs.

The field is evolving towards the development of HBPs for theranostics providing a dual role as drug carrier for targeted drug delivery and imaging probe (i.e. optical or magnetic resonance imaging) for diagnostic purposes. Regarding magnetic resonance imaging, different approaches have been reported: i) incorporation of a comonomer containing fluoride in the HBP by copolymerization, [START_REF] Thurecht | Functional hyperbranched polymers: Toward targeted in vivo 19 F magnetic resonance imaging using designed macromolecules[END_REF][START_REF] Wang | Multifunctional hyperbranched polymers for CT/ 19 F MRI bimodal molecular imaging[END_REF][START_REF] Wang | Segmented highly branched copolymers: Rationally designed macromolecules for improved and tunable 19 F MRI[END_REF] ii) conjugation to HBPs of chelating ligands able to complex with copper [START_REF] Puttick | Imaging tumour distribution of a polymeric drug delivery platform in vivo by PET-MRI[END_REF][START_REF] Boase | Synthesis of a multimodal molecular imaging probe based on a hyperbranched polymer architecture[END_REF] or gadolinium, [START_REF] Zu | Functional hyperbranched polylysine as potential contrast agent probes for magnetic resonance imaging[END_REF][START_REF] Li | Amphiphilic multiarm star block copolymer-based multifunctional unimolecular micelles for cancer targeted drug delivery and MR imaging[END_REF][START_REF] Cao | Hyperbranched poly(glycerol) as a T1 contrast agent for tumor-targeted magnetic resonance imaging in vivo[END_REF][START_REF] Sun | Stimuli-responsive biodegradable hyperbranched polymer-gadolinium conjugates as efficient and biocompatible nanoscale magnetic resonance imaging contrast agents[END_REF][START_REF] Baker | Multi-modal magnetic resonance imaging and histology of vascular function in xenografts using macromolecular contrast agent hyperbranched polyglycerol (HPG-GdF)[END_REF][START_REF] Liu | Single molecular hyperbranched nanoprobes for fluorescence and magnetic resonance dual modal imaging[END_REF][START_REF] Xiong | Hyperbranched polyethylenimine based polyamine-N-oxide-carboxylate chelates of gadolinium for high relaxivity MRI contrast agents[END_REF] and iii) grafting of HBP on Fe3O4 magnetic nanoparticles by either growth of the HBP from the surface of the nanoparticle [START_REF] Zhao | Hyperbranched polyglycerol-grafted superparamagnetic iron oxide nanoparticles: Synthesis, characterization, functionalization, size separation, magnetic properties, and biological applications[END_REF] or coupling reaction between HBPs and nanoparticles by thiol-ene reaction [START_REF] Li | Methotrexate-conjugated and hyperbranched polyglycerol-grafted Fe3O4 magnetic nanoparticles for targeted anticancer effects[END_REF] or reduction of imine bond. [START_REF] Song | A high-loading drug delivery system based on magnetic nanomaterials modified by hyperbranched phenylboronic acid for tumor-targeting treatment with pH response[END_REF] Furthermore, fluorophores such as BODIPY [START_REF] Sun | Bottom-up" fabrication of BODIPY-functionalized fluorescent hyperbranched glycopolymers for hepatoma-targeted imaging[END_REF] and cyanide dyes [START_REF] Fuchs | Evaluation of polymeric nanomedicines targeted to PSMA: Effect of ligand on targeting efficiency[END_REF] have been conjugated to HBPs for optical imaging using conventional conjugation approaches affording HBPs decorated with targeting ligands and fluorophores for theranostics. Few recent reports are also describing HBPs with intrinsic fluorescence such as hyperbranched polysiloxane [START_REF] Bai | High fluorescent hyperbranched polysiloxane containing β-cyclodextrin for cell imaging and drug delivery[END_REF] and conjugated HBPs. [START_REF] Ding | Hyperbranched conjugated polyelectrolyte for dual-modality fluorescence and magnetic resonance cancer imaging[END_REF] More recently, luminescent nanoparticles have been investigated as imaging probes. For example, hyperbranched polyglycerol has been prepared from the surface of red fluorescent silicon nanoparticles and modified with cyclic RGDfK to target αvβ3 integrins and afford optical imaging. [START_REF] Das | Highly colloidally stable hyperbranched polyglycerol grafted red fluorescent silicon nanoparticle as bioimaging probe[END_REF] The recent advances in nanomaterials for optical imaging [START_REF] Lim | Nanomaterials for theranostics: Recent advances and future challenges[END_REF] pave the way to the development of novel nanoobjects for theranostics combining the potential of HBPs due to their high number of functional groups at their periphery to introduce various functionalities such as targeting ligands, and luminescent nanoparticles (e.g. gold nanoparticles, silicon nanoparticles, quantum dots and upconverting nanoparticles) due to their higher photostability, tunable emission wavelength and brightness as compared to organic dyes.
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 1 Figure 1. Comparison of HBPs with linear polymers and dendrimers.
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 2 Figure 2. Structure of the most common HBPs used in drug delivery systems.

  The A* group of A*B can initiate the polymerization by attacking the B group on another A*B inimer leading to a dimer possessing a vinyl group (B), an initiating group (A*) and an active center (b*) resulting from the attack on the double bond. The addition of the next A*B can thus occur either through the addition of its A* group on the B group of another A*B or the attack of either its A* or b* group on the double bond of another A*B.

  and 5-fluorouracil (5-FU).[126] Wu et al. have investigated hyperbranched polyglycerol and its ability to encapsulate and deliver a guest molecule.[126] HBP labeled with carboxyfluorescein (green light emission) entrapping chlorin e6 (red emission light) shows the colocalization of chlorin e6 and the HBP by confocal fluorescence microscopy in the cytoplasm of MGC-803 cells confirming the ability of the HBP to act as a carrier. The study of Rhodamine Bencapsulated in this HBP by nuclear magnetic resonance spectroscopy seems to indicate that Rhodamine B is entrapped by interactions between the xanthene ring of Rhodamine B and ether linkages of the hyperbranched polyglycerol. Larger drugs such as DNA
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 4 Figure 4. HBP nanostructures and their relative sizes.

  et al. have developed core-shell nanostructures based on hyperbranched polyglycerol functionalized at the periphery with PEG and core with hydrophobic biphenyl species.[177] Pyrene has been encapsulated in the core of HBPs forming unimolecular nanostructures (10-11 nm), while Nile red being located in the outer shell of HBPs and prone to self-assemble has induced the formation of aggregates of HBPs (100-200 nm). No release of pyrene and Nile red at pH 7.4 has been observed. However, at pH 5 pyrene has not been released within two weeks, while the complete release of Nile red has been observed after one week with a half-life of 38 h and decrease of the hydrodynamic diameter from 200 to 10 nm indicating the release of the dye by disassembly of the HBPs. Poly(N-isopropylacrylamide) (PNIPAM) undergoes a reversible phase transition at its lower critical solution temperature (32 °C) that has been exploited in the field of drug delivery.[178] While Luo et al. have synthesized unimolecular core-shell micelles based on hyperbranched polyglycerols with a shell based on PNIPAM that collapses on heating and expands on cooling,[179] Picco et al. have reported the synthesis of hyperbranched polyesters with a PNIPAM shell forming unimolecular nanostructures (20 nm) below the phase transition temperature that self-assemble into multimolecular nanostructures (220 nm) above this temperature.[158] Zhao et al. have prepared a PEGylated

Figure 5 .

 5 Figure 5. From passive to active targeting through functionalization of HBPs with targeting ligands to enhance recognition and cell uptake in cancer cells.

Figure 6 .

 6 Figure 6. Post-polymerization functionalization routes of HBPs with peptides.

[ 261 ]

 261 The terminal alkyne is used to functionalize the HBP with an azide-terminated fluorophore (i.e. Rhodamine B) and targeting groups by CuAAC reaction. Peptides such as SPWPRPTY and YCAYYSPRHKTTF are used to target the heat shock protein 70 (HSP70) overexpressed on many tumors. Fluorescence imaging demonstrates the significant accumulation of peptide-conjugated HBPs at the tumor as compared to non-conjugated HBPs that are rapidly cleared by the renal system and folate-conjugated HBPs showing lower targeting efficiency (Figure7). The authors have extended their work by conjugating DOX to HBPs containing hydrazine groups forming pH-sensitive hydrazone linkages for controlled drug release.[START_REF] Zhao | Using peptide aptamer targeted polymers as a model nanomedicine for investigating drug distribution in cancer nanotheranostics[END_REF] Under physiological conditions (i.e. pH 7.4, 37 °C) less than 10 % of DOX is released contrary to pH 5 exhibiting more than 80 % of the drug release. Replacing SPWPRPTY by YCAYYSPRHKTTF leads to the same level of targeting efficiency.[START_REF] Zhao | In vivo therapeutic evaluation of polymeric nanomedicines: Effect of different targeting peptides on therapeutic efficacy against breast cancer[END_REF] 

Figure 7 .

 7 Figure 7. Conjugation of SPWPRPTY (peptide targeting HSP70) and folic acid as targeting ligands on HBP fluorescently labelled with Rhodamine B and NIR797 respectively: synthesis route and biodistribution in mouse by in vivo fluorescence 24 h post co-injections of HBPs. Adapted with permission.[261] 2013, Royal Society of Chemistry.

Figure 8 .

 8 Figure 8. Conjugation of PEG and (KLAKLAK) 2 peptide (proapoptotic peptide) on hyperbranched poly(β-thioester)s: a) synthesis, b) DOX release at pH 5.0 and 7.4, and c) comparative cytotoxicities with CGGG-(KLAKLAK) 2 and PEGylated hyperbranched poly(β-thioester) measured by CCK-8 assay. Adapted with permission.[267] 2017, Royal Society of Chemistry.

Figure 9 .Figure 10 ).[ 282 ]

 910282 Figure 9. Photoresponsive HBP-DNA conjugates: a) synthesis of HBP by self-condensing ATRP, photodegradation, and conjugation with sgc8, b) UV spectra of multimolecular nanostructures based on HBP-DNA conjugates after UV irradiation, and c) light-triggered controlled release of Nile red loaded in multimolecular nanostructures. Reproduced with permission.[280] 2018, Wiley.

Figure 10 .

 10 Figure 10. Redox-responsive HBP-DNA conjugates: a) synthesis of HBP by self-condensing RAFT polymerization and conjugation with AS1411, and b) confocal laser scanning microscopy merged images of MCF-7 and L929 cells incubated for 0.25, 1 and 4 h with (1) DOX-loaded AS1411-conjugated HBP and (2) DOX-loaded unmodified HBP (in blue cell nuclei stained with Hoechest 33342). Reproduced with permission.[282] 2016, American Chemical Society.

Figure 11 .

 11 Figure 11. Hyperbranched polyspermine for the delivery of shAkt 1: a) synthesis of hyperbranched polyspermine and its functionalization with folic acid, and b) cell viability after 72 h of incubation and cell uptake in HeLa cells. Adapted with permission.[292] 2016, Elsevier.

Figure 12 .

 12 Figure 12. Nanoparticles based on sulfur-containing hyperbranched polyester (HBPE-S-NP): a) synthesis of HBPE-S by melt polymerization, loading with DiI dye, bismuth-based complex and taxol, and conjugation with folic acid by CuAAC, b) optical (A) and X-ray (B and C) imaging of HBPE-S-NP (A and B) and corresponding nanoparticles based on hyperbranched polyester without sulfur (HBPE-NP), and c) cellular uptake in A549 cells by fluorescence microscopy (nuclei stained in blue with DAPI dye). Adapted with permission.[304] 2017, American Chemical Society.

Figure 13 .

 13 Figure 13. Supramolecular assembly of benzimidazole-functionalized PEGylated hyperbranched polyglycerol (PEG-HPG-BM) and folic acid-functionalized β-cyclodextrin (FA-CD) for targeted delivery of DOX: a) self-assembly by host-guest recognition and DOX loading, and b) cellular uptake in HeLa (A, C, and D) and HepG2 (B) cells after 3h of incubation of folate-conjugated DOX-loaded supramolecular assembly (A and B), DOX-loaded PEG-HPG-BM (C) and DOX-loaded PEG-HPG-benzoic acid (D) (nuclei stained in blue with DAPI dye, differential interference contrast (DIC) images, scale bar: 50 nm). Reproduced with permission.[307] 2015, Royal Society of Chemistry.

Figure 14 .

 14 Figure 14. Glutamate-conjugated hyperbranched polymer for theranostic targeting prostate cancer: a) synthesis of POEMA-based HBP by RAFT polymerization labeled with Cy5 dye and conjugated with glutamate urea through modification of the chain transfer agent and fluorine-2-carboxaldehyde as a model drug through a hydrazone linkage, and b) targeting in mouse with subcutaneous PSMA+ and PSMA-tumors on contralateral flanks (A) imaging after 4 and 24 h post-injection, (B) imaging of excised organs (B: blood, H: heart, Lu: lung, Li: liver, K: kidneys, S: spleen, G: gut) after 24 h, and (C) flow cytometry of Cy5 positive cells in excised organs. Reproduced with permission.[313] 2014, Royal Society of Chemistry.

Figure 15 .

 15 Figure 15. Nanoassemblies of cationic HBP with pDNA coated with hyaluronic acid as targeting ligand for CD44-targeted gene delivery in B16F10 cells: (a) serum-resistant transfection in the presence of fetal bovin serum by fluorescence imaging (left) and flow cytometry (right) of the complexes with pDNA, and (b) luciferase expression in healthy C57BL/6 and pulmonary tumor-bearing C57BL/6 mice. Reproduced with permission.[322] 2016, American Chemical Society.

Figure 16 .

 16 Figure 16. HBP conjugated with cyclic RGDfK and transferrin for dual targeting of integrins and transferrin receptors: a) synthesis of hyperbranched poly(amine ester) and conjugation of targeting ligands, b) preparation of PTX-loaded nanoparticles by emulsion/solvent evaporation, and c) intracellular localization of PTX-loaded HBP conjugated with targeting ligands after 4h of incubation in HUVECs and HeLa cells (lysosome stained with LysoTracker Red DND-99, scale bar: 20 µm). Reproduced with permission.[270] 2012, Elsevier.

  in a one-pot polymerization process, which is advantageous when considering their scale up production. Various synthesis strategies have been developed to prepare HBPs including ABx, "A2 + Bn", self-condensing vinyl and self-condensing ring-opening polymerizations, click chemistry and multicomponent reactions. The unique properties of HBPs, such as low intrinsic viscosity, low glass transition temperature, presence of internal cavities, and a large number of functional groups at the periphery due to their globular and dendritic structures, are attractive for applications in a large variety of fields such as coatings, modifier additives, light-emitting materials, and drug delivery systems.Regarding the development of drug delivery systems, some examples of dendritic structures, e.g. DEP ® (Starpharma) and SuperFect ® (Qiagen) are dendrimers based on polylysine and poly(amido amine) respectively, have been tested in clinical trials and are commercially available. The high dispersity of HBPs could be perceived as an obstacle in their potential clinical uses as the fractions with the lowest and highest molecular weights could have different pharmacokinetical behaviors.

Table 1 .

 1 HBPs conjugated with tumor targeting peptides

	HBPfunctional group a tumor targeting peptide	receptor targeted b	drug loaded c	nanostructure (size, nm) Ref.
	Copper-			

assisted alkyne-azide cycloaddition between HBP-N 3 and peptide-alkyne

  The group of Thurecht has reported the synthesis of hyperbranched poly(oligo(ethylene glycol) methacrylate) (POEGMA) by copolymerization of oligo(ethylene glycol) methacrylate (OEGMA), trifluoroethyl acrylate and ethylene glycol dimethacrylate under RAFT conditions using an alkyne-terminated chain transfer agent.

	POEGMA	SPWPRPTY	HSP70	-	unimolecular (6)	[261]
	POEGMA	SPWPRPTY	HSP70	DOX (conjugated)	unimolecular (7)	[262]
	POEGMA	YCAYYSPRHKTTF	HSP70	DOX (conjugated)	unimolecular (9)	[263]
	Coupling between HBP-NHS and peptide-NH 2				
	PAA	iRGD	α v β 3 integrin	siRNA	multimolecular (223)	[264]
	H40PLLA-PEG	octreotide	SSTR	thailandepsin-A	unimolecular (66)	[265]
	polyglycerol	WPPPPRVPR	FBP21	-	unimolecular (-)	[266]
	Michael reaction between HBP-acrylate and peptide-SH			
	poly(β-thioester)	CGGG(KLAKLAK) 2	mitochondria	DOX-HCl	multimolecular (80-120) [267]
	polyglycerol	VHSPNKK	VCAM	-	unimolecular (-)	[268]
	Coupling between HBP-maleimide and peptide-SH				
	PMMAPHEMA	RGD	α v β 3 integrin	DOX	multimolecular (172)	[269]
	PAEPDLLA-DPPE	cyclic RGDfK	α v β 3 integrin	PTX	multimolecular (247-264) [270]
	H40PLG-b-PEG	cyclic RGDfC	α v β 3 integrin	DOX (conjugated) unimolecular (65)	[271]
	H40PBLA-b-PEG	GE11	EGFR	siRNA	unimolecular (63)	[272]

a PAA, poly(amido amine); PEG, poly(ethylene glycol); POEGMA, poly(oligo(ethylene glycol) methacrylate); PBLA, poly(β-benzyl-Laspartate); PLG, poly(L-glutamate); PMMA, poly(methyl methacrylate); PAE, poly(amine ester); PHEMA, poly(hydroxylethyl methacrylate); PLLA, poly(L-lactide); DPPE, 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine; b HSP70, heat shock protein 70; EGFR, epidermal growth factor receptor; SSTR, somatostatin receptors; FBP21, formin-binding protein 21; VCAM, vascular endothelial adhesion molecule; c DOX, doxorubicin; PTX, paclitaxel; siRNA: small interfering ribonucleic acid.

Table 2 .

 2 HBPs conjugated with folic acid

	HBPfunctional group

coupling reaction between HBP-COOH or HBPs-OH and FA-NH 2

  

	H40PEG	-	-	[298]
	polyglycerolPEG	tamoxifen	multimolecular (-)	[170]
	polyester	-	multimolecular (63)	[299]
	poly(2-(dimethylamino)ethyl methacrylate)	-	multimolecular (75-400)	[300]

Copper-assisted alkyne-azide cycloaddition between HBP-N 3 and FA-alkyne

  

	H40PCL-b-POEGMA	PTX	unimolecular (20-100)	[301]
	polyglycerol	-	unimolecular (-)	[302]
	H40PCL-b-poly(acrylic acid)-b-PEG	PTX	unimolecular (33)	[303]
	Copper-			

assisted alkyne-azide cycloaddition between HBP-alkyne and FA-N 3

  

	polyester	PTX, azidothymidine	multimolecular (82-92)	[304]
	H40PCL-b-PVP-b-PEG	PTX	multimolecular (150)	[305]
	POEGMA	-	unimolecular (8)	[306]
	Host-guest recognition			
	polyglycerolPEG	DOX	multimolecular (80)	[307]
	amylopectin3-(dimethylamino)-1-propylamine	-	multimolecular (50-100)	

  315] Chen et al. have synthesized alendronate-conjugated amphiphilic HBPs consisting of a H40 core with PEG arms.[START_REF] Chen | Alendronateconjugated amphiphilic hyperbranched polymer based on Boltorn H40 and poly(ethylene glycol) for bone-targeted drug delivery[END_REF] Alendronate was conjugated to the NHS-bearing HBP by coupling reaction. These HBPs self-assembled in aqueous solution forming uniform spherical nanostructures (14 nm in diameter) and encapsulating DOX. In vitro studies showed the good biocompatibility, cellular uptake and DOX release of these conjugates, while hydroxyapatite binding assay confirmed the favorable binding affinity of alendronate-conjugated amphiphilic HBPs to bone tissues.

	CD44, ICAM-1, and RHAMM receptors, which are overexpressed in many cancer cells, in
	particular in tumor-initiating cells.[321] Gu et al. have reported the synthesis of redox reducible
	hyperbranched	PAA	by	Michael	addition	of	N,N'-methylenebisacrylamide,
	N,N'-cystaminebisacrylamide, and 1-(2-aminoethyl)piperazine.[322] This HBP was complexed
	with plasmid DNA (pDNA) subsequently coated with HA by electrostatic interactions to obtain
	negatively charged spherical nanoassemblies (160-200 nm) for CD44-targeting gene delivery
	(Figure 15). The use of HA as coating significantly reduced the surface charges of nanoassemblies
	leading to higher stability in serum and longer circulation time. Fluorescence microscopy imaging
	demonstrated higher cellular uptake of HA/hyperbranched PAA/pDNA nanoassemblies as
	compared to nanoassemblies without HA into lung tissues of pulmonary tumor-bearing C57BL/6
	mice and selectivity when compared to healthy C57BL/6 mice due to HA interaction with CD44
	receptors.						
	monomer that was copolymerized with a methacrylate bearing a fluorescent dye (i.e. 4,4-difluoro-
	4-bora-3a,4a-diaza-s-indacene, known as BODIPY) in the presence of a transmer by RAFT
	SCVP.[319] These HBPs self-assembled into nanoparticles of 73 nm in diameter as determined by
	dynamic light scattering and showed specific internalization via galactose-ASGP receptors.
	Hyaluronic acid (HA) is an anionic biopolymer which has several excellent properties such as
	biocompatible, biodegradable, non-toxic, and non-immunogenic.[320] HA can interact with

Monosaccharides such as mannose and galactose are able to bind to carbohydrate-binding proteins known as lectins that are overexpressed in cancer cells.[317] Thurecht et al. have prepared HBPs based on 2-(dimethylamino)ethyl acrylate and trifluoroethyl acrylate using ethylene glycol dimethacrylate as branching agent by RAFT polymerization in the presence of an alkyne-bearing chain transfer agent for post-polymerization modification.[318] Mannose modified with an azide group was conjugated on the HBP by CuAAC. Binding assay to Concanavalin A showed the selective and targeted binding of the mannose-conjugated HBP to mannose-binding lectins. Sun et al. have introduced galactose on HBPs by introducing one galactose residue on an acrylate
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