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Research progress on the antitumor efficacy improvement for
nanomedicine by combinatorial modification with multiligand
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Abstract: After entering the body from the drug delivery site, antitumor nanomedicines need to cross a series
of physiopathological barriers to reach the target site of action to effectively exert antitumor therapeutic effects.
The ligand modification strategy is a classic method to enhance the efficiency of nanomedicine delivery in vivo, but
the contradiction between the single ligand modification strategy, which is characterized by unity and stage, and the
in vivo delivery process, which is characterized by versatility and whole-process characteristics, determines that
nanomedicines modified by a single ligand alone cannot satisfy the target efficacy requirements. Therefore, the use
of multiligand combinatorial modification strategies by virtue of nanomedicine surface area advantages is key to
advancing the next generation of smart nanomedicines. In this paper, on the basis of summarizing and classifying
the commonly used functional ligands for in vivo delivery, the advantages and research progress of multiligand
combination modification of antitumor nanomedicines are discussed with special focus, and the multiligand
combination modification is classified as synergistic and complementary according to the combination of the
ligands, which is of great significance to ensure that antitumor nanomedicines can overcome the multiple
physiopathological barriers to achieve precise delivery.
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Figure 1 The stepwise delivery process of nanomedicine from the site of administration to the target site of action. () Selective distribu-

tion at other sites including mainly MPS and tumor sites; @ Penetration inside the tumor; 3 Entry into the tumor cell; @ Reaching the cyto-

plasm; ® Localization of subcellular action sites. MPS: Mononuclear phagocyte system
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Figure 2 Classification of ligands according to the in vivo delivery process of nanomedicine. A: Non-tumor excluding ligands; B: Tumor
affinity ligands; C: Tumor penetrating ligands; D: Cell-membrane penetrating ligands; E: Lysosomal escape ligands; F: Subcellular targeting

ligands
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Table 1 Summary of commonly used ligands corresponding to nanomedicine delivery processes and barriers in vivo'**?. PEG: Polyethylene
glycol; FA: Folic acid; HA: Hyaluronic acid; Tf: Transferrin; RGD: Arg-Gly-Asp; GSH: Glutathione; TAT: RKKRRQRRR; PEI: Polyethyle-
neimine; LA: Lauric acid; NLS: Nuclear localization signal; TPP: Triphenylphosphine; CS: Chondroitin sulfate

Delivery process Delivery barrier Type of ligands Commonly used ligand Ref.
Distribution MPS clearance Non-tumor excluding ligands PEG [13]
Tumor localization Tumor affinity ligands Biotin [14]

FA [15]

HA [16]

Tf [17]

Trastuzumab [18]

RGD [19]

AS1411 aptamer [20]

Penetration Tumor hypo-permeability Tumor penetrating ligands GSH [21]
Chitosan [22]

Collagenase [23]

Internalization Cell membrane Cell-membrane penetrating ligands TAT [24]
Melittin [25]

Reaching the cytoplasm Lysosomal degradation Lysosomal escape ligands PEI [26]
LA [27]

Subcellular localization Subcellular localization Subcellular targeting ligands NLS [28]
TPP [29]

Morpholine [30]

Pardaxin [31]

CS [32]
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Table 2 Examples of combinatorial multiligand modified nanomedicine. CPP: Cell-penetrating peptide

Type of combinatorial .
. . Ligand
modifications

Type of ligands Nanocarrier ~ Ref.

Synergistic Fructose and biotin Tumor affinity ligands and tumor affinity ligands Liposome [73]
FA and methionine Tumor affinity ligands and tumor affinity ligands Micelle [74]
FA, biotin and HA Tumor affinity ligands, tumor affinity ligands and tumor affinity ligands  Micelle [75]
Complementary PEG and FA Non-tumor excluding ligands and tumor affinity ligands Nanoparticle [76]
PEG and TAT Non-tumor excluding ligands and cell-membrane penetrating ligands Liposome [72]

Anti-CD133 antibody
and polyarginine

Tumor affinity ligands and cell-membrane penetrating ligands

Nanoparticle [77]

HA and TPP Tumor affinity ligands and subcellular targeting ligands Micelle [78]
PEG, D-mannose and Non-tumor excluding ligands, tumor affinity ligands and tumor affinity ~ Liposome [79]
L-fucose ligands

PEG, Tf and CPP Non-tumor excluding ligands, tumor affinity ligands and cell-membrane Liposome [80]

penetrating ligands
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BE BTG AR P4 B B (1) 343025 2% .- Chen S5 [F] A4 F
T [ 3L 20 5 45 1 SR W, K 79 P i 9 S R0 28 i S T R
(folic acid, FA) 145 Z B2 [F] I 211 £ 97 3 PTX 1 IR 2R
b, BYERR E R BRI ACR, 45 B o Al 0 S s
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