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BIOTECHNOLOGY PROGRAMME

OVERVIEW

One of the greatest challenges in oncology research is the detailed
characterisation of tumour architecture, cellular heterogeneity, and
the spatial organisation of the tumour microenvironment. Optical
microscopy is an enabling technology to advance our understanding
of the cellular and molecular mechanisms driving cancer progression,
metastatic dissemination, and therapeutic response.

The Confocal Microscopy Unit (CMU) provides scientific expertise
and technical support through cutting-edge imaging and image
analysis technologies, with a strong focus on cancer biology and
translational biomedical research. CNIO research groups have
access to state-of-the-art instrumentation and an advanced
BioImage Analysis platform that supports both conventional and
high-dimensional imaging approaches.

Beyond service provision, the CMU actively develops and
implements innovative microscopy and computational analysis
methods to address emerging challenges in cancer research. Training
and science dissemination are key elements of our mission. We

“The CMU is committed to
providing a deep
understanding of cellular and
molecular mechanisms
involved in tumour
progression and treatment
responses by applying
advanced microscopy and
analysis methods.”

organise courses, seminars, and lab visits aimed at increasing
optical microscopy culture.

RESEARCH HIGHLIGHTS

In 2025, the Confocal Microscopy Unit (CMU) expanded the CNIO
imaging platform with two new systems. The Zeiss Axio Scan 7
fluorescence slide scanner enables high-throughput whole-slide
imaging, particularly for multiplexed tissues. The Zeiss LSM 990
confocal microscope, with spectral detection and near-infrared
capability, reinforces the confocal portfolio alongside the Leica
SP8 and SP5. Additional modalities include Leica Thunder for
live-cell imaging, Leica STED-SPS for super-resolution, and the
Revvity Opera Phenix Plus for high-content imaging, creating a
comprehensive infrastructure.

The CMU maintains a Biolmage Analysis platform with high-
performance workstations supporting FIJI, QuPath, Arivis and
Visiopharm, and develops advanced pipelines (https://github.com/
cnio-cmu-BioimageAnalysis/) to extract quantitative and spatial
data from complex datasets.

During 2025, a key focus was integrating artificial intelligence
and spatial biology for tissue analysis. The Unit developed deep-

learning models for automated detection of tumour and stroma,
invasive borders and brain metastasis niches in whole-slide and
multiplex images. These detections are combined with high-
plex immunofluorescence to define cellular composition and
spatial organisation, enabling quantitative mapping of tumour
microenvironment interactions.

In collaboration with the Histopathology Unit, we established
the basis of a spatial biology workflow allowing simultaneous
detection of 20-30 markers. Tailored deep-learning algorithms
extract quantitative features and spatial relationships between
cell populations.

Overall, these efforts strengthen CNIO imaging and bioimage
analysis capabilities, with emphasis on Al-based tissue segmentation
and spatial biology to map tumour heterogeneity and cellular
interactions. W

FIGURE 1 Automated workflow for
invasive front detection and analysis.
A trained CNN-based segmentation
model automatically defines the tumour
invasive front in H&E WSI. Corresponding
multiplex IF images are aligned with H&E
data, enabling cell-level phenotyping and
spatial characterisation of the tumour
invasive front microenvironment.
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