
Context: Breast cancer is the most common cancer in women, affecting almost one in eight women 
worldwide, and the second cause of cancer deaths in women. Despite advances in diagnostic and 
treatment of breast cancer, 4% to 10% of women will present a metastatic disease at the time of 
diagnosis. Furthermore, up to 30% of patients with early stage tumors will develop distant metastases 
after primary treatment. Persistence of breast cancer stem-like cells (BCSCs) are considered as a major 
mechanism for breast cancer progression, metastasis and recurrence [1]. A key characteristic of BCSCs 
is their tumor-forming ability and innate drug resistance mediated by their relative quiescence within 
the tumour core. These cells also involve molecular mechanisms enabling them to evade the cytotoxic 
effects of anti-cancer drugs and to migrate to form metastasis [2]. In the recent years, a better 
definition of the phenotype of these cells has been proposed allowing their detection both in the 
primary tumor and the metastasis. However, their identification in the bloodstream (liquid biopsy) 
would be of great interest as biomarkers for diagnostic, patient monitoring and as potential 
therapeutic target to limit the apparition of metastasis, which is the main event, correlated with 
prognostic. Liquid biopsies have been regarded as robust tools for routinely screening and identifying 
tumors before symptoms appear [3].  Besides the “classical biomarkers” which are routinely used in 
clinic, new biomarkers are emerging, in particular in liquid biopsies, whereby molecules such as nucleic 
acids, as well as circulating tumor cells (CTCs) coming directly from the tumor make it possible to obtain 
molecular information on the tumor itself [4]. The quantification and characterization of CTCs 
represent major technological challenges in liquid biopsy due to the extremely low concentrations of 
these cells in blood. Hence, novel CTC sensors need to be developed to detect CTCs from other origins. 
New biosensors with enrichment and characterization steps have been investigated and may become 
breakthrough analytical tools in this context [5]. However, the commercial success of biosensors has 
been partially hindered by the absence of appropriate biological receptors that are expensive to 
produce and unstable for storage. Molecularly imprinted polymers (MIPs) open the door to sustainable 
alternatives for solving these problems. MIP-based sensors have been investigated as promising 
analytical devices in clinical analysis because they are cheap, portable, give a fast response and they 
are specific [6]. In cancer diagnosis, MIP-based sensors exploiting different detection techniques for 
cancer biomarker sensing have been developed for several years [7]. However, none have considered 
the detection of CTCs. In this work, we aim to detect and capture BCSC-CTCs that are supposed to be 
the metastasis-initiating cells from blood. The chosen biomarker for BCSC-CTC is ICAM1, a key initiator 
of metastasis through homophilic ICAM1-ICAM1 interactions that not only promote homotypic CTC 
cluster formation but also drive tumor-endothelial heterotypic cell adhesion. In addition, ICAM1 
signaling sustains the levels of cyclin-dependent kinase 6 (CDK6) and other pathway components 
related to the cell cycle, stemness, and survival [8]. 
Objectives: We aim to develop an emerging promising method for CTC detection based on MIPs. MIPs 
are synthetic materials that exhibit excellent binding properties with affinities and selectivities 
comparable to those of antibodies [9,10]. The imprinting process consists in the polymerization of a 
functional monomer in the presence of a molecule of interest with a cross-linking agent. After the 
extraction of the molecule, the polymer matrix contains tailor-made binding sites, perfectly 
complementary to the extracted molecule. These materials are quick and less expensive to synthesize 
and combine many advantages over antibodies. The project described here proposes to capture 
ICAM1+ CTCs from blood using MIP and to detect reactive cells using an organic field-effect transistor 
(OFET) integrated with an extended-gate gold (Au) electrode as presented in Scheme 1. The OFET 
possesses an inherent amplification ability, which enables sensitive chemical sensing in combination 
with appropriate recognition materials [11]. In this proposal, we employ an extended-gate structure 
that consists of a device operation unit (i.e., OFET) and a sensing unit made of an Au electrode, allowing 
electrical detection of the target cells based on surface changes in the extended-gate Au electrode 
functionalized with MIP [12]. With sensors using MIP, it is possible to detect any cancer cells on 
condition that using the good protein imprint, and after the detection step and cells extraction from 
the MIP, the sensor can be used for another cycle of detection. Moreover, with MIPs it is possible to 
detect several targets in addition of ICAM1.                               



Scheme 1. Representation of the project. 
The project is based on two complementary 
expertise of the project leaders, namely the 
development of molecularly imprinted polymer 
developed in the PHENIX laboratory and the 
biological study of cancer in the Cancer Biology 
and Therapeutics team of the CRSA in France 
(Partner 1) and the development of the MIP-
OFET sensor in Tokyo University (Partner 2).   
Methodology:  
5 interconnected Workpackages (WP) are envisaged during the 36 months of the project. Before  
developing the MIP-OFET sensor, MIP nanoparticles will be synthesized to determine the perfect 
conditions needed to target the ICAM1+ CTCs (monomers mixture, ICAM1 epitopes). Then the 
nanoparticles will be tested in blood. Finaly, the good conditions used for the 
nanoparticles will be adpated to the MIP-OFET sensor development. 
1. The MIP nanoparticle engineering: Partner 1 and 2 
2. Targeting tests. Partner 1 
3. Spicking assay into whole blood: Partner 1 
4. Development of the MIP-OFET sensor: Partner 2 
5. Test on patients: Partner 1 and 2                            Figure 1. The OFET device 
Impacts and outreach: Currently, counting and isolating CTCs remains questionable because they are 
mainly identified by epithelial markers such as EpCAM [13]. We now know that circulating tumor cells 
able to persist in the blood during treatment and able to metastasize exhibit heterogeneous 
phenotypes including the expression of mesenchymal markers [14] and stem cell markers [15]. 
Moreover, the use of sub-optimal antibodies for enrichment and detection of sub-population of CTC 
may be also a bottleneck for the full medical exploitation of the potential of these cells. We proposed 
here to use the MIPs technology in order to generate a specific material specifically manufactured at 
molecular level for high degrees of CTCs capture. In our project, we chose the ICAM1 markers, which 
is clearly an emergent metastatic marker in BC. The development of a technological platform allowing 
the capture, detection and study of particularly aggressive CTC subpopulations is of major interest to 
society for both the management and monitoring of patients and for the development of 
antimetastatic therapeutic strategy which are still largely missing despite recent advances in 
combinations of targeted therapies and immunotherapies. Thus, the MIP-based sensors that we will 
develop, could revolutionize the use of MIP sensors in cancer diagnostics and management.  
Added-value of the international cooperation Until now, N. Griffete’s team was mostly interested in 
the development of MIP for cancer therapy. This collaboration is the opportunity to work on another 
aspect of cancer which is the diagnostic. After the meeting in Tokyo with Minami’s team in November 
2023, both suggested to collaborate on MIP for cancer which is the speciality of N. Griffete's team and 
on sensor which is the speciality of Minami’s team.  N. Griffete is going to deposit an ERC consolidator 
(november 2024 in LS07) and will put a part dedicated to the development of MIP sensor for CTC 
detection in collaboration with Minami’s team. This will be a good opportunity to show that we started 
this novel project together, initiated thanks to Sorbonne Université, before the deposition of the ERC.  
References : [1] Massagué, Joan, et Karuna Ganesh ? Cancer Discovery 11, no 4 (avril 2021): 971-94. [2] Saha, Taniya, et Kiven Erique 

Lukong ? Frontiers in Oncology 12 (2022): 856974. [3] Cescon DW, Bratman SV, Chan SM, Siu LL, Nature Cancer 2020, 1, 276–290. [4] 
Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, Reuben JM, Doyle GV, Allard WJ, Terstappen LW, et al., N. Engl. J. Med. 
2004, 351, 781–791. [5] Shen Z, Wu A, Chen X. Chemical Society reviews. 2017, 46, 2038-56 [6] SelvoliniG, Marrazz G 2017, 17, 718. [7] 
Bhaktaa S, Mishra Sensors and Actuators Reports 2021, 3, 1-11 [8] Taftaf, R., Liu, X., Singh, S. et al.  Nat Commun 12, 4867 (2021). [9] Griffete 
N, Fresnais J, Espinosa A, Wilhelm C, Bée A, Ménager C Nanoscale 2015, 7,1-5 18891. [10] Nerantzaki, M, Michel A, Briot E, Siaugue JM, 
Ménager C, Wilhelm C, Griffete N Chem. Commun. 2020, 56, 10255–10258. [11] Organic Transistor-based Chemical Sensors for Real-Sample 
Analysis” Sasaki, Y.; Minami, T. Phys. Status Solidi A 2023, 22, 2300469. [12] Sasaki, Y.; Zhang, Y.; Fan, H.; Ohshiro, K.; Zhou, Q.; Tang, W.; Lyu, 
X.; Minami T. Sens. Actuators B Chem. 2023, 382, 133458.  [13] Cristofanilli, Massimo, G. Thomas Budd, Matthew J. Ellis, Alison Stopeck, Jeri 
Matera, M. Craig Miller, James M. Reuben, et al. The New England Journal of Medicine 351, no 8 (19 août 2004): 781-91. [14] Yu, Min, Aditya 
Bardia, Ben S. Wittner, Shannon L. Stott, Malgorzata E. Smas, David T. Ting, Steven J. Isakoff, et al. Science (New York, N.Y.) 339, no 6119 (1 
février 2013): 580-84. [15] Topa, Justyna, Peter Grešner, Anna J. Żaczek, et Aleksandra Markiewicz. Cellular and Molecular Life Sciences: CMLS 
79, no 2 (20 janvier 2022): 81.  

 

 

 

 

 

 

 

 

Scheme 2.  

2. Targeting cells overexpressing ICAM1: Partner 1 
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