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Branched structures are widely found in Nature, at all scales, from 
the spiral galaxies to some types of cells. The best representatives 
at the macroscopic level are certainly the trees, with their branches 
and roots. Branched structures are also found in the blood vessel 
network, or in the structure of kidneys and lungs in mammals. On 
a smaller scale, some cells, such as dendritic cells of the immune 
system also have a branched structure. Surprisingly, at the molecular 
scale, Nature has not produced any branched structures, with the 
exception of glycogen (a protein surrounded by multibranched 
polysaccharide of glucose).
 About 40 years ago, man began to produce branched 
structures at the molecular level, which were first called “cascade” 
molecules [1]. Then Prof. D. A. Tomalia synthesized the now well-
known poly(amidoamines), or PAMAMs, and proposed the name 
“dendrimer” [2], which is created from two Greek words, “dendros” 
for tree and “meros” for part (also used for polymer) for naming 
these branched molecular objects. The term “dendrimer” is now 
widely accepted and used.
 In these 40 years, creative chemists have proposed different 
types of dendrimers, which are well known to the whole scientific 
community. An exponential growth of the number of publications has 
been observed, leading to several tens of thousands of publications, 
and numerous patents and books [3] about dendrimers to date.
 The synthesis of dendrimers consists in the repetition of generally 
two steps, which must be quantitative to ensure harmonious growth 
of each branch. Such necessity limits the number of methods 
suitable to obtain large dendrimers. Among them, the synthesis of 

1Buhleier, E., Wehner, F., and Vögtle F. (1978). “Cascade-” and “Nonskid-chain-like” 
syntheses of molecular cavity topologies, Synthesis, 78, pp. 155–158.
2Tomalia, D. A., Baker, H., Dewald, J., Hall, M., Kallos, G., Martin, S., Roeck, J., Ryder, J., 
and Smith, P. (1985). A new class of polymers: Starburst-dendritic macromolecules, 
Polym. J., 17, pp. 117–132.
3See in particular our previous book: Caminade, A. M., Turrin, C. O., Laurent, R., Ouali, 
A., and Delavaux-Nicot, B., Editors (2011). Dendrimers: Towards Catalytic, Material 
and Biomedical Uses, John Wiley & Sons Ltd., Chichester, UK.
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PAMAM dendrimers was the first process in which large dendrimers 
were produced, and these dendrimers are undoubtedly the most 
widely used. Besides PAMAM dendrimers, several classes of 
dendrimers have emerged, in particular poly(propylenimine) (PPI), 
polycarbosilane, and phosphorus dendrimers. This book is devoted 
to phosphorus dendrimers, with emphasis on their properties for 
biology and nanomedicine. It comprises 14 chapters.
Chapter 1 describes the different types of phosphorus-containing 
dendrimers, in particular the (poly)phosphorhydrazone (PPH) 
dendrimers, which were the first ones synthesized in our group [4], 
and are still the most widely used type of phosphorus dendrimers. 
The modularity of this synthesis is unique among all types of 
dendrimers as it permits to easily modify the nature of not only the 
terminal functions (as for almost all types of dendrimers) but also 
of the core, and of the constituents of the branches. This method is 
compliant with other methods of synthesis of dendrimers, to include 
for instance P=N–P=S linkages at specific levels (for further internal 
functionalizations), or recently, viologen units (to include positive 
charges inside the structure). Very unusual types of dendrimeric 
structures have been obtained, such as new branches grown from 
within [5] or Janus dendrimers (two faces).
Chapter 2 presents the different types of techniques that have 
been used to characterize the phosphorus dendrimers, to ascertain 
their purity, and to measure their size and shape. These techniques 
originate on one side from molecular chemistry and on the other 
side from polymer chemistry. Most of these techniques are also 
usable (and have been used) for the characterization of other 
types of dendrimers, with the exception of 31P nuclear magnetic 
resonance (NMR). This technique is especially useful and powerful 
for the characterization of phosphorus dendrimers, in particular, to 
ascertain the purity of dendrimers at each layer.
Chapter 3 emphasizes the utility of electron paramagnetic 
resonance (EPR), in particular, for studies in biologically relevant 

4Launay, N., Caminade, A. M., Lahana, R., and Majoral, J. P. (1994). A general synthetic 
strategy for neutral phosphorus-containing dendrimers, Angew. Chem. Int. Ed. Engl., 
33, pp. 1589–1592.
5Galliot, C., Larre, C., Caminade, A. M., and Majoral, J. P. (1997). Regioselective stepwise 
growth of dendrimer units in the internal voids of a main dendrimer, Science, 277, pp. 
1981–1984.
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conditions. It is indeed a precious tool to investigate biological 
systems at a molecular level for obtaining in situ information about 
the interactions between molecules and biological entities and the 
chemical transformations occurring in the system under study. 
The method can use spin probes or take profit of the presence of 
paramagnetic atoms in the dendrimer such as Cu(II). The utility of 
this method is illustrated by the study of interactions of phosphorus 
dendrimers with amyloid prion peptides involved in Alzheimer and 
prion neurodegenerative diseases, and also with cancerous cells.
Chapter 4 concerns the fluorescence properties of phosphorus 
dendrimers. It shows the different types of fluorescent phosphorus 
dendrimers, with a description of the location of the fluorophores 
and of their types. Indeed, the classical fluorescent groups and the 
two-photon absorption fluorophores have both been incorporated 
either as terminal groups, or at the core, or off-center (linked to the 
core), or in the branches of phosphorus dendrimers. In all cases, 
emphasis is put on the use of these fluorescent dendrimers in a 
biological context, for transfection experiments, and for studying 
the interaction of dendrimers with cells or blood vessels of living 
animals, that is, for bioimaging in general.
Chapter 5 discusses the functionalization of solid surfaces by 
phosphorus dendrimers, in particular, in the context of biomaterials. 
This chapter is divided into two parts: functionalization of surfaces 
by non-covalent interactions and functionalization of surfaces by 
covalent interactions. The first part concerns either weak interactions 
such as π-stacking or strong interactions such as electrostatic 
interactions. Hybridization of DNA in this context could be detected 
up to quantities as small as 10–18 M. Different chemical functions of 
dendrimers have been used for covalent interactions with surfaces: 
thiols for gold, alcoxysilanes for silica, phosphonates for titanium 
oxide, or aldehydes for aminosilanized surfaces. Surfaces suitable 
for cell culturing and sensitive detection of dangerous nitrophenols 
and very robust DNA chips have been obtained.
Chapters 6 and 7 concern the use of dendrimers against human 
immunodeficiency virus (HIV), but with two different approaches. 
Chapter 6 is particularly focused on the strategies based on 
multivalent non-covalent HIV entry inhibitors and contains 
several short updates related to this context. GalCer, which is 
a glycosphingolipid connected to a ceramide group, has been 
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identified as an alternative receptor of HIV, mediated by the V3 loop 
of gp120 of HIV. However, GalCer is not soluble in water. Water-
soluble synthetic analogs of GalCer targeting the gp120 V3 loop 
are expected to prevent the infection of GalCer presenting cells. In 
particular, catanionic analogs of GalCer, based on the non-covalent 
association of carboxylic acids (from the phosphorus dendrimers) 
and amine (from GalCer) have been synthesized, and tested in vitro.
Chapter 7 focuses on the use of various types of positively charged 
dendrimers against HIV, and more precisely on the role of these 
dendrimers in the development of new immunotherapies based 
on dendritic cells against HIV-1 infection. Indeed, dendritic cells–
based immunotherapies are being researched as therapeutic HIV-
vaccine candidates. The role of dendrimers in this context is to be 
non-viral vectors to achieve a targeted delivery of specific antigens 
to dendritic cells, for improving their response to HIV-1 infection. 
The types of dendrimers tested are PAMAM, PPI, polycarbosilane, 
and PPH dendrimers.
Chapters 8 and 9 concern two different approaches against cancers. 
Chapter 8 displays other uses of positively charged dendrimers as 
vectors of biological entities, in the context of gene therapy against 
cancers. It discusses and summarizes the ability of phosphorus 
dendrimers, on one side to deliver therapeutic genes into nuclei 
of cells, to have these genes permanently expressing themselves, 
and on the other side to deliver small interfering RNAs into the 
cytoplasm for the (temporary) silencing of unwanted genes. Several 
low toxicity and efficient phosphorus dendrimers have been found 
as promising candidates for gene delivery against cancers.
Chapter 9 presents another approach against cancers that uses 
phosphorus dendrimers bearing potential ligands as terminal 
functions, either free or complexing copper. The anti-proliferative 
activities of both families against various human cancer cell lines 
were assessed, and their mechanisms of action were elucidated. The 
detailed mechanism of action was found to be different for the free 
dendrimers and their copper complexes. Their modes of action were 
found unusual in the nanomedicine field, occurring via activation of 
the pro-apoptotic protein Bax, a central death regulator.
Chapter 10 concerns a series of mannose derivatives grafted 
as terminal functions on phosphorus dendrimers and their use 
for targeting human C-type lectin receptors to prevent lung 
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inflammation. The rationale of this work is based on the mannose-
capped lipoarabinomannan, produced by the human pathogen 
Mycobacterium tuberculosis, which displays anti-inflammatory 
properties. The aim was to mimic the bioactive supramolecular 
structure of mannose-capped lipoarabinomannan, with the objective 
of developing innovative anti-inflammatory molecules. A dendrimer 
bearing trimannosides as terminal groups was found particularly 
efficient, including in vivo, to prevent lung inflammation in mice.
Chapter 11 proposes several approaches concerning the use of 
phosphorus dendrimers against diseases of the central nervous 
system. Positively charged dendrimers were found efficient against 
prion diseases such as the mad cow disease and the Creutzfeldt–
Jakob disease, including in vivo (for mice). These dendrimers, 
bearing positive charges on the surface or inside the structure, were 
also found suitable to inhibit the aggregation of specific peptides 
responsible for the accumulation of fibrils and senile plaques in the 
brain, inducing Alzheimer’s and Parkinson’s diseases. A negatively 
charged phosphorus dendrimer ABP [amino-bis(methylene 
phosphonate)] was found to be efficient in vivo to treat mice 
developing a model of multiple sclerosis.
Chapter 12 tells the long story of ABP, which is a single (small) 
phosphorus dendrimer, and its 12 azabisphosphonate terminal 
functions. This compound has many properties to trigger the human 
immune system, as shown by numerous tests with peripheral 
blood mononuclear cells (PBMCs). The primary cellular target of 
dendrimer ABP is the monocytes after which it selectively amplifies 
the natural killer cells (essential against viral, bacterial, and parasitic 
infections), a change that can be observed after few weeks. The 
activation of monocytes by ABP occurs via an anti-inflammatory 
pathway, offering a promising solution against chronic inflammatory 
diseases. In vivo assays were successfully carried out on mice 
suffering from diseases, models of rheumatoid arthritis and multiple 
sclerosis, and rats with uveitis.
Chapter 13 is a reflection about dendrimers and their potential 
and future role in biology and nanomedicine. Indeed, dendrimer 
nanostructures represent outstanding nanocarriers in nanomedi-
cine, and they have often been referred to as the “polymers of the 
21st century”. In this chapter, the “dendrimer space concept” has 
been proposed analogous to the space concepts of chemistry and  
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biology, which are extensively used in the pharmaceutical industry 
to develop new drugs.
Chapter 14 is the last one. It emphasizes the first industrial use of 
phosphorus-containing dendrimers, proposed by a start-up Dendris 
[6]. It concerns the use of phosphorus dendrimers in a multiplexing 
technology based on DNA for the rapid and accurate diagnosis of 
pathogens. These DNA arrays (DendrisChips) have been tested in 
several French hospitals for the detection of pathogens pulmonary 
and sexual diseases and in food industries for detection of food 
bacteria.
 In conclusion, we do believe that phosphorus-containing 
dendrimers, which already have a brilliant past as emphasized by 
all the biological properties reported in this book, will also have 
a brilliant future, particularly in the field of nanomedicine, as 
shown by the recent creation of IMD-Pharma S.A.S [7]. Phosphorus 
dendrimers are indeed just another type of dendrimers but they also 
have their own properties.
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