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WG 1-O-2262 Vimentin regulates arterial remodeling in response to changes in
hemodynamic forces
 

Sahlgren C. M.1

 

1Åbo Akademi University, 2Eindhoven University of Technology, Eindhoven, the Netherlands
 

Email of the presenting author: cecilia.sahlgren@abo.fi
 
Cardiovascular diseases represent the principal worldwide medical challenge of the 21st century,
and new concepts to treat, predict, and even prevent these diseases are needed. Structural
remodeling of the vasculature in response to changes in blood flow is essential to maintain
mechanical homeostasis. Many diseases are related to defects in tissue morphology and
mechanical imbalance. Signaling between endothelial cells (ECs) and vascular smooth muscle
cells (VSMC) and matrix synthesis and reorganization regulate the structural remodeling of the
arterial wall in response to changes in blood pressure.
The intermediate filament (IF) cytoskeleton has been proposed to regulate morphogenic
processes by integrating the cell fate signaling machinery with mechanical cues. I will discuss how
the IF vimentin integrates mechanical forces with cell signaling to regulate arterial remodeling. By
combining in vivo and in vitro model systems, we demonstrate that vimentin is fundamental for
re-establishing mechanical homeostasis upon changes in mechanical load. I will further discuss
the role of vimentin in regulating vascular cell phenotype and matrix homeostasis and present a
biomimetic vessel wall-on-a-chip device to elucidate the role of vimentin in EC-VSMC signaling
and matrix remodeling under controlled hemodynamic conditions.
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WG 1-O-2260 Multiscale mechanics of reconstituted vimentin networks
 

Schepers A. V.1,2, Lorenz C.1, Nietmann P.3, Janshoff A.2,3, Klumpp S.2,4, Köster S.1,2

 

1Institute for X-Ray Physics, Georg August University Göttingen, 2Max-Planck-School Matter to
Life, 3Institute of Physical Chemistry, Georg August University Göttingen, 4Institute for Dynamics of
Complex Systems, Georg August University Göttingen
 

Email of the presenting author: aschepe@uni-goettingen.de
 
Among the three filamentous components of the cytoskeleton, the intermediate filament (IF)
network is by far the most extensible and resilient to stress. We present a multiscale approach to
disentangle the three main contributions to reconstituted vimentin IF network mechanics -- single
filament mechanics, filament length, and interactions between filaments -- including their temporal
evolution. Combining particle tracking, quadruple optical trapping and computational modeling, we
derive quantitative information on the strength and kinetics of filament interactions. Specifically, we
find that hydrophobic contributions to network mechanics enter mostly via filament elongation
kinetics, whereas electrostatics has a direct influence on filament--filament interactions. These
results indicate that cells might need to explicitly suppress attractive interactions to re-organize the
extremely stable cellular vimentin network.
 

Acknowledgement: Funding by: ERC Consolidator Grant Agreement no.724932, BMBF and Max
Planck Society, IMPRS-PBC, Studienstiftung des deutschen Volkes e.V.



 
Fig. 1: Disentangling the mechanical contributions of single filament properties and interctions to network mechanics. 
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WG 1-O-2264 Perineuronal nets topography in the hippocampus of tenascin-C deficient
mice
 

Jakovljević A.1, Tucić M.1, Efenberkova M.2, Stamenković V.1, Andjus P. R.1

 

1Center for laser microscopy, Faculty of Biology, University of Belgrade, Belgrade, Serbia,
2Microscopy Centre - Light Microscopy Core Facility, IMG ASCR, Prague, Czech Republic
 

Email of the presenting author: ancy.jakovljevic@gmail.com
 
The brain extracellular matrix (ECM) condenses around certain neurons forming perineuronal nets
(PNNs) that are known to control neuronal plasticity. PNNs are distinguished by their unique
topography which results from the spatial organization of ECM molecular components.
In order to investigate how deficiency of the regulatory ECM glycoprotein tenascin-C (TnC) affects
PNN ultrastructural integrity, plasticity changes were induced in TnC deficient (TnC-/-) and control
wild-type (TnC+/+) mice by rearing in an enriched environment (EE) for 8 weeks, starting from
P21. PNNs were fluorescently labeled with Wisteria floribunda lectin (WFA) and imaged using 3D
Super-resolution Structured Illumination Microscopy (SR-SIM). Measurements of PNN topography,
represented through nodes and their relation, with WFA signal intensity were used for quantitative
analysis of PNN ultrastructure.
Results indicate that PNNs in the CA1 region of the hippocampus of TnC-/- mice have more node
connections, greater WFA signal intensity and smaller maximal distance between nodes,
compared to TnC+/+ mice, both after rearing in EE. After housing TnC-/- mice in standard
environment no prominent changes were found in CA2 and CA3 regions, while in the dentate
gyrus (DG) there was a significantly smaller number of total and connected nodes, but an
increased maximal distance compared to TnC+/+ mice. In addition, linear correlation and multiple
linear regression analysis were performed with the PNNs topographical parameters and the WFA
signal intensity. A significant positive correlation of WFA intensity with the total number of nodes
were found over both environments and genotypes for all regions except CA3. Maximum node
distance was found to be negatively correlated with WFA signal intensity.
This first ultrastructural study of PNNs in the hippocampus shows that the correlation of WFA
intensity with geometrical parameters remains similar in all hippocampal regions, while the
analysis of variance of the same parameters shows the effects of environment and genotype with
regional specificity.
 

Acknowledgement: We acknowledge the Light Microscopy Core Facility, IMG CAS, Prague, Czech
Republic and EuroCellNet COST Action CA15214.
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WG 1-O-2259 Exploring vimentin interaction with zinc
 

Mónico A.1, Guzmán-Caldentey J.1, Merino A.1, Zorrilla S.1, Rivas G.1, Martín-Santamaría S.1,
Pajares M. A.1, Pérez-Sala D.1

 

1Department of Structural and Chemical Biology, Margarita Salas Center for Biological Research,
CSIC, Madrid, Spain
 

Email of the presenting author: dperezsala@cib.csic.es
 
The interaction of vimentin with divalent cations has long been known to have important
implications for the regulation of filament properties. In the course of studies on the oxidation of
vimentin single cysteine residue (C328) we made observations pointing to its interaction with zinc,
in vitro and in cells. In subsequent studies we have gathered additional evidence supporting the
potential interplay between zinc binding and redox sensing by vimentin.
Zinc interacts reversibly with vimentin at micromolar concentrations. Whereas interaction of zinc
with soluble vimentin induces oligomerization into atypical structures, its interaction with
polymerized vimentin leads to filament thickening and bundling. The presence of vimentin C328
modulates the effect of zinc. In turn, zinc protects C328 from alkylation, oxidation and crosslinking.
Molecular dynamics simulations of a segment of the vimentin rod (aa 264 to 406) indicate that the
region surrounding C328 is a hot spot for zinc binding. Moreover, in its thiolate form C328 could
participate in zinc coordination, which is also supported by the low pKa of this residue, measured
using soluble vimentin. In cells, zinc availability reversibly impacts the morphology of the vimentin
network and its susceptibility to electrophilic/oxidative stress. Moreover, fluorescent zinc probes
highlight cytoskeletal structures colocalizing with vimentin. Although the potential actions of zinc in
cells are highly complex and could involve effects on antioxidant enzymes, transcription factors
and other cytoskeletal structures, our observations raise the interest of addressing the impact of
zinc on the biophysical properties of the cellular vimentin network.
 

Acknowledgement: EU H2020 MSCA 675132, RTI2018-097624-B-I00 (MICINN), Aradyal
RD0006/0021 (ISCIII) to DPS; CTQ2017-88353-R (MICINN) to SMS; BES-2015-071588 (MICINN)
to JGC.
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WG 3-O-2258 3D visualization of the pulmonary vasculature
 

Mühlfeld C.1

 

1Hanover Medical School, Institute of Functional and Applied Anatomy, Hanover, Germany
 

Email of the presenting author: muehlfeld.christian@mh-hannover.de
 
The pulmonary vasculature (PV) is critically important for oxygen supply of the whole body.
Diseases affecting the PV such as bronchopulmonary dysplasia, pulmonary hypertension or
chronic obstructive pulmonary disease are therefore associated with great systemic
consequences. Morphological analysis of the PV, however, is difficult because of various reasons:
The alveolar capillary network is built to function like a sheet of blood rather than a system of
connected tubes. Furthermore, in a 2D microscopic lung section it is impossible to assign a certain
arterial generation to a particular vessel profile. This makes it extremely difficult to differentiate
between biologically different arterial compartments along the arterial generation tree.
With the development of new radiological and microscopic tools, including micro-computed X-ray
tomography, serial block-face scanning electron microscopy and focused ion beam scanning
electron microscopy, it has become possible to create large data stacks of biological tissues
increasing in size, resolution and, unfortunately, in the technical demand of data processing and
storage. From the data sets, structures of interest can be segmented in an automated,
semi-automated or manual fashion and used to visualize 3D models of the biological structures for
types of analysis that are difficult or even impossible from single 2D sections. In the last years, we
have made great progress in the development and application of these methods to the
methodological problems of the PV mentioned in the beginning. Although other research
questions, either involving other organs or structures of interest or at different structure size
require adaptions, many of the methods we have used can be adapted.
In this talk, I will provide information on the methods of data generation at various resolution levels
and discuss the potential and challenges of the methods, illustrated on but not restricted to the
lung vasculature.
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Integration of Imaging Mass Spectrometry with Other Imaging Modalities – Potentials &
Challenges
 

Marchetti-Deschmann M.1

 

1TU Wien, Inst. of Chemical Technologies and Analytics, Research Group Mass Spectrometric
Bio- and Polymer Anlysis
 

Email of the presenting author: martina.marchetti-deschmann@tuwien.ac.at
 
A single modality is very often not good enough to understand all functional, structural, temporal
and chemical relations underlying certain biological conditions. Imaging a specimen with two or
more complementary modalities creates an informative, composite view of a sample that spans all
relevant resolution ranges.
Here we present novel strategies to use MALDI Mass Spectrometry based imaging (MALDI-MSI)
together with Enzyme Activity Assays, immunohistochemistry (IHC), light microscopy (LM), micro
X-ray fluorescence (µ-XRF) or laser ablation inductive coupled plasma MS (LA-ICP-MS) for
combined molecular and elemental imaging in biological tissues. IHC detects known proteins in
tissue at high lateral resolution and LM images display morphological structures and pathological
features. Such information can be supported by localized untargeted measurements of intact
molecules by MALDI MSI and quantitative elemental information provide by LA-ICP-MS imaging.
µ-XRF imaging can be used to examine the spatial context of elements without destroying the
sample. Last but not least, Fourier-Transform Infrared (FT-IR) is a nondestructive optical method
capable of detecting molecular classes in tissue.
This presentation will showcase correlated multimodal imaging using various methods in
combination: tissue resident immune cells are detected by IHC and peptides relevant for certain
cell types are detected by MALDI MSI, which colocalize with macrophage and lymphocyte
markers. The successful combination of LA-ICP-MS, MALDI-MSI and FT-IR as an optical analysis
is presented that allowed to better understand different inflammation events occurring in lung
tissue after inhaling different types of nanoparticles. And latest results from enzyme activity assays
in combination with MALDI MSI will show the impact on research related to skin aging.
This talk will introduce you also to COMULIS (Correlated Multimodal Imaging in Life Sciences) and
Eurobioimaging - activites fueling and promoting urgently needed collaborations in the field of
correlated multimodal imaging.
 

Acknowledgement: Parts of the present work were supported by COMULIS (COST),
SKINMAGINE (CDG) or MEIBio (TUWien).
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Evaluation of immunolabeling at electron microscopic level – introduction of a new online
software tool
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Email of the presenting author: vlada@img.cas.cz
 
Evaluation of immunolabelling in electron microscopy still often lacks an unbiased quantitative
approach. We have developed an easy-to-use online tool for semi-automatic multi-stage analysis
of immunolabeling on EM images spanning particle detection and classification, mathematical and
statistical evaluation, and visualization of results. This builds on algorithms from previous work of
A. Philimonenko et al. [1], C. Schofer et al. [2], and L. Pastorek et al. [3]. The tool detects gold
nanoparticles of defined size automatically; results of detection and identification can be manually
reviewed and edited. Spatial relations can be analyzed in 2D and 3D microscopic data and along
linear structures such as membranes and filaments. The tool uses pair correlation and pair
cross-correlation functions for clustering and colocalization evaluation with results presented both
numerically and graphically. Labeled structures are visualized via mapping. Statistical significance
of detected patterns is calculated and presented in a comprehensive way without the need for
deep insight into statistical analysis. All results and respective settings can be exported. Projects
can be shared with colleagues.
The tool has been released at the end of the year 2020. It is available to the broad scientific
community in open access mode by the IMG within the Czech-BioImaging research infrastructure.
The tool emphasizes the convenience and understandability of the interface. The platform is
modular and can be expanded with more capabilities in the future.
References:
[1] doi:10.1006/jsbi.2000.4326
[2] doi: 10.1016/j.jsb.2004.01.014
[3] doi: 10.1007/s00418-016-1467-y
 

Acknowledgement: Acknowledgement: This project is supported by MEYS CR (LM2018129),
OPVVV (CZ.02.1.01/0.0/16_013/0001775) and TACR (TE01020118), IMG grant (RVO: 68378050)
grants
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WG 3-O-2261 CLEM - imaging nuclear structures in both worlds
 

Weipoltshammer K.1, Schöfer C.1, Snyers L.1
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Light microscopy has contributed immensely to the understanding of nuclear structures allowing
investigation of the precise localization of specific molecules and of their dynamics. However,
many nuclear structures, such as chromatin, are often at or below the resolution limit of light
microscopy. One approach is to combine the advantages of light microscopy with the much higher
resolution of electron microscopy. Here, we present two examples of correlated light and electron
microscopy (CLEM) to study the distribution of different varieties of histones and to define roles of
the poorly characterized LEM-domain protein ANKLE-2 during mitosis. We show that different
histones have a non-overlapping distribution across nuclei and that ANKLE-2 localization
coincides with nuclear membrane formation during telophase. In conclusion, we demonstrate the
advantage of CLEM to combine molecular and contextual information at highest resolution.
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The mechanical regulation of nervous system development and disorder
 

Franze K.1,2,3

 

1Max Planck Zentrum für Physik und Medizin, 2Institute for Medical Physics, FAU
Erlangen-Nuremberg, Germany, 3Department of Physiology, Development and Neuroscience,
University of Cambridge, UK
 

Email of the presenting author: kf284@cam.ac.uk
 

During development and pathological processes, cells in the central nervous system (CNS) are
highly motile. Despite the fact that cell motion is driven by forces, our current understanding of the
physical interactions between CNS cells and their environment is very limited. We here show how
mechanical interactions between CNS cells and their environment contribute to regulating CNS
development and pathologies. In vitro, cell motility and gene expression patterns significantly
depended on substrate stiffness. In vivo time-lapse atomic force microscopy revealed stiffness
gradients in developing brain tissue, which axons followed towards soft. Interfering with brain
stiffness and mechanosensitive ion channels in vivo both led to aberrant neuronal growth patterns
with reduced fasciculation and pathfinding errors. Importantly, CNS tissue significantly softened
after traumatic injuries. Moreover, mechanical signals not only directly impacted neuronal growth
but also indirectly by regulating neuronal responses to and the availability of chemical guidance
cues, strongly suggesting that chemical and mechanical signaling pathways are intimately linked,
and that their interaction is crucial for neuronal development and regeneration. This knowledge
was ultimately exploited in the design of medical implants. Matching the stiffness of their surface to
that of the surrounding host tissue alleviated inflammation and foreign body reaction while
simultaneously promoting neuronal regeneration, corroborating a key role of mechanical signals in
the regulation of cell function.


	cover aB
	program
	abstract-book

