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Abstract

 Nanovectors advocate extensive scientific advancement for feeding safe and efficient pharmaceutical delivery systems. 
Embraced as both organic and inorganic vectors, these nanovectors can be designed and engineered with various layers of 
complexity to achieve therapeutic targeting and ensuring effective pharmacotherapy for disease management. A substantial 
challenge that the most therapeutic agents face is an inability to penetrate effectively to the target site. Chemical methods offer a 
solution to allow safe, controlled release and specific delivery of therapeutic molecules to the target tissue. Chemical targeting of 
vectors to diseased tissues or macrophages can utilize molecular recognition units for decorating the surface of particles or 
molecular units responsive to diseased microenvironments or remote stimuli. This review aims to provide insights into the 
sophisticated chemical vectors designing and characterization that can be used as carriers for implication in nanotechnology. 
Further, desired characteristic properties of nanovectors essential for therapeutic delivery have been stressed in the 
communication. Additionally, the current trends and novel concepts for mannose receptor macrophage-specific drug or gene or 
antigen targeting that use conjugation or encapsulation pathways for binding targeting moieties have been addressed.
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1. Introduction:

 Targeted drug/gene delivery has encouraged the 
development of nanovectors owning complex 
structures and functionalized surfaces. Vectors must 
navigate a series of obstacles before the therapeutic 
payloads, e.g. all forms of biological molecules such as 
proteins, peptides, nucleic acids (i.e., DNA/RNA/ 
PNA/LNA as genes and ribozymes/DNAzymes), 
lipids and fatty acids, etc., could target a diseased tissue. 
Chemical vectors include polymeric nanoparticles, 
liposomes, micelles, nanocapsules, solid lipid 
nanoparticles (SLN), lipid–polymer hybrid systems, 
peptides, dendrimers, and biopolymers, which are 
potentially non-toxic, easy to be produced on a large 

1-4scale, and easily modified.  The therapeutic ligand can 
be encapsulated or conjugated chemically or interact 
electrostatically with these chemical vectors. Surface 
modification of these vectors could improve their 
longevity, bioavailability, tissue targeting, and 
intracellular penetration, and, therefore, provide a range 
of opportunities for efficient delivery of anticancer 
drugs, genes, and diagnostic agents. A wide range of 
chemical vectors (viral and non-viral) have been 
established and exploited for intended utility which 
sufficiently reflect the scope of envisioned applications 
and vibrancy underlying this field. Following the 

development in the area of delivery systems, next 
comes the ability to potentially enhance the therapeutic 
efficacy by cell-specific targeted delivery of therapeutic 
agents.
 Macrophages are known as “doubled-edged sword” 
that act as an immune monitor as well as have an 
inhibitory effect against infection. Prominently, 
Resident Tissue Macrophages (RTM) are involved in 
all types of inflammatory and pathological states 
including atherosclerosis, rheumatoid arthritis, cancer 
and neuro-inflammatory diseases, where they play a 
crucial role in the initiation and maintenance of the 
inflammatory processes that ultimately lead to tissue 

5destruction.  Macrophages reside and express in 
different cell types such as Kupffer cells in liver, 
microglia in neural tissues, alveolar in lungs, osteoclast 
in bone, and monocytes in blood, as depicted in Figure 
1 .  Accordingly,  activation of these resident 
macrophages occurs due to disparate stimuli such as a 
microbial attack, necrotic cells and activated 
lymphocytes that trigger the release of different 
macrophage polarization states. The monocyte upon 
migration in the tissues differentiates into macrophages 
which lead to the expression of various cellular 
receptors allowing macrophages to efficiently sense 

5,6and internalize particulate matter.  

Figure 1.  Graphic illustration showing presence of resident macrophages in different tissues
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 In general, macrophages have been categorized into 
two types depending on their functions and phenotypes 
i.e. macrophage M1 (pro-inflammatory) and 

7macrophage M2 (anti-inflammatory).   M1 and M2 are 
converted from other macrophages by the action of 
IFN-γ and Th2 cells, respectively. Due to the 
participation of these macrophages as sole or mixed 
phenotypes in a large number of inflammatory diseases 
and malignancy, these have been considered as the 

8potential target intended for targeted drug delivery.  The 
specific development of therapeutic drug targeting to 
macrophages would be considerably facilitated if the 
mechanisms of interaction between the macrophage 
membrane and the carrier, along with the subsequent 
uptake mechanisms could be explored. Macrophage 
surface expresses a variety of plasma membrane 
receptors (scavenger, mannose, folate, tuftsin, and Toll-
like receptors TLRs) that recognize susceptible binding 

9ligand.  Apart from other receptors, our primary focus is 
to elaborate mannose receptor (MR) and identify 
molecules with a similar range of MR binding 
efficiency such as mannose, fucose, glucose, maltose, 
glucan, mannan and other ligands. Over the past several 
decades, many important discoveries in the field of 
biomedical sciences have been inspired by MR 
targeting macrophages as a therapeutic intrusion. The 
present  review stresses  specif ical ly  on the 
carbohydrate-based nanovectors and targeting ligands 
and their role in achieving MR macrophage target-
specif ic  del ivery and intracel lular  pharma-
cotherapeutics. 

1. Macrophage Plasma Membrane Receptors 
(MPMR)

 Macrophage expresses a variety of membrane 
receptors enabling recognition and uptake of foreign 
substances. These include the family of scavenger 
receptors (collagenous and non-collagenous), Toll-like 
receptors (TLRs), carbohydrate-binding lectins 
(mannose, fucose, N-acetyl glucosamine, glucose, 
xylose and galactose as the targeting agent), phagocytic 
receptors, complement receptors, Fc receptors (Fc as 
the targeting agent), tuftsin receptor (tuftsin as the 
targeting agent), dectin (NK-like C type lectin-like) 
with major emphasis on mannose receptors, as shown in 
Figure 2. The membrane receptors perform their 
functions by various modifications on self-ligands and 
their uptake occur either directly or through 

10opsonization process in different body compartments.  
Therefore, delivery of a therapeutic molecule to 
macrophages may be enhanced through surface 
modification resulting in penetration of bioactive 
molecule at the specific site of infection. Opsonization 

is the vital immune response mechanism for invading 
pathogens that encompass on recognizing and 
e n g u l f i n g  p a t h o g e n s / m i c r o b i a l  c l e a r a n c e . 
Mechanistically, drug molecule coated with opsonin 
molecules, for instance, complement proteins such as 
C1q complex, C3b and iC3b antibodies (notably IgG 
and IgM isotypes), fibronectin and circulating protein 

11,12aggravates phagocytosis.  Particles of different 
physicochemical properties may attract different arrays 
of opsonin. Herein, varieties of receptors have been 
explained superficially, but we have restricted our 
concern to mannose receptors and its subfamilies.  

2. Structure and role of Macrophage Mannose 
Receptors (MMR) in pathological conditions 

 Mannose receptors belong to C-type lectin receptors 
(CLRs) superfamily and are 180 kDa Type I 
transmembrane proteins composed of a single subunit 
of N- and O-linked glycosylation, and distinct five 
domains present on the extracellular regions listed as N-
terminal cysteine-rich region that recognizes sulfate 
sugar residues (Cys-MR),  8 C-type lectins 
Carbohydrate-Recognition Domains (C R Ds) 

2+ performing Ca dependent  mannose recognition, a 
fibronectin II like insert, elongated cytoplasmic tail 
containing motifs intended for endocytosis and 

13endosomal activity in the cytoplasmic region,  briefly 
illustrated in Figure 2. Mannose receptors are 
expressed on different cell surfaces such as dendritic 
cells (DCs), Kupffer, alveolar region, dermal, 
endothelial as well as mucosal lining which enable the 
delivery of active molecule at the specific site resulting 
in significant improvement in the therapeutic index. 
Mannose receptors can recognize mannose, fucose, 
m a l t o s e ,  g l u c a n ,  m a n n a n ,  g a l a c t o s e  a n d 
polysaccharides present on the surface of pathogenic 
bacteria, thus have significant role for cell specific drug 
delivery resulting in antimicrobial and anti-

14inflammatory effects.  Prominently, MMR has two 
main subtypes such as Mannose Receptor C type1 
(MRC1) and Mannose Receptor C Type 2 (MRC2) 
along with four important members that exist in 
mammals as CD206 cluster, endo180 (CD280), 
Phospholipase A (2) receptor (PLA (2) R), CD-205 
which advocate for variety of biological responses such 
as activation of innate and adaptive immune responses 
in tumor/malignancies, tuberculosis, viral infections 
and engulfing/phagocytic behavior against various 
pathogenic microorganisms. Significantly, CD206 is 
endowed with immune recognition of  a  broad  
spectrum of pathogens, antigen internalization and 
presentation, tissue repair as a novel therapeutic target. 
CD206 is a biomarker for alternatively activated 
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macrophage M2 and specifically recognizes 
15mannosylated and sulphated carbohydrates.  Mannose 

receptors endowed as a prognostic marker in disparate 
16pathological conditions such as liver cirrhosis,  

17 14hepatitis,  rheumatoid arthritis,  dengue viral 
18infection.  Mannose receptors are overexpressed on 

A n t i g e n  P r e s e n t i n g  C e l l s  ( A P C s )  a t  t h e 
infection/inflammation sites and macrophages 
considered as appropriate candidates for targeting the 
diseased state. This way, mannose receptors have 
become center of attention in the development of an 
active targeting nanocarrier system for therapeutic drug 
and gene delivery.  

3. Mannosylated nanovector for MMR targeting 

 Mannose is widely used monosaccharide for treating 
various pathological diseases and the generation of 
immune responses. Mannose effectively combines with 
disparate drugs, gene, antigen, photosensitizer for 
enhancing immunotherapy, photothermal therapy, and 

19chemotherapy and microbiocidal action.  Nanocarrier 
systems for macrophage delivery render several 
benefits over traditional delivery including improved 
treatment strategies, declined peripheral side effects, 
augmented drug shelf life and worthwhile intracellular 
targeting. Remarkably, physicochemical properties of a 
nanovector must render cationic charge and mannose 

structure which would be recognized by mannose 
receptors present on the infected macrophages. Over the 
last few years, enormous research has been implicated 
for the development of mannosylated nanocarrier 
system using different biomolecules/ organic/ inorganic 
molecules such as polymeric nanovectors, lipid-based, 
cyclodextrin, mannosylated liposomes, niosomes, 
nanodots, nanoparticles, galactomannan (guar gum) 

20based nanoparticles.  A recent study by Shahnaz et al. 
has revealed that mannose-linked thiolated chitosan 
(TC) nanocarrier, loaded with amphotericin B, has been 
explored for treating visceral leishmaniasis. It has been 
observed that combinatorial nanocarrier improves 
bioavailability, pharmacodynamic and pharma-
cokinetic profile of the active drug, consequently 
enhances treatment outcome. Modification of TC 
polymer with mannose ameliorates particle loaded drug 
uptake by macrophages surrounding Leishmania 

2 1amast igotes .  Vossen and co-workers  have 
demonstrated the accumulation of PEGylated dendritic 
polyglycerol (PG–PEG), decorated with mannose and 
conjugated with the anti-parasitic drug (amphotericin 
B), in the phagolysosomes in leishmaniasis-infected 
macrophages and these nanosynthesized conjugates 
target specifically CD205 receptors overexpressed in 

22parasite infections.  In another study, Zhang et al. 
demonstrated that mannosylated hyaluronan based 

 www.trendscarbo.com

Figure 2.  Pictorial visualization of macrophages expressing different cell surface receptors, specifically 
targeting mannose receptors (MRs).
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nanohybrids for transfection studies showed enhanced 
transfection of its plasmid DNA complexes because of 
the improved uptake facilitated by a receptor-mediated 

23phenomenon.  The authors showed that higher uptake 
of the complexes in macrophages provided evidence to 
support this concept exhibiting potential of such 
nanohybrids as macrophage targeted gene delivery 
vectors. Mannose-mediated transfer of therapeutic 
cargos into dendritic cells was also achieved 
successfully expressing the mannose receptors. The 
study demonstrated the targeted delivery of mannose 
and immune adjuvant CpG oligonucleotide loaded with 
tumor-specific TRP2 peptide as theranostic against 

24tumor upregulation in dendritic cells.  Recent research 
by Li et al. has shown the efficacy of siRNA delivery as 
a therapeutic agent, employed for the management of 
malignant bone tumor. They designed layered double 
hydroxide (Aluminium and magnesium) nanoparticle 
fabrication, functionalized with mannose, with siRNA 
for efficient gene delivery to osteosarcoma site. 
Mannose-decorated nanocomposites reported efficient 
cellular uptake via receptor-mediated internalization 
due to strong affinity for receptor binding that was 
highly expressed on the cancer cell membrane. 
Protonation of amine groups present in nanocomposite 
promoted siRNA release through the “sponge effect” in 

25the endosome.  Recently, polyethylenimine (PEI) 
functionalized single-walled carbon nanotubes 
conjugated with viral antigen protein and mannose for 
delivery of nanovaccine in fish for the cure of viral 
outbreak has been reported. It has been clearly 
mentioned that insertion of mannosylated peptides, as 
well as therapeutic agent, provoke T cells production 

2 6leading to more robust immune responses.  
Macrophages present on the surface of the alveolar 
region perform dual behavior via phagocytic action and 
systemic clearance of nanocarrier for maintaining 
bioavailability. Such peculiar behavior encouraged 
Costa et al. for synthesizing mannose anchored solid 
lipid nanoparticles (SLN) encapsulating isoniazid 
(antitubercular drug) targeting mycobacterium 
tuberculosis-infected alveolar macrophages that are 
overexpressed on the alveoli. Lipid matrix in solid shell 
is widely used for delivering hydrophobic drug without 
enzyme degradation but herein isoniazid (hydrophilic 
drug) was conjugated using solvent emulsification-
evaporation method and delivered to infected 
macrophages. Cellular uptake and internalization 
slowed down by mannose anchored SLN due to 
competitive receptor binding and non-specific 

27interaction with lungs epithelium and alveolar surface.  
Another research by Prabhakar et al. depicted mannose 
linked polymeric nano-vehicle loaded with rifampicin-

2+Zn  for targeted drug delivery. Plausibly, mannose 
receptor binding mechanism is similar to other 

2+nanocarrier, but herein Zn  of polymeric nanoparticle 
inflates concentration of rifampicin in the intercellular 

28matrix leading to enhanced antitubercular activity.  
 He et al. investigated dual targeting nanocarrier 
comprised of mannose anchored carboxymethyl 
chitosan and hyaluronan embedding protamine sulfate-
CpG oligodeoxynucleotide (ODN) complex via self-
assembled scaffold formation. Mannose modified 
nanocarrier specifically targeted macrophages due to 
overexpressed mannose and CD44 receptor at the 
infection site. It has been illustrated that positive charge 
of protamine sulfate and negative charge of ODN 
formed complex and penetrated easily into cell 
membrane endorsing nuclear translocation along with 
biocompatible and biodegradable behavior. Dual 
targeted delivery system inflates pro-inflammatory 
cytokines level owing to strong immuno-stimulatory 

29capability in malignancy state.  Mannose receptors 
have been specifically approached for efficient gene 
del ivery for  improving ant icancer  therapy. 
Galactomannan (guar gum) conjugated with low 
molecular weight PEI formed a self-assembled 
complex where anticancer drug was entrapped within 
the shell. This complex interacted with mannose 
receptors overexpressed on macrophages residing in 
Triple-Negative Breast Cancer (TNBC). Ligand 
binding and cellular uptake revealed conformation for 
penetration via endocytosis. Further, endosomal 
swelling due to “proton sponge effect” led to endosomal 
release, which triggered gene release and transfer to 
nucleus and subsequently achieving effective gene 
therapy. The fabricated non-viral gene delivery vectors 
exhibited least toxic effects, non-immunogenicity, 

30biocompatibility and sufficient cationic charge.  
 Macrophage (M2) promotes tumor development via 
downregulating immune response mechanism, 
alternatively called Tumor-associated macrophages 
(TAM). Furthermore, TAM is considered as a 
promising therapeutic target for cancer therapy. In an 
order to establish this fact, Gao et al. designed a 
theranostic probe targeting TAM, comprised of 
aggregation induced emission core embedded in two 
flanked TAM targeting α-mannoside molecules. 
Mechanistically, TPE-Man interacted specifically with 
mannose and CD206 receptors, vastly expressed in 
TAM. On excitation with visible light radiations, 
internalized AIE sensitizes and TPE-Man generates 
reactive oxygen species (ROS) that ablate malignant 
cells and down-regulate M2 action, thus suppressing 

31tumor growth.  Delivering an antigen for generation of 
inherent immunity in the cancer patients is the new 

Mannosylated and mannan-modified nanovectors targeting Resident 
Tissue Macrophages (RTM) for fficient pharmacotherapy

75



 www.trendscarbo.com

approach as a noble treatment strategy. This concept 
was adopted by Dong et al. for transporting ovalbumin 
(antigen) which was adsorbed on multi-walled mannose 
linked carbon nanotubes. Antigen-presenting nanodots 
bound mannose receptors and subsequently engulfed by 
dendritic cells activating major histocompatibility 
complex (MHC)/peptide complex on their surface; 
which further stimulated effective activation of both 

+ +CD8  and CD4  T lymphocytes as well as released 
cytokines and finally initiated immune response which 

32proved as a key strategy for cancer immunotherapy.  
Mannose has been exploited drastically over the last 
five years with the motive to enhance disease treatment 
strategies. For enumerating better understanding, 
mannose functionalized nanocarrier have been 
illustrated diagrammatically in  Figure 3.

Figure 3. Diagrammatic representation of mannose receptor mediated cellular uptake of 
mannose-bearing nanovectors.

3. Mannan enriched nanovectors for effective 
drug/gene delivery   

 Mannan is the plant polysaccharide that owns linear 
structure containing mannose residues with β-1-4 
linkages. Mannose and glucose carve the backbone and 
their different linkages allow the formation of three 
different variants of natural polysaccharides such as 
mannan, glucomannan and galactomannan. Recently, 
mannan has been explored as nanocarrier due to strong 
binding affinity with mannose receptors (MR) and 
endocytosis mediated cellular uptake followed by 
specific delivery of a drug to the target site without 

imparting any peripheral adverse effects. Mugade et al. 
have demonstrated that mannan sulphate is an efficient 
reducing/capping agent and can be utilized for the 
production of silver nanoparticles.  The synthesized 
mannan sulphate capped AgNPs have been shown to be 
efficiently uptaken via mannose receptor-mediated 
endocytosis which can be further used for the designing 
of theranostics, wound dressings, biosensor and for 

33other biomedical applications.  A recent study by 
Bartheldyova et al. demonstrated efficient drug delivery 
by using monosaccharide, oligosaccharide and 
polysaccharide-conjugated liposomal/lipid-based 
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nanoparticles. The basic mechanism for drug delivery 
depicted as receptor-mediated endosomal engulfment 
and release of active drug at the target region along with 
activation of antigen-presenting cells, up-regulating the 

3 4immune response.  Glucomannan is another 
polysaccharide present extensively in plants and 
microorganisms. It consists of a backbone structure of 
D-mannose and D-glucose linked with β-1-4 glycoside 
linkage. It has several benefits such as outstanding 
s t a b i l i t y,  l e a s t  t o x i c i t y,  w a t e r  s o l u b i l i t y, 
biocompatibility, and biodegradability. Glucomannan 
and its derivatives, and their nano/microparticles elicit 
varieties of  biological activities such as anti-

35 36inflammatory,  anti-colitis,  initiate cellular immune 
37 38 39response,  anti-diabetic,  in cancer immunotherapy,  

4 0 4 0  antioxidant,  anti-atherosclerotic, promote 
41 42angiogenesis,  ameliorate bone regeneration,  help in 

43 44 45diabetic wound healing,  anti-obesity,  antibacterial,  
46 47 48as probiotic,  bifidogenic effect,  antitumor activity,  

4 9 5 0potentiate osteointegration,  hypolipidemic,  
51immunomodulator,  treat PCOS subjects with  insulin 

5 2resistance,  perform hemorrhage control via 
53 54 hemostatic management,   antitubercular activity, etc. 

Aforement ioned  therapeut ic  e ffec t s  o f  the 
glucomannan-containing formulations are summarized 
in Table 1 along with their efficacy.  Guerreiro et al. 
have described the effect of konjac glucomannan 
(KGM) microparticles loaded with isoniazid and 
rifabutin. The mannose backbone marks KGM 
susceptible for macrophage targeting, and the resulting 
effect could be arbitrated by macrophage surface lectin 
receptors. Furthermore, particles persist suitable 
properties regarding surface topography/geometry and 
size to reach the alveolar region and stimulate 

55macrophage induced phagocytosis.  Glucomannan “all 
in one” scaffold was synthesized by Niu et al. which 
entailed bone repair by triggering macrophages to 
release pro-regenerative cytokines. Moreover, released 

Table 1. Tabular representation of therapeutic effects of glucomannan-containing formulations 
along with their efficacy rate 
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cytokines helped in the induction of osteogenesis within 
bone progenitor cells. These promising scaffold agents 
were used for healing critical wounds via activating 

56immune feedback mechanism.  Diversified studies 
have been conducted for transporting drug, gene, 
peptide, antigen using glucomannan as multifunctional 
nanovehicles, which directly target mannose receptors 
and its associated families for escalating therapeutic 
efficacy.  Simultaneously, controlled and sustained 
drug release, shelf life, stability get boosted when 
glucomannan is incorporated in nanocarriers. 
 Galactomannan (GM), a natural polysaccharide 
comprised of linear D-mannan chains linked D-
galactose by glycosidic bonds, have intrinsic capability 
for macrophage internalization via lectin like receptors, 
i.e. mannose receptors (CD206). Target binding 
susceptibility of galactomannan is supposed to enhance 
in TAMs owing to their overexpressed mannose 
receptors (CD206) and galactose-type C-lectins. These 
peculiar properties of galactomannan were utilized by 
Manisha et al. for delivering anticancer drug via 
synthesizing self-assembled hydrazinocurcumin (HC) 
loaded PEGylated GM nanoparticles (NPs). Inflated 
cellular uptake and internalization down regulated M2 
phenotype and treatment with PSGM-HCNPs initiated 
production of the ROS, curbed the protein expression, 
and altered the secretory cytokines' profile. Synthesized 
nanoparticles acted as potential  therapeutic 

57nanocarriers in cancer therapy.     

5. Conclusions and outlook 

 With the approach of improvising treatment strategies 

for various disorders, targeted delivery of therapeutic 
molecule/gene at infection site leads to surpassing 
unwanted adverse effects observed due to peripheral 
action of the drug molecules. Systemic/peripheral 
release of drug reduces blood plasma concentration and 
stability thus allowing drug molecules to freely move in 
peripheral compartments away from target site. 
Bypassing this serious concern, targeted drug delivery 
has proved itself as the best alternative. The controlled 
rate of delivery and specific binding with target cells via 
receptors are the explicit features of targeting. The 
targeting ligand has to be precise for the macrophages of 
interest to reduce the dose regimen, improve the patient 
compliance and reduce side effects associated with a 
vector/therapeutic. Further studies should consider 
other cells to confirm the specificity of nanocarriers in 
the evaluation of cellular uptake.  
 Similarly, targeted gene delivery has become the most 
appreciable method for treating malignancy like 
diseases. The prominent messenger would be 
inculcated as “nanocarrier” for effective drug delivery.   
Nowadays, mannose receptor has become a most 
burgeoning family of receptors present on the infected 
macrophages. Due to the overexpression of MR 
(CD205, CD206, CD208, Endo180) on macrophages, 
these reside on the infected cell surface. MR enhances 
cellular uptake of a nanocarrier via receptor-mediated 
endocytosis; thereupon, boosts the drug release in a 
controlled manner due to charge difference and elicits 
profound therapeutic action, downregulates TAMs in 
tumor cells, suppresses alveolar macrophages, 
produces oxidative stress that kills infected 
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macrophages and pathogen-infected macrophage 
region. In current state of art, various studies have been 
progressing day by day for generating vaccine therapy, 
gene therapy, efficient drug therapy using mannose, 
mannan, glucomannan, galactomannan in the 
n a n o c a r r i e r s .  D u e  t o  t h e i r  l o w  t o x i c i t y, 
biocompatibility, biodegradability and excellent 
stability as well as profound pharma-codynamic/ 
pharmacokinetic profiles, researchers have been using 
such naturally occurring polysaccharides as 
nanovehicles conjugated with another polymer/ 
peptide/lipid-based NPs/carbon nanotubes. The desired 
clinical experiment is, however, likely to be greatly 
hampered by cytotoxicity and instability in circulation. 
To be successful in clinics, problems associated with the 
manufacturing of carriers, long term stability and low 
cost should be addressed. Notably, more confirmative 
studies are warranted that will generate a mechanism of 
action to clearly explain the therapeutic efficacy of 
these receptor-based therapeutic delivery systems.
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