Description of the infrastructure for the PhD program in Biomedical Science and
Technology

El programa de doctorado desarrolla los proyectos doctorales fundamentalmente en tres centros
de investigacion. Cada una de las sedes cuenta con infraestructura cientifica singular y acorde

con su especializacion.
The doctoral program conducts its research projects primarily across three research centers:

e Universidad Carlos Ill de Madrid
e CIEMAT
e Hospital General Universitario Gregorio Marafidn

Each center is equipped with unique scientific infrastructure tailored to its specific field of
specialization.
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The Department of Bioengineering at Carlos Il University of Madrid features advanced platforms
geared toward technical and clinical research.

The Experimental Bioengineering Laboratory is equipped with advanced prototyping and
characterization capabilities, comparable to high-precision platforms. It includes a laser cutting
system, a high-frequency multichannel data acquisition system, and a specialized test bench for
evaluating radiation detectors. The Medical Imaging Area integrates a comprehensive suite for
experimental study, ranging from fluorescence microscopy and SPIM systems for testing, to an
optical table with a SPIM microscope dedicated to advanced practical training. The platform is
further complemented by two X-ray systems, two MRI systems, an ultrasound (US) system, and
various radiation detectors. A key highlight is the X-ray Experimental Room, a highly flexible
facility for table-top and wall-bucky acquisitions. This laboratory, a result of the university-
industry partnership with SEDECAL, features a full-body anthropomorphic phantom and several
guality control phantoms. Its main competitive advantage is the access to open software, which
allows for raw data acquisition and low-level technical modifications. The Biomedical
Instrumentation Area offers a high-fidelity environment for medical practice, equipped with an
Emergency Care Simulator (ECS) manikin, two artificial lungs, and a Savina 300 clinical ventilator.
Additionally, it features two Spirolab 3 spirometers, a laparoscopy simulator, a cardiac simulator
(Windkessel), and a defibrillator.



The Image-Guided Interventions Area features a specialized environment for computer-assisted
surgery and immersive technologies. Its resources enable the advanced development of artificial
intelligence and the validation of surgical solutions using the following equipment:

e High-Performance Computing (HPC): Multi-GPU workstations and access to the UC3M
HPC Cluster for training Al models.

e Navigation Systems: Optical and electromagnetic trackers (NDI Polaris, OptiTrack, and
Ascension) for surgical positioning.

e Extended Reality (XR): Advanced visualization devices, including augmented reality
(HoloLens 2, MagicLeap 2) and virtual reality (Meta Quest 3) headsets.

e Clinical Simulation: High-fidelity manikins for training in childbirth scenarios,
neurosurgery, and interventional procedures.

e Additive Manufacturing: 3D printing laboratory featuring various technologies for rapid
prototyping of surgical instruments and biomodels.

El Laboratorio de Cultivos Celulares e Ingenieria de Tejidos es una zona limpia de categoria ISO
8 y control de presidn positiva para el correcto mantenimiento de un ambiente controlado. El
acceso al laboratorio se realiza a través de una esclusa que permite confinar el riesgo bioldgico
y llevara a cabo el cambio de ropa a la indumentaria de trabajo requerida. Esta sala esta dotada
con cinco cabinas de seguridad bioldgica Telstar Bio Il para dos personas cada una permitiendo
trabajar a 10 estudiantes de manera simultdnea bajo la supervision de 2 docentes. Ademas,
entre otros equipos existen dos incubadoras celulares, 4 microscopios invertidos Olympus CKX41
con cdmara para la visualizacion de células, dos de ellos conectados a un ordenador y uno de
ellos con ldmpara de fluorescencia de mercurio que permite visualizar, por ejemplo, células
manipuladas genéticamente con genes marcadores fluorescentes (proteina verde fluorescente,
GFP), una centrifuga digital Spectrafuge 24D, dos bafios termostatizados, dos frigorificos de 42C/-
202C. Todas las mesas de trabajo y cabinas cuentan con instalacion de vacio y gases. Ademas,
hay un microscopio invertido Leica Dmi8 con estacién de célula viva OKOLab, con motorizacion
de torreta de filtros LED de fluorescencia, enfoque y platina de scanning XY, y una camara de alta
resolucion sCMOS Hamamatsu Flash LT junto con el software de adquisicién LAS X conectado a
una Workstation para imagen avanzada con herramientas de precisidn, incluida la microscopia
de superresolucion y confocal. Esta unidad que permite la captura de imagenes de células vivas
en tiempo real empleando la técnica de cdmara rdpida (time-lapse) y microscopia confocal.

The Cell Culture and Tissue Engineering Laboratory is an ISO 8-certified cleanroom with positive
pressure control to ensure a strictly monitored environment. Access to the laboratory is
managed through an airlock (antechamber), which contains biological risks and serves as a
changing area for the required work attire. The facility is equipped with five Telstar Bio Il
biological safety cabinets, each designed for two people, allowing 10 students to work
simultaneously under the supervision of 2 instructors. The equipment includes two cell
incubators and four Olympus CKX41 inverted microscopes with cameras for cell visualization
(two connected to computers and one equipped with a mercury fluorescence lamp). This setup
enables the visualization of genetically modified cells using fluorescent marker genes, such as
Green Fluorescent Protein (GFP). Additional equipment includes a Spectrafuge 24D digital
centrifuge, two thermostatic water baths, and two 42C/-202C refrigerators. All workstations and
cabinets are fitted with vacuum and gas lines. Furthermore, the unit features a Leica DMi8
inverted microscope equipped with an OKOLab live-cell station, a motorized LED fluorescence
filter turret, motorized focus, and an XY scanning stage. It is paired with a Hamamatsu Flash LT



high-resolution sCMOS camera and LAS X acquisition software connected to an advanced
imaging workstation. This setup provides precision tools for super-resolution and confocal
microscopy, enabling real-time time-lapse imaging of living cells. In this laboratory, students can
perform all standard activities of a modern tissue bioengineering facility, including the isolation,
expansion, and maintenance of cell lines; primary cultures of uni-, pluri-, or multi-potent stem
cells modified via genetic engineering; and stem cell differentiation into various lineages. The
facility also enables organ decellularization and recellularization for bio-organ generation, real-
time cell mechanotransduction and morphogenesis experiments (time-lapse), and biomaterial
functionalization. Furthermore, students engage in tissue and mini-organ generation using
conventional and 3D printing tools, as well as gene therapy vector generation for editing using
CRISPR/Cas9 technology.

The Microscopy Room features ten student workstations in addition to the instructor’s station.
Each student is equipped with a Leica DM 750 RH conventional optical microscope featuring a
built-in camera, a 21.5" LCD-TFT flat screen, and a computer for the proper visualization and
documentation of investigated samples. The room is outfitted with an interactive multi-user
microscopy system based on a network of microscopes with integrated high-definition (HD)
digital cameras. Various electronic modules interconnect and manage the image flow between
ten slave microscopes/monitors and one master unit, which is connected to a 46" monitor for
simultaneous viewing by all students. Furthermore, the facility includes an Olympus CKX-41
conventional fluorescence microscope equipped with an Olympus U-RFL-T mercury lamp and an
HD camera, allowing for the visualization and image capture of immunofluorescence histological
samples via a connected computer. Additionally, an Olympus optical microscope with four
binocular heads is available, enabling rapid "workhorse" analysis for three students
simultaneously with the instructor.

The Material Preparation Area is equipped with an autoclave, a thermal disinfector, a drying
oven, a bacterial incubator, two 42C/-20°C refrigerators, and two flammable chemical storage
cabinets. This room facilitates the maintenance and cleaning of all reusable molecular biology
laboratory materials, as well as the preparation and sterilization of samples and culture media.
Additionally, this area provides two computer-equipped workstations.

Finally, the Bioengineering Cleanrooms (UC3M Core Facilities) offer a controlled atmosphere
environment compliant with ISO 8 standards and HEPA filtration, ensuring strict regulation of
pressurization and airflow. These facilities are certified for Biosafety Level 2 (BSL-2) conditions,
enabling work with genetically modified organisms (GMOs), viral vectors, and hybrid biological-
mechanical models. The platform is completed by a cryogenics and storage unit (—80 2C),
alongside high-end equipment including digital PCR, cryostats, and Leica DMi8 fluorescence
microscopy.



CIEMAT

The Department of Biomedical Innovation at CIEMAT (https://bioinn.portales.ciemat.es/)
features advanced platforms for experimental and translational research. Notable among these
is the GMP (CliniStem) laboratory, certified by the Spanish Agency of Medicines and Medical
Devices (AEMPS) for the manufacturing of Advanced Therapy Medicinal Products (ATMPs). The
flow cytometry platform, ISO 9001 certified, is equipped with multiparametric and spectral
analyzers (e.g., Beckman Coulter CytoFLEX, BD LSR Fortessa, and the Cytek Aurora 5L system), as
well as the BD Influx cell sorter, enabling complex analysis and high-precision cell population
isolation. The animal research facility (registration ES280790000183) includes an embryo
manipulation laboratory and an irradiation room, with all procedures authorized by the Animal
Welfare Committee and the Community of Madrid. The cell culture laboratories (BSL-2 and BSL-
2+) feature laminar flow cabinets, incubators, and inverted microscopes, complemented by
molecular biology labs equipped with thermal cyclers, quantitative PCR (qPCR), and
electrophoresis systems. The microscopy laboratory includes a Zeiss Axio Vision fluorescence
system and a Leica MATEO. Additionally, the department hosts a cytology and histology
laboratory with automated tissue processing systems, staining and slide mounting stations,
cryotomes and microtomes, and an archive containing over 100,000 paraffin blocks of murine
and human samples.



https://bioinn.portales.ciemat.es/

Hospital General Universitario Gregorio Maranén

The Experimental Medicine and Surgery Unit at Hospital General Universitario Gregorio
Marafién operates under a strict quality management system, holding ISO 9001:2015
certification (ES16/19483), which ensures excellence in all research processes. The Flow
Cytometry Area is equipped with high-complexity analytical and sorting capabilities, including a
10-color Beckman Coulter Gallios cytometer and a MoFlo Astrios cell sorter, complemented by
a Nikon Eclipse 50i fluorescence microscope with CFI60 optics. These facilities are integrated
with the Cell Culture Area, which comprises culture and microbiology laboratories at Biosafety
Level 2 (BSL-2) and a dedicated cryogenics facility

La plataforma de imagen es un referente en resolucién y versatilidad. El Area de Microscopia
Confocal dispone de dos sistemas Leica de Ultima generacidn. Por su parte, el Area de Imagen
Preclinica integra equipos de alta gama:

The Imaging Platform is a benchmark for resolution and versatility. The Confocal Microscopy
Area features two state-of-the-art Leica systems. Meanwhile, the Preclinical Imaging Area
integrates high-end equipment

e Hybrid PET/CT (SuperArgus) and high-resolution SPECT (U-SPECT-II) systems.

e 7-Tesla Magnetic Resonance Imaging (MRI) scanner (Bruker Biospec) and an IVIS Lumina
Series Il system for optical imaging.

e 3D Light-Sheet Microscope (SPIM) with a 5-laser configuration.

e Physiological monitoring systems (SA 1025, 1030, and RGB) and a Radiopharmacy unit
for in-situ tracer production, alongside autoradiography (Fujifilm BAS-5000).

The Animal Facility (Registration ES280790000087) covers 170 m? designed for maximum
animal welfare. It includes barrier zones (SPF), quarantine rooms for rats and mice, Biosafety
Level 2 (BSL-2) containment, and specific areas for porcine models and postoperative care.

The surgical infrastructure is divided into:



Conventional Operating Room: Equipped with multipurpose tables, advanced
monitoring, surgical instruments, electrosurgical units, radiology, extracorporeal
circulation, and laparoscopy equipment.

Microsurgery Operating Room: Featuring 4 workstations with Nikon SMZ-1 and Zeiss
OPMI 99 stereomicroscopes, quartz bead sterilizers, dual-arm stereotaxic frames, and
sevoflurane anesthesia systems with induction chambers.

The Molecular and Cellular Biology Unit has two open-plan laboratories of 75 m? each,
supported by a central common equipment area including:

Precision Instrumentation: Centrifuges, spectrophotometers, a lyophilizer (freeze-
dryer), a UVITEC imaging analyzer, Millipore purifiers, CRUMA hoods, and a
hybridization oven.

Sample Processing: Thermal cycler, vibratome, sonicator, bacterial incubators, and
thermostatic water baths.

Cold Storage Logistics: A 5.80 m? cold room (equipped for processing at 4 2C) and a
storage battery with —80 2C, —40 2C, and —20 2C freezers.



