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Abstract: Cell imprinting technology, as a key technique in the field of cell-specific recognition,
has become an important cornerstone of modern biomedical research. It relies on its precise rec-
ognition capability for biomarkers such as cell surface antigens and receptors. This technology is
not only widely applied in basic fields, including disease marker detection and research on cell
function and behavioral mechanisms, but also plays a crucial role in frontier applications like rare
cell isolation and targeted drug development. It continuously promotes the innovative development
of life science research. Although significant progress has been made in this technology, it still faces
several urgent challenges. These specifically include optimization of the imprinting process (to
enhance anti-interference ability and fidelity) and development of new methods adapted to complex

biological environments. In response to these issues, researchers have achieved breakthrough
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progress in multiple fields through innovative material design and process optimization recently.

First, in rare cell capture, this technology has significantly improved the separation efficiency of

key rare cells in complex samples, providing an efficient solution for early cancer diagnosis and

blood disease research. Second, in the field of cell culture, its unique imprinted surface can precisely

regulate the expression of cell adhesion proteins to optimize the in vitro culture microenvironment.

Finally, in biosensing, sensors developed based on this technology have demonstrated excellent

sensitivity and specificity, opening up new avenues for disease monitoring. This paper systematically

reviews the research status and development trends of cell imprinting technology, deeply analyzes

its technical bottlenecks and breakthrough directions. The aim is to provide a comprehensive

theoretical reference for related research and further promote the innovative application and leapfrog

development of this technology in the biomedical field.
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Fig.1 Flow chart of capture and release of SMMC-7721 cells'***?
a. cell-imprinted substrate with aptamer functionalization (APT-CIS) ; b. cell-imprinted hydrogel with site-directed modification of

aptamers (APT-CIH) ; c. cell-imprinted hydrogel with 3-acrylamido phenylboronic acid (PBA-CIH).

SMMC-7721: human hepatocellular carcinoma cell line.
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Fig. 2 Flow chart of CTC capture and release of near-infrared light-responsive hydrogels
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a, b. FESEM images of the cell-imprinted template showing (a) a large number of michigan cancer foundation-7 (MCF-7) cells and
(b) an individual MCF-7 cell ; c-e. (¢, d) AFM images and (e) the profile showing a single imprint (length: 15 um; height: 5.2 pm); f.

schematic diagram showing the NIR-responsive cell-imprinted gelatin for capture and photothermal selective release of single CTC from

peripheral blood.

CTC: circulating tumor cell; FESEM: field emission scanning electron microscopy; AFM: atomic force microscope; NIR: near infrared.
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Fig.3 Mechanism of whole CISlinked allochroic-graphene oxide for cell assay[”]

CIS: cell imprinted substrate; HCC: hepatocellular carcinoma.
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a. make a CMD; b. cultivation, differentiation, and transplantation of ADSCs.

CMD: complete microfluidic device; ADSCs: adipose-derived mesenchymal stem cells
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Fig.5 Schematic of a whole-cell thermal sensor for detecting plasmodium falciparum-infected erythrocytes

[44]

PDMS: polydimethylsiloxane.
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ture of cells™"

CIDH: a dual network hydrogel with cyclic multi-DNA modifications has been created using fixed cells as templates; PD-L1: pro-

grammed cell death ligand 1.
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Fig.7 Schematic diagrams of silicification of mammalian cells cultured on a flat substrate

[51]

a. schematic describing the process of cell silicification; b. image field of AsPC-1 cells throughout the steps of silicification; images in

(1) and (II ) show hydrated cells, and (Il ) and (IV ) show dehydrated composites and silica replicas. Insets show representative en-

ergy dispersive spectroscopy spectra of cells at the various stages.
AsPC-1 cells: human pancreatic adenocarcinoma cell line.
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Fig. 8 Schematic diagram of PBACIP’s manufacturing route and selective capture of CTCin cancer patients

[53]

SiO,@BA: boronic acid modified SiO, nanoparticles; PBACIP: PEGylated boronate affinity cell imprinted polydimethylsiloxane.
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Table 1 The application of whole cell imprinting technology in the field of biomedicine

Application Method Samples Advantages Ref.
Rare cell capture artificial antibody replica imprinting SMMC-7721 high efficiency, low cost [17]
stamp imprinting MCF-7 fixed-point release, high efficiency [33]

artificial antibody replica imprinting MCF-7 real-time fluorescence detection [50]

artificial antibody replica imprinting SKBR-3 high specificity, efficiency [53]

artificial antibody replica imprinting MCF-7 capture, analyze, respond to drugs all in '54]

one
artificial antibody replica imprinting SMMC-7721 high efficiency, selectivity [30]
artificial antibody replica imprinting SMMC-7721 high efficiency, selectivity [31]
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Table 1 (Continued)

Application Method Samples Advantages Ref.
artificial antibody replica imprinting SMMC-7721 antibody-free hydrogel [32]

Single-cell sorting artificial template imprinting HL60 high selectivity [19]
sacrificial layer imprint method AsPC-1, 4T1, RBL-2H3, stable function, low cost, simple opera- (51

erythrocyte tion

artificial antibody replica imprinting HLE high specificity, low cost, easy to operate [38]

Cell culture artificial template imprinting rat cardiomyocytes H9C2 precise, rapid. [18]
stamp imprinting rabbit ADSCs, chondro- highly operable, high efficiency [39]

cytes

sacrificial layer imprint method human chondrocytes high efficiency [40]

Biosensing stamp imprinting macrophages, MCF-7 low cost, fast, reusable [42]
film imprinting erythrocytes real-time monitoring, high precision [44]

SKBR-3: human breast adenocarcinoma cell line; HL60: human promyelocytic leukemia cell line; AsPC-1: human pancreatic adeno-

carcinoma cell line; 4T1: murine mammary carcinoma cell line; RBL-2H3: rat basophilic leukemia cell line; HLE: human hepatocellu-

lar carcinoma cells; H9C2: rat cardiomyoblast cell line.
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