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Abstract: Transitional metal carbides, nitrides, or carbonitrides ( MXenes) are novel types of two-dimensional (2D)
nanomaterials. Owing to their outstanding physicochemical properties such as optical, electronic, magnetic, thermal proper-
ties, MXenes have been widely applied in the fields of energy reserves, environmental monitoring, and catalysis. Utilizing
their large specific surface area, high NIR absorbance, and substitutable components ability, MXenes also have been rapidly
used in biomedicine applications. This review summarizes the recent progress of MXenes used in biomedicine, including the
method of synthesis, surface modification, biomedicine applications ( bio-detection, imaging, cancer treatment) , as well as
biosafety evaluation of MXenes, and discusses the future perspectives of applying these novel two-dimensional nanomaterials
in biomedicine.
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Fig. 1 Synthesis of two-dimensional MXenes: (a) schematic diagram of the synthesis process for Ti;C,, and the corresponding TEM images(a; ~

a;) 119, (b) schematic diagram of the synthesis and delamination of Mo,CT, , and the corresponding TEM images (b, , b,) and HRTEM

images (b;) of MXene nanosheets! *); (¢) schematic diagram of the preparation of MXene QDs, and their TEM (¢,) and HRTEM (c,)

images!'®7; (d) synthesis process of V,C NSs by algae extraction, and the TEM images of V,AlC treated for 24h, 48h, respectively with al-

gae extraction(d,, d,) (7]
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Fig. 2 Two-dimensional MXenesused in biomedicine detection; (a) schematic diagram of detection exosomes by fluorescence resonance energy transfer

(FRET), (b) FL intensities of Cy3-CD63 aptamer + MXenes in the different concentrations of exosomes 2 | (¢) schematic of detection proce-
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Fig. 4 Two-dimensional MXenes used in multimodal imaging: (a) PAI images of the different time in tumor, (b) CT images of Ti;C,@ Au in

vitro and vivol*'! | (¢) MR/CT/PA imaging-guided efficient PTT ablation of cancer *]
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Fig. 5 Two-dimensional MXenes used in drug delivery: (a) the UV-vis absorption spectra of Ti;C,, DOX and Ti; C,-DOX, (b) zeta potentials of
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Fig. 7 Two-dimensional MXenes used in synergistic therapy: (a) Schematic diagram of the Ti;C,@ Au; (b) The tumor H&E staining in different treat-

ments[‘“]

(¢) Schematic illustration of the preparation of Ti; C,-Based nanoplatform and the synergistic photodynamic /photothermal /chemothera-

py of tumor; (d) Effect of tumor synergistic therapy: (d,) tumor growth curves, (d,) digital photos of tumors after treatment, (d;) body-weight

change curves of mice during treatment, (d,) the H&E staining of tumor: control (i), laser only (ii), DOX (iii), Ti;C,-DOX (vi) (42)
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Fig. 8 The biosafety of two-dimensional MXenes: (a)degradation process of Mo, C-PVA nanoflakes dispersed in PBS with different pH values ranging
from 3.4 to 11. 4, as observed by UV-vis-NIR absorption spectra and corresponding digital photographs at a series of designed time points,

(b) TEM images of the degradation product of Mo, C-PVA incubated in PBS (pH 7.4) at various time points
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