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Abstract
The medical field remains challenged with many unmet needs, prompting rigorous research for solutions. Dendrimers are 
emerging as innovative solutions to many unmet clinical needs. Indeed, commercial dendrimer-enabled gene transfection 
technologies exist and work is ongoing to translate many other dendrimer products into the market to assist patients. Here, we 
review the ongoing work on dendrimer-enabled drug delivery technologies, diagnostic platforms, and antimicrobial agents. 
Our goal is to inspire the continuous exploration of the dendritic scaffold to address many issues in the biomedical landscape.
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1  Introduction

In 1985, Newkome et al. [1] and Tomalia et al. [2] inde-
pendently reported the synthesis of “monocascade spheres” 
and “starburst dendritic macromolecules,” respectively, 
introducing an intriguing class of macromolecules, now 
known as dendrimers. Interest in dendrimers remains 
intense with over 2000 scientific reports published since 
January 2017 (SciFinder database search on 31st October 
2017). This interest stems from dendrimer’s engineerable 
structure, which incorporates a core, well-defined branched 
monomers, and multiple termini (Fig. 1). Over the years, 
advances in chemistry have created a broad chemical space 
that offers versatile structures, diverse functionalities, and 
a rich synthetic toolbox to engineer the core, branches, and 
termini, endowing dendrimers with properties that address 
many fundamental and translational questions [3–29]. 
Also, the nanoscopic dimension of dendrimers fosters their 
exploration as innovative solutions in nanotechnology and 

nanomedicine [30–36]. For instance, as nanovectors in drug 
delivery, a well-thought-out synthetic strategy permits con-
trol of critical nanoscale design parameters including size, 
shape, and surface chemistry to optimize relevant transla-
tional questions such as cellular uptake, transport, bioavail-
ability, elimination, and toxicity [37, 38]. Their nanoscopic 
element is unique among biomaterials such as polymeric 
micelles and liposomes, which are limited by their in vivo 
instability, non-uniform dispersity, and lack of control over 
shape and size below the critical micelle concentration 
[38]. Dendrimers, on the other hand, are stable unimolecu-
lar micelles with well-defined size and shape that is inde-
pendent of concentration [39–42]. Also, especially at higher 
generations, their physical properties differ from those of 
linear polymers [43–47], hallmarks that attract researchers 
to explore the dendritic scaffold as an attractive alternative 
to traditional polymer frameworks. Together, these features 
open new opportunities beyond the development of micelles 
initially proposed by Newkome et al. in their seminal report 
[1]. Indeed, dendrimer research is now mostly application-
oriented with proven successes in catalysis [48–50], sensing 
[51, 52], and imaging [53, 54], as well as in drugs, genes and 
agrochemicals delivery [31, 55–58].

Application-driven investigation of dendrimers is a 
vibrant and growing field with numerous breathtaking 
developments in many areas (Fig. 2), biomedicine included. 
To put these advances in perspective, many experts have 
written excellent reviews on dendrimers, but the prolific 
contributions of researchers in field continually push the 
frontiers into new landscapes, opening new opportunities 
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and challenges, and therefore, creating a need for frequent 
reviews and perspectives. Here, it is our goal to present 
application-driven investigations that exploit the dendritic 
structure to implement novel concepts, with the goal of 
addressing biomedical needs. Using selected research 
contributions, we aim to inspire continuous exploration of 
dendrimers as platforms to address many unmet needs in 
biomedicine.

2 � Dendrimers in Biomedicine

2.1 � Gene, Drug, and Vaccine Delivery

To address unmet clinical needs, researchers are explor-
ing many fields including dendrimers for new diagnostic, 
prophylactic, and therapeutic platforms. Indeed, many 
commercial medical technologies incorporate dendrimers 
as functional units for advanced performance. For example, 
Dendritic Nanotechnologies, founded by Tomalia, leveraged 
the amenability of dendrimers to multi-functionalization to 
engineer and modify their proprietary dendrimer, Priostar®, 
into a dendrimer-enabled technology, PrioFect® Reagent, 
for DNA and siRNA transfection [59]. SuperFect®, another 
commercially available dendrimer-enabled medical technol-
ogy, transfects nucleic acids into cells using a cationic den-
drimer that interacts with the anionic phosphate groups of 
nucleic acid to form compact dendrimer/DNA polyplexes, 
which then enter cells via non-specific endocytosis [59].

Some cationic dendrimers have been successfully trans-
lated into marketable gene vectors, but their low transfec-
tion efficiency, as well as the poor post-transfection cell 
viability, create a need for a better technology. Toward this, 
Wang et al. functionalized poly(amidoamine) (PAMAM) 
dendrimer with hydrophobic and lipophilic fluoro groups 
to increase affinity for and permeation through the cell 
membrane [60]. As fluorination lowers surface energy, 
the fluorinated dendrimers aggregate at low concentra-
tions, triggering the condensation of plasmid DNA into 
polyplexes at very low nitrogen to phosphorus (N/P) ratio. 
Achieving gene transfection at a low N/P ratio mitigates 

Fig. 1   Schematic of dendrimer 
showing the core, branches, 
termini and nanocavities
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toxicity and ensures cell viability. The fluorinated den-
drimer outperforms commercial transfection agents such 
as SuperFect® and Lipofectamine 2000 in transfecting 
enhanced green fluorescent protein plasmid into the human 
embryonic kidney and human cervical carcinoma (HeLa) 
cells (Fig. 3). The fluorinated dendrimer is inactive to fetal 

bovine serum proteins, retaining up to 55% DNA transfec-
tion efficiency in HeLa cells in contrast to Lipofectamine 
2000 that almost loses its efficacy. Compared with the 
parent PAMAM dendrimer, fluorination enhances cellu-
lar uptake (~ 100%) of DNA into HeLa cells and promotes 
endosomal escape from the polyplexes [60].

Fig. 3   Depending on the N/P ratio, fluorinated PAMAM dendrimers 
can outperform commercial Lipofectamine in transfecting enhanced 
green fluorescence protein plasmid into (a, c) HEK293 and (b, d) 

HeLa cells. Reproduced from Ref. [60] with permission of Macmillan 
Publishers Limited
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Delivery systems are critical to therapeutic efficacy [61], 
and therefore, must be designed to ensure the biocompat-
ibility and bioavailability of their cargoes. Solubility-limited 
bioavailability renders 40–70% drug candidates ineffective 
[62], and new strategies are intensively pursued to bolster 
drugs’ solubility, as well as to enhance drugs’ permea-
tion through physiological barriers. An approach tunes the 
dendritic scaffold via functionalization to enhance solu-
bility, permeation and cellular uptake. For instance, Gao 
et al. modified the water solubility and bioavailability of a 
PAMAM dendrimer that encapsulates baicalin, a flavonoid 
reported for antitumor activity, by conjugating folic acid to 
the dendrimer’s termini [63]. The presence of the folic acid 
on the dendrimer enhances baicalin’s solubility and endowed 
the dendrimer–drug complex with target-specificity, lead-
ing to increased drug uptake by the folate receptor-positive 
HeLa cancer cells. As another approach, the Gu group used 
an enzyme-cleavable peptide linker, glycylphenylalanyl-
leucylglycine, to conjugate an anticancer drug, doxorubicin 
or gemcitabine, to PEGylated peptide-based dendrimers 
[64–66]. The conjugates self-assembled into nanoparticles 
that release the drug in the presence of enzymes such as 

cathepsin B. For example, dendrimer–gemcitabine conjugate 
releases over 80% of gemcitabine in a cathepsin B-secreting 
cancer cells compared to non-secreting cells [66] (Fig. 4). 
The nanoparticles accumulate within tumor tissues, localiz-
ing the drug to enhance efficacy. Indeed, compared with the 
free gemcitabine hydrochloride, the conjugate more effec-
tively suppresses tumor growth in mice with 4T1 murine 
breast cancer model without side effects (Fig. 4) [66].

The dendritic architecture is unique among polymers 
due to the presence of nanocavities (Fig. 1), which func-
tion as depots for diverse cargoes including therapeutics 
[67–70]. For instance, Nguyen et al. loaded cisplatin or 
5-fluorouracil, well-known anticancer drugs, into carbox-
ylated or PEGylated PAMAM dendrimers, respectively 
[71]. PAMAM dendrimers are a versatile platform to 
encapsulate drugs, for instance, their amines can coor-
dinate to platinum, entrapping cisplatin or can hydrogen 
bond to 5-fluorouracil. Enabled by these interactions, the 
carboxylated and PEGylated dendrimers encapsulate up 
to 27% cisplatin and 35% 5-fluorouracil, respectively, 
within their nanocavities, and slowly release these car-
goes [71]. As the electrostatic interaction between the 
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cationic dendrimer’s termini and anionic cell membrane 
harm cells, it is essential to PEGylate or alkylate the 
termini to mitigate these interactions and enhance bio-
compatibility. Indeed, these modifications reduce the 
cytotoxicity of the dendrimer without compromising the 
therapeutic efficacy of the entrapped drugs, which remain 
active against NCI-H460 lung cancer cell and MCF-7 
breast cancer cells [71].

Also, Conti et al. used an amine-terminated PAMAM 
dendrimer to complex and deliver siRNA to lung epithe-
lium with up to 40% silencing efficiency [72]. In vitro, 
the N/P ratio has an insignificant effect on release profile, 
which strongly depends on pH. siRNA release is slower 
at pH 5 than at pH 7.4 (Fig. 5), a reasonable finding since 
acidic pH protonates the dendrimer’s amines, increasing 
binding affinity between cationic amines and the anionic 
siRNA, and ultimately reducing release rate. Conversely, 
physiological pH 7.4 deprotonates the tertiary amines, 
weakening the interaction between the dendrimer and the 
siRNA, and enhancing release rate. Also, the compact 
dendrimer–siRNA dendriplexes formed at pH 5 mitigates 
burst release, which is evident at pH 7.4 (Fig. 5). Conti 
et al. formulated these dendrimer–siRNA dendriplexes 
into a hydrofluoroalkane-based pressurized metered-dose 
inhaler to deliver siRNA to lungs [72].

Modern medical practice is advancing towards thera-
nostic technologies that integrate drug delivery, target-
specificity, and diagnostics in a single platform to local-
ize and monitor treatment in real time [73, 74]. These 
platforms are particularly important in cancer therapy, 
where systemic toxicity and response to treatment are 
crucial to successful disease management. In this regard, 
dendrimers are an excellent candidate because of their 
flexibility towards multi- or hetero-functionalization. 
Zhang et al. leveraged this flexibility, designing a multi-
functional aptamer sgc8-based DNA dendrimer that tar-
gets and images cancer cells as well as specifically deliv-
ers drugs to cancer cells [75]. The dendrimer achieves 
target specificity thanks to its aptamer sgc8 tags that 
recognize and enter human T-cell acute lymphoblastic 
leukemia cells via receptor PTK7-mediated endocytosis. 
Fluorescein isothiocyanate tags on the dendrimer enable 
real-time visualization of target and endocytosis of the 
DNA–dendrimer nanoparticles into the cells. Zhang and 
coworkers exploited the presence of a significant number 
of DNA base pairs in the dendrimer to intercalate doxoru-
bicin between guanine–cytosine pairs. In vitro cytotoxic-
ity assay proved the sgc8-based DNA dendrimer as an 
excellent technology to target cancer cells because unlike 
free doxorubicin, the intercalated drug specifically inhib-
its cell proliferation in human T-cell acute lymphoblastic 
leukemia cells significantly more than in control cells 
[69].

2.2 � Antiseptic Agents

Microbial infections present a threat to our society as 
revealed by the World Health Organization global health 
statistics of 429,000 deaths from malaria, 1.1  million 
from HIV-related illnesses, 1.3 million from hepatitis, and 
1.4 million from tuberculosis in 2015 [76]. In the same year, 

Fig. 5   Small interfering RNA release from dendrimer strongly 
depends on pH with little effect from N/P ratio. a N/P = 10; b 
N/P = 20; c N/P = 30. Reproduced from Ref. [72] with permission of 
the American Chemical Society
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the economic burden was enormous considering that more 
than 1.6 billion people sought medical treatment for infec-
tious diseases [70]. The prevalence of drug-resistant infec-
tions worsens this bleak scenario, emphasizing the need 
for an action plan [77]. Toward this, many research groups 
are developing potent antimicrobial agents to replenish the 
exhausted pipeline. The Abd-El-Aziz group developed a 
library of antimicrobial agents including those based on 
the dendritic scaffold (Figs. 6, 7, 8) [78–81]. They used the 
redox active organoiron sandwich complex, η6-dichloro-
η5-cyclopentadienyliron(II) complex as a functional and 
structural motif to construct several dendrimers that exhibit 
potent activity against infection-causing microorganisms. 
The redox active iron centers trigger the formation of free 
radicals, such as reactive oxygen species (ROS), to harm the 
microorganisms [78, 79]. Field-emission scanning electron 
microscopy reveals that these positively charged dendrimers 

interact with and compromise the structural integrity of the 
negatively charged cell membrane of methicillin-resistant 
Staphylococcus aureus (MRSA) [78]. Capping the dendrim-
ers with piperazine [80], 2-mercaptobenzothiazole [79] or 
quaternary ammonium group [79] improves the antimicro-
bial activity. Capping with piperazine, for instance, resulted 
in 1.3-, 2.6-, and 11.4-fold increase in activity against 
vancomycin-resistant Enterococcus faecium, MRSA, and 
Staphylococcus warneri, respectively. High generation 
piperazine-terminated dendrimers exhibit anticancer activ-
ity against MCF-7 and HTB-26 breast cancer cells [80]. 
Importantly, these activities are selective because the den-
drimers are inactive towards human epidermal keratinocytes, 
and human foreskin BJ fibroblast cells at concentrations that 
exceed their antimicrobial IC50s [78–80]. Also, the dendrim-
ers are inactive towards Gram-negative bacteria under the 
experimental conditions.
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Structure permitting, cationic polymers, including den-
drimers, are broad-spectrum antimicrobial agents, acting 
against Gram-positive and Gram-negative bacteria [82–86]. 
As an example, a cationic dendrimer designed by capping 
PAMAM dendrimer with a quaternary ammonium com-
pound, 1-hexadecyl-azoniabicylo[2.2.2]octane, inhibits the 
growth of S. aureus, Bacillus cereus, Pseudomonas aerugi-
nosa, and Escherichia coli at low micromolar MICs [87]. 
The activity of the dendrimer against these microorganisms 
is by an order-of-magnitude higher than that of 1-hexadecyl-
azoniabicylo[2.2.2]octane due to multivalency [87], which 
also explains the over two order-of-magnitude increase in 
activity of 2-mercaptobenzothiazole against MRSA, VRE, 
and S. warneri when conjugated to a dendritic scaffold [79]. 
Multivalency also accounts for the reduced tendency of the 
dendrimer to trigger the development of resistance in E. 
coli and B. cereus towards 1-hexadecyl-azoniabicylo[2.2.2]
octane [87]. Further, the dendrimer is inactive toward estab-
lished biofilms due to its large size, but inhibits the growth 
of S. aureus biofilms on a dendrimer-treated surface (Fig. 9). 
Recently, photoactive cationic zinc or ruthenium phthalocya-
nine dendrimers photogenerate singlet oxygen to inactivate 

S. aureus, E. coli, and Candida albicans [88]. The zinc-con-
taining dendrimer generates higher 1O2 and is more active 
against the microorganisms than the ruthenium congener. 
Increasing the positive charge from 4 to 8 has little impact 
on activity [88].

2.3 � Tissue Engineering and Regenerative Medicine

Tissue engineering and regenerative medicine promise revo-
lutionary clinical therapies to meet patients’ needs [89]. Suc-
cess in this area depends, among other critical factors, on 
the scaffolds used to engineer and promote cell proliferation 
and tissue regeneration. The dendritic scaffold is attractive 
in this regard because it provides a 3D platform for cells to 
grow and attach, as well as tunability to control biodegrada-
tion and mechanical properties, which are crucial to tissue 
regeneration. By conjugating hydrophilic polymers such as 
poly(ethylene glycol) or hyaluronic acid to the PAMAM 
dendrimer, hydrogels, hydrated 3D materials, are designed 
to support cell proliferation [90–94]. Wang and coworkers, 
for instance, constructed an arginylglycylaspartic acid-mod-
ified PAMAM dendrimer and crosslinked it with hyaluronic 

Fig. 7   Schematic of a quater-
nary ammonium-terminated 
dendrimer
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acid to form a hydrogel that promotes the proliferation of 
bone marrow stem cells [93]. In this design, the dendrimer 
provides the 3D scaffold, the hyaluronic acid contributes 
to the formation of the hydrogel network, which promotes 
cell migration, and the arginylglycylaspartic acid enhances 
cell attachment and proliferation. While PAMAM den-
drimer–hyaluronic acid hydrogel support bone marrow stem 
cell proliferation, the presence of the arginylglycylaspartic 
acid prevents cell aggregation and enhances cell attachment 
and proliferation [93].

Beyond providing the 3D template, the dendritic scaf-
fold tunes the mechanical properties by creating microen-
vironments with distinct swelling properties. Jia and cow-
orkers advanced the mechanical property of poly(lactic 
acid)-b-poly(ethylene glycol)-b-poly(lactic acid) hydrogels 
by cross-linking them with PEGylated and peptide-mod-
ified PAMAM dendrimers [92]. Crosslinking the block 
copolymer with the dendrimer tunes the swelling, deg-
radation, and mechanical properties of the hydrogel, and 

promotes cell attachment, differentiation, and prolifera-
tion. To illustrate, crosslinking with 2 or 20% PEGylated 
and peptide-modified PAMAM dendrimer decreases the 
swelling ratio from 1000 to 300 or 180%, respectively. 
The hydrogel degradation time and mechanical stiffness 
increase with the concentration of the dendrimer. Stiff-
ness, for instance, increases until a critical point where a 
further increase in the dendrimer concentration yields a 
weaker network, lowering elastic moduli due to increasing 
intra- and intermolecular crosslinking among the dendrim-
ers. At this critical point, the hydrogel withstands a broad 
range of deformation until 1000% strain, which is desir-
able for bone or tissue regeneration under conditions of 
high mechanical strain. Compared to the block copolymer-
based hydrogel, crosslinking with the dendrimer ensures 
cell viability of mouse bone marrow mesenchymal stem 
cells, while the presence of the peptide, arginine-glycine-
(aspartic acid)-(d-tyrosine)-cysteine, enables these cells to 
attach and proliferate better. The 3D dendritic framework 
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creates a culture medium where cells maintain their natu-
ral morphology and interact with their environment.

The dendrimer generation affects cell viability as dem-
onstrated by Murugan and Arumugam, who conjugated 

poly(propylene imine) (PPI) dendrimer to multi-walled 
carbon nanotubes to form nano-hybrids for bone tissue 
engineering [91]. Their results suggest that human bone 
cancer cells are less viable in the hybrid developed from a 

Fig. 9   a Schematics of a 
1-hexadecyl-azoniabicylo[2.2.2]
octane-terminated dendrimer. b 
Pre-treatment of membrane with 
dendrimer inhibits growth of 
S. aureus biofilm. Reproduced 
from Ref. [87] with permission 
from the American Chemical 
Society
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third-generation than a second-generation PPI dendrimer. 
Also, the orientation of the dendrimer and the conjugated 
peptide to the cells influences the degree of cell proliferation 
[90]. Perez-Inestrosa and coworkers, for instance, showed 
that while pre-treating a polystyrene surface with arginyl-
glycylaspartic acid-modified PAMAM dendrimer enables 
mesenchymal stem cells to attach, the extent of prolifera-
tion depends on the orientation of the peptide–dendrimer 
complex to the surface [90]. A peptide–dendrimer orienta-
tion better promotes cell attachment and proliferation than a 
dendrimer–peptide one (Fig. 10). For instance, after 10 days, 
surfaces treated with peptide–dendrimer contained 6.8 ± 105 
cells/mL, which are significantly more than the 4.6 ± 105 
found with dendrimer–peptide.

2.4 � Diagnostic

Diagnosis is an essential component of clinical procedures 
that provide information on disease conditions based on 
sensing or imaging modalities. The process is often chal-
lenging given the complexity of biological specimens, 
which affect sensitivity and specificity, as well as the non-
specificity of many disease symptoms. Researchers are, 
therefore, developing new methodologies to enhance sen-
sitivity and specificity. In this regard, dendrimers are an 
attractive platform to develop these methods, due to the 
flexibility of conjugating sensing or imaging probes at pre-
cise locations within the scaffold. The Abd-El-Aziz group 
demonstrated this flexibility by decorating η6-arene-η5-
cyclopentadienyliron(II)-derived dendrimers with various 
photoactive molecules, such as naphthol [95], pyrene [96], 

and tetraphenylethene [97], molecules that are well-explored 
in sensing and imaging biological events [98–102]. The 
presence of η6-arene-η5-cyclopentadienyliron(II) moieties 
endows the dendrimers with redox activity, an electrochemi-
cal phenomenon that is well-utilized in many sensing pro-
tocols [103, 104]. For instance, the redox–active ferrocene 
mediates electron transport in many commercially available 
state-of-the-art electrochemical glucose sensors [105, 106].

Şenel et al. fabricated a glucose biosensor that incorpo-
rates an asymmetric ferrocene-cored PAMAM dendrimer 
(Fig. 11), immobilized with glucose oxidase (GOx) and 
3-mercaptopropionic acid on a gold electrode [107]. In the 
absence of glucose, only the ferrocene redox process is evi-
dent (Fig. 11). On addition of glucose to the electrochemi-
cal cell, the oxidation current increases as GOx catalyzes 
the oxidation of glucose, while the redox–active ferrocene 
enables efficient transport of electrons between the enzyme 
and the electrode (Fig. 11). Changing the generation of the 
dendrimer tunes the sensitivity and the response time with 
these parameters increasing at higher generations. Appar-
ently, binding sites for the enzyme multiply at higher genera-
tion, leading to increased electron transport, which eventu-
ally results in higher sensitivity. The fabricated electrode 
is robust, maintaining 90% of its activity after 20 days and 
reliably measuring glucose levels in a human serum sample.

In addition to acting as an electron mediator, as dem-
onstrated by Şenel et al. [107], the dendrimers can func-
tion in another capacity in sensing platforms. Zeng et al., 
for instance, designed a mediator-less glucose sensor that 
incorporates PAMAM dendrimers, which enhances the 
aqueous solubility of a carbon nanotubes (CNTs)-based 

Fig. 10   Orientation of peptide–
dendrimer conjugate prolifera-
tion and attachment of mesen-
chymal stem cells; a untreated; 
b treated with dendrimer–pep-
tide conjugate; c treated with 
peptide–dendrimer conjugate; 
d c after trypsin digestion. 
Reproduced from Ref. [90] with 
permission from The Royal of 
Society of Chemistry
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sensing technology [108]. Xu et al. also reported a robust 
dendrimer–CNTs-based hydrogen peroxide sensor, where 
the dendrimer encapsulates electrocatalytic platinum nano-
particles, an excellent catalyst for the reduction of hydrogen 
peroxide [109].

Şenel et al. fabricated a ferrocene-cored PAMAM den-
drimer-based immunosensor that detects prostate-specific 
antigen (PSA) [110] and a cytosensor that senses human 
gastric adenocarcinoma cells [111]. To assemble the immu-
nosensor, they covalently conjugated a monoclonal antibody 
of prostate-specific antigen (anti-PSA) to the dendrimer, 
then immobilized it on a cysteamine-coated gold electrode 
[110]. The electrode response depended on the ability of 
PSA to bind anti-PSA, thereby insulating the electrode sur-
face and precluding electron diffusion from the redox center 
to the electrode with a resultant decrease in current. Differ-
ential pulse voltammetry revealed that signal decreases as 
the concentration of PSA increases [110]. Compared with 
lower generation dendrimers, the higher congeners give 
lower current responses and higher noise levels [110]. Şenel 
et al. also fabricated a dendrimer-based cytosensor to detect 
human gastric adenocarcinoma cells (AGS) by leveraging 
the cells’ overexpressed folate receptors and sialic acid for 
selectivity [111]. Their approach involves immobilizing a 
folic or boronic acid-modified PAMAM dendrimer on a 
cysteamine-coated gold electrode with a fabricated electrode 
exhibiting detection limits of 20 cells/mL. Selectivity toward 
the cancer cells in the presence of human embryonic kidney 

cells was achieved due to the high affinity of folic acid for 
the receptors, or boronic acid for sialic acid [111].

Bioimaging has also benefited from the tunability of the 
dendritic scaffold to enhance performance. In magnetic reso-
nance imaging (MRI), for example, the low signal associ-
ated with gadolinium-based small molecule contrast agents 
is bolstered by labeling dendrimers with a high payload of 
gadolinium to enhance the overall longitudinal relaxivities 
[112]. Cheng et al. demonstrated this, engineering gadolin-
ium-labeled, folic acid-modified PAMAM dendrimer into 
nanoclusters for in vivo imaging. The relaxivities per gado-
linium are higher in the dendrimer nanoclusters than in a 
molecular diethylenetriaminopentaacetic acid chelator. The 
presence of folic acid endows the nanoclusters with the capa-
bility to target folate receptor, enabling magnetic resonance 
imaging of folate-positive tumor in mice with subcutaneous 
KB cell xenografts.

2.5 � Cancer Phototherapy

Cancer remains a leading cause of death globally, killing 
8.8 million people in 2015 [113]. Scientists are interested in 
reducing this burden, aiming to introduce new non-invasive 
treatment modalities that complement established modalities 
such as surgery, radiotherapy, and chemotherapy. Photother-
apy is emerging as a non-invasive modality to treat cancer 
with the research groups of Kono [114–116] and Kataoka 
[117–119] being at the forefront of this pursuit developing 
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dendrimer-based photothermal and photodynamic thera-
pies to treat superficial tumors. Kono et al., for instance, 
constructed a dendrimer-based photothermal technology 
that features surface plasmon resonance in the near infra-
red (NIR) region [114]. They accessed these dendrimers by 
conjugating a cystamine-cored PEG-modified PAMAM den-
drimer to gold nanorod (GNR) to form a dendrimer–GNR 
hybrids, which generate heat on NIR irradiation, increas-
ing the temperature of tumor in mice, a phenomenon that 
decrease the tumor volume. As a different strategy, Kataoka 
and coworkers employed the nanocavities of PAMAM and 
PPI dendrimers to encapsulate photosensitizers, rose bengal 
and protoporphyrin IX, which on irradiation, generate sin-
glet oxygen that are cytotoxic to cancer cells [116]. Their 
contributions further expand the scope of biomedical appli-
cation of dendrimers.

3 � Conclusion

Since the seminal reports of Newkome and Tomalia, sig-
nificant progress has occurred in the field, pushing the 
frontier into diverse landscapes including biomedicine 
(Fig. 2). Today, dendrimer-enabled biomedical technolo-
gies are commercially available and many are in clinical 
trials. The motivation stems from the ability to functionalize 
dendrimers as well as the close to uniform dispersity, and 
the solubility properties of dendrimers. No doubt, a den-
drimer remains a promising scaffold to develop biomedical 
technology but its tedious iterative synthesis poses an obsta-
cle to large-scale commercialization. Besides, most of the 
investigations explore the PAMAM dendrimer, leaving other 
dendrimers such as metallo-dendrimers under-exploited. We 
recommend a shift to other families of dendrimers, as well 
as the development of accelerated synthetic routes that are 
less tedious and more amenable to scale-up. The issues of 
cyto- and eco-toxicity must be addressed if these macro-
molecules are to be translated into marketable products to 
assist patients and other consumers. It is, therefore, impor-
tant that dendrimers be optimized for biocompatibility as 
well as eco-compatibility.
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