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Highlights 
Supramolecular macrocyclic hosts such 
as cyclodextrins, cucurbit[n]uril, and 
calix[n]arenes can be covalently or 
noncovalently linked to active molecules 
to construct in situ supramolecular 
assemblies. 

Stimuli-responsive nanofibers formed by 
in situ supramolecular assemblage can 
modulate cell morphology or induce cell 
apoptosis. Also, targeted imaging and 
therapy are realized utilizing the recogni-
tion between supramolecular assemblies 
and specific receptors or organelles. 
Water-soluble macrocycles, including cyclodextrins (CDs), cucurbit[n]urils (CB[n]s), 
sulfonated calixarenes (CAs), and pillararenes (PAs), can selectively bind organic an-
ions or cations for in situ assemblage to construct supramolecular assemblies. 
These assemblies can also achieve spatially-confined luminescence or encapsulate 
drugs, demonstrating their wide applications in biology and medicine, as well as 
other fields. This review discusses biological applications of supramolecular in situ 
assemblies constructed by water-soluble macrocyclic derivatives, including macro-
cyclic hosts modified by polymers, functionalized guests, and macrocyclic hosts, 
and noncovalent supramolecular polymers. With further development of supramo-
lecular in situ assemblies, intelligent systems with pH, light, and enzyme responsive-
ness can be widely integrated in macrocyclic cavities with spatially-confined 
luminescence for cell imaging, targeted drug delivery, and in situ drug formation. 
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Through the noncovalent polymerization 
of two- or three-arm guest molecules 
and macrocyclic hosts, the lumines-
cence of guests is enhanced and red-
shifted due to J-aggregation, which has 
high penetration to biological tissues, 
making it suitable for bioimaging and 
photodynamic therapy (PDT).
In situ supramolecular assemblies 
In situ supramolecular assemblies constructed by water-soluble macrocyclic compounds, with 
different hydrophobic cavities as hosts to recognize positively-charged, neutral, or negatively-
charged guests through host–guest interaction, are widely used in the fields of cascade energy 
transfer, efficiency enhancement of chemicals [1–3], cell imaging, in situ diagnoses [4–9], targeted 
drug delivery, in situ drug formation [10–15], and other chemical or biological applications. Among 
them, cyclodextrins (CD) (see Glossary) can bind negatively charged or neutral fluorescent dyes 
and drugs to improve their water solubility [16,17]. In contrast, cucurbit[n]urils (CB[n]s) [18,19], 
calixarenes (CAs) [20,21], and pillararenes (PAs) [22,23] are formed by the condensation of 
glycoluril, p-tert-butylphenol derivatives, and hydroquinone derivatives with formaldehyde, re-
spectively, and they all have a higher affinity for positively-charged guests due to the high negative 
potential on the carbonyl group of the glycoluril unit and the high π electron density on the ben-
zene ring. Among them, CB[n] (n = 6,7) with a smaller cavity can bond with guest molecules in a 
1:1 stoichiometric ratio, while CB[8] with a larger cavity tends to bond with guest molecules in a 
1:2 stoichiometric ratio. Because the benzene ring in CAs and PAs is easily modified singly or mul-
tiply, diverse functional groups can be modified to enhance their water solubility and achieve stim-
ulus responsiveness [24]. 

This review mainly focuses on three areas of research regarding macrocyclic assemblies for 
biological applications: 

(i) In situ supramolecular assemblies formed by polymers modified by four macrocyclic hosts 
and guest molecules, such as CD-modified hyaluronic acid (HA) or graphene oxide, which 
can bond with a variety of drug molecules and release them after being taken up by tumor 
cells. The further co-assembly of HA CD with magnetic nanoparticles can be induced by ex-
ternal magnetic fields to produce nanofibers in cells, thereby destroying the cell structure 
[25,26].
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Glossary 

Calix[n]arenes (CA): cyclic molecules 
obtained by the condensation of para-
t-butylphenol and formaldehyde, 
including calix[4]arenes, calix[6]arenes, 
and calix[8]arenes. The sulfonated 
calixarenes (SCA), which are obtained 
by sulfonating the phenyl rings on them, 
have high water solubility. 
CD44 and CD168: two receptors that 
can bind to hyaluronic acid, which are 
overexpressed on the surface of tumor 
cells and involved in the adhesion and 
metastasis of tumor cells. 
Cucurbit[n]uril (CB[n]): cucurbit[n]uril 
is formed by the condensation of 
glycoluril and formaldehyde. The 
carbonyl groups at the ends have a high 
negative potential and exhibit strong 
(ii) 

(iii) 

In situ supramolecular assemblies formed by macrocyclic hosts and modified guest molecules 
[27,28]. The guest molecules are modified on functional peptides or proteins. By bonding with 
the macrocycle, their aggregation morphology can be regulated, or the activity of functional 
proteins can be selectively turned on/off. 
In situ supramolecular assemblies constructed by noncovalent polymerization. Macrocyclic 
compounds with larger cavities can bond two guest molecules head to tail, forming a 1:2 
long chain or network supramolecular noncovalent polymer to promote photoluminescence 
properties and reveal effective triplet state to singlet state Förster resonance energy transfer 
(TS-FRET), thus attaining long-lived near-infrared (NIR) luminescent systems for cellular imaging 
[29]  (Figure 1).

As compared with previous reviews, this review concentrates more on biocompatible water-
soluble macrocycles like bioagent CDs, CAs, etc. By modifying with charged functional groups, 
these macrocycles can bind insoluble drugs and induce the luminescence of chromophores to 
improve their bioavailability and induce upconversed NIR excitation [30,31], promoting their appli-
cations in bioimaging [32,33] and synergistic therapy [34,35]. 
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Figure 1. Schematic illustration of in situ supramolecular assemblies and structures of four common macrocycles. 

affinity towards positively-charged 
guests. 
Cyclodextrins (CD): cyclic molecules 
formed by α-d-pyran glucose units 
linked by 1,4-glycosidic bonds. α-, β-, 
and γ-cyclodextrins contain 6, 7, and 8 
glucose units, respectively. 
Förster resonance energy transfer: 
the energy transfer process between 
excited-state and ground-state 
molecules, through dipole–dipole 
interaction, nonradiatively transfers the 
energy of the excited-state donor 
(excited singlet, SS-FRET, or excited 
triplet state, TS-FRET) to the ground-
state acceptor at a distance of 1–10 nm. 
Immunogenic cell death (ICD): when 
tumor cells die in response to external 
stimuli, they change from non-
immunogenic to immunogenic, thereby 
mediating the generation of antitumor 
immune responses in the body. 
Photodynamic therapy (PDT): 
utilizing the reactive oxygen species 
generated by photosensitizers under 
light excitation to induce oxidative stress, 
leading to lipid peroxidation of cell 
membranes, protein denaturation, DNA 
damage, etc., and ultimately inducing 
apoptosis or necrosis of cells. 
Pillar[n]arenes (PA): macrocyclic 
compounds obtained through 
condensation reactions between p-
dimethoxybenzene derivatives and 
formaldehyde. The benzene units are 
connected by methylene bridges and 
can freely rotate.
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In situ supramolecular assemblies formed by polymers modified with macrocyclic 
hosts 
HA is a linear polysaccharide biological agent containing alternating β-1,4-d-gluconic acid and 
β-1,3-N-acetyl-d-acetylglucosamine units (Figure 2A) [36]. The abundant amino and hydroxyl 
groups on it can bind to receptors overexpressed on the surface of tumor cells (such as 
CD44 [37]  and  CD168), which also allow it to be easily modified by macrocyclic derivatives 
[38,39]. For example, through condensation between the carboxyl group in HA and mono-
ethylenediamine-modified CD, HA modified with permethyl-β-CD can bond with porphyrin units 
in the prodrug TPP-CA4 to construct prodrug nanoparticles (Figure 2B) [40]. The nanoparticles 
can be recognized by the CD44 receptor on the surface of tumor cells and enter the cells. Under 
the irradiation of 660 nm light, the nanoparticles disintegrate, causing the release of the photody-
namic agent tetraphenylporphyrin and tubulin binder CA4. Tetraphenylporphyrin can produce sin-
glet oxygen species under red light irradiation and induce oxidative damage to tumor cells, while 
CA4 can inhibit tubulin polymerization and thus block the mitosis of tumor cells, thereby achieving 
a synergistic antitumor effect. Taking advantage of the bonding ability of the β-CD cavity to ferro-
cene, a drug-loaded nanoparticle co-assembled with HA-modified cyclodextrin (HACD) and 
ferrocene-modified camptothecin was constructed [41]. The high concentration of H2O2 in 
tumor cells oxidized the ferrocene unit to a positive ion, weakening its bonding with HACD. Subse-
quently, the disulfide bond between ferrocene and camptothecin units was also broken by H2O2, 
resulting in the rapid release of camptothecin, achieving the effect of inhibiting tumor cell growth. In 
addition, the modification of permethyl-β-CD and the mitochondrial targeting group 
triphenylphosphonium to HA made it dual targeting [42]. The primary assembly formed by 
camptothecin-CD and porphyrin undergoes secondary assembly with the dual targeting HA, 
while the prodrug nanoparticles are formed through the recognition of the adamantane on the por-
phyrin and the CD cavity. After being ingested by tumor cells, the nanoparticles can be targeted to 
the mitochondria, where the disulfide bonds are cleaved under the action of overexpressed gluta-
thione, releasing camptothecin while porphyrin can produce singlet oxygen species under light, 
leading to mitochondrial dysfunction and ultimately inducing cell apoptosis. 
TrendsTrends inin ChemistryChemistry 

Figure 2. Examples of in situ supramolecular assemblies constructed by hyaluronic acid (HA)-modified 
cyclodextrin. (A) Structure of HA. (B) Schematic illustration of HA-modified permethyl-β-cyclodextrin for tumor synergistic 
therapy. (C) Schematic illustration of magnetic supramolecular in situ assembly. B, readapted from [40], with permission 
from American Chemical Society. C, readapted from [43], with permission from American Chemical Society.
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HACD can also be co-assembled with magnetic nanoparticles to form nanofibers with directional 
growth in cells through external magnetic fields. For example, magnetic silica nanoparticles mod-
ified by actin-binding peptide and adamantane groups can co-assemble with HACD (Figure 2C) 
[43]. The assembly can form obvious nanofibers under an external magnetic field of 3 mT. When 
incubated with dental pulp stem cells in a magnetic field, the nanofibers in the cells can drive the 
extension of the cell tip and cell polarization. Similarly, polylysine modified with actin-binding pep-
tide and adamantane grafted on the surface of magnetic Fe3O4 particles can form a multivalent 
assembly with HACD, targeting the actin skeleton in cancer cells [44]. Under the action of a 
low-frequency alternating magnetic field (200 Hz), the nanofibers in the cells induce actin rupture, 
causing cell cycle arrest and promoting cell apoptosis. 

Similar to HA, chitosan (CS) is another linear polysaccharide in which the exposed amino groups 
usually bind to protons [45], showing positive charge and thus possessing high affinity towards 
negatively charged CD. For example, the supramolecular cascade reactor constructed by CS, 
sulfobutylether-β-CD, ferrous ions, glucose oxidase, and vinyl monomer polyethylene glycol 
diacrylate (PEGDA) can be used for in situ drug formation of diabetic wounds (Figure 3A) [46]. 
Specifically, glucose oxidase catalyzes the oxidation of glucose to produce H2O2, which is further 
cleaved to produce hydroxyl radicals  OH, which not only have a strong antibacterial effect but 
also trigger the polymerization of vinyl monomers to achieve in situ coagulation and cover 
wounds, thereby inhibiting infection and promoting healing. The hydrogel formed by CS, silver
TrendsTrends inin ChemistryChemistry 

Figure 3. Examples of in situ supramolecular assemblies constructed by other cyclodextrin (CD)-modified 
polymers. (A) Schematic illustration of in situ supramolecular cascade reaction for diabetic wound healing. Readapted 
from [46], with permission from American Chemical Society. (B) Schematic illustration of in situ supramolecular assemblies 
constructed by β-CD-modified peptide copolymer. Readapted from [50], with permission from the authors.
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ions, and sulfobutylether-β-CD can load doxorubicin in the cavity of sulfobutylether-β-CD [47]. 
Because the gel can coagulate again after injection, it can be injected to achieve in vitro drug de-
livery for bladder cancer. In addition, it can stably release doxorubicin over a long period, extend-
ing the dosing interval.

Furthermore, graphene and peptides/proteins can also be modified by macrocycles to partici-
pate in in situ assembly. Graphene oxide modified with CD can load magnetic nickel nanoparti-
cles and doxorubicin, and further co-assemble with mitochondrial targeting peptide grafted 
HA, in which the cyclohexyl group on the mitochondrial targeting peptide can be encapsulated 
by the cavity of CD [48]. The drug carrier was taken up by tumor cells and targeted to mitochon-
dria through the recognition of CD44 receptors. Doxorubicin was released from the assembly 
under the action of an external magnetic field, severely damaging mitochondria and cell nuclei. 
CD modified on graphene oxide can also bond with azobenzene units in polylysine, mitochondrial 
targeting peptides, azobenzene, and polyethylene glycol-modified transferrin to form an assem-
bly targeting tumor cell mitochondria [49]. Due to the responsiveness of azobenzene to ultraviolet/ 
visible light, ultraviolet/visible light can be used to regulate its assembly and disassembly in cells, 
thereby regulating the level of mitochondrial aggregation, while graphene oxide also has a 
photothermal effect under NIR light irradiation. It achieves a synergistic therapeutic effect of mito-
chondrial dysfunction and photothermal effect. The peptide copolymer carrier PEG-BLG-CD 
modified with CD can bind to IDO-1 inhibitor and platinum anticancer drug DACHPt, where 
DACHPt can induce immunogenic cell death (ICD) of tumor cells, thereby activating the anti-
tumor immune response, while IDO-1 inhibitor can inhibit immune escape of tumor cells, ensuring 
long-term antitumor immune response (Figure 3B) [50]. In addition, HAS protein modified with 
sulfonated azocalixarene can load hydroxychloroquine and mitochondrial photosensitizer and re-
lease them in the hypoxic environment of tumor cells, synergistically leading to oxidative stress 
and mitochondrial damage. Therefore, we can achieve rapid development of in situ assemblies 
based on bioagent polysaccharide and we hope to promote their wider application in biology 
by combining with enzyme protein. 

In situ supramolecular assemblies formed by functionalized guests and macrocyclic 
hosts 
It is well known that permethylated-β-CD has a high bonding ability for photodynamic agent porphyrin 
[51], thus, a series of supramolecular in situ assembled photodynamic therapy (PDT) systems 
have been constructed based on functional porphyrin guests. For example, permethylated-β-CD 
modified with antimitotic peptide and porphyrin modified with cell-penetrating peptide can bond in 
a 2:1 stoichiometric ratio [52]. After entering tumor cells, the assembly can form spherical tubulin ag-
gregates through peptide-tubulin recognition and produce singlet oxygen species under 660 nm 
light, synergistically inducing cell apoptosis and tumor ablation. Morpholine-modified 
permethylated-β-CD can form a 2:1 stoichiometric host–guest complex with sulfonated porphyrin 
and then undergo secondary assembly with CS modified by folic acid [53]. The assembly, which 
can recognize the overexpressed receptors on the surface of tumor cells through the morpholine 
and folic acid on the surface, produced reactive oxygen species (ROS) under light, which induced 
cell damage and promoted cell death. In addition, two photosensitizers, sulfonated aluminum phtha-
locyanine and adamantane-modified pyrene derivatives, can aggregate through π–π stacking 
(Figure 4A) [54]. The adamantane can undergo molecular recognition with CD modified by folic 
acid to form nanoparticles, which enter the cells through the uptake of folic acid by tumor cells. Sub-
sequently, the sulfonated aluminum phthalocyanine migrates to the lysosomes, while the pyrene de-
rivatives aggregate in the mitochondria. Under light, both photosensitizers can efficiently produce 
singlet oxygen species, and the sulfonated aluminum phthalocyanine can migrate from the lysosome 
to the cell nucleus under light, which can monitor the death of tumor cells in real time.
Trends in Chemistry, Month 2025, Vol. xx, No. xx 5
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Figure 4. Examples of in situ supramolecular assemblies constructed by functional small molecules. 
(A) Schematic illustration of in situ supramolecular assembly for photodynamic therapy (PDT) treatment. (B) Schematic 
illustration of in situ supramolecular assembly based on CB[8] and peptides. A, readapted from [54], with permission from 
American Chemical Society. B, readapted from [56], with permission from the authors. 
The macrocyclic hosts can also participate in supramolecular in situ assembly through host–guest in-
teractions with other functionalized peptides. For example, the modification of adamantane on the 
tumor cell-targeting cyclic arginine–glycine–aspartate peptide can make it recognizable by β-CD 
modified with biothiol probe to form a host–guest complex, which can achieve efficient penetration 
into tumor cells [55]. At the same time, the probe shows reversible and rapid responsiveness to 
biolthiols, which can also monitor the biothiol concentration in tumor cells in real time. In addition, 
the side chain of the methionine-containing amphiphilic peptide MLGG-6C can bind to CB[8] with 
a bonding constant more than 105 M–1 to form an amphiphilic assembly (Figure 4B) [56]. Further ad-
dition of quaternary ammonium modified perylene diimide, which serve as competitive guests to CB 
[8], can co-assemble to form a multivalent supramolecular assembly. After the assembly enters the 
cancer cell, the high level of ROS in it oxidizes the methionine residue from a hydrophobic thioether 
to a hydrophilic sulfoxide or sulfone, which significantly reduces its bonding ability with CB[8], causing 
more quaternary ammonium modified perylene diimide to enter the CB[8] cavity, activating fluores-
cence emission and achieving endoplasmic reticulum imaging, interfering with endoplasmic reticulum 
function, and ultimately inducing cancer cell death.
6 Trends in Chemistry, Month 2025, Vol. xx, No. xx



Trends in Chemistry
Supramolecular in situ assemblies can also be constructed by modifying molecular recognition 
sites on natural or artificial polymers or simply doping with macrocycles [57–59]. HA can not only 
be modified by macrocyclic hosts, but also modify guest molecules to undergo molecular recogni-
tion with macrocyclic hosts. For example, bromophenylpyridinium-modified HA can bond with CB 
[8] in a 1:2 stoichiometric ratio, emitting room temperature phosphorescence at 500 nm through 
the confinement of the macrocycle, which can be used for targeted imaging of tumor cells [60]. Fur-
ther modification of mitochondrial targeting peptides and bromophenylpyridinium on HA can result 
in it being taken up by tumor cells and entangling with mitochondria. Since CB[8] can bond with 
bromophenylpyridinium in a 1:2 stoichiometric ratio, incubation of these tumor cells with CB[8] 
can cause mitochondrial aggregation, thereby inducing cell apoptosis and completely inhibiting 
tumor cell growth in vivo. At the same time, the confinement of the macrocycle causes 
bromophenylpyridinium to emit room temperature phosphorescence for labeling. In addition, un-
modified HA can also be assembled with host–guest complexes through secondary assemblage. 
For example, the NIR dye modified with the anticancer drug chlorambucil can be bonded with CB 
[7] in a 1:1 stoichiometric ratio and then assembled with HA in the secondary assemblage to obtain 
prodrug nanoparticles (Figure 5A) [61]. HA recognizes receptors overexpressed on the surface of 
tumor cells, allowing the nanoparticles to be internalized into the cells, and then the ester bond in 
the prodrug is decomposed under the action of butyrylcholinesterase, releasing nitrogen mustard 
and emitting NIR fluorescence synchronously. 
TrendsTrends inin ChemistryChemistry 

Figure 5. Examples of in situ supramolecular assemblies constructed by functional polymers. (A) Schematic 
illustration of dual functionalized hyaluronic acid (HA) co-assembled prodrug. (B) Schematic illustration of functional protein 
regulated by CB[7]. A, readapted from [61], with permission from Wiley-VCH. B, readapted from [65], with permission 
from Wiley-VCH.
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Similarly, molecular recognition sites can be modified on peptides/proteins to form in situ assemblies 
[62]. For example, benzylimidazolium can be modified on antimitotic peptides [63]. Since antimitotic 
peptides can recognize tubulin, benzyl imidazole salts, which can recognize CB[8], are embedded 
on the surface of tubulin and bonded with CB[8] in a 2:1 stoichiometric ratio, resulting in crosslinking 
between tubules and inducing microtubule aggregation, leading to significant cell apoptosis and 
tumor ablation. However, adamantane modified on transferrin can be assembled with CD-mod-
ified ruthenium complexes to form nanoparticles, which enter tumor cells through transferrin re-
ceptors on the surface of tumor cells [64]. Under light, the ruthenium complex can produce 
ROS and destroy lysosomes. In addition, non-natural amino acids can be inserted into the sur-
face of proteins through genetic coding and their side chains can be recognized by CB[7] 
(Figure 5B) [65]. When bonded with CB[7], the active sites inside the protein are inactivated 
due to steric hindrance. After adding competitive guests, CB[7] is removed from the protein 
and its activity can be restored, providing a simple and universal strategy for regulating protein 
activity. Amphiphilic phosphatidylcholine and phosphotyramine-modified β-CD can be assem-
bled to form a nano-therapeutic system. Interestingly, chiral nanoparticles formed by d/l-arginine 
and carboxymethyl pillar[5] arenes have different binding abilities towards liposomes [66], with the 
binding ability of nanoparticles formed by d-arginine being 107 times higher than that of l-arginine. 
Taking advantage of this property, doxorubicin hydrochloride and the photothermal agent indocy-
anine green were incorporated into chiral nanoparticles and the high uptake capacity of tumor cells 
for d-arginine was used to achieve a synergistic anticancer effect of photothermal and chemother-
apy. Specifically, the liver-protecting drug silybin can be encapsulated by phosphotyramine-mod-
ified β-CD and further assembled with phosphatidylcholine to form nanoparticles [67]. Since liver 
damage is usually accompanied by elevated alkaline phosphatase, the phosphotyramine group 
on β-CD can be hydrolyzed, resulting in the release of silybin bound to its cavity, thereby achieving 
targeted accumulation of the drug. According to a previous report, the hydrolyzate tyramine-
modified CD exhibits a high bonding ability to cytotoxic bile acids [68], which can effectively remove 
excess bile acids and improve exogenous bile acid-mediated cytotoxicity in acute liver injury mouse 
models. Thus, different drug molecule-modified guests will also promote their applications in in situ 
supramolecular assemblies. 

In situ supramolecular assemblies constructed by noncovalent polymerization 
Noncovalent supramolecular polymers constructed through host–guest recognition have better re-
versibility and dynamics and benefit from the hydrophobic cavities of water-soluble macrocycles. 
These polymers can undergo in situ self-assembly under aqueous environments, which establishes 
the foundation for their therapeutic applications. Macrocyclic compounds with larger cavities are ca-
pable of encapsulating two guest molecules simultaneously. When interacting with bifunctional 
guest compounds, they tend to form one-dimensional nanowires or nanorods [69]. For instance, 
CB[8] can bond positively-charged anthracene-modified bromophenyl pyridinium salts (ANPY) to 
form n:n linear polymers with strong NIR fluorescence at 613 nm (Figure 6A) [70]. Due to the tunabil-
ity of noncovalent interactions, upon photooxidation of the anthracene moiety to anthraquinone 
under UV irradiation, the assembly underwent an in situ transformation from ‘head-to-tail’ supramo-
lecular polymers to ‘head-to-head’ 1:2 homologous inclusion complexes, which results in the ap-
pearance of strong green phosphorescence in aqueous solution. Notably, this assembly enables 
precise localization for dual organelle targeting in cellular imaging applications; when cells are 
stained with ANPY⊂CB[8], initial red fluorescence was observed in the nucleus, and after 2 min of 
continuous light irradiation, ternary complexes were formed in situ that appeared as strong green 
phosphorescence within the lysosome. In addition to photoregulation, multicolored supramolecular 
assemblies with controllable topological morphology can also be achieved through the incorpora-
tion of water-soluble amphiphilic macrocyclic SC4AD for cascade assembly. The n:n linear polymer, 
which was formed by anthracene-conjugated phenylpyridine salt encapsulated with CB[8],
8 Trends in Chemistry, Month 2025, Vol. xx, No. xx
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Figure 6. Examples of in situ supramolecular assemblies constructed by noncovalent polymerization. (A) Schematic 
illustration of light-responsive two-cell organelle-targeted supramolecular linear polymers based on CB[8]. (B) Schematic illustration 
of CB[8]-based supramolecular two-dimensional network-like polymers, which were further co-assembled with hyaluronic acid-
modified cyclodextrin (HACD) for cell-targeted imaging with delayed near-infrared (NIR) emission. A, readapted from [70], with 
permission from American Chemical Society. B, readapted from [29], with permission from American Chemical Society. 
transformed to nanorods upon adding the SC4A8, accompanied by an enhancement in red fluo-
rescence at 600 nm [71]. The further restriction of secondary assembly facilitated energy transfer, 
utilizing Cy5 dye as the energy acceptor to achieve NIR emission at 675 nm with an energy transfer 
efficiency of up to 71%, which has been successfully applied for targeted imaging of the nuclei in 
cancer cells. Lou et al. designed self-assembled supramolecular nanohelixes utilizing the host– 
guest interaction between methoxypillar[5]arene and two-armed guests, synergistically driven by 
metal coordination [72]. The complexation interaction effectively immobilized the distorted confor-
mation of the guest, generating ‘twisted sites’ that promoted the formation of helical nanostructures 
and exhibited enhanced yellow–green fluorescence and efficient ROS production due to the restric-
tion of guest molecular motion by dual supramolecular interactions. These properties have been 
demonstrated to be beneficial for bacterial imaging and photodynamic antibacterial applications. 

In contrast to the two-armed molecules, the multi-armed guest molecules are more likely to as-
semble in situ with macrocycles to form reticulated polymers [73,74]. When four-armed phenyl-
bridged bis-triphenylamine derivatives were encapsulated by CB[8] in a 1:2 stoichiometric ratio, 
the ortho-networked two-dimensional nanosheets were formed in situ, exhibiting red-shifted fluo-
rescence emission at 810 nm (Figure 6B) [29]. The secondary assembly with the targeting re-
agent HACD resulted in the formation of three-dimensional nanoparticles, which not only 
enhanced the NIR fluorescence emission but also facilitated efficient energy transfer when loaded 
with a phosphorescent donor, producing delayed NIR emission with a Stokes shift of up to 502 
nm. This system has been successfully applied for lysosome-targeted cellular imaging. Further-
more, a supramolecular polymer network was reported to be constructed from CB[7], CB[8] 
co-encapsulated tetraphenylethylene-phenylpyridine derivatives (TPE DPY), where HACD-
driven secondary assembly initiated the intramolecular phosphorescence resonance energy
Trends in Chemistry, Month 2025, Vol. xx, No. xx 9
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Outstanding questions 
How can we effectively reduce the 
leakage of encapsulated drugs outside 
the target cells? 

How can we introduce more functional 
biomacromolecules like enzyme proteins 
into in situ supramolecular assemblies? 

How can we develop supramolecular 
in situ self-assemblies with multi-
targeting properties? 

How can we accelerate the 
transformation from laboratory 
research to clinical  application and 
further promote biological diagnosis 
and treatment research?
transfer (PRET) process of guest molecules, resulting in NIR delayed fluorescence emission at a 
wavelength of 700 nm [75]. This single-molecule PRET system has been effectively used for 
mitochondria-targeted imaging of cancer cells. The encapsulation of CB[8] not only induces sin-
gle guest molecules to dimerize and form a noncovalent network, but also, the introduction of 
tripeptides for the ternary co-assembly of heterodimers leads to the chiral transfer [76]. Due to 
the dynamic reversibility of the macrocyclic supramolecular noncovalent network based on 
host–guest interactions, the assemblies showed reversible chiral transfer driven by thermal acti-
vation. When heated to 65°C, the chiral assembly decomposed and the CD signal at 550 nm 
gradually disappeared, which gradually recovered after cooling. The supramolecular assemblies 
exhibited good NIR luminescence properties and can also be used as luminescent materials for 
cellular imaging to selectively label mitochondria. In addition to bioimaging, we have constructed 
a protonation-activated self-assembly system in vivo, in which tetraphenylpyridine-functionalized 
(TPE-Py) and CB[8] formed host–guest complexes in lysosomes in situ and then self-assembled 
to form octahedral structures, leading to the instability of lysosomal membranes and release of 
hydrolytic enzymes to trigger apoptosis [77]. Moreover, the protonated TPE-Py had a high 
ROS generation efficiency in acidic environments, but almost none in neutral environments, 
which can damage intracellular biomolecules and trigger oxidative stress. Immunohistochemical 
staining experiments showed that the number of tumor cell nuclei was obviously reduced, the 
cancer cells underwent apoptosis, and their proliferation ability was inhibited after the treatment 
of tumor tissues with the mixture of the supramolecular assemblies. 

Supramolecular polymers can also be constructed in situ by utilizing the self-assembly of the CD 
itself with modifications [78]. Yang et al. designed supramolecular nanoparticles based on plati-
num(IV) complex-modified β-CD-ferrocene conjugates (cis-CD-Fc) for synergistic chemotherapy 
and chemodynamic therapy [79]. Through the one-step supramolecular polymerization process, 
cis-CD-Fc was used as a supramolecular monomer, which was initiated by polyethylene glycol-
modified ferrocene (PEG-Fc) to form linear supramolecular polymers, and then self-assembled 
into nanoparticles, which were proved to inhibit the growth of tumors and induce apoptosis of 
tumor cells, and had good biocompatibility and low systemic toxicity. Yu's groups reported camp-
tothecins covalently modified β-CD derivatives via disulfide bonds, which can self-assemble into 
linear supramolecular polymers and subsequently form nanoparticles under the regulation of iron 
carboxylate coordination [80]. The supramolecular drugs combined the effects of both chemother-
apy and chemodynamic therapy, demonstrating the synergistic effect of cascade potentiation and 
achieving long-lasting inhibition of tumors in combination with immunotherapy. These findings 
demonstrated that the in situ supramolecular assemblies constructed through noncovalent poly-
merization can integrate complex functionalities via dynamic molecular recognition. Expanding 
on these, we foresee that the construction of diverse in situ supramolecular assemblies through 
multivalent interactions between host–guest complexes and ionic liquid or chiral ionic liquid will en-
able novel biological applications of multifunctional supramolecular systems. 

Concluding remarks 
From this review article, we can conclude that supramolecular in situ self-assembly based on 
water-soluble macrocyclic compounds depending on noncovalent host–guest interactions in 
1:1 or 1:2 ratio, which through the cascade and periodic assemblage, can spontaneously form 
structurally and functionally unique supramolecular polymers in specific environments, thereby 
achieving spatial confinement induced and extended luminescence as well as drug encapsula-
tion, and are widely utilized in biological applications. Modifying macrocycles onto polymers 
can not only provide loading anchors for drugs but also act as nanoreactors. Functionalized 
guest molecules noncovalently linked to macrocycles through recognition sites can improve 
their water solubility and biocompatibility, as well as change their aggregation morphology and
10 Trends in Chemistry, Month 2025, Vol. xx, No. xx
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regulate their functions. The supramolecular polymers constructed by in situ noncovalent poly-
merization are not only more dynamic and tunable, but also the two-dimensional network facili-
tates drug loading and FRET/PRET, which is widely used in bioimaging. Despite significant 
progress, in situ self-assembly of water-soluble macrocycles still faces critical challenges for bio-
medical applications. Key limitations include the insufficient stability of host–guest complexes 
under physiological conditions, often leading to premature drug release and degradation. Fur-
thermore, supramolecular drugs frequently encounter immunogenicity issues, while tumor cell 
drug resistance substantially compromises their therapeutic efficacy. Moreover, the clinical trans-
lation of these systems remains limited, with few reported clinical applications to date (see 
Outstanding questions). With in-depth research, the development of intelligent supramolecular 
in situ assemblies by introducing multiresponsive functional groups is anticipated to enable pre-
cise responses to complex physiological environments and, integrated with advanced nanotech-
nology and biomedical engineering, promises to realize early diagnosis, precise treatment, and 
real-time monitoring of diseases, thereby bring new breakthroughs in the field of biodiagnosis 
and treatment [81–84].

Acknowledgments 
The authors thank the National Natural Science Foundation of China (NNSFC, Grant Nos. 22131008), China Fundamental 

Research Funds for the Central Universities, and the Haihe Laboratory of Sustainable Chemical Transformations for financial 

support. 

Declaration of interests 
The authors declare no conflicts of interest. 

References 

1. Dai, X.-Y. et al. (2023) Phosphorescence resonance energy 

transfer from purely organic supramolecular assembly. Nat. 
Rev. Chem. 7, 854–874 

2. Song, Y.-H. et al. (2025) Water-soluble stimuli-responsive supra-
molecular nanoagrochemicals based on macrocycle compounds. 
Coord. Chem. Rev. 524, 216299 

3. Liu, Z.-F. et al. (2024) Intense circularly polarized luminescence in-
duced by chiral supramolecular assembly: the importance of intermo-
lecular electronic coupling. Angew. Chem. Int. Ed. 63, e202407135 

4. Liu, Y.-H. et al. (2021) Cucurbituril-based biomacromolecular 
assemblies. Angew. Chem. Int. Ed. 60, 3870–3880 

5. Liu, Y.-Y. et al. (2024) Supramolecular systems for bioapplications: 
recent research progress in China. Sci. China Chem. 67, 1397–1441 

6. Jarollahi, S. et al. (2025) Fluorescent molecules for super-resolution 
imaging of cellular membranes. Trends Chem. 7, 11–25 

7. Jiang, R. et al. (2025) Vesicle-encapsulated chemosensing ensem-
bles allow monitoring of transmembrane uptake coupled with enzy-
matic reactions. Angew. Chem. Int. Ed. 64, e202425157 

8. Zhang, Y.-M. et al. (2020) Cyclodextrin-based multistimuli-
responsive supramolecular assemblies and their biological 
functions. Adv. Mater. 32, 1806158 

9. Yin, H. et al. (2023) Challenges and opportunities of functionalized 
cucurbiturils for biomedical applications. JACS Au 3, 2356–2377 

10. Kim, J. et al. (2023) In situ self-assembly for cancer therapy and 
imaging. Nat. Rev. Mater. 8, 710–725 

11. Lei, Z. et al. (2025) In situ NADH-activated BODIPY-based macro-
cyclic supramolecular photosensitizer for chemo-photodynamic 
synergistic tumor therapy. J. Med. Chem. 68, 5891–5906 

12. An, W.-J. et al. (2025) Polycationic γ-cyclodextrin  with  amino  
side chains for a highly efficient anti-heparin coagulant. Adv. 
Healthc. Mater., Published online January 5, 2025. https://doi. 
org/10.1002/adhm.202404357 

13. Zhang, D. et al. (2023) Ultra-small nano-assemblies as tumor-
targeted and renal clearable theranostic agent for photodynamic 
therapy. Adv. Mater. 35, 2209789 

14. Li, P. et al. (2024) Mild phototherapy strategies for efficient treatment 
of bacterial keratitis while avoiding side effects. Nano Today 57, 
102336 

15. Cheng, H.-B. et al. (2019) Turn-on supramolecular host-guest 
nanosystems as theranostics for cancer. Chem 5, 553–574 

16. Liu, Z. et al. (2020) Organic supramolecular aggregates based on 
water-soluble cyclodextrins and calixarenes. Aggregate 1, 31–44 

17. Liu, Z. and Liu, Y. (2022) Multicharged cyclodextrin supramolec-
ular assemblies. Chem. Soc. Rev. 51, 4786–4827 

18. Nie, H. et al. (2022) Assembly and applications of macrocyclic-
confinement-derived supramolecular organic luminescent emis-
sions from cucurbiturils. Chem. Rev. 122, 9032–9077 

19. Zhang, Y. et al. (2024) Cucurbit[n]uril-based supramolecular sep-
aration materials. Coord. Chem. Rev. 514, 215889 

20. Guo, D.-S. and Liu, Y. (2014) Supramolecular chemistry of p-
sulfonatocalix[n]arenes and its biological applications. Acc. 
Chem. Res. 47, 1925–1934 

21. Li, Y. and Liu, Y. (2023) Supramolecular secondary assembly 
based on amphiphilic calix[4]arenes and its biological applica-
tions. Acta Chim. Sin. 81, 928–936 

22. Ohtani, S. et al. (2022) Host–guest chemistry based on solid-
state pillar[n]arenes. Coord. Chem. Rev. 462, 214503 

23. Shi, T.-H. et al. (2023) Host–guest behavior of pillar[n]arene-
based supramolecular assemblies. Trends Chem. 5, 537–550 

24. Song, S. et al. (2024) Light-controlled macrocyclic supra-
molecular assemblies and luminescent behaviors. Acc. Mater. 
Res. 5, 1109–1120 

25. Cao, X.-M. et al. (2024) Sulfonated azocalix[4]arene-modified 
metal–organic framework nanosheets for doxorubicin removal 
from serum. Nanomaterials 14, 864 

26. Yang, Y. et al. (2013) Targeted polysaccharide nanoparticle for 
adamplatin prodrug delivery. J. Med. Chem. 56, 9725–9736 

27. Ma, H. et al. (2025) A supramolecularly activatable photosensi-
tizer: controllable cyanine J-aggregation for efficient photody-
namic therapy. CCS Chem. 7, 832–842 

28. Gao, C. et al. (2024) Targeted therapies of inflammatory diseases 
with intracellularly gelated macrophages in mice and rats. Nat. 
Commun. 15, 328 

29. Yu, J. et al. (2023) Aromatic bridged bis(triphenylamine) cascade 
assembly achieved tunable nanosupramolecular morphology 
and NIR targeted cell imaging. ACS Nano 17, 19349–19358
Trends in Chemistry, Month 2025, Vol. xx, No. xx 11

http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0005
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0005
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0005
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0010
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0010
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0010
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0015
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0015
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0015
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0020
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0020
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0025
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0025
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0030
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0030
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0035
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0035
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0035
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0040
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0040
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0040
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0045
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0045
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0050
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0050
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0055
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0055
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0055
https://doi.org/10.1002/adhm.202404357
https://doi.org/10.1002/adhm.202404357
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0065
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0065
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0065
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0070
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0070
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0070
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0075
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0075
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0080
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0080
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0085
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0085
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0090
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0090
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0090
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0095
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0095
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0100
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0100
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0100
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0105
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0105
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0105
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0110
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0110
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0115
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0115
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0120
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0120
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0120
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0125
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0125
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0125
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0130
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0130
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0135
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0135
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0135
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0140
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0140
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0140
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0145
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0145
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0145


Trends in Chemistry
30. Zhao, X. et al. (2023) Triazine pyridinium derivative supramolecu-
lar cascade assembly extended FRET for two-photon NIR 
targeted cell imaging. Chem. Commun. 59, 11516–11519 

31. Shen, F.-F. et al. (2022) Macrocyclic confined purely organic 
room-temperature phosphorescence three-photon targeted im-
aging. Adv. Opt. Mater. 10, 2200245 

32. d'Orchymont, F. and Holland, J.P. (2022) Supramolecular 
rotaxane-based multi-modal probes for cancer biomarker imag-
ing. Angew. Chem. Int. Ed. 61, e202204072 

33. Duan, X. et al. (2022) Activatable persistent luminescence from 
porphyrin derivatives and supramolecular probes with imaging-
modality transformable characteristics for improved biological 
applications. Angew. Chem. Int. Ed. 61, e202116174 

34. Li, S. et al. (2023) Supramolecular integration of multifunctional 
nanomaterial by mannose-decorated azocalixarene with 
ginsenoside Rb1 for synergistic therapy of rheumatoid arthritis. 
ACS Nano 17, 25468–25482 

35. Chen, M.-M. et al. (2024) Supramolecular 3 in 1: a lubrication and 
co-delivery system for synergistic advanced osteoarthritis ther-
apy. ACS Nano 18, 13117–13129 

36. Liu, Z. et al. (2022) Macrocyclic supramolecular assemblies 
based on hyaluronic acid and their biological applications. Acc. 
Chem. Res. 55, 3417–3429 

37. Choi, K.Y. et al. (2019) Hyaluronic acid–based activatable nano-
materials for stimuli-responsive imaging and therapeutics: be-
yond CD44-mediated drug delivery. Adv. Mater. 31, 1803549 

38. Burdick, J.A. and Prestwich, G.D. (2011) Hyaluronic acid 
hydrogels for biomedical applications. Adv. Mater. 23, H41–H56 

39. Wang, Z. et al. (2023) Supramolecular manipulation of intracellu-
lar acidic vesicles to improve cellular self-repair and self-defense. 
CCS Chem. 6, 1487–1498 

40. Tang, M. et al. (2022) Cyclodextrin-activated porphyrin photo-
sensitization for boosting self-cleavable drug release. J. Med. 
Chem. 65, 6764–6774 

41. Fu, H.-G. et al. (2020) Polysaccharide-based nanoparticles for 
two-step responsive release of antitumor drug. ACS Med. 
Chem. Lett. 11, 1191–1195 

42. Dai, X. et al. (2020) High-efficiency synergistic effect of supramo-
lecular nanoparticles based on cyclodextrin prodrug on cancer 
therapy. Biomacromolecules 21, 4998–5007 

43. Zhang, B. et al. (2021) Polarization of stem cells directed by mag-
netic field-manipulated supramolecular polymeric nanofibers. 
ACS Appl. Mater. Interfaces 13, 9580–9588 

44. Yu, Q. et al. (2020) Actin cytoskeleton-disrupting and magnetic 
field-responsive multivalent supramolecular assemblies for 
efficient cancer therapy. ACS Appl. Mater. Interfaces 12, 
13709–13717 

45. Rinaudo, M. (2006) Chitin and chitosan: properties and applica-
tions. Prog. Polym. Sci. 31, 603–632 

46. Chen, L. et al. (2022) Glucose-activated nanoconfinement supra-
molecular cascade reaction in situ for diabetic wound healing. 
ACS Nano 16, 9929–9937 

47. Zhang, C. et al. (2024) Polysaccharide based supramolecular in-
jectable hydrogels for in situ treatment of bladder cancer. Chin. 
Chem. Lett. 35, 108556 

48. Zhang, B. et al. (2020) Alternating magnetic field controlled 
targeted drug delivery based on graphene oxide-grafted 
nanosupramolecules. Chem. Eur. J. 26, 13698–13703 

49. Zhang, B. et al. (2019) Two-dimensional supramolecular assem-
blies based on β-cyclodextrin-grafted graphene oxide for mito-
chondrial dysfunction and photothermal therapy. Chem. 
Commun. 55, 12200–12203 

50. Wu, D. et al. (2025) Supramolecular modulation of tumor micro-
environment through host−guest recognition and metal coordi-
nation to potentiate cancer chemoimmunotherapy. Adv. Sci. 
12, 2408518 

51. Kano, K. et al. (2002) Static and dynamic behavior of 2:1 inclu-
sion complexes of cyclodextrins and charged porphyrins in 
aqueous organic media. J. Am. Chem. Soc. 124, 9937–9944 

52. Tang, M. et al. (2022) Supramolecular dual polypeptides induced 
tubulin aggregation for synergistic cancer theranostics. J. Med. 
Chem. 65, 13473–13481 

53. Niu, J. et al. (2023) Morpholine-modified permethyl β-
cyclodextrin supramolecular nanoparticles for precise dual-
targeted imaging. Chem. Commun. 59, 4680–4683 

54. Dai, X. et al. (2022) Folic acid-modified cyclodextrin multivalent supra-
molecular assembly for photodynamic therapy. Biomacromolecules 
23, 3549–3559 

55. Liu, Z. et al. (2020) High-efficiency dynamic sensing of biothiols in 
cancer cells with a fluorescent β-cyclodextrin supramolecular as-
sembly. Chem. Sci. 11, 4791–4800 

56. Niu, J. et al. (2024) Host–guest binding between cucurbit[8]uril 
and amphiphilic peptides achieved tunable supramolecular ag-
gregates for cancer diagnosis. Chem. Sci. 15, 13779–13787 

57. Jiang, M. et al. (2025) Cucurbit[7]uril-achieved supramolecular 
nanoplatform capable of targeted depletion of specific  patho-
gen for efficient bacterial keratitis therapy. Nano Today 61, 
102614 

58. Wu, X. et al. (2024) Supramolecular switching-enabled quorum 
sensing trap for pathogen-specific recognition and eradication 
to treat enteritis. J. Am. Chem. Soc. 146, 35402–35415 

59. Song, Y.-H. et al. (2025) Fluorinated cyclodextrin supramolecular 
nanoassembly enables oxygen-enriched and targeted photody-
namic therapy. Nano Lett. 25, 4476–4484 

60. Dai, X.-Y. et al. (2022) In situ coassembly induced mitochondrial 
aggregation activated drug-resistant tumor treatment. J. Med. 
Chem. 65, 7363–7370 

61. Sun, Y. et al. (2021) Butyrylcholinesterase responsive supramo-
lecular prodrug with targeted near-infrared cellular imaging prop-
erty. Asian J. Org. Chem. 10, 3245–3248 

62. Zeng, Z. et al. (2025) Small molecule drugs triggered the activa-
tion of macrocycle masked proteins. Nano Lett. 25, 3291–3299 

63. Zhang, Y.-M. et al. (2019) Targeted polypeptide–microtubule ag-
gregation with cucurbit[8]uril for enhanced cell apoptosis. 
Angew. Chem. Int. Ed. 58, 10553–10557 

64. Fu, H.-G. et al. (2019) A tumor-targeting Ru/polysaccharide/pro-
tein supramolecular assembly with high photodynamic therapy 
ability. Chem. Commun. 55, 3148–3151 

65. Cao, W. et al. (2021) A general supramolecular approach to reg-
ulate protein functions by cucurbit[7]uril and unnatural amino acid 
recognition. Angew. Chem. Int. Ed. 60, 11196–11200 

66. Zhou, J. et al.  (2024) Supramolecular chiral binding affinity-
achieved efficient synergistic cancer therapy. Adv. Sci. 11, 
2308493 

67. Zhang, Y.-M. et al. (2019) Drug displacement strategy for treatment 
of acute liver injury with cyclodextrin-liposome nanoassembly. 
iScience 15, 223–233 

68. Zhang, Y.-M. et al. (2017) Reversing the cytotoxicity of bile acids 
by supramolecular encapsulation. J. Med. Chem. 60, 3266–3274 

69. del Barrio, J. et al. (2019) Emerging two-dimensional crystalliza-
tion of cucurbit[8]uril complexes: from supramolecular polymers 
to nanofibers. J. Am. Chem. Soc. 141, 14021–14025 

70. Yu, H.J. et al. (2021) Photooxidation-driven purely organic room-
temperature phosphorescent lysosome-targeted imaging. J. Am. 
Chem. Soc. 143, 13887–13894 

71. Li, J.Q. et al. (2024) Cucurbit[8]uril-based non-covalent heterodi-
mer realized NIR cell imaging through topological transformation 
from nanowire to nanorod. Chin. Chem. Lett. 35, 109645 

72. Lou, X.Y. et al. (2025) Self-assembled nanohelixes driven by 
host-guest interactions and metal coordination. Angew. Chem. 
Int. Ed. 64, e202414611 

73. Chen, X.M. et al. (2018) Supramolecular assemblies with near-
infrared emission mediated in two stages by cucurbituril and am-
phiphilic calixarene for lysosome-targeted cell imaging. Angew. 
Chem., Int. Ed. 57, 12519–12523 

74. Li, F.F. et al. (2024) Cucurbituril-confined tetracation supramolec-
ular 2D organic framework for dual-emission TS-FRET. Adv. Opt. 
Mater. 12, 2400453 

75. Zhou, X.L. et al. (2024) Supramolecular assembly activated 
single-molecule phosphorescence resonance energy transfer 
for near-infrared targeted cell imaging. Nat. Commun. 15, 4787 

76. Yu, J. et al. (2024) Configurationally stepping confinement 
achieved tunable chiral near-infrared luminescence supramolec-
ular phenothiazine organic framework. Adv. Sci. 11, 2408107 

77. Wu, X. et al. (2023) An in situ protonation-activated supramolec-
ular self-assembly for selective suppression of tumor growth. 
Chem. Sci. 14, 1724–1731 

78. Chen, L. et al. (2020) Reversible emitting anti-counterfeiting ink 
prepared by anthraquinone-modified β-cyclodextrin supramo-
lecular polymer. Adv. Sci. 7, 2000803
12 Trends in Chemistry, Month 2025, Vol. xx, No. xx

http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0150
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0150
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0150
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0155
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0155
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0155
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0160
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0160
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0160
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0165
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0165
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0165
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0165
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0170
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0170
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0170
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0170
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0175
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0175
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0175
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0180
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0180
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0180
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0185
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0185
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0185
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0190
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0190
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0195
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0195
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0195
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0200
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0200
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0200
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0205
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0205
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0205
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0210
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0210
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0210
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0215
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0215
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0215
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0220
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0220
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0220
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0220
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0225
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0225
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0230
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0230
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0230
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0235
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0235
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0235
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0240
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0240
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0240
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0245
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0245
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0245
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0245
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0250
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0250
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0250
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0250
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0255
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0255
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0255
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0260
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0260
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0260
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0265
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0265
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0265
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0270
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0270
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0270
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0275
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0275
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0275
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0280
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0280
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0280
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0285
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0285
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0285
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0285
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0290
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0290
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0290
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0295
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0295
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0295
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0300
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0300
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0300
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0305
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0305
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0305
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0310
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0310
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0315
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0315
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0315
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0320
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0320
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0320
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0325
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0325
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0325
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0330
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0330
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0330
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0335
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0335
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0335
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0340
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0340
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0345
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0345
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0345
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0350
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0350
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0350
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0355
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0355
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0355
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0360
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0360
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0360
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0365
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0365
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0365
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0365
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0370
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0370
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0370
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0375
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0375
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0375
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0380
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0380
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0380
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0385
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0385
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0385
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0390
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0390
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0390


Trends in Chemistry
79. Yang, K.K. et al. (2021) Supramolecular polymerization-induced 
nanoassemblies for self-augmented cascade chemotherapy 
and chemodynamic therapy of tumor. Angew.  Chem.  Int. Ed.  
60, 17570–17578 

80. Yang, K. et al. (2022) A hybrid supramolecular polymeric nano-
medicine for cascade-amplified synergetic cancer therapy. 
Angew. Chem. Int. Ed. 61, e202203786 

81. Zhou, X. et al. (2024) Cyclodextrin supramolecular assembly 
confined luminescent materials. Chem. Sci. 15, 18259–18271 

82. Teng, K.-X. et al. (2023) Supramolecular photosensitizer enables 
oxygen-independent generation of hydroxyl radicals for photody-
namic therapy. J. Am. Chem. Soc. 145, 4081–4087 

83. Wang, W. et al. (2025) Engineered hypoxia-responsive albumin 
nanoparticles mediating mitophagy regulation for cancer therapy. 
Nat. Commun. 16, 596 

84. Sun, H. et al. (2025) Supramolecular prodrug vesicles for selec-
tive antimicrobial therapy employing a chemo-photodynamic 
strategy. Chin. Chem. Lett. 36, 109999
Trends in Chemistry, Month 2025, Vol. xx, No. xx 13

http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0395
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0395
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0395
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0395
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0400
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0400
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0400
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0405
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0405
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0410
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0410
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0410
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0415
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0415
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0415
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0420
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0420
http://refhub.elsevier.com/S2589-5974(25)00113-3/rf0420

	Supramolecular in situ assemblage and its biological applications
	In situ supramolecular assemblies
	In situ supramolecular assemblies formed by polymers modified with macrocyclic hosts
	In situ supramolecular assemblies formed by functionalized guests and macrocyclic hosts
	In situ supramolecular assemblies constructed by noncovalent polymerization
	Concluding remarks
	Acknowledgments
	Declaration of interests
	References




