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Figure 1 Schematic illustration of typical Janus nanostructures [21]
(color online).
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Figure 2 Schematic diagram of material growth thermodynamics [30] (color online).
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Figure 3 The equilibrium configuration diagram of the third im-
miscible solvent and the two droplets [37] (color online).
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Figure 4 Schematic diagram of the formation of Pickering emulsion
(a) and its different contact angles (b) [44].
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Figure 5 The model diagram of Janus nanoparticles [53] (color
online).
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Figure 6 Preparation of octopus-type PEG-Au-PAA/mSiO,-LA Janus NPs and their anticancer studies in vivo and in vitro [71] (color online).
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Figure 13 Schematic diagram of the synthesis process of M-MSNs-
DOX Janusnano-bullets and drug release in vivo [105] (color online).
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Figure 18 The growth mechanism of nanomaterials in different water/
ethanol ratios [118] (color online).
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Synergistic PTT-CDT-PCT Therapy
Integrated with Tri-modal Imaging

Bl 19 Cu,_Se-Au JanusNPs/il & i 5 K ¥ Rl g s 2
1 (R R )

Figure 19 Schematic diagram of the preparation process of Cu,_,Se-Au
JanusNPs and synergistic anti-tumor [122] (color online).
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Table 1 Comparative analysis of the inhibitory effects of different structural materials on tumor cells

[ PRk et 254 IS 77 225 3R

NPs (UCSNs) Chemotherapy/RT CDDP 30% [97]

SMMC-7721 JNPs (GSJINs) Chemotherapy/RT DOX 6% (25 pg/mL) [99]

INPs (FA-JGMSNs) Chemotherapy/RT/PTT Ber 10% (10 pg/mL) [110]

INPs (GT-MSNs) Chemotherapy/RT/PTT TPZ 12% (12.5 pg/mL) [109]

JNPs (PEG-Au-PAA/mSiO,-LA) Chemotherapy/PTT DOX 6% (100 pg/mL) [71]

JNPs (M-MSNs) Chemotherapy/MHT Cur 18% (100 pg/mL) [104]

INPs (Fe;0,&mSiO,) Chemotherapy/MHT DOX 10% (10 pg/mL) [105]

HepG-2 IJNPs (JGMSNs) Chemotherapy/RT/PTT Ber 10% (10 pg/mL) [110]

INPs (AuNR/ZIF-8 ) Chemotherapy/CT/PTT DOX 20% (25 pg/mL) [68]

INPs (PCL-AuNC/Fe(OH);-PAA) Double-drug synergy DOX/Dtxl 18% [116]

NPs (mTiO,@PPYs) Chemotherapy/CT/PTT/SDT HNK 21% [121]

NPs (UCNPs@mSiO,-POM) Chemotherapy/PTT DOX 15% (500 pg/mL) [123]

INPs (AuNRs@mSiO,) DOX 6.65% (20 pg/mL) [69]

HeLa NPs (MMNs-NH,-HA) Chemotherapy/MHT DOX 10% (20 pg/mL) [103]

INPs (MSNs-T{/TAT) Chemotherapy/RT SeC 18.6% (1.0 uM) [96]

INPs (UCNP@SiO,@mSiO, & PMO) Double-drug synergy PTX/DOX 50% [118]

JNPs (Brush) Chemotherapy/PDT DOX 25% [80]

4T1 NPs (ZJU-16) Chemotherapy/CDT IBUNa 70% (150 pg/mL) [91]

INPs (Cu,_,Se-Au) PTT/CDT/PCT/CT - 42.6% [122]

*2

A DU GRRL T B 5 735 B2 SR TR (AR el 2 RS T e 240 MO 12 (0 7 A

Table 2 Preparation method, drug loading, application, tumor volume reduction rate and analysis of cancer cell activity of multi-modal combined

anti-tumor nanoparticles

e 4% 5k 254 N2 ] IS 77 R ERR DR SO
PTT - 100% (0 pg/mL) 0 (21d)
RT Modified sol-gel - 65% (0 pg/mL) 45.4% (21 d) [107)
method 0 o
Chemotherapy Ber SMMC-7721 60% (12.5 pg/mL) 9.09% (21 d)
Chemotherapy/RT/PTT Ber, 47.4 wt% 45% (12.5 pg/mL) 90.9% (21 d)
Surface nucleation N o o
Chemotherapy/RT/CT and seed growth DOX, 21.8 wt% 10% (25 pg/mL) 98.3% (23 d) [96]
PTT -Seeded growth - 98% (0 ug/mL) 0 (10d)

Chemotherapy Modified Stober Free DOX 30% (100 pg/mL) 83.7% (10 d) [24]
Chemotherapy/PTT method DOX, 90 wt% 6% (100 pg/mL)  97.9% (10 d)
Chemotherapy/MHT Seeded growth DOX, 60 wt% HepG2 15% (10 pg/mL) 50% (25 d) [102]

Multiple chemotherapy ~ Surface nucleation DOX, 20 wt% o o
synergy and seeded growth Dtxl, 5 wt% 20% (6.25 pg/mL) 94.7% (10d) (106]
. DOX, 42.0 wt% N o
Multiple chemotherapy/PTT Seed growth HCPT, 9.8 wi% 10% (12.5 pg/mL) 100% (10 d) [23]
Multiple chemotherapy  Surface nucleation DOX, 5.4 wt% o B
synergy and seeded growth PTX, 6.6 wt% 50% (50 pg/mL) [107]
chemotherapy - FA-Se@DOX HelLa 27.6% (8 pg/mL) 59.7% (21 d) [78]
PTT - 98% (20 pg/mL) -
Seeded growth [69]
Chemotherapy/PTT DOX, 23.3 wt% 20% (20 pg/mL) -
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Abstract: In the process of cancer treatment, due to the complexity, diversity and heterogeneity of tumors, most
conventional anticancer drugs show a narrow therapeutic window. Therefore, the current trend of clinical research has
gradually shifted from a single treatment to a dual-drug or multi-modal combination therapy with different therapeutic
effects. Janusparticles can independently control the release of different drugs, reducing mutual interference between
modes. In this review, the preparation methods and mechanisms of Janusnanomaterials, the application of the
Janusnanoplatform based on chemotherapy in the field of multi-mode combined anti-tumor applications, and the
challenges faced by Janusnanomaterials are summarized.
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