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Abstract

Rheumatoid Arthritis (RA) is a common autoimmune inflammatory disease 
that is causing trouble to nearly 70 million peoples throughout the world. 
Treatment of RA has gone through a series of improvements in therapeutic 
effects with Methotrexate (MTX), Prednisolone Phosphate (PLP), and many 
others. On the basis of these effective therapeutic agents, development of 
polymer nanotherapeutics leads us to a new era of treating RA, which not only 
optimize the pharmacokinetics via controlled drug delivery, but also up-regulate 
the distribution and accumulation of drugs at the inflamed sites. In this article, 
we briefly illustrate the polymer nanocarriers employed in passive or active 
targeting drug delivery systems, and compare their distinct advantages.
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Polymer nanotherapeutics alleviate rheumatoid arthritis
Hyaluronic Acid (HA)-conjugated methotrexate (MTX) reduced 

the proliferation of fibroblast-like synoviocytes (FLs) in vitro [9], 
and arthritis symptoms were consequently alleviated [9-11]. Apart 
from prolonging the local circulating time of GCs, nanocarriers can 
also reduce doses and frequency of drug use [12,13]. 30% decrease 
in arthritic inflammation was demonstrated at the first day post 
administration and this effect sustained for one week [12]. In order 
to control the release profile of therapeutic agents, researchers 
modified nanovehicles with new properties. In one study, they 
prepared polymerizable and hydrolytically cleavable dexamethasone 
(DEX) derivatives that covalently encapsulated in the core-cross-
linked Polymer Micelles (PMs). Controlled release can be realized by 
changing the oxidation degree of thioether [14]. Being a representative 
NSAIDs, Indomethacin (IND) loaded in PMs possessed sustained anti-
inflammation efficacy and simultaneously reduced undesirable effects 
[15-18]. It was found that this formulation maintained the effective 
concentration of IND and decreased the sera level of tumor necrosis 
factor-α (TNF-α) and interleukin-6 (IL-6) in experimental arthritis 
models. Besides, the bioavailability of IND was largely promoted 
with nanotherapeutics, which meant that a lower dosage of IND was 
sufficient to perform the same therapeutic efficacy that can only be 
achieved by a much higher dosage of free drugs [19,20]. Recently, 
biological agents arose as a novel therapy pattern for treatment of RA. 
Negatively charged temperature-sensitive amphiphilic polyelectrolyte 
(succinylatedpullulan-graft-oligo (L-lactide); SPL) was combined 
with positively charged Etanercept (ETA; antibody of TNF-α) into 
a temperature-modulated noncovalent interaction controllable 
complex that featured prolonged pharmacokinetics [21]. Moreover, 
hyaluronate-gold nanoparticle/tocilizumab (HA-AuNP/TCZ) was 
developed and researched [22], and further revealed that AuNP was 
recognized by Vascular Endothelial Growth Factor (VEGF) in RA 
mice [23]. In another study, relative inflammation indices, namely 
clinical arthritic sore, radiographic sore, and pathological evaluation, 
were found significantly suppressed, confirming that AuNP was not 

Introduction
Rheumatoid Arthritis (RA) is a chronic autoimmune disorder 

induced by several factors, such as genetic sensitivity, environment 
factor, infection, sexual hormones, etc. [1-3]. A wide range of cell types 
and cytokines accounts for the pathological process of RA. Currently, 
surgery and drugs are the two most frequently used treatment 
strategies for RA. Local surgery, represented by synovectomy 
and joint replacement, cannot fundamentally resolve RA as it is a 
systemic disease. As for therapeutic agents, Disease-Modifying Anti-
Rheumatic Drugs (DMARDs), Glucocorticoids (GCs), Nonsteroidal 
Anti-Inflammatory Drugs (NSAIDs), and biological agents are proved 
effective in clinical practice, and some even remarkably improve the 
therapeutic effects. However, long-term systemic administration of 
the pharmaceuticals above will inevitably lead to systemic toxicity 
and infection. Besides, short half-time and high costs of these drugs 
also impede their wide application.

Recently, advances in the exploration of polymer 
nanotherapeutics have provided a new approach to the difficulties in 
treating RA patients, and the nanodrugs turn out an optimum choice 
for therapy of RA. Polymer nanovehicles potentially protect drugs 
against biodegradation in the blood circulation [4], in which case 
they achieve prolonged circulation and sustained release. Moreover, 
therapeutic agents are selectively delivered to and accumulated in the 
inflamed sites by passive or active targeting approach.

Abnormal vessels and recruitment of inflammatory cells are 
two most remarkable features of RA, and thus are often utilized in 
selective drug delivery. Passive targeting approach is based on the 
Enhanced Permeability and Retention (EPR) effect, first discovered 
in 1986 [5]. It was determined that the nanovehicles with diameters of 
about 100 nm were most outstanding in anti-inflammatory capability 
through intravenous administration on experimental arthritis 
models [6]. Moreover, the targeting ligands on the surface of polymer 
nanoformulations will enhance the selective accumulation of drugs in 
the lesion sites through ligand-receptor interaction [7,8].
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only a nanovehicle for drug delivery, but also acted as a therapeutic 
agent by specific binding to VEGF in the treatment of RA [24].

Several other therapeutic agents also made much difference to 
the treatment of RA. AuNP-Gal-1 was determined to specifically 
reduce CD4+ T cells through intra-articular administration, resulting 
in the reduced level of pro-inflammatory cytokines and alleviated 
symptoms in Collagen-Induced Arthritis (CIA) [25]. More recently, 
TNF-Related Apoptosis Inducing Ligand (TRAIL) has come into 
light as an emerging anti-inflammation drug [26,27]. In order to 
extend the half-life of TRAIL, positively charged TRAIL and HA 
were combined into a nanocomplex, which achieved satisfactory 
outcome [28]. Later, Photosensitize (PS) was employed in the 
nanotherapeutics of RA as Photodynamic Treatment (PDT). PEG-
liposomes-encapsulated temoporfin, a subset of PS, showed the 
highest accumulation in arthritic joints, and therefore PDT elicited 
remarkable anti-inflammatory activity [29]. In a more recent study, 
hydrogel based on the MTX-loaded Nanostructured Lipid Carriers 
(NLCs) and Chemical Enhancer (CE) showed significantly improved 
anti-inflammatory ability characterized by sharp reduce in the 
severity of inflammation (Figure 1) [30]. In short, passive targeting 
delivery systems for nanotherapeutics of RA are advantageous in 
the following aspects: 1. Prolonged pharmacokinetics; 2. Enhanced 
accumulation in inflammation tissues with improved therapeutic 
efficacy; 3. Reduced side effects owing to decreased biodistribution 

in normal organs.

While passive targeting nanomedicine undoubtedly outweighs 
traditional methods, active targeting strategy, on the other hand, can 
further optimize the targetability of nanovehicles by using ligands 
on the surface that specifically bind to receptors with high affinity. 
In most cases, these receptors are highly or exclusively expressed on 
targeted cells in particular microenvironment.

Macrophages, or rather, activated macrophages under 
inflammatory circumstance, are essential in the pathology of RA 
[31], mainly because a series of specific receptors, for instance, 
Folate Receptor (FR) [32,33] and Scavenger Receptor (SR) [8,34], 
are highly expressed on the surfaces of activated macrophages. It 
was demonstrated that the Folic Acid (FA)-conjugated EC20 (a 
folate-linked imaging agent) was found highly accumulated in the 
arthritic joints [35]. In our previous work, we prepared a dextran-
graft-methotrexate/folate (Dex-g-MTX/FA) prodrug (Figure 2), 
which showed excellent targetability toward activated macrophages 
in vitro and was mostly located at the affected joints. Systemic 
administration of Dex-g-MTX/FA effectively reduced the level of 
pro-inflammatory cytokines and also obviously relieved the arthritis 
symptoms [7]. Other than that, several other FR-targeted conjugates, 
such as FA-PEG-poly-(amidoamine) (G3.5 PAMAM) [36] and FA-
MTX-PAMAM conjugate [37], were prepared and proved effective as 
nanotherapeutics of RA.

SRs belong to macrophages surface glycoproteins, which 
specifically recognize the oxidized Low-Density Lipoprotein (LDL), 
serum albumin, and polyanionic macromolecules [38-40]. In this 
regards, Dextran Sulfate (DS), a hydrophilic block, was adopted as an 
active target for it specifically recognize SRs through ligand-receptor 
interaction. In one study, DS was combined with Polycaprolactone 
(PCL) into DS-b-PCL, which exhibited improved biodistribution in 
the hind paws of CIA mice after each systemic administration, while 
little was detected in wild type mice [34]. In our group, a SR-targeted 
DS−MTX conjugate was synthesized for targeted treatment of CIA 
[8]. DS-g-MTX selectively recognized activated macrophages in 
vitro and in vivo, and selectively accumulated in the inflamed joints. 
Moreover, DS-g-MTX induced the significant alleviation of synovitis 
and protection of articular cartilage by inhibiting the expression of 
pro-inflammatory cytokines after intravenous injection. Overall, the 
activated macrophage-targeted prodrug showed great potential for 
targeted treatment of RA.

Similar to activated macrophages, Vascular Endothelial Cells 
(VECs) show distinct features from normal cells, such as the expression 
of adhesion molecules (e.g., αvβ3-integrin and E-selectin), which 
makes VECs a potential target for active targeting nanotherapeutics 
of RA. Based on this property, a series of studies was carried out for 
further investigation of the αvβ3-integrin-targeted nanovehicles in 
experimental arthritic models, achieving increased delivery to the 
inflammatory lesion, and stronger anti-inflammatory capability 
[19,41-43]. As a specific ligand of αvβ3-integrin, Arginine-Glycine-
Aspartic Acid (RGD) was introduced in poly-(DL-lactic-co-glycolic 
acid) (PLGA) Au half-shell NP loading MTX. Near-Infrared (NIR) 
absorbance image confirmed that stronger absorbance intensity of the 
active targeting NP was demonstrated in inflamed joints compared 
with non-inflamed joint and non-targeted NPs [44].

Figure 1: (A) Calculation of arthritis index of various MTX formulations, and 
(B) assessment of inflammation severity of experimental rat. a, b, c, and d are 
the paw images after the treatment of gel-(MTX-NLCs), gel-(MTX-NLCs+CE), 
gel-MTX, and complete Freud’s adjuvant control (without treatment), 
respectively [30].
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As a member of selectin family, E-selectin is over expressed on 
neovascular [45] as well as endothelial cells under inflammatory 
conditions [46]. It was reported that sialyl Lewis X (SLX; a sugar 
chain) could recognize and bind to E-selectin, and was utilized for 
active targeting drug delivery [47]. Therefore, it was indicated that 
interaction between SLX and E-selectin was regulated in a receptor-
mediated manner [48].

Conclusion
RA, a systemic autoimmune disease, is associated with various 

pathogenesis. Polymer nanotherapeutics for RA as a novel therapeutic 
approach comes with several advantages compared with traditional 
treatment, such as highly selective accumulation, reduced systemic 
toxicity, decreased treatment frequency, controlled release of drugs, 
and so forth. All the virtues mentioned above to a large extent 
avert the drawbacks brought by traditional medicine and surgery. 
Particularly, the active targeting strategy of polymer nanotherapeutics 
further improves the therapeutic efficacy. Conclusively, polymer 
nanotherapeutics possesses great potential for targeted treatment of 
RA.
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