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Abstract:  

Colorectal cancer (CRC) is the third most common malignancy worldwide. Conventional treatments such as 

surgery, radiotherapy, and chemotherapy face limitations including recurrence, drug resistance, and side 

effects. Nanomedicine has improved targeting precision and therapeutic efficacy, representing an innovative 

strategy against CRC. This review highlights recent advances in nanomedicine targeting key CRC signaling 

pathways, such as Wnt/β-catenin, TGF-β/Smads, JAK-STAT, Ras-Raf-MAPK, and PI3K-Akt-mTOR. 

Given that the liver is the predominant site of metastasis and greatly increases mortality, focus is placed on 

nanomedicine for managing colorectal cancer liver metastases (CRCLM), including strategies targeting 

glycolytic metabolism, exosome communication, and immune cell regulation. Additionally, nanoparticle-

based diagnostics enable early detection and multimodal imaging. This article synthesizes developments in 

nanomedicine for improved diagnosis, treatment, and liver metastasis control in CRC, aiming to promote 

comprehensive therapeutic strategies. 
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1. Introduction 

CRC is the third most common malignancy 

globally, accounting for approximately 10% of all 

cancer cases, and is the second leading cause of 

cancer-related deaths worldwide. Early detection 

remains challenging due to the lack of noticeable 

symptoms in initial stages. Diagnosis typically 

occurs between ages 65 and 74, with most 

patients presenting at intermediate to advanced 

stages of the disease
12

.In 2020, the global lifetime 

risk of developing and dying from gastrointestinal 

cancers was 8.20% and 6.17%, respectively. 

Colorectal cancer (CRC) posed the highest risk, 

accounting for 38.5% of total gastrointestinal 

cancer incidence and 28.2% of related deaths
3
. 

Conventional CRC treatments—surgery, 

radiotherapy, and chemotherapy—remain the 

cornerstone of therapy but are limited by 

recurrence, drug resistance, and damage to 

healthy tissues, driving the need for alternative 

strategies. Recent progress in immunotherapy, 
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targeted therapy, and multimodal regimens has 

expanded therapeutic options. Notably, 

nanomedicine has emerged as a promising 

approach to enhance drug targeting and retention, 

improving treatment efficacy and outcomes
4
.The 

liver constitutes the predominant metastatic site 

and is the principal cause of mortality among 

CRC patients
56

.Therefore, elucidating the role and 

mechanisms of nanomedicine in CRC and its liver 

metastases is crucial. This review systematically 

summarizes recent advances in nanomedicine for 

CRC, providing new insights for early diagnosis, 

treatment, and management of liver metastases. 

2. Targeted Treatment of CRC with 

Nanomedicine 

CRC is a highly heterogeneous disease driven by 

dysregulated molecular pathways. Key signaling 

cascades involved in its pathogenesis include 

Wnt/β-catenin, TGF-β/Smad, JAK/STAT, 

Ras/Raf/MAPK, and PI3K/Akt/mTOR
78

. This 

section reviews advances in nanomedicine 

strategies targeting these pathways for CRC 

treatment. 

2.1 Nanomedicine Targeting the Wnt/β-catenin 

Signaling Pathway 

The Wnt/β-catenin pathway is essential for 

intestinal stem cell maintenance and epithelial 

organization. Its dysregulation, particularly 

nuclear β-catenin accumulation, drives colorectal 

carcinogenesis. Mutations in APC predispose to 

familial adenomatous polyposis (FAP), while 

CTNNB1 mutations increase hereditary non-

polyposis CRC (HNPCC) risk
910

. Therapeutic 

strategies aim to directly inhibit β-catenin nuclear 

translocation or indirectly modulate its 

degradation 
1112

. 

AXIN2, a key component of the β-catenin 

destruction complex, is regulated by ALKBH5 

through m⁶A-dependent mRNA modification, 

leading to Wnt/β-catenin hyperactivation and 

CRC progression
1314

. Targeting this mechanism, 

Zhai et al. developed PLGA-based vesicles 

(VNP) encapsulating ALKBH5-targeted siRNA. 

Delivered via tail vein injection in multiple 

murine models, VNP suppressed β-catenin 

signaling by stabilizing AXIN2, thereby 

inhibiting colorectal tumor growth
15

. 

Salinomycin (SAL), an early cancer stem cell 

(CSC) inhibitor, targets the Wnt/β-catenin 

pathway but suffers from poor solubility and high 

toxicity
16

. To address this, Wang et al. developed 

salinomycin nanocrystals (SAL NCs), which in 

HT29 and HCT116 cells inhibited Wnt/β-catenin 

signaling by disrupting β-catenin/TCF4 

interaction
17

. 

Additionally, curcumin has demonstrated 

potential as a modulator of the Wnt/β-catenin 

pathway. It facilitates caspase-3-mediated 

degradation of β-catenin and E-cadherin, reduces 

transcriptional activation by the β-

catenin/TCF/LEF complex, and decreases its 

promoter-binding affinity
18

. Collectively, these 

actions inhibit Wnt signaling, leading to G2/M 

phase cell cycle arrest and apoptosis in CRC cells. 

A comprehensive summary of curcumin-based 

nanomedicines and their therapeutic effects in 

CRC is provided in Table 1, with the mechanistic 

pathway depicted in Figure 1. 

 

Table. 1 Nanomedicines related to curcumin and its advantages 

Nano-carriers Advantages 

cRGD-（CUR-CD＋DOX）-LPs（2∶1）19
 It can promote cell apoptosis and reverse 

multidrug resistance 

Cso-sa/Cur micelles
20

 It can selectively kill CSCS and has low 

toxicity to live animals 

Methoxy polyethylene glycol (MPEG) 

micelles
21

 

Inhibit the proliferation and angiogenesis of 

tumor 
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Interpenetrating Polymer Network-

Nitroglycerin (IPN-NGs) Nanogels
22

 

Curcumin-loaded nanogels exhibit pH-

sensitive properties, resulting in better stability 

of the nanogels at physiological pH (pH 7.4) 

Au-CRC-TRC-NPs
23

 Controlled release of curcumin and offers a 

potential new approach to radiofrequency-

assisted cancer therapy 

Hyaluronic acid- camptothecin/curcumin 

nanoparticles (HA-CPT/CUR NP)
24

 

It can infiltrate and accumulate in colon tumors 

and can not accumulate in adjacent healthy 

colon tissue 

Cur@HKUST-1@PVP
25

 In vivo chemotherapy/photothermal therapy 

for colon cancer can be realized 

 

 

Fig.1 Mechanism of nanomedicines related to curcumin in Wnt pathway 

 

2.2 Nanomedicines Targeting the TGFβ-Smads 

Signaling Pathway 

The TGFβ–Smad signaling pathway regulates key 

cellular processes including proliferation, 

differentiation, migration, and apoptosis. Genetic 

alterations in components such as TβRII, TβRI, 

Smad2, and Smad4 are strongly linked to CRC 

pathogenesis. The frequent loss of β2SP and 

Smad4 in advanced and metastatic CRC further 

highlights the critical role of this pathway in CRC 

progression
2627

. 

Jin et al. developed a carbon nanotube (CNT)-

based nanomedicine named CNT-CpG, which 

was delivered via intraperitoneal injection to 

CT26 tumor-bearing mice. The system 

significantly suppressed TGF-β-induced 
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epithelial–mesenchymal transition (EMT) and 

inhibited nuclear translocation of SMAD2/3. By 

targeting the TGF-β/Smad pathway, CNT-CpG 

effectively attenuated both primary colorectal 

tumor growth and hepatic metastases
28

. 

Huang et al. developed a multifunctional 

nanomedicine (NCG) using a PEG–PDPA 

copolymer to co-encapsulate chlorin e6 (Ce6) and 

galunisertib (Gal) via nanoprecipitation. In 

HCT116 xenograft mice administered 

intraperitoneally, NCG combined sonodynamic 

and chemotherapeutic effects to suppress tumor 

growth via TGFβ inhibition, demonstrating 

enhanced tissue retention and penetration with 

promising clinical applicability
29

. The 

mechanistic framework underlying the action of 

this nanomedicine is depicted in Figure 2. 

 

 

Fig.2 Mechanism of TGF β-Smads pathway-related nanomedicine 

 

2.3 Nanomedicines Targeting the Jak-STAT 

Signaling Pathway 

The Janus kinase-signal transducer and activator 

of transcription (JAK-STAT) signaling pathway 

constitutes a vital intracellular mechanism 

responsible for regulating diverse biological 

functions, including cellular proliferation, 

differentiation, and immune modulation. Aberrant 

activation of this pathway has been strongly 

implicated in the pathogenesis and progression of 

CRC
3031

. 

Li et al. developed an oral inulin-based hydrogel 

system incorporating hollow MnO2 nanoparticles 

loaded with oxaliplatin (Oxa@HMI), which 

targets the gut microbiota and modifies its 

composition. In a murine orthotopic CRC model, 

Oxa@HMI significantly reduced the abundance 

of the pathogenic Alistipes genus, which 

promotes tumor progression via IL-6/STAT3 

signaling. By suppressing this JAK-STAT 

pathway and enhancing mucoadhesion and 

gastrointestinal retention through the inulin 
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coating, Oxa@HMI demonstrates strong 

therapeutic potential against CRC
32

. A schematic 

representation of the underlying mechanism is 

provided in Figure 3. 

 

 

Fig.3 Principle of Oxa@HMI in the Jak-STAT pathway 

 

2.4 Nanomedicines Targeting the Ras-Raf-

MAPK Signaling Pathway 

The Ras-Raf-MAPK pathway plays a critical role 

in regulating cell proliferation, and its 

dysregulation is strongly associated with CRC 

development. Mutations in RAS and BRAF are 

found in approximately 36% and 9–11% of CRC 

cases, respectively. In this pathway, MEK 

activates ERK through phosphorylation, 

influencing multiple essential cellular processes
33

. 

Yu et al. developed FexMoyS-PEG nanoparticles 

containing multivalent Fe/Mo ions, which 

catalyze H₂O₂ conversion into hydroxyl radicals 

(•OH), leading to MEK and ERK 

phosphorylation. In two murine models—patient-

derived xenografts in NSD mice and HCT116 

xenografts in nude mice—intravenous 

administration of these NPs downregulated key 

MAPK pathway proteins (c-Myc, p-MEK1/2, p-

ERK1/2), indicating suppression of colorectal 

tumor growth via MAPK pathway inhibition
 34

. 

Building on Yu et al.’s research, Bian et al. 

developed a TME-responsive nanocomposite, 

MnDIG@PEG, for co-delivering the IDO 

inhibitor Epacadostat (IDOi) and glucose oxidase 

(GOx). Mn₃O₄ catalyzed H₂O₂ decomposition to 

produce oxygen, which enhanced GOx-driven 

glucose consumption and H₂O₂ generation. This 

cascade amplified •OH production via Mn²⁺, 

inducing MEK/ERK phosphorylation and 

suppressing CRC progression.
34

. The proposed 

mechanism is depicted in Figure 4.
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Fig.4 Principle of action of the above nanomedicines in PI3K-Akt-mTOR, Ras-Raf-MAPK pathways. 

 

2.5 Nanomedicines Targeting the PI3K-Akt-

mTOR Signaling Pathway 

The PI3K-Akt-mTOR pathway is a key 

intracellular signaling cascade regulating cell 

proliferation, apoptosis, angiogenesis, and 

glucose metabolism. Its aberrant activation 

promotes CRC growth, metastasis, and epithelial-

mesenchymal transition (EMT)
36

.Notably, PI3K 

upregulates PD-L1 expression, enhancing 

immune evasion and metastatic potential, while 

Akt amplifies PI3K signaling, making both 

molecules critical therapeutic targets in CRC
37

. 

In this context, Huang et al. reported that the 

nanomedicine NDAT effectively inhibited PI3K 

activation in HCT116 CRC cells, leading to a 

reduction in PD-L1 expression and demonstrating 

therapeutic efficacy against CRC
38

. 

Zhang et al. developed an Akt-targeting 

nitroaromatic nanocystin, which was tested on 

HCT8, HCT116, and LoVo CRC cells. The 

compound selectively inhibited AKT1, markedly 

suppressing CRC proliferation, and demonstrated 

favorable tolerability, highlighting its potential as 

a therapeutic agent for CRC
39

.The mechanistic 

pathways underlying the action of these 

nanomedicines are depicted in Figure 4. 

3. Advances in Targeted Therapy with 

Nanomedicines for CRCLM 

Despite significant advances in the diagnosis and 

treatment of colorectal cancer (CRC), metastasis 

remains the leading cause of death. Consistent 

with Stephen Paget's "seed and soil" hypothesis, 

the liver serves as the predominant site for CRC 

metastasis
4041

. Nevertheless, a thorough review 

focusing on the application of nanomedicines for 

the management of CRCLM remains absent. This 

article aims to provide a comprehensive overview 

of recent advancements in this area. 
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3.1 Targeting Glycolysis 

Glycolysis facilitates the adaptation of CRC cells 

to the hypoxic microenvironment of the liver by 

employing the "Warburg effect" as a primary 

mechanism for energy generation. Moreover, the 

lactic acid produced through glycolytic processes 

contributes to tumor angiogenesis and immune 

system evasion
4243

. 

In a study by Wang et al., betulinic acid-loaded 

nanoliposomes (BA-NLs) were synthesized and 

applied to HCT116 cell cultures at varying 

concentrations. The findings revealed that BA-

NLs markedly suppressed both the proliferation 

and glucose uptake of CRC cells by targeting 

critical regulators and pathways associated with 

glycolysis and fatty acid metabolism. 

Additionally, BA-NLs effectively inhibited the 

hepatic metastasis of CRC
44

. 

Lei et al. developed folate receptor-targeted 

nanoparticles loaded with α-tocopherol succinate 

and 2-deoxy-D-glucose (TDF NPs) for treating 

colon adenocarcinoma. In this system, 2-DG 

inhibits glycolysis, while α-TOS suppresses 

mitochondrial oxidative phosphorylation 

(OXPHOS). Evaluated in HT29 cells, TDF NPs 

demonstrated significant antitumor efficacy with 

low hepatotoxicity, highlighting their potential for 

targeting dysregulated energy metabolism in 

CRCLM
45

. 

3.2 Targeting Exosomes 

Exosomes secreted by primary tumor cells have 

the capacity to migrate to distant metastatic sites, 

where they modulate the pre-metastatic tumor 

microenvironment through various signaling 

pathways and contribute to immune regulation. 

These vesicles are integral to intercellular 

communication in both physiological and 

pathological contexts, facilitating processes such 

as angiogenesis, epithelial-mesenchymal 

transition (EMT), CRC progression, and the 

formation of pre-metastatic niches
4647

. 

Deng et al. demonstrated that circSKA3 inhibits 

exosome release in CRC by retaining oncogenic 

circRNAs intracellularly, thereby increasing 

cellular stability. Using antisense oligonucleotides 

(ASOs) against circSKA3 in a CRCLM mouse 

model (established via intrasplenic injection of 

HCT116 cells), they showed that ASO 

knockdown promoted the export of oncogenic 

circRNAs via exosomes and reduced liver 

metastasis. Additionally, ASOs disrupted the 

circSKA3–SLUG interaction, inhibiting 

epithelial–mesenchymal transition (EMT). These 

findings suggest a potential therapeutic strategy 

for CRC
48

. 

3.3 Targeting Immune Cells 

The interaction between immune cells and cancer 

cells shapes the tumor immune microenvironment 

(TME), critically influencing metastasis, survival, 

and post-metastatic growth—especially in 

CRCLM
49

.Immunotherapy activates anti-tumor 

immunity, enhances systemic immune 

surveillance, suppresses local and distant 

metastases, and establishes lasting immune 

memory to prevent recurrence. Current strategies 

largely focus on cytokine-targeting approaches 

and immune cell modulation, including 

macrophages, dendritic cells, and T lymphocytes 
50

. 

Wang et al developed acid-activated micellar 

complexes (POP micelles) via nanoprecipitation 

and delivered them intravenously to B16-F10 

tumor-bearing C57BL/6 mice in combination 

with photodynamic therapy (PDT). The 

nanomedicine downregulated PD-L1 expression, 

disrupting the PD-1/PD-L1 immunosuppressive 

axis. Additionally, the combination of PDT and 

POP micelles enhanced the host immune response 

by increasing secretion of pro-inflammatory 

cytokines, including TNF-α and IFN-γ, 

contributing to the inhibition of CRCLM
 51

. 

Mao et al. developed a macrophage-targeted 

nanomedicine, LNT-UA, via nanoprecipitation of 

ursolic acid (UA) and Ganoderma lucidum 
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polysaccharide (LNT). Evaluated in multiple 

murine models—including subcutaneous CT26, 

bilateral dorsal, and AOM/DSS-induced 

spontaneous CRC—LNT-UA promoted dendritic 

cell maturation, shifted macrophages from M2 to 

M1 phenotype, and triggered immunogenic cell 

death, demonstrating efficacy against CRCLM
52

. 

Ni et al. developed dual-adjuvant nanovaccines 

(banNVs) for colorectal cancer immunotherapy 

by synthesizing Primer-PEG-PLA nanoparticles 

combined with CpG oligonucleotides to form 

microfibers, which were then integrated with the 

immunostimulant R848. Administered 

subcutaneously in MC38 tumor-bearing C57BL/6 

mice, the banNVs effectively activated dendritic 

cells and enhanced cytotoxic T lymphocyte 

responses, demonstrating significant efficacy 

against CRCLM
53

. 

Lang et al. developed orally administered 

prebiotic nanoparticles (SCXN) that modulate the 

CRC immunosuppressive microenvironment by 

preserving cytotoxic T lymphocyte function and 

reducing CD4+Foxp3+ Tregs, significantly 

suppressing CRCLM in mice
54

.To enhance CAR-

T cell efficacy against solid tumors, FA_IL/CCL 

nanospheres—composed of folic acid-modified 

magnesium silicate loaded with IL-2, IL-15, and 

CCL5—were constructed. These nanoparticles 

increased the immunogenicity of CD46-targeted 

CAR-T cells, effectively inhibiting tumor growth 

and liver metastasis in CRC PDX models
55

. 

4. The Value of Nanomedicines in the Diagnosis 

of CRC 

CRC is often diagnosed at an advanced stage due 

to the subtlety of early symptoms, which leads to 

delayed detection and treatment. Consequently, 

enhancing the precision of early diagnostic 

methods is critical. Nanomedicine has shown 

considerable promise in improving diagnostic 

accuracy for CRC
5657

. 

Conventional ¹H MRI provides high soft-tissue 

resolution but suffers from a short half-life, 

necessitating repeated injections for monitoring 

CRCLM. To address this, Li et al. developed C-

Met-targeting peptide-functionalized 

perfluorinated crown ether nanoparticles (AH11 

1972-PFCE NPs). These nanoparticles exhibit 

high sensitivity for early CRC detection and 

maintain tumor retention for over seven days, 

enabling continuous therapy monitoring
58

. 

In another study, Yang et al. engineered magnetic 

nanoparticles conjugated with antibodies targeting 

carcinoembryonic antigen (CEA). This magnetic 

reagent enabled the detection of CEA molecules 

in serum samples. Analysis of serum from 24 

healthy individuals and 30 colon cancer patients 

established a diagnostic threshold for serum CEA 

at 4.05 ng/mL, yielding a clinical sensitivity of 

0.90 and specificity of 0.87 for CRC diagnosis
59

. 

Jia et al. developed gold nanorod@silica-carbon 

dot (GNR@SiO2-CD) nanocomposites by 

integrating carbon dots and gold nanorods on a 

silica scaffold. These nanostructures act as 

photothermal diagnostic agents for intravenous 

use, utilizing the high sensitivity and spatial 

resolution of fluorescence (FL) and photoacoustic 

(PA) imaging to guide photodynamic (PDT) and 

photothermal (PTT) therapy. Owing to their 

chemical stability, low toxicity, and enhanced 

imaging performance, they demonstrate 

significant potential for multimodal cancer 

imaging and early CRC detection
60

. 

5. On the latest advancements in 2025 for the 

treatment of CRC and CRLM 

The following provides a summary of the latest 

advancements in 2025 for the treatment of CRC 

and CRLM. It is presented in three tables 

covering: novel therapeutic methods for CRC and 

CRLM（Table.2）, nanomedicine-based 

therapies for CRC (Table.3), and nanomedicine-

based therapies for CRLM (Table.4). 
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Table. 2 Novel therapeutic approaches for CRC and CRLM 

Method    CRC Type 

XTX101 combined with atezolizumab
61

 Immune "cold" tumors (MSS CRC) 

cabozantinib and nivolumab
62

 Refractory, microsatellite stable (MSS) metastatic 

CRC patients 

Neoadjuvant immunotherapy
63

 dMMR/MSI-H locally advanced CRC patients 

Nelmastobart (hSTC810) combined with 

capecitabine therapy
64

 

Metastatic CRC resistant or intolerant to oxaliplatin 

and irinotecan chemotherapy 

QL1203 vs placebo plus mFOLFOX6
65

 RAS wild-type metastatic CRC 

cabozantinib in combination with 

panitumumab
66

 

Metastatic CRC patients with MET amplification 

 

Table. 3 Nanomedicine for CRC 

Nano-carriers    advantages 

COF-FA@DOX
67

 Effectively internalized by SW480 CRC cells and demonstrated 

significantly higher cytotoxicity 

CP@MSN/PB@CWL
68

 Significantly enhanced penetration efficiency through the intestinal 

mucus and epithelial barriers 

NEs-PTX-BEZ235
69

 Inhibited drug-resistant proteins, reduced drug resistance, 

suppressed tumor stemness, and induced apoptosis in colon CRC 

miR-497-loaded 

SPION@Ag@Cs
70

 

Targeted the miR-497/CTLA4 axis for CRC treatment via an 

immunotherapy strategy 

OXA@Exo-RD
71

 Induced mitochondrial-mediated apoptosis and dysfunction, 

providing an attractive strategy for treating drug-resistant CRC 

Tau/CDs
72

 Targeted heme oxygenase-1 (HO-1) to mediate ferroptosis for 

CRC treatment 

CUPIT NPs
73

 Quantified pyroptosis in vitro and provided guidance for 

pyroptosis-mediated tumor therapy in vivo, minimizing systemic 

side effects 

 

Table. 4 Nanomedicine for CRLM 

Nano-carriers    advantages 

OEMH NPs
74

 Suppressed liver metastasis by blocking the transformation 

of hepatic stellate cells (HSCs) into cancer-associated 

fibroblasts (CAFs) 

NM@PLGA-MTI-OXA
75

 Effectively addressed the clinical drawbacks of traditional 

antibiotics disrupting gut microbiota balance and poor 

targeting of chemotherapeutics, inhibiting CRC and CRLM 

DMSN@Pla-Lipo
76

 Translocated to metastatic lymph nodes via tumor 

lymphatics, eradicating metastatic tumor cells in lymph 

nodes; metastases in other major organs were also 

suppressed 

miRNA@sEVs
77

 Downregulated FSCN1 protein expression, demonstrating 

significant inhibition of CRC tumor progression both in 

vitro and in vivo 

CCM-FSS&CHM-ABI
78

 A dual-targeting nano-system that synergistically inhibited 

CRLM by inducing tumor cell ferroptosis and CAF 

reprogramming 

Ev-siCCL24 and Ev-siNC
79

 Proposed a potential therapeutic alternative for CRC 

patients with treatment resistance and distant metastasis 
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6. Conclusion 

CRC, a highly heterogeneous malignancy, is 

witnessing a transformation in treatment 

strategies through advances in nanotechnology. 

Nanomedicines offer novel avenues for CRC 

therapy, demonstrating strong potential to 

enhance therapeutic efficacy and reduce side 

effects due to their unique physicochemical 

properties. This review explores the targeted 

molecular mechanisms of nanomedicines against 

CRC and its liver metastases, as well as their 

diagnostic applications. Future efforts should 

focus on optimizing nanomedicines to improve 

diagnostic and therapeutic performance, enhance 

safety and efficacy, and promote personalized 

treatment approaches for CRC. 

Statements & Declarations 

Funding: 

This study was supported by grants from the 

Natural Science Program of Bengbu Medical 

University (2024byzd030, 2024byzd135), the 

Health Research Program of Anhui Province 

(AHWJ2024Aa10058), the Natural Science Key 

Foundation of the Education Department of 

Anhui Province (2024AH051250), the Program of 

Training Action for Young and Middle-aged 

Teachers in Higher Education Institutions in 

Anhui Province (JNFX2024038), the Bethune 

Foundation Public Welfare Project (bnmr-2024-

008), and the Innovation Program Projects 

(Byycx24053 and 202410367050). 

Competing Interests 

The authors declare that they have no competing 

interests. 

References 

1. Jacobsson M, Wagner V, Kanneganti S. 

Screening for CRC. Surg Clin North Am. 20 

24;104(3):595-607. 

2. Chinese College of Surgeons; Section of 

Gastrointestinal Surgery, Branch of Surgery, 

Chinese Medical Association; Section of 

Colorectal Surgery, Branch of Surgery, 

Chinese Medical Association; Zhonghua Wei 

Chang Wai Ke Za Zhi. 2023;26(1):1-15. 

3. Wang S, Zheng R, Li J, et al. Global, regional, 

and national lifetime risks of developing and 

dying from gastrointestinal cancers in 185 

countries: a population-based systematic 

analysis of GLOBOCAN . Lancet Gastroen-

terol Hepatol. 2024;9(3):229-237. 

4. Faraji, G., Moeini, P., Rajabi Torkamani, A., 

Shafiee, H., & Nazemalhosseini Mojarad, E. . 

Nano-particles’ benefits for colon cancer 

effective therapy: a review of recent 

advancements and clinical trials. International 

Journal of Polymeric Materials and Polymeric 

Biomaterials.2023;73(11):987–1002. 

5.  Zhou H, Liu Z, Wang Y, et al. Colorectal 

liver metastasis: molecular mechanism and 

interventional therapy. Signal Transduct 

Target Ther. 2022;7(1):70.  

6. Ren L, Zhu D, Benson AB 3rd, et al. 

Shanghai international consensus on diagnosis 

and comprehensive treatment of colorectal 

liver metastases (version 2019). Eur J Surg 

Oncol. 2020;46(6):955-966.  

7. Zhao Zhou, Hongxin Niu. Research 

developments of the signal pathways relevant 

to colorectal carcinoma[J]. Chinese Journal of 

Colorectal Diseases(Electronic Edition), 2016, 

05(03): 254-259. 

8. Leiphrakpam PD, Rajappa SJ, Krishnan M, 

Batra R, Murthy SS, Are C. CRC: Review of 

signaling pathways and associated therapeutic 

strategies. J Surg Oncol. 2023;127(8):1277-12 

95. 

9. Liu J, Xiao Q, Xiao J, et al. Wnt/β-catenin 

signalling: function, biological mechanisms, 

and therapeutic opportunities. Signal 

Transduct Target Ther. 2022;7(1):3. 

10. Zhao H, Ming T, Tang S, et al. Wnt signaling 

in CRC: pathogenic role and therapeutic 

target. Mol Cancer. 2022;21(1):144. 

11. Sun L, Xing J, Zhou X, Song X, Gao S. 

Wnt/β-catenin signalling, epithelial-



CURRENT SCIENCE CS 5 (5), 5062-5075 (2025) 

 

5072 

                        Zhang Congli, Ren Li et al. 
CURRENT SCIENCE  

 

 
 

mesenchymal transition and crosslink 

signalling in CRC cells. Biomed 

Pharmacother. 2024;175:116685. 

12. Novellasdemunt L, Antas P, Li VS. Targeting 

Wnt signaling in CRC. A Review in the 

Theme: Cell Signaling: Proteins, Pathways 

and Mechanisms. Am J Physiol Cell Physiol. 

2015;309(8):C511-C521. 

13. Bernkopf DB, Brückner M, Hadjihannas MV, 

Behrens J. An aggregon in conductin/axin2 

regulates Wnt/β-catenin signaling and holds 

potential for cancer therapy. Nat Commun. 

2019;10(1):4251. 

14. Wu S, Yun J, Tang W, et al. Therapeutic mA 

Eraser ALKBH5 mRNA-Loaded Exosome-

Liposome Hybrid Nanoparticles Inhibit 

Progression of CRC in Preclinical Tumor 

Models. ACS Nano. 2023;17(12):11838-118 

54. 

15. Zhai J, Chen H, Wong CC, et al. ALKBH5 

Drives Immune Suppression Via Targeting 

AXIN2 to Promote CRC and Is a Target for 

Boosting Immunotherapy. Gastroenterology. 

2023;165(2):445-462.  

16. Li L, Zeng P, Yu L, et al. Salinomycin sodium 

exerts anti diffuse large B-cell lymphoma 

activity through inhibition of LRP6-mediated 

Wnt/β-catenin and mTORC1 signaling. Leuk 

Lymphoma. 2023;64(6):1151-1160.  

17. Wang Z , Feng T , Zhou L , et al. Salinomycin 

nanocrystals for CRC treatment through 

inhibition of Wnt/β-catenin signaling 

. Nanoscale. 2020;12(38):19931-19938.  

18. Fan Y, Zhang X, Tong Y, Chen S, Liang J. 

Curcumin against gastrointestinal cancer: A 

review of the pharmacological mechanisms 

underlying its antitumor activity. Front 

Pharmacol. 2022;13:990475. 

19. Chen S H. Preparation and antitumor activity 

of coassembly of curcumin and doxorubicin 

targeted liposomes [D]. Wuhan: Hubei 

University of Chinese Medicine, 2019. 

20. Wang K. Novel CSO-SA anticancer drug 

micelle formulations for eliminating CRC 

stem cells [D]. Hangzhou: Zhejiang 

University, 2013. 

21. Yang X, Li Z, Wang N, et al. Curcumin-

encapsulated polymeric micelles suppress the 

development of colon cancer in vitro and in 

vivo. Sci Rep. 2015;5:10322. 

22. Madhusudana R K, Krishna R K, 

Ramanjaneyulu G, et al. Curcumin 

encapsulated pH sensitive gelatin based 

interpenetrating polymeric network nanogels 

for anticancer drug delivery [J]. Int J Pharm, 

2015, 478(2): 788-795. 

23. Sanoj R N, Thomas R G, Muthiah M, et al. 

Anti-cancer, pharmacokinetics and tumor 

localization studies of pH-, RF- and thermo-

responsive nanoparticles [J]. Int J Biol 

Macromol, 2015, 74: 249-262. 

24. Xiao B, Han M K, Viennois E, et al. 

Hyaluronic acidfunctionalized polymeric 

nanoparticles for colon cancertargeted 

combination chemotherapy [J]. Nanoscale, 

2015,7(42): 17745-17755. 

25. Wang X D. In situ sulfidation of Copper-

based nanomaterials by endogenous H2S for 

colon cancer diagnosis and treatment [D]. 

Shanghai: Shanghai Normal University, 2020. 

26. Singh S, Gouri V, Samant M. TGF-β in 

correlation with tumor progression, 

immunosuppression and targeted therapy in 

CRC. Med Oncol. 2023;40(11):335. 

27. Schmierer B, Hill CS. TGFbeta-SMAD signal 

transduction: molecular specificity and 

functional flexibility. Nat Rev Mol Cell Biol. 

2007;8(12):970-982. 

28. Jin H, Gao S, Song D, Liu Y, Chen X. 

Intratumorally CpG immunotherapy with 

carbon nanotubes inhibits local tumor growth 

and liver metastasis by suppressing the 

epithelial-mesenchymal transition of colon 

cancer cells. Anticancer Drugs. 2021;32(3):27 

8-285. 

29. Huang S, Ding D, Lan T, et al. 

Multifunctional nanodrug performs 

sonodynamic therapy and inhibits TGF-β to 



                        Zhang Congli, Ren Li et al. 
CURRENT SCIENCE 

CURRENT SCIENCE CS 5 (5), 5062-5075 (2025) 

 

5073 

 
 

 
 

boost immune response against CRC and liver 

metastasis. Acta Biomater. 2023;164:538-552  

30. Pennel KAF, Hatthakarnkul P, Wood CS, et 

al. JAK/STAT3 represents a therapeutic target 

for CRC patients with stromal-rich tumors. J 

Exp Clin Cancer Res. 2024;43(1):64. 

31. Philips RL, Wang Y, Cheon H, et al. The 

JAK-STAT pathway at 30: Much learned, 

much more to do. Cell. 2022;185(21):3857-

3876.  

32. Li L, He S, Liao B, et al. Orally 

Administrated Hydrogel Harnessing 

Intratumoral Microbiome and Microbiota-

Related Immune Responses for Potentiated 

CRC Treatment. Research (Wash D C). 2024; 

7:0364. 

33. Bahar ME, Kim HJ, Kim DR. Targeting the 

RAS/RAF/MAPK pathway for cancer 

therapy: from mechanism to clinical 

studies. Signal Transduct Target Ther. 2023;8 

(1):455. 

34. Yu Z, Wang C, Ye Y, Wang S, Jiang K. 

Therapeutic potentials of FexMoyS-PEG 

nanoparticles in CRC: a multimodal approach 

via ROS-ferroptosis-glycolysis regulation. J 

Nanobiotechnology. 2024;22(1):253. 

35. Bian Y, Liu B, Ding B, et al. Tumor 

Microenvironment-Activated Nanocomposite 

for Self-Amplifying Chemodynamic/ 

Starvation Therapy Enhanced IDO-Blockade 

Tumor Immunotherapy. Adv Sci (Weinh). 20 

23;10(34):e2303580. 

36. Ersahin T, Tuncbag N, Cetin-Atalay R. The 

PI3K/AKT/mTOR interactive pathway. Mol 

Biosyst. 2015;11(7):1946-1954. 

37. Leiphrakpam PD, Are C. PI3K/Akt/mTOR 

Signaling Pathway as a Target for CRC 

Treatment. Int J Mol Sci. 2024;25(6):3178. 

38. Huang TY, Chang TC, Chin YT, et al. NDAT 

Targets PI3K-Mediated PD-L1 Upregulation 

to Reduce Proliferation in Gefitinib-Resistant 

CRC. Cells. 2020;9(8):1830. 

39. Zhang H, Xie F, Yuan XY, et al. Discovery of 

a nitroaromatic nannocystin with potent in 

vivo anticancer activity against CRC by 

targeting AKT1. Acta Pharmacol Sin. 2024 

;45(5):1044-1059. 

40. Zhou J, Song Q, Li H, et al. Targeting circ-

0034880-enriched tumor extracellular vesicles 

to impede SPP1highCD206+ pro-tumor 

macrophages mediated pre-metastatic niche 

formation in CRCLM. Mol Cancer. 2024;23 

(1):168.  

41. Adam R, de Gramont A, Figueras J, et al. 

Managing synchronous liver metastases from 

CRC: a multidisciplinary international 

consensus. Cancer Treat Rev. 2015;41(9):729-

741. 

42. Chang YC, Kim CH. Molecular Research of 

Glycolysis. Int J Mol Sci. 2022;23(9):5052. 

43. Bose S, Zhang C, Le A. Glucose Metabolism 

in Cancer: The Warburg Effect and 

Beyond. Adv Exp Med Biol. 2021;1311:3-15. 

44. Wang G, Yu Y, Wang YZ, Zhu ZM, Yin PH, 

Xu K. Effects and mechanisms of fatty acid 

metabolism-mediated glycolysis regulated by 

betulinic acid-loaded nanoliposomes in 

CRC. Oncol Rep. 2020;44(6):2595-2609. 

45. Lei X, Li K, Liu Y, et al. Co-delivery 

nanocarriers targeting folate receptor and 

encapsulating 2-deoxyglucose and α-

tocopheryl succinate enhance anti-tumor 

effect in vivo. Int J Nanomedicine. 2017;12:  

5701-5715. 

46. Peinado H, Zhang H, Matei IR, et al. Pre-

metastatic niches: organ-specific homes for 

metastases. Nat Rev Cancer. 2017;17(5):302-

317. 

47. Sun H, Meng Q, Shi C, et al. Hypoxia-

Inducible Exosomes Facilitate Liver-Tropic 

Premetastatic Niche in CRC. Hepatology. 

2021;74(5):2633-2651. 

48. Deng J, Liao S, Chen C, et al. Specific 

intracellular retention of circSKA3 promotes 

CRC metastasis by attenuating ubiquitination 

and degradation of SLUG. Cell Death Dis. 

2023;14(11):750. 

49. Wang Y, Zhong X, He X, et al. Liver 



CURRENT SCIENCE CS 5 (5), 5062-5075 (2025) 

 

5074 

                        Zhang Congli, Ren Li et al. 
CURRENT SCIENCE  

 

 
 

metastasis from CRC: pathogenetic 

development, immune landscape of the 

tumour microenvironment and therapeutic 

approaches. J Exp Clin Cancer Res. 2023; 

42(1):177.  

50. Li JJ, Wang JH, Tian T, et al. The liver 

microenvironment orchestrates FGL1-

mediated immune escape and progression of 

metastatic CRC. Nat Commun. 2023;14(1) :6 

690. 

51. Wang D, Wang T, Liu J, et al. Acid-

Activatable Versatile Micelleplexes for PD-

L1 Blockade-Enhanced Cancer Photodynamic 

Immunotherapy. Nano Lett. 2016;16(9):5503-

5513. 

52. Mao Q, Min J, Zeng R, et al. Self-assembled 

traditional Chinese nanomedicine modulating 

tumor immunosuppressive microenvironment 

for CRC immunotherapy. Theranostics. 2022 

;12(14):6088-6105.  

53. Ni Q, Zhang F, Liu Y, et al. A bi-adjuvant 

nanovaccine that potentiates immunogenicity 

of neoantigen for combination immunoth 

erapy of CRC. Sci Adv. 2020;6(12): eaaw 

6071. 

54. Lang T, Zhu R, Zhu X, et al. Combining gut 

microbiota modulation and chemotherapy by 

capecitabine-loaded prebiotic nanoparticle 

improves CRC therapy. Nat Commun. 2023; 

14(1) :4746. 

55. Qingtao Meng, Jie Xu, Jiajia Wang, Xinwei 

Zhang, Hongbao Yang, Hao Sun, Shenshen 

Wu, Michael Aschner, Xiaobo Li, Luo Zhang, 

Jiong Wu, Hanqing Chen, Rui Chen, 

Investigation of the enhanced antitumour 

potency of CD46-specific chimeric antigen 

receptor-T cells in human CRCLM after 

combination with nanotherapeutics,Nano 

Today.2023;52:101985. 

56. Click B, Pinsky PF, Hickey T, Doroudi M, 

Schoen RE. Association of Colonoscopy 

Adenoma Findings With Long-term CRC 

Incidence. JAMA. 2018;319(19):2021-2031. 

57. Lin JS, Perdue LA, Henrikson NB, Bean SI, 

Blasi PR. Screening for CRC: Updated 

Evidence Report and Systematic Review for 

the US Preventive Services Task Force 

. JAMA. 2021;325(19):1978-1998. 

58. Li D, Yang J, Xu Z, et al. c-Met-

Targeting 19F MRI Nanoparticles with 

Ultralong Tumor Retention for Precisely 

Detecting Small or Ill-Defined Colorectal 

Liver Metastases. Int J Nanomedicine. 2023; 

18:2181-2196. 

59. Yang CC, Yang SY, Ho CS, Chang JF, Liu 

BH, Huang KW. Development of antibody 

functionalized magnetic nanoparticles for the 

immunoassay of carcinoembryonic antigen: a 

feasibility study for clinical use. J 

Nanobiotechnology. 2014;12:44. 

60. Jia Q, Ge J, Liu W, et al. Gold nanorod@ 

silica-carbon dots as multifunctional 

phototheranostics for fluorescence and 

photoacoustic imaging-guided synergistic 

photodynamic/photothermal 

therapy. Nanoscale. 2016;8(26):13067-13077. 

61. Joel R Hecht et al.Phase 1/2 study of 

XTX101, a tumor-activated, Fc-enhanced 

anti-CTLA-4 monoclonal antibody, in 

combination with atezolizumab in patients 

with advanced solid tumors and in MSS 

CRC.. JCO.2025;43, 206-206. 

62. Alexis Diane Leal et al.Phase II study of 

cabozantinib and nivolumab in refractory 

metastatic microsatellite stable (MSS) CRCr 

(CRC).. JCO.2025;43, 229-229. 

63. Michael J. Overman et al.CRCr metastatic 

dMMR immunotherapy (COMMIT) study: A 

randomized phase III study of atezolizumab 

(atezo) monotherapy versus mFOLFOX6 

/bevacizumab/atezo in the first-line treatment 

of patients with deficient DNA mismatch 

repair (dMMR) or microsatellite instability-

high (MSI-H) metastatic CRCr 9NRG-GI004 

/SWOG-S1610).. JCO.2025; 43, TPS311-TPS 

311. 

64. Soohyeon Lee et al.Nelmastobart (hSTC810) 

combined with capecitabine therapy in 

https://ascopubs.org/action/doSearch?ContribAuthorRaw=Hecht,+Joel+R
https://ascopubs.org/action/doSearch?ContribAuthorRaw=Leal,+Alexis+Diane
https://ascopubs.org/action/doSearch?ContribAuthorRaw=Overman,+Michael+J
https://ascopubs.org/action/doSearch?ContribAuthorRaw=Lee,+Soohyeon


                        Zhang Congli, Ren Li et al. 
CURRENT SCIENCE 

CURRENT SCIENCE CS 5 (5), 5062-5075 (2025) 

 

5075 

 
 

 
 

metastatic CRCr with resistance or intolerance 

to oxaliplatin and irinotecan-based 

chemotherapy: A phase 1b clinical trial. 

. JCO.2025; 43, 162-162. 

65. Weijian Guo et al.QL1203 vs placebo plus 

mFOLFOX6 as first-line therapy in RAS 

wild-type, metastatic CRCr (mCRC): Interim 

analysis (IA) of a multicenter, randomized, 

double-blinded, parallel, phase 3 trial. . JCO 

.2025;43, 190-190. 

66. Saori Mishima et al.Phase I/II study of 

cabozantinib alone or in combination with 

panitumumab in patients with MET-amplified 

metastatic CRCr.. JCO.2025;43, 146-146. 

67. Ezati, R., Johari, B., Seyf, J.Y. et 

al. Anticancer effects of folic acid-

functionalized covalent organic framework 

containing doxorubicin on SW480 colon 

cancer cells: a promising tool for drug 

targeted delivery. BMC Biotechnol 25,91 (20 

25). 

68. Wang, ZH., Zeng, X., Huang, W. et 

al. Bioactive nanomotor enabling efficient 

intestinal barrier penetration for CRCr 

therapy. Nat Commun 16, 1678 (2025). 

69. Zhu X, Zhang R, Liu Y, et al. 

Nanoemulsification of PTX and BEZ235 

inhibits colon cancer growth. Sci Rep. 2025; 

15(1):16217. 

70. Elfiky AM, Eid MM, El-Manawaty M, 

Elshahid ZA, Youssef EM, Mahmoud K. 

Production of novel theranostic nano-vector 

based on superparamagnetic iron oxide 

nanoparticles/miR-497 targeting CRCr. Sci 

Rep. 2025;15(1):4247. 

71. Wang X, Xu Z, Wang J, et al. A 

Mitochondria-Targeted Biomimetic 

Nanomedicine Capable of Reversing Drug 

Resistance in CRCr Through Mitochondrial 

Dysfunction. Adv Sci (Weinh). 2025;12(13) 

:e2410630. 

72. Zhang R, Lan S, Jia M, et al. Theranostic 

Applications of Taurine-Derived Carbon Dots 

in CRCr: Ferroptosis Induction and 

Multifaceted Antitumor Mechanisms. Int J 

Nanomedicine. 2025;20:7613-7635. 

73. Chen Z, Yang Z, Rao Z, et al. A pyroptosis 

proportion tunable nano-modulator for cancer 

immunotherapy. Theranostics. 2025;15(16):83 

20-8336. 

74. Liu H, Xu C, Wang P, et al. CRCs-CAFs 

crosstalk-targeted nano-delivery system 

reprograms tumor microenvironment for 

oxaliplatin resistance reversing and liver 

metastasis inhibition in CRCr. Bioact Mater. 

2025;54:126-143. 

75. Niu Y, Zhao X, Li Y, et al. Neutrophil-

Mimicking Nanomedicine Eliminates Tumor 

Intracellular Bacteria and Enhances 

Chemotherapy on Liver Metastasis of 

CRCr. Adv Sci (Weinh). 2025;12(30):e04188. 

76. Yuan Y, Lin Q, Feng HY, et al. A multistage 

drug delivery approach for colorectal primary 

tumors and lymph node metastases. Nat 

Commun. 2025;16(1):1439. 

77. Chen Y, He M, Cui L, Zhang J, Huang H, Tao 

Z. MiR-145 encapsulated small extracellular 

vesicles inhibit CRCr progression by 

downregulating fascin actin-bundling protein 

1 expression. Stem Cell Res Ther. 2025;16(1) 

:343. 

78. Wu Z, Lin X, Ying Y, et al. A dual-targeting 

strategy to inhibit CRCr liver metastasis via 

tumor cell ferroptosis and cancer-associated 

fibroblast reprogramming. Bioact Mater. 20 

25;52:73-91. 

79. J. Wang, C. Liu, P. Wang, Z. Liu, W. Hu, Z. 

Lv, C. Huang, X. Yao, Bioengineered Tumor-

Derived Extracellular Vehicles Suppressed 

CRCr Liver Metastasis and Bevacizumab 

Resistance. Adv. Sci. 2025, 12, 2417714. 

 

 

https://ascopubs.org/action/doSearch?ContribAuthorRaw=Guo,+Weijian
https://ascopubs.org/action/doSearch?ContribAuthorRaw=Mishima,+Saori

