-1 Universiteit
%47 Leiden
The Netherlands

Amoeboid cell migration and physicochemical properties of

the extracellular environment
Wondergem, A.].

Citation

Wondergem, A. ]J. (2024, October 31). Amoeboid cell migration and
physicochemical properties of the extracellular environment. Retrieved from
https://hdl.handle.net/1887/4107016

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/4107016

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4107016

ABBREVIATIONS

TAS

Trajectory Analysis Suite . . .

CellProfiler cell image analysis software Cell Profiler . . . ... .. .. ... .........

Usiigaci ushizgachi . . ... ......
TrackPy Python package for particle trackingin2Dand3D. . . . ... ... ... ......

TrackMate FIJI plugin for single particle tracking . . . . .. ... ... ... .. .......

FIJI

open source image processing packageinImageJ . . . .. ... ... ... ... ...

TRAIT2D TRacking AnlysIs Toolkit . .

SPT
FRAP
FCS
ICS
ICY

single-particle tracking . . . .

fluorescence recovery after photobleaching . . . . .. ... ... ... ........

fluorescence correlation SPECtroSCOPY . « « v v v v v v e e e e

image correlation spectroscopy

bioimage informatics platformIcy . ... ... .. ... ... . ... . ... ..

ADAPT automated detection and analysis of protrusions . . . . ... .. ... ........
CelltrackR Cell Track R . . . . ... ..

Fov  Fieldof View . . . . . . . . e
3D three dimensional . . . .. ... ... ... ... . e
MSD mean-squared displacement. . . . . . ... ...l
GUI  Graphical UserInterface. . . . . . . . . . . . i ittt ittt et
CellEv Cell Evaluator FIJIPlugin . . . . ... ... ... ... .. . . . . . ...
EDA exploratorydataanalysis . . ... . ... .. .. ...
BaSiC FIJI plugin for background and shading correction for microscopy . ... ... ...
EMCCD electron multipying charge-coupled device . . . . . . .. ... ... ... ......
Dd Dictyostelium discoideum . . . . . . . . o oot e e e e e e e e e e
GFP  green fluorescentprotein . . . . . ... ... ... .. L L
umpx umperpixelvalue . . . . . . ...

SDCM spinning-disk confocal microscopy . . . . . . . .. ... oo

RFP

red fluorescent protein . . . . .

MATLAB matrix laboratory proprietary programming language . . ... ... .. ... ...

TJ
STAT

Trajectory . . . . .. .. ....
Statistics . . ... .. ... ..

TAMSD time-averaged mean-squared displacement . . . . . . .. ... ... ... ......

EB
PDF
FBM
CTRW
1D
VvHCF
vHD
NGP
IDF

ergodicity breaking parameter

probability density function . .
fractional Browian motion . . .
continuous-time random walks
one dimensional . . ... ...
van Hove correlation function .

self-part of the Van Hove distribution function . . . ... ... ... ... .. ....

non-Gaussianity parameter . .
increment distribution function

11
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12
13
13
13
13
14
16
16
18
19
20
22
23
24
24
24
25
25
25
25
25



274 ABBREVIATIONS

JDD  jump-distance distribution . . . ... ... Lo L
LCH localconvexhull . . ... ... ... .. .. .. . .
IMSD local mean-squared displacement. . . . . . . . .. .. ...
rhs righthandside . . . . .. . .. .. .
RW randomwalk . . ... ...
PRW persistentrandomwalk . . . . ...
Pd index of directionality . . . . . . . . . . ..
RMS root-mean-squared . . . . . . . ... ...
VCF  velocity correlation function . . . ... ... ... ... ... .
VACF velocity auto-correlation function. . . . . ... ... ... .. Lo L.
TAVCF time-averaged velocity autocorrelation function . . .. ... ... ... ... ....
TAVACF time-averaged velocity autocorrelation function . . . . .. ... ... . ... . ...
313  NIH-3T3 mouse embryonic fibroblast . . . . ... ... . ... ............
MAT MATLABMAT-file . . . . . . .. e e e
CSV  commaseparatedvalue . . . ... ... ...
TIFF tagged image fileformat . . . . . . . .. ... ... .. ...
JPEG joint photographic experts group file format . . . . . ... ... ... oo L.
API  Application Programming Interface . . .. .. ... ... ... .. ... ... .. ..
AnDi recent anomalous diffusion challenge . . ... ... ... ....... .. ......
DLW directlaserwriting . . . . . . . . .. L
PC12 pheochromocytoma of the rat adrenal medulla . . . . .. ... ... ... ......
ORMOCER Organic Modified Ceramics . . . . . .. .. ... ... ... .. .. ... .....
2PP  two-photon polymerization . . . . . . ... ...
MA  methylacrylate . . . . . . .. ..
FRP  free-radical polymerization . .. ... ... ... .. ... .. ... .. ... .. ...
ECM extracellularmatrix . . ... ... .. ... L
Uv  Ultravioletlight . . . . . . . . .. .
PDMS polydimethyl-siloxane . . . . . .. ... .. ...
ALS  Amyotrophic lateral sclerosis . . . . . .. ... L Lo
DPR dipeptide repeat . . . . . . . ... e e e
RNA ribonucleicacid . ... ... ... ... .
PIP  plasma-initiated patterning . . . . . . ... .. L L
2D twodimensional . . . . ... ... L
G4C2 GGGGCC . . . o e
rpm roundS PEr MINULE . . . . . . . L. e e e e e e e e e e
CAD computer-aideddesign. . . . . ... ... L L
RPMI Roswell Park Memorial Institute cell culture medium 1640 . . . .. ... ... ...
PBS  Phosphate Buffered Saline (pH7.4) . . . . . . . . . o i
RT 20°C room teMPeTrature . . . . . . v v v v v e e e e e e e e e e e e e e e
chloro-silane trichloro(1H,1H,2H,2H-perfluorooctyl)silane . . . . ... ... ... ... ...
PS pennicilin / streptomycin . . . . ... ..o e
HS HorseSerum . . . .. ... .. ... e
FBS fetalbovineserum . . . . . . .. . . . ...
NGF nerve growthfactor . .. .. ... ... ... . ... ..
BSA  bovineserumalbumin . . .. ... ... L L Lo L

25
26
26
28
28
28
28
28
29
29
29
29
30
31
31
33
33
34
36
43
43
43
43
43
43
44
44
49
53
53
55
55
55
59
61
63
63
63
63
63
64
64
64
64
64



ABBREVIATIONS 275

NA  numerical aperture . . . . . . . . . . . e e e e e 64
cAMP cyclic adenosine-monophosphate . . . . . . . .. ... Lo o 78
MFPT mean first passage time . . . . . . . . . .. . e 78
CI confidenceinterval . . . . . . . ... .. L L L 81
n.c. NOCAMP . . . . o ot it e e e e e e e e e e e e e e e 83
we  WItRCAMP . . . o o e e e e e e e e 83
FPT  firstpassagetime . . . . . . . . . . . o i it e 88
DLD deterministic lateral displacement . . . . . ... .. ... ... ... ..o ... 98
cAR1 cAMPReceptorl . . . . . . . . e 98
BRW biasedrandomwalk . . . . . ... ... 103
ABP  active Brownian particle . . . . . . . ... 116
cPM cellular-Pottsmodel . . . .. ... ... .. . L 116
MMC MetropolisMonte Carlo . . . . . .. .. ... . e 116
CIL  contact-inhibition of locomotion . . . .. ... ... ... ... ... ... ... 117
AB-CPM active Brownian cellular-Pottsmodel . . . . . . .. ... ... ... ... ...... 117
Act-CPM actin-extended cellular-Potts model . . . . . ... ... ... ... ......... 117
SEM  scanning electron mMiCroSCOPY . . « « « v v v v v v v e vt e e e e e e 118
MCS Monte CarloSteps . . . . . . . o i e e e 121
BP Brownian particle . . . . ... 128
OUP Ornstein-Uhlenbeck process . . . . . . . . . . . ittt ... 163
MSC mesenchymalstemcell . ... ... ... ... ... . ... . .. 171
DMEM Dulbecco’s Modified Eagle Medium . . . . . . ... ... .. ... .......... 172
NCS Newborn CalfSerum . . . . . . . .. . .. . e 172
PGMA polyglycidylmethacrylate . . . ... ... . ... ... ... . . ... ... 173
C3 three-fold radially symmetrictype . . ... ... ... .. ... ... ... ... 192
TEM transmission electron SpectrosCopy . . . . .« v v v v v it e e e 192
DT 1,2-dithiolanes . . . . . . . . . . e e e 192
PEG polyethylene glycol polymer . . . . . . ... ... ... ... ... 192
TREN tris(2-aminoethyl)amine . . . . . . . . ... . . . e 192
SQ 3-Squaramide-TREN . . . . . . ot v ittt e e e e e 192
SQ Squaramide . . . . ... e e e e e e e e 192
SAXS small angle X-ray scattering . . . . . . . . .. ... 192
NMR nuclear magniticresonance . . . . . . . . . . ... Lo 192
DT Dithiolane . . . . . . . . e e e 192
RGD arginylglycylasparticacid peptide . . . . . . . . ... ... . L L oL 194
DMSO dimethylsulfoxide . .. ... ... ... . ... . 194
hiPSC human-induced pluripotentstemcell . . . ... ... ... ... ... ... ..... 194
FACS fluorescence activated cell sorting . . . . .. .. .. ... ... ... ... ... 194
HPLC high performance liquid chromatography . . . .. ... .. ... .. .. ... .... 195
SQ-RGD squaramide-TREN functionalized withRGD . . . . . ... ... .. ... .. .... 195
HepG2 human liver carcinomacells . . . ... ... ... .. ... . .. ..., 195
SQ-DT squaramide-TREN functionalized with DT . . . . .. ... ... ... ... ...... 196
SQ/108Q-DT 10 mol % of SQ-DT with remainder the monomersQ . . . . ... ... ... ... 196

DT-RGD RGD peptideswithaDTmoiety . . . ... ... ... ... ... ... ...... 196



276 BIBLIOGRAPHY

DNA deoxyribonucleicacid . . . . ... ... ... 197
F-DT-RGD fluorescentDT-RGD . . . . . . vt vt vttt e et et e e e e e e 197
HCR hybridazation chainreaction . . ... ... ... ... ... ... ......... 197
HP1  oligonucleotide hairpin1 . . .. ... ... ... ... .. .. . . 197
HP2  oligonucleotide hairpin2 . . ... ... ... .. ... .. .. . . o 197
DLS dynamiclightscattering . . . . . . . . .. ... .. L 199
NUPACK Nucleic Acid software Package . . . . . ... .. ... ... ... .. ........ 199
AFM  atomic force miCroSCOPY . - « « « v v v v v vt e e e e e e e e e 199
NB bicyclo(2-2-1)hept-2-ene or norbornene . . . . . . ... ...l 200
LAP  lithium phenyl-2,4,6-trimethylbenzoyl-phosphinate . . .. ... ........... 200
PEGdiDT PEG with two methyl asparagusic termini . . . . . . .. ... ... ... ...... 200
PEGdINB PEG withtwoNBtermini . . ... ... .. ... ... ... ... .......... 200
DN  Double network hydrogel made of SQand PEG . . . . . .. ... ... ........ 201
DT-NB-PEG PEGdiDT and PEGdiNB macromonomers with LAP . . . . . . ... ... ... ... 201
CPI  calceinAM and propidiumiodide . . . . . . .. ... .. Lo o 201
PN DT-NB-PEG polymernetwork . . . . . . . .. .. .. ... 201
SN SQ-DT supramolecular network . . . . .. ... ... ... Lo 201
DN SNandPNdoublenetwork . . . .. . .. ... ... .. ... 201
IPN PN network interpenetrated by sQ filaments . . . . . .. ... ... ... ....... 203
hPAC human primary articular chondrocyte . . . . ... ... ... ... ... ..... 203
s-GAG sulphated-glycosaminoglycan . . . . . . . . .. ... L Lo 203
TNBCC triple negative breastcancercell . ... .. .. ... ... ... .. ... ... .. 204
LED lightemittingdiode . . ... ... .. ... ... ... .. ... .. . ... 205
MW  molecularweight . . . . . . . ... L 212
FITC fluorescein isothiocyanate . . . . . . . . . . .. .. .. .. ... ... 212
ROI  regionofinterest . . . . . . . . . . . o i i e e 212
STL  stereolithography file format . . . .. .. ... ... ... .. ... .. ... .. ... 230
PSF  pointspread function . . .. .. ... ... . 235
CSLM confocal scanning laser microscope . . . . . . . ... ... e e 237
GSER generalized Stokes-Einsteinequation . . . . . . ... ... ... ... ... ... 239
EOM equationsofmotion . . . . . ... .. ... ... 239
Hs578t aneuploid mammary epithelial metastatic breast cell line 578t. . . . . . . ... ... 245
C2C12 mouse myoblastcellline C2C12 . . . . ... ... .. ... .. L. 245
SQ-5RGD SQWIth 5% RGD . . . . o o vt o e e e e e e e e e e e e e e 246
SQ-10RGD SQWIith 1I0% RGD . . . . . v o e e e e e e e e e e e e e e e e 246
SQ-15RGD SQWIith I5% RGD . . . . . vt o e e e e e e e e e e e e e e e 246
PI propidiumiodide . . . . . . . . .. 247
calcein AM calcein acetoxymethyl . . . . . . . . . ... 247
SQ/10SQ-DT/10SQ-RGD 10 mol % of SQ-DT and 10 mol % of SQ-RGD, with remainder monomer SQ 248
H2B  humanhistone2B . . . ... ... ... . 252
DGR RGDTEVEISE SEQUENCE . . .« v v v v v vt et et e e e e e e e e e e e e 254
DT-DGR DTWIith DGR . . . . . . . . . e e e e e e e e e e e e e 254
WT  wildtype . . . . . e 253
EDTA ethylene diamine tetra-aceticacid . . .. ... ... ... .. ... .. ... .. ... 262

ANOVA analysisofvariance . . . . . . . . . .. . .. . L e 272



BIBLIOGRAPHY

IK. F. Jarrell and M. J. McBride, “The surprisingly diverse ways that prokaryotes move,” Nature Reviews
Microbiology 6, 466-476 (2008).

2C. A. Janeway, P. J. Travers, M. Walport, and M. J. Shlomchik, Immunobiology: The Immune System in Health
and Disease. 5th ed. (Garland Science, New York, 2001), p. 960.

3H. E. Desjardins-Park, D. S. Foster, and M. T. Longaker, “Fibroblasts and wound healing: An update,”
Regenerative Medicine 13, 491-495 (2018).

4C. D. Paul, P. Mistriotis, and K. Konstantopoulos, “Cancer cell motility : lessons from migration in confined
spaces,” Nature Reviews Cancer 17, 131-140 (2016).

5T. Limmermann and M. Sixt, “Mechanical modes of ’amoeboid’ cell migration,” Current Opinion in Cell
Biology 21, 636-644 (2009).

6R.J. Petrie, A. D. Doyle, and K. M. Yamada, “Random versus directionally persistent cell migration.,” Nature
reviews. Molecular cell biology 10, 538-49 (2009).

7A. Reversat et al., “Cellular locomotion using environmental topography,” Nature 582, 582-585 (2020).

8L. Mijanovi¢ and I. Weber, “Adhesion of Dictyostelium Amoebae to Surfaces: A Brief History of Attachments,”
Frontiers in Cell and Developmental Biology 10, 1-9 (2022).

9P. J. M. Van Haastert, “Chemotaxis: insights from the extending pseudopod.,” Journal of cell science 123,
3031-3037 (2010).

10y, A. Marasco, S. H. Phan, H. Krutzsch, H. J. Showell, D. E. Feltner, R. Nairn, E. L. Becker, and P. A. Ward,
“Purification and identification of formyl-methionyl-leucyl-phenylalanine as the major peptide neutrophil
chemotactic factor produced by Escherichia coli,” Journal of Biological Chemistry 259, 5430-5439 (1984).

1G. Charras and E. Sahai, “Physical influences of the extracellular environment on cell migration,” Nature
Reviews Molecular Cell Biology 15, 813-824 (2014).

12p,J. M. Van Haastert and P. N. Devreotes, “Chemotaxis: signalling the way forward.,” Nature reviews Molecular
cell biology 5, 626-634 (2004).

13A. M. Lennon-Duménil and H. D. Moreau, “Barotaxis: How cells live and move under pressure,” Current
Opinion in Cell Biology 72, 131-136 (2021).

143, SenGupta, C. A. Parent, and J. E. Bear, “The principles of directed cell migration,” Nature Reviews Molecular
Cell Biology 22, 529-547 (2021).

I5A. Shellard and R. Mayor, “Durotaxis: The Hard Path from In Vitro to In Vivo,” Developmental Cell 56,
227-239 (2021).

16M. Renz, “Fluorescence microscopy-A historical and technical perspective,” Cytometry Part A 83, 767-779
(2013).

17E. a. Codling, M. J. Plank, and S. Benhamou, “Random walk models in biology,” J. R. Soc. Interface 5, 813-834
(2008).

18p, Romanczuk, M. Bir, W. Ebeling, B. Lindner, and L. Schimansky-Geier, “Active Brownian particles,” The
European Physical Journal Special Topics 202, 1-162 (2012).

9R. Metzler, J. H. Jeon, A. G. Cherstvy, and E. Barkai, “Anomalous diffusion models and their properties:
Non-stationarity, non-ergodicity, and ageing at the centenary of single particle tracking,” Physical Chemistry
Chemical Physics 16, 24128-24164 (2014).

200, Bechinger, R. Di Leonardo, H. Lowen, C. Reichhardt, G. Volpe, and G. Volpe, “Active particles in complex
and crowded environments,” Reviews of Modern Physics 88, 1-50 (2016).

21y, Takagi, M. J. Sato, T. Yanagida, and M. Ueda, “Functional analysis of spontaneous cell movement under
different physiological conditions,” PLoS ONE 3, 1-7 (2008).

22B Meier, A. Zielinski, C. Weber, D. Arcizet, S. Youssef, T. Franosch, J. O. Rédler, and D. Heinrich, “Chemotactic
cell trapping in controlled alternating gradient fields.,” Proceedings of the National Academy of Sciences 108,
11417-11422 (2011).


https://doi.org/10.1038/nrmicro1900
https://doi.org/10.1038/nrmicro1900
https://doi.org/10.2217/rme-2018-0073
https://doi.org/10.1038/nrc.2016.123
https://doi.org/10.1016/j.ceb.2009.05.003
https://doi.org/10.1016/j.ceb.2009.05.003
https://doi.org/10.1038/nrm2729
https://doi.org/10.1038/nrm2729
https://doi.org/10.1038/s41586-020-2283-z
https://doi.org/10.3389/fcell.2022.910736
https://doi.org/10.1242/jcs.071118
https://doi.org/10.1242/jcs.071118
https://doi.org/10.1016/s0021-9258(18)91029-x
https://doi.org/10.1038/nrm3897
https://doi.org/10.1038/nrm3897
https://doi.org/10.1038/nrm1435
https://doi.org/10.1038/nrm1435
https://doi.org/10.1016/j.ceb.2021.07.006
https://doi.org/10.1016/j.ceb.2021.07.006
https://doi.org/10.1038/s41580-021-00366-6
https://doi.org/10.1038/s41580-021-00366-6
https://doi.org/10.1016/j.devcel.2020.11.019
https://doi.org/10.1016/j.devcel.2020.11.019
https://doi.org/10.1002/cyto.a.22295
https://doi.org/10.1002/cyto.a.22295
https://doi.org/10.1098/rsif.2008.0014
https://doi.org/10.1098/rsif.2008.0014
https://doi.org/10.1140/epjst/e2012-01529-y
https://doi.org/10.1140/epjst/e2012-01529-y
https://doi.org/10.1039/c4cp03465a
https://doi.org/10.1039/c4cp03465a
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.88.045006
https://doi.org/10.1371/journal.pone.0002648
https://doi.org/10.1073/pnas.1014853108
https://doi.org/10.1073/pnas.1014853108

278 BIBLIOGRAPHY

23], Park, D.-H. Kim, H.-N. Kim, C. J. Wang, M. K. Kwak, E. Hur, K.-Y. Suh, S. S. An, and A. Levchenko,
“Directed migration of cancer cells guided by the graded texture of the underlying matrix.,” Nature materials
15, 792-801 (2016).

24].S. Park, D. H. Kim, and A. Levchenko, “Topotaxis: A new mechanism of directed cell migration in topo-
graphic ECM gradients,” Biophysical Journal 114, 1257-1263 (2018).

258. Huda et al., “Lévy-like movement patterns of metastatic cancer cells revealed in microfabricated systems
and implicated in vivo,” Nature Communications 9, 1-11 (2018).

261, Niculescu, J. Textor, and R. J. de Boer, “Crawling and Gliding: A Computational Model for Shape-Driven
Cell Migration,” PLoS Computational Biology 11, 1-22 (2015).

27A. 1. Engler, S. Sen, H. L. Sweeney, and D. E. Discher, “Matrix Elasticity Directs Stem Cell Lineage Specifica-
tion,” Cell 126, 677-689 (2006).

28p_H. Wu, A. Giri, S. X. Sun, and D. Wirtz, “Three-dimensional cell migration does not follow a random
walk.,” Proceedings of the National Academy of Sciences 111, 3949-54 (2014).

29K. A. Rose, M. Molaei, M. J. Boyle, D. Lee, J. C. Crocker, and R. J. Composto, “Particle tracking of nanoparticles
in soft matter,” Journal of Applied Physics 127, 191101 (2020).

30E. Meijering, “A bird’s-eye view of deep learning in bioimage analysis,” Computational and Structural
Biotechnology Journal 18, 2312-2325 (2020).

31V, Ulman et al., “An objective comparison of cell-tracking algorithms,” Nature Methods 14, 1141-1152 (2017).
32Nikon, NIS-Elements AR User’s Guide Ver. 4.50.00, tech. rep. (2015), pp. 1-238.

33Carl Zeiss Microscopy, ZEISS ZEN Blue Manual, tech. rep. (2016), pp. 1-309.

34Leica Microsystems CMS GmbH, LAS X Life Science Brochure, tech. rep. (2020), pp. 1-4.

350xford and Instruments, Imaris 9.7 (https://imaris.oxinst.com/, 2021).

36SVision, AIVIA 8.8 (https://www.aivia-software.com, 2021).

3N. Emami, Z. Sedaei, and R. Ferdousi, “Computerized cell tracking: Current methods, tools and challenges,”
Visual Informatics 5, 1-13 (2021).

3BInstitut-Pasteur, Icy (http://icy.bioimageanalysis.org/, 2019).
39Broad-Institute, Cell Profiler (https://cellprofiler.org/, 2021).

40D, B. Allan, T. Caswell, N. C. Keim, R. W. Verweij, and C. van der Wel, “soft-matter/trackpy: Trackpy v0.5.0,”
Zenodo (2021).

41E. Reina, J. M. A. Wigg, M. Dmitrieva, J. Lefebvre, J. Rittscher, and C. Eggeling, “TRAIT2D: software for
quantitative analysis of single particle diffusion data,” F1000Research 10 (2022).

42H. F. Tsai, J. Gajda, T. F. Sloan, A. Rares, and A. Q. Shen, “Usiigaci: Instance-aware cell tracking in stain-free
phase contrast microscopy enabled by machine learning,” SoftwareX 9, 230-237 (2019).

43].Y. Tinevez, N. Perry, J. Schindelin, G. M. Hoopes, G. D. Reynolds, E. Laplantine, S. Y. Bednarek, S. L. Shorte,
and K. W. Eliceiri, “TrackMate: An open and extensible platform for single-particle tracking,” Methods 115,
80-90 (2017).

48, Youssef, S. Gude, and J. O. Rédler, “Automated tracking in live-cell time-lapse movies,” Integrative Biology
3,1095-1101 (2011).

4D. J. Barry, C. H. Durkin, J. V. Abella, and M. Way, “Open source software for quantification of cell migration,
protrusions, and fluorescence intensities,” Journal of Cell Biology 209, 163-180 (2015).

46N. Chenouard et al., “Objective comparison of particle tracking methods,” Nature Methods 11, 281-289
(2014).

471. M. Wortel, A. Y. Liu, K. Dannenberg, J. C. Berry, M. J. Miller, and J. Textor, “CelltrackR: an R package for
fast and flexible analysis of immune cell migration data,” ImmunoInformatics, 100003 (2021).

48] Crocker and D Grier, “Methods of Digital Video Microscopy for Colloidal Studies,” Journal of Colloid and
Interface Science 179, 298-310 (1996).

49T, Schmidt, G. J. Schutz, W Baumgartner, H. J. Gruber, and H Schindler, “Imaging of single molecule
diffusion,” Proceedings of the National Academy of Sciences 93, 2926-2929 (1996).

0H, Shen, L. J. Tauzin, R. Baiyasi, W. Wang, N. Moringo, B. Shuang, and C. F. Landes, “Single Particle Tracking:
From Theory to Biophysical Applications,” Chemical Reviews 117, 7331-7376 (2017).


https://doi.org/10.1038/nmat4586
https://doi.org/10.1038/nmat4586
https://doi.org/10.1016/j.bpj.2017.11.3813
https://doi.org/10.1038/s41467-018-06563-w
https://doi.org/10.1371/journal.pcbi.1004280
https://doi.org/10.1016/j.cell.2006.06.044
https://doi.org/10.1073/pnas.1318967111
https://doi.org/10.1063/5.0003322
https://doi.org/10.1016/j.csbj.2020.08.003
https://doi.org/10.1016/j.csbj.2020.08.003
https://doi.org/10.1038/nmeth.4473
https://doi.org/10.1016/j.visinf.2020.11.003
https://doi.org/10.5281/zenodo.4682814
https://doi.org/10.12688/f1000research.54788.2
https://doi.org/10.1016/j.softx.2019.02.007
https://doi.org/10.1016/j.ymeth.2016.09.016
https://doi.org/10.1016/j.ymeth.2016.09.016
https://doi.org/10.1039/c1ib00035g
https://doi.org/10.1039/c1ib00035g
https://doi.org/10.1083/jcb.201501081
https://doi.org/10.1038/nmeth.2808
https://doi.org/10.1038/nmeth.2808
https://doi.org/10.1016/j.immuno.2021.100003
https://doi.org/10.1006/jcis.1996.0217
https://doi.org/10.1006/jcis.1996.0217
https://www.pnas.org/doi/abs/10.1073/pnas.93.7.2926
https://doi.org/10.1021/acs.chemrev.6b00815

BIBLIOGRAPHY

SIT. Peng, K. Thorn, T. Schroeder, L. Wang, F. J. Theis, C. Marr, and N. Navab, “A BaSiC tool for background
and shading correction of optical microscopy images,” Nature Communications 8, 1-7 (2017).

521, Schermelleh, A. Ferrand, T. Huser, C. Eggeling, M. Sauer, O. Biehlmaier, and G. P. Drummen, “Super-
resolution microscopy demystified,” Nature Cell Biology 21, 72-84 (2019).

ST, Lindeberg, “Feature Detection with Automatic Scale Selection,” International Journal of Computer Vision
16, 79-116 (1998).

547, Comelles, D. Caballero, R. Voituriez, V. Hortigiiela, V. Wollrab, A. L. Godeau, J. Samitier, E. Martinez, and
D. Riveline, “Cells as active particles in asymmetric potentials: motility under external gradients,” Biophysical
Journal 107, 1513-1522 (2014).

3D, H. Kim, S. Cho, and D. Wirtz, “Tight coupling between nucleus and cell migration through the perinuclear
actin cap,” Journal of Cell Science 127, 2528-2541 (2014).

S6M. Stevense, J. R. Chubb, and T. Muramoto, “Nuclear organization and transcriptional dynamics in Dic-
tyostelium,” Development Growth and Differentiation 53, 576-586 (2011).

S7M. Raab et al., “ESCRT III repairs nuclear envelope ruptures during cell migration to limit DNA damage and
cell death,” Science 352, 359-362 (2016).

38B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts, and P. Walter, Molecular biology of the cell, 6th (W. W.
Norton and Company, New York, 2014).

39C. Tong et al., “Spatial and Temporal Modulation of Cell Instructive Cues in a Filamentous Supramolecular
Biomaterial,” ACS Applied Materials and Interfaces 14, 17042-17054 (2022).

60K, M. Pang, E. Lee, and D. A. Knecht, “Use of a fusion protein between GFP and an actin-binding domain to
visualize transient filamentous-actin structures,” Current Biology 8, 405-408 (1998).

613, N. Pedersen, L. Li, C. Gridinaru, R. H. Austin, E. C. Cox, and H. Flyvbjerg, “How to connect time-lapse
recorded trajectories of motile microorganisms with dynamical models in continuous time,” Physical Review
E 94 (2016).

620 1. Vestergaard, J. N. Pedersen, K. I. Mortensen, and H. Flyvbjerg, “Estimation of motility parameters
from trajectory data: A condensate of our recent results,” European Physical Journal: Special Topics 224,
1151-1168 (2015).

63H. Qian, M. P. Sheetz, and E. L. Elson, “Single particle tracking. Analysis of diffusion and flow in two-
dimensional systems,” Biophysical Journal 60, 910-921 (1991).

54A. G. Cherstvy, O. Nagel, C. Beta, and R. Metzler, “Non-Gaussianity, population heterogeneity, and transient
superdiffusion in the spreading dynamics of amoeboid cells,” Physical Chemistry Chemical Physics 20,
23034-23054 (2018).

65A. Sokolov, M. M. Apodaca, B. A. Grzybowski, and L. S. Aranson, “Swimming bacteria power microscopic
gears,” Proceedings of the National Academy of Sciences 107, 969-974 (2010).

6 A. J. Berglund, “Statistics of camera-based single-particle tracking,” Physical Review E - Statistical, Nonlinear,
and Soft Matter Physics 82, 1-8 (2010).

7R. Brown, “A brief account of microscopical observations made in the months of june, july, and august, 1827,
on the particles contained in the pollen of plants and on the general existence of active molecules in organic
and inorganic bodies,” Edinburgh New Philosophical Journal, 358-371 (1828).

%8 A. Einstein, “Uber die von der molekularkinetischen Theorie der Wirme geforderte Bewegung von in
ruhenden Fliissigkeiten suspendierten Teilchen,” Ann. d. Phys. 322, 549-560 (1905).

9P, Langevin, “Sur la théorie du mouvement brownien,” C. R. Acad. Sci. 146, 530-533 (1908).

7OF. A. Novikova, M. Raab, D. E. Discher, and C. Storm, “Persistence-driven durotaxis: Generic, directed
motility in rigidity gradients,” Physical Review Letters 118, 1-5 (2017).

71T, Moschakis, “Microrheology and particle tracking in food gels and emulsions,” Current Opinion in Colloid
and Interface Science 18, 311-323 (2013).

72V, Briane, C. Kervrann, and M. Vimond, “Statistical analysis of particle trajectories in living cells,” Physical
Review E 97, 1-20 (2018).

73V. Briane, M. Vimond, and C. Kervrann, “An overview of diffusion models for intracellular dynamics analysis,”
Briefings in Bioinformatics 21, 1136-1150 (2019).

279


https://doi.org/10.1038/ncomms14836
https://doi.org/10.1038/s41556-018-0251-8
https://doi.org/10.1016/j.bpj.2014.08.001
https://doi.org/10.1016/j.bpj.2014.08.001
https://doi.org/10.1242/jcs.144345
https://doi.org/10.1111/j.1440-169X.2011.01271.x
https://doi.org/10.1126/science.aad7611
https://doi.org/10.1021/acsami.1c24114
https://doi.org/10.1016/S0960-9822(98)70159-9
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.94.062401
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.94.062401
https://doi.org/10.1140/epjst/e2015-02452-5
https://doi.org/10.1140/epjst/e2015-02452-5
https://doi.org/10.1016/S0006-3495(91)82125-7
https://doi.org/10.1039/C8CP04254C
https://doi.org/10.1039/C8CP04254C
https://doi.org/10.1073/pnas.0913015107
https://doi.org/10.1103/PhysRevE.82.011917
https://doi.org/10.1103/PhysRevE.82.011917
https://doi.org/10.1017/cbo9781107775473.016
http://onlinelibrary.wiley.com/doi/10.1002/andp.19053220806/abstract
https://doi.org/10.1119/1.18725
https://doi.org/10.1103/PhysRevLett.118.078103
https://doi.org/10.1016/j.cocis.2013.04.011
https://doi.org/10.1016/j.cocis.2013.04.011
https://doi.org/10.1103/PhysRevE.97.062121
https://doi.org/10.1103/PhysRevE.97.062121
https://doi.org/10.1093/bib/bbz052

280 BIBLIOGRAPHY

74R. Metzler and J. H. Jeon, “The role of ergodicity in anomalous stochastic processes: Analysis of single-particle
trajectories,” Physica Scripta 86 (2012).

75K. Norregaard, R. Metzler, C. M. Ritter, K. Berg-Sorensen, and L. B. Oddershede, “Manipulation and Motion
of Organelles and Single Molecules in Living Cells,” Chemical Reviews 117, 4342-4375 (2017).

76D. Ernst, M. Hellmann, J. Kohler, and M. Weiss, “Fractional Brownian motion in crowded fluids,” Soft Matter
8, 4886-4889 (2012).

7TW. Deng and E. Barkai, “Ergodic properties of fractional Brownian-Langevin motion,” Physical Review E -
Statistical, Nonlinear, and Soft Matter Physics 79, 1-7 (2009).

78 A. G. Cherstvy, A. V. Chechkin, and R. Metzler, “Particle invasion, survival, and non-ergodicity in 2D diffusion
processes with space-dependent diffusivity,” Soft Matter 10, 1591-1601 (2014).

7°]. P. Bouchaud, “Weak ergodicity breaking and aging in disordered systems,” Journal de Physique I 2, 1705~
1713 (1992).

80W. Wang, A. G. Cherstvy, H. Kantz, R. Metzler, and I. M. Sokolov, “Time averaging and emerging nonergod-
icity upon resetting of fractional Brownian motion and heterogeneous diffusion processes,” Physical Review
E 104, 1-28 (2021).

81D, Krapf, Mechanisms Underlying Anomalous Diffusion in the Plasma Membrane, Vol. 75 (Elsevier Ltd, 2015),
pp. 167-207.

821, M. Sokolov, “Models of anomalous diffusion in crowded environments,” Soft Matter 8, 9043-9052 (2012).

83G. M. Viswanathan, E. P. Raposo, and M. G. E. da Luz, “Levy flights and superdiffusion in the context of
biological encounters and random searches,” Physics of Life Reviews 5, 133-150 (2008).

841, Bruno, V. Levi, M. Brunstein, and M. A. Despésito, “Transition to superdiffusive behavior in intracellular
actin-based transport mediated by molecular motors,” Physical Review E - Statistical, Nonlinear, and Soft
Matter Physics 80, 1-7 (2009).

85L. Van Hove, “Correlations in space and time and born approximation scattering in systems of interacting
particles,” Physical Review 95, 249-262 (1954).

86p, Witzel, M. Gotz, Y. Lanoiselée, T. Franosch, D. S. Grebenkov, and D. Heinrich, “Heterogeneities Shape
Passive Intracellular Transport,” Biophysical Journal 117, 203-213 (2019).

87R. Menssen and M. Mani, “A Jump-Distance-Based Parameter Inference Scheme for Particulate Trajectories,”
Biophysical Journal, 1-14 (2019).

83Y. Lanoiselée and D. S. Grebenkov, “Unraveling intermittent features in single-particle trajectories by a local
convex hull method,” Physical Review E 96, 1-15 (2017).

89D. Arcizet, B. Meier, E. Sackmann, J. O. Rédler, and D. Heinrich, “Temporal analysis of active and passive
transport in living cells,” Physical Review Letters 101, 1-4 (2008).

9D, Arcizet, S. Capito, M. Gorelashvili, C. Leonhardt, M. Vollmer, S. Youssef, S. Rappl, and D. Heinrich,
“Contact-controlled amoeboid motility induces dynamic cell trapping in 3D-microstructured surfaces,” Soft
Matter 8, 1473-1482 (2012).

91A. Nandi, D. Heinrich, and B. Lindner, “Distributions of diffusion measures from a local mean-square
displacement analysis,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 86 (2012).

92J. Mahowald, D. Arcizet, and D. Heinrich, “Impact of external stimuli and cell micro-architecture on intracel-
lular transport states,” ChemPhysChem 10, 1559-1566 (2009).

93Q. Wen and P. A. Janmey, “Polymer physics of the cytoskeleton,” Current Opinion in Solid State and Materials
Science 15, 177-182 (2011).

4T A.L Wondergem, M. Mytiliniou, F. C. H. de Wit, T. G. A. Reuvers, D. Holcman, and D. Heinrich, “Chemotaxis
and topotaxis add vectorially for amoeboid cell migration,” bioRxiv 10.1101/73, 10.1101/735779 (2019).

95N. Gal, D. Lechtman-Goldstein, and D. Weihs, “Particle tracking in living cells: A review of the mean square
displacement method and beyond,” Rheologica Acta 52, 425-443 (2013).

9D. Selmeczi, S. Mosler, P. H. Hagedorn, N. B. Larsen, and H. Flyvbjerg, “Cell motility as persistent random
motion: Theories from experiments,” Biophysical Journal 89, 912-931 (2005).

97D. Selmeczi, L. Li, L. I. Pedersen, S. F. Nrrelykke, P. H. Hagedorn, S. Mosler, N. B. Larsen, E. C. Cox, and
H. Flyvbjerg, “Cell motility as random motion: A review,” European Physical Journal: Special Topics 157,
1-15 (2008).


https://iopscience.iop.org/article/10.1088/0031-8949/86/05/058510/meta
https://doi.org/10.1021/acs.chemrev.6b00638
https://doi.org/10.1039/c2sm25220a
https://doi.org/10.1039/c2sm25220a
https://doi.org/10.1103/PhysRevE.79.011112
https://doi.org/10.1103/PhysRevE.79.011112
https://doi.org/10.1039/c3sm52846d
https://doi.org/10.1051/jp1:1992238
https://doi.org/10.1051/jp1:1992238
https://doi.org/10.1103/PhysRevE.104.024105
https://doi.org/10.1103/PhysRevE.104.024105
https://doi.org/10.1039/c2sm25701g
https://doi.org/10.1016/j.plrev.2008.03.002
https://doi.org/10.1103/PhysRevE.80.011912
https://doi.org/10.1103/PhysRevE.80.011912
https://doi.org/10.1103/PhysRev.95.249
https://doi.org/10.1016/j.bpj.2019.06.009
https://doi.org/10.1016/j.bpj.2019.06.004
https://doi.org/10.1103/PhysRevE.96.022144
https://doi.org/10.1103/PhysRevLett.101.248103
https://doi.org/10.1039/c1sm05615h
https://doi.org/10.1039/c1sm05615h
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.86.021926
https://doi.org/10.1002/cphc.200900226
https://doi.org/10.1016/j.cossms.2011.05.002
https://doi.org/10.1016/j.cossms.2011.05.002
https://doi.org/10.1101/735779
https://doi.org/10.1101/735779
https://doi.org/10.1007/s00397-013-0694-6
https://doi.org/10.1529/biophysj.105.061150
https://doi.org/10.1140/epjst/e2008-00626-x
https://doi.org/10.1140/epjst/e2008-00626-x

BIBLIOGRAPHY

98R. Fiirth, “Die Brownsche Bewegung bei Beriicksichtigung einer Persistenz der Bewegungsrichtung. Mit
Anwendungen auf die Bewegung lebender Infusorien,” Zeitschrift fiir Physik 2, 244-256 (1920).

99C. L. Stokes, D. A. Lauffenburger, and S. K. Williams, “Migration of individual microvessel endothelial cells:
Stochastic model and parameter measurement,” Journal of Cell Science 99, 419-430 (1991).

1007, L. Doob, “The Brownian Movement and Stochastic Equations,” Annals of Mathematics 43, 351-369 (1942).

101G, A. Dunn and A. F. Brown, “A unified approach to analysing cell motility,” Journal of Cell Science 102,
81-102 (1987).

102y, Méndez, D. Campos, and F. Bartumeus, Stochastic Foundations in Movement Ecology (2014), pp. 209-244.

103R. W. Zwanzig, “Time-correlation functions and transport coefficients in statistical mechanics,” Annu. Rev.
Phys. Chem. 16, 67-102 (1964).

104E, M. Furst and T. M. Squires, Microrheology, 1st ed. (Oxford University Press, Oxford, 2018), pp. 1-452.

105K Schakenraad, L. Ravazzano, N. Sarkar, J. A. J. Wondergem, R. M. H. Merks, and L. Giomi, “Topotaxis of
active Brownian particles,” Physical Review E 101, 1-11 (2020).

106G, Mufioz-Gil et al., “Objective comparison of methods to decode anomalous diffusion,” Nature Communica-
tions 12, 40 (2021).

107C. Manzo and M. F. Garcia-Parajo, “A review of progress in single particle tracking: From methods to
biophysical insights,” Reports on Progress in Physics 78, 124601 (2015).

108N. Huettner, T. R. Dargaville, and A. Forget, “Discovering Cell-Adhesion Peptides in Tissue Engineering:
Beyond RGD,” Trends in Biotechnology 36, 372-383 (2018).

109T F. Didar and M. Tabrizian, “Adhesion based detection, sorting and enrichment of cells in microfluidic
Lab-on-Chip devices,” Lab on a Chip 10, 3043-3053 (2010).

10\, J. Kratochvil, A. J. Seymour, T. L. Li, S. P. Pasca, C. J. Kuo, and S. C. Heilshorn, “Engineered materials for
organoid systems,” Nature Reviews Materials 4, 606-622 (2019).

H1g Rekstyte, E. Balciunas, D. Baltriukiene, V. Rutkunas, V. Bukelskiene, R. Gadonas, and M. Malinauskas,
“Direct laser fabrication of composite material 3D microstructured scaffolds,” 2013 Conference on Lasers
and Electro-Optics Europe and International Quantum Electronics Conference, CLEO/Europe-IQEC 2013 7,
25003 (2013).

112B Richter, V. Hahn, S. Bertels, T. K. Claus, M. Wegener, G. Delaittre, C. Barner-Kowollik, and M. Bastmeyer,
“Guiding Cell Attachment in 3D Microscaffolds Selectively Functionalized with Two Distinct Adhesion
Proteins,” Advanced Materials 29 (2017).

1133, Schlie, A. Ngezahayo, A. Ovsianikov, T. Fabian, H. A. Kolb, H. Haferkamp, and B. N. Chichkov, “Three-
dimensional cell growth on structures fabricated from ORMOCER® by two-photon polymerization technique,”
Journal of Biomaterials Applications 22, 275-287 (2007).

H4N, Kamprad, H. Witt, M. Schréder, C. T. Kreis, O. Biumchen, A. Janshoff, and M. Tarantola, “Adhesion
strategies of Dictyostelium discoideum -a force spectroscopy study,” Nanoscale 10, 22504-22519 (2018).

HSW. F. Loomis, D. Fuller, E. Gutierrez, A. Groisman, and W. J. Rappel, “Innate Non-Specific Cell Substratum
Adhesion,” PLoS ONE 7, 10.1371/journal.pone.0042033 (2012).

16X, Yu, J. Pfaendtner, and L. J. Broadbelt, “Ab initio study of acrylate polymerization reactions: Methyl
methacrylate and methyl acrylate propagation,” Journal of Physical Chemistry A 112, 6772-6782 (2008).

17Y. Gao, D. Zhou, J. Lyu, A. Sigen, Q. Xu, B. Newland, K. Matyjaszewski, H. Tai, and W. Wang, “Complex poly-
mer architectures through free-radical polymerization of multivinyl monomers,” Nature Reviews Chemistry
4, 194-212 (2020).

8D, A. Dobrzanska et al., “Oxidation of tertiary amine-derivatized surfaces to control protein adhesion,”
Langmuir 29, 2961-2970 (2013).

190, Medalia, M. Beck, M. Ecke, I. Weber, R. Neujahr, W. Baumeister, and G. Gerisch, “Organization of Actin
Networks in Intact Filopodia,” Current Biology 17, 79-84 (2007).

120M. Bachmann, S. Kukkurainen, V. P. Hytonen, and B. Wehrle-Haller, “Cell adhesion by integrins,” Physiolog-
ical Reviews 99, 1655-1699 (2019).

121 Kendall and A. D. Roberts, “Van der Waals forces influencing adhesion of cells,” Philosophical Transactions
of the Royal Society B: Biological Sciences 370 (2015).

281


https://doi.org/10.1007/BF01328731
https://doi.org/10.1242/jcs.99.2.419
https://doi.org/10.2307/1968873
https://doi.org/10.1242/jcs.1987.supplement_8.5
https://doi.org/10.1242/jcs.1987.supplement_8.5
https://doi.org/10.1103/physreve.101.032602
https://doi.org/10.1038/s41467-021-26320-w
https://doi.org/10.1038/s41467-021-26320-w
https://doi.org/10.1088/0034-4885/78/12/124601
https://doi.org/10.1016/j.tibtech.2018.01.008
https://doi.org/10.1039/c0lc00130a
https://doi.org/10.1038/s41578-019-0129-9
https://doi.org/10.1109/CLEOE-IQEC.2013.6801581
https://doi.org/10.1109/CLEOE-IQEC.2013.6801581
https://doi.org/10.1109/CLEOE-IQEC.2013.6801581
https://doi.org/10.1002/adma.201604342
https://doi.org/10.1177/0885328207077590
https://doi.org/10.1039/c8nr07107a
https://doi.org/10.1371/journal.pone.0042033
https://doi.org/10.1371/journal.pone.0042033
https://doi.org/10.1021/jp800643a
https://doi.org/10.1038/s41570-020-0170-7
https://doi.org/10.1038/s41570-020-0170-7
https://doi.org/10.1021/la4003719
https://doi.org/10.1016/j.cub.2006.11.022
https://doi.org/10.1152/physrev.00036.2018
https://doi.org/10.1152/physrev.00036.2018
https://doi.org/10.1098/rstb.2014.0078
https://doi.org/10.1098/rstb.2014.0078

282

BIBLIOGRAPHY

122 Wolter, S. Nique, S. Hasselmann, C. Kopittke, D. Heinrich, and J. Schwaiger, Three-dimensional scaffold
structures with selectively functionalized polymer systems, their use and process for their manufacture, 2020.

123g, Grebenyuk, A. R. Abdel Fattah, M. Kumar, B. Toprakhisar, G. Rustandi, A. Vananroye, I. Salmon, C.
Verfaillie, M. Grillo, and A. Ranga, “Large-scale perfused tissues via synthetic 3D soft microfluidics,” Nature
Communications 14 (2023).

124). Akolawala, M. Rovituso, H. H. Versteeg, A. M. Rondon, and A. Accardo, “Evaluation of Proton-Induced
DNA Damage in 3D-Engineered Glioblastoma Microenvironments,” ACS Applied Materials and Interfaces
14, 20778-20789 (2022).

1257, Shrestha, B. N. Allen, L. A. Wiley, B. A. Tucker, and K. S. Worthington, “Development of High-Resolution
Three-Dimensional-Printed Extracellular Matrix Scaffolds and Their Compatibility with Pluripotent Stem
Cells and Early Retinal Cells,” Journal of Ocular Pharmacology and Therapeutics 36, 42-55 (2020).

1261, Ge, M. Tian, Q. Pei, F. Tan, and H. Pei, “Extracellular Matrix Stiffness: New Areas Affecting Cell
Metabolism,” Frontiers in Oncology 11, 1-12 (2021).

1271, R. Smith, S. Cho, and D. E. Discher, “Stem cell differentiation is regulated by extracellular matrix mechan-
ics,” Physiology 33, 16-25 (2018).

128 A, Trubelja and G. Bao, “Molecular mechanisms of mechanosensing and mechanotransduction in living
cells,” Extreme Mechanics Letters 20, 91-98 (2018).

129% . B. Raper, “Dictyostelium discoideum, a new species of slime mold from decaying forest leaves,” Journal of
Agricultural Research 50, 135-147 (1935).

1301, Li, E. C. Cox, and H. Flyvbjerg, “’Dicty dynamics’: Dictyostelium motility as persistent random motion.,”
Physical biology 8, 1-12 (2011).

BB11,, Tweedy, B. Meier, J. Stephan, D. Heinrich, and R. G. Endres, “Distinct cell shapes determine accurate
chemotaxis.,” Scientific reports 3, 1-7 (2013).

I32R . N. Palchesko, L. Zhang, Y. Sun, and A. W. Feinberg, “Development of Polydimethylsiloxane Substrates
with Tunable Elastic Modulus to Study Cell Mechanobiology in Muscle and Nerve,” PLoS ONE 7, 1-13 (2012).

133K Khanafer, A. Duprey, M. Schlicht, and R. Berguer, “Effects of strain rate, mixing ratio, and stress-strain
definition on the mechanical behavior of the polydimethylsiloxane (PDMS) material as related to its biological
applications,” Biomedical Microdevices 11, 503-508 (2009).

1341, D. Johnston, D. K. McCluskey, C. K. Tan, and M. C. Tracey, “Mechanical characterization of bulk Sylgard
184 for microfluidics and microengineering,” Journal of Micromechanics and Microengineering 24 (2014).

I35R. Sunyer, A. I. Jin, R. Nossal, and D. L. Sackett, “Fabrication of Hydrogels with Steep Stiffness Gradients for
Studying Cell Mechanical Response,” PLoS ONE 7, 1-9 (2012).

1367, A. Espina, C. L. Marchant, and E. H. Barriga, “Durotaxis: the mechanical control of directed cell migration,”
FEBS Journal 289, 2736-2754 (2022).

137p. A. DiMilla, K. Barbee, and D. A. Lauffenburger, “Mathematical model for the effects of adhesion and
mechanics on cell migration speed,” Biophysical Journal 60, 15-37 (1991).

1337 H. Hetmanski et al., “Membrane Tension Orchestrates Rear Retraction in Matrix-Directed Cell Migration,”
Developmental Cell 51, 460-475.e10 (2019).

1395, Millecamps and J. P. Julien, “Axonal transport deficits and neurodegenerative diseases,” Nature Reviews
Neuroscience 14, 161-176 (2013).

1405, T. Brady and G. A. Morfini, “Regulation of motor proteins, axonal transport deficits and adult-onset
neurodegenerative diseases,” Neurobiology of Disease 105, 273-282 (2017).

1417, Yy, Y. Chen, and S. A. Tooze, “Autophagy pathway: Cellular and molecular mechanisms,” Autophagy 14,
207-215 (2018).

142D, Bandyopadhyay, A. Cyphersmith, J. A. Zapata, Y. J. Kim, and C. K. Payne, “Lysosome transport as a
function of lysosome diameter,” PLoS ONE 9, 18-23 (2014).

143Y, Park, J. H. Kang, and S. Lee, “Autophagy in neurodegenerative diseases: A hunter for aggregates,”
International Journal of Molecular Sciences 21, 1-24 (2020).

144p P, Lie and R. A. Nixon, “Lysosome trafficking and signaling in health and neurodegenerative diseases,”
Neurobiology of Disease 122, 94-105 (2019).

145R. D. Vale, “The molecular motor toolbox for intracellular transport,” Cell 112, 467-480 (2003).


https://www.nature.com/articles/s41467-022-35619-1
https://www.nature.com/articles/s41467-022-35619-1
https://doi.org/10.1021/acsami.2c03706
https://doi.org/10.1021/acsami.2c03706
https://doi.org/10.1089/jop.2018.0146
https://doi.org/10.3389/fonc.2021.631991
https://doi.org/10.1152/physiol.00026.2017
https://doi.org/10.1016/j.eml.2018.01.011
https://doi.org/10.1088/1478-3975/8/4/046006
https://doi.org/10.1038/srep02606
https://doi.org/10.1371/journal.pone.0051499
https://doi.org/10.1007/s10544-008-9256-6
https://iopscience.iop.org/article/10.1088/0960-1317/24/3/035017/meta
https://doi.org/10.1371/journal.pone.0046107
https://doi.org/10.1111/febs.15862
https://doi.org/10.1016/S0006-3495(91)82027-6
https://doi.org/10.1016/j.devcel.2019.09.006
https://doi.org/10.1038/nrn3380
https://doi.org/10.1038/nrn3380
https://doi.org/10.1016/j.nbd.2017.04.010
https://doi.org/10.1080/15548627.2017.1378838
https://doi.org/10.1080/15548627.2017.1378838
https://doi.org/10.1371/journal.pone.0086847
https://doi.org/10.3390/ijms21093369
https://doi.org/10.1016/j.nbd.2018.05.015
https://doi.org/10.1016/S0092-8674(03)00111-9

BIBLIOGRAPHY

146M. Otten, A. Nandi, D. Arcizet, M. Gorelashvili, B. Lindner, and D. Heinrich, “Local motion analysis reveals
impact of the dynamic cytoskeleton on intracellular subdiffusion,” Biophysical Journal 102, 758-767 (2012).

147M. Gétz, K. F. Hodeck, P. Witzel, A. Nandi, B. Lindner, and D. Heinrich, “Probing cytoskeleton dynamics by
intracellular particle transport analysis,” European Physical Journal: Special Topics 224, 1169-1183 (2015).

148g, Mogre, A. I. Brown, and E. F. Koslover, “Getting around the cell: Physical transport in the intracellular
world,” Physical Biology 17 (2020).

1493, Boeynaems et al., “Drosophila screen connects nuclear transport genes to DPR pathology in c9ALS/FTD,”
Scientific Reports 6, 7-14 (2016).

150y, Ohki, A. Wenninger-Weinzierl, A. Hruscha, K. Asakawa, K. Kawakami, C. Haass, D. Edbauer, and B.
Schmid, “Glycine-alanine dipeptide repeat protein contributes to toxicity in a zebrafish model of C9orf72
associated neurodegeneration,” Molecular Neurodegeneration 12, 1-11 (2017).

151p, Rudich, C. Snoznik, S. C. Watkins, J. Monaghan, U. B. Pandey, and S. T. Lamitina, “Nuclear localized
C9orf72-associated argininecontaining dipeptides exhibit age-dependent toxicity in C. elegans,” Human
Molecular Genetics 26, 4916-4928 (2017).

1525, Saberi et al., “Sense-encoded poly-GR dipeptide repeat proteins correlate to neurodegeneration and
uniquely co-localize with TDP-43 in dendrites of repeat-expanded C90rf72 amyotrophic lateral sclerosis,”
Acta Neuropathologica 135, 459-474 (2018).

1537, van der Zee et al., “A Pan-European Study of the C9orf72 Repeat Associated with FTLD: Geographic
Prevalence, Genomic Instability, and Intermediate Repeats,” Human Mutation 34, 363-373 (2013).

154K, Reddy, B. Zamiri, S. Y. Stanley, R. B. Macgregor, and C. E. Pearson, “The disease-associated r(GGGGCC)n
repeat from the C9orf72 gene forms tract length-dependent uni- and multimolecular RNA G-quadruplex
structures,” Journal of Biological Chemistry 288, 9860-9866 (2013).

155D, K. Nguyen, R. Thombre, and J. Wang, “Autophagy as a common pathway in amyotrophic lateral sclerosis,”
Neuroscience Letters 697, 34-48 (2019).

156W. Pang and F. Hu, “Cellular and physiological functions of COORF72 and implications for ALS/FTD,”
Journal of Neurochemistry 157, 334-350 (2021).

157p, C. Bressloff and J. M. Newby, “Stochastic models of intracellular transport,” Reviews of Modern Physics 85,
135-196 (2013).

158 M. E. Grady, E. Parrish, M. A. Caporizzo, S. C. Seeger, R. J. Composto, and D. M. Eckmann, “Intracellular
nanoparticle dynamics affected by cytoskeletal integrity,” Soft Matter 13, 1873-1880 (2017).

159X, Michalet, “Mean square displacement analysis of single-particle trajectories with localization error:
Brownian motion in an isotropic medium,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics
82, 1-13 (2010).

1605, Tiirkcan and J. B. Masson, “Bayesian decision tree for the classification of the mode of motion in single-
molecule trajectories,” PLoS ONE 8, 10.1371/journal.pone. 0082799 (2013).

1611, A. Greene and A. S. Tischler, “Establishment of a noradrenergic clonal line of rat adrenal pheochromo-
cytoma cells which respond to nerve growth factor,” Proceedings of the National Academy of Sciences 73,
2424-2428 (1976).

1628, Wiatrak, A. Kubis-Kubiak, A. Piwowar, and E. Barg, “PC12 Cell Line: Cell Types, Coating of Culture
Vessels, Differentiation and Other Culture Conditions,” Cells 9 (2020).

163C, pelzl, D. Arcizet, G. Piontek, J. Schlegel, and D. Heinrich, “Axonal Guidance by Surface Microstructuring
for Intracellular Transport Investigations,” ChemPhysChem 10, 2884-2890 (2009).

164y, Christen, M. Rusconi, P. Crettaz, and K. Fent, “Developmental neurotoxicity of different pesticides in
PC-12 cells in vitro,” Toxicology and Applied Pharmacology 325, 25-36 (2017).

165C, Leterrier, P. Dubey, and S. Roy, “The nano-architecture of the axonal cytoskeleton,” Nature Reviews
Neuroscience 18, 713-726 (2017).

1668, A. Langowski and K. E. Uhrich, “Microscale Plasma-Initiated Patterning (micro PIP),” Langmuir 21,
10509-10514 (2005).

167 A B. Buskermolen, T. Ristori, D. Mostert, M. C. van Turnhout, S. S. Shishvan, S. Loerakker, N. A. Kurniawan,
V. S. Deshpande, and C. V. Bouten, “Cellular Contact Guidance Emerges from Gap Avoidance,” Cell Reports
Physical Science 1, 100055 (2020).

283


https://doi.org/10.1016/j.bpj.2011.12.057
https://doi.org/10.1140/epjst/e2015-02453-4
https://iopscience.iop.org/article/10.1088/1478-3975/aba5e5
https://doi.org/10.1038/srep20877
https://doi.org/10.1186/s13024-016-0146-8
https://doi.org/10.1093/hmg/ddx372
https://doi.org/10.1093/hmg/ddx372
https://doi.org/10.1007/s00401-017-1793-8
https://doi.org/10.1002/humu.22244
https://doi.org/10.1074/jbc.C113.452532
https://doi.org/10.1016/j.neulet.2018.04.006
https://doi.org/10.1111/jnc.15255
https://doi.org/10.1103/RevModPhys.85.135
https://doi.org/10.1103/RevModPhys.85.135
https://doi.org/10.1039/c6sm02464e
https://doi.org/10.1103/PhysRevE.82.041914
https://doi.org/10.1103/PhysRevE.82.041914
https://doi.org/10.1371/journal.pone.0082799
https://doi.org/10.1371/journal.pone.0082799
https://doi.org/10.1073/pnas.73.7.2424
https://doi.org/10.1073/pnas.73.7.2424
https://doi.org/10.3390/cells9040958
https://doi.org/10.1002/cphc.200900555
https://doi.org/10.1016/j.taap.2017.03.027
https://doi.org/10.1038/nrn.2017.129
https://doi.org/10.1038/nrn.2017.129
https://pubs.acs.org/doi/10.1021/la052222m
https://pubs.acs.org/doi/10.1021/la052222m
https://doi.org/10.1016/j.xcrp.2020.100055
https://doi.org/10.1016/j.xcrp.2020.100055

284

BIBLIOGRAPHY

168\, Mytiliniou, J. A. J. Wondergem, M. Feliksik, and D. Heinrich, “Effect of G 4 C 2 Repeat Expansions on the
Motion of Lysosomes Inside Neurites,” bioRvix (2021).

169M. Mytiliniou, J. A. Wondergem, T. Schmidt, and D. Heinrich, “Impact of neurite alignment on organelle
motion,” Journal of the Royal Society Interface 19 (2022).

170T, Bretschneider, S. Diez, K. Anderson, J. Heuser, M. Clarke, A. Miiller-Taubenberger, J. Kohler, and G.
Gerisch, “Dynamic Actin Patterns and Arp2/3 Assembly at the Substrate-Attached Surface of Motile Cells,”
Current Biology 14, 1-10 (2004).

171}, Wondergem, M. Mytiliniou, L. van Steijn, M. Janse, C. Schmeits, D. Jansen, T. Schmidt, and D. Heinrich,
“Comparative analysis of the effects of cell-sized obstacle crowding on amoeboid and mesenchymal cell
migration,” 2023.

1727, Wang, A. A. Volinsky, and N. D. Gallant, “Nanoindentation study of polydimethylsiloxane elastic modulus
using berkovich and flat punch tips,” Journal of Applied Polymer Science 132, 1-7 (2015).

173K, Efimenko, W. E. Wallace, and J. Genzer, “Surface modification of Sylgard-184 poly(dimethyl siloxane)
networks by ultraviolet and ultraviolet/ozone treatment.,” Journal of colloid and interface science 254, 306—
315 (2002).

174R. Ajai and S. Gopalan, “Comparative Analysis of Eight Direction Sobel Edge Detection Algorithm for Brain
Tumor MRI Images,” Procedia Computer Science 201, 487-494 (2022).

1751, L. Rodriguez and 1. C. Schneider, “Directed cell migration in multi-cue environments.,” Integrative biology
5,1306-23 (2013).

176D, J. Cohen, W. J. Nelson, and M. M. Maharbiz, “Galvanotactic control of collective cell migration in epithelial
monolayers,” Nature Materials 13, 409-417 (2014).

177K . L. Poff and M. Skokut, “Thermotaxis by pseudoplasmodia of Dictyostelium discoideum.,” Proceedings of
the National Academy of Sciences 74, 2007-2010 (1977).

178G. Mahmud, C. J. Campbell, K. J. M. Bishop, Y. a. Komarova, O. Chaga, S. Soh, S. Huda, K. Kandere-
Grzybowska, and B. a. Grzybowski, “Directing cell motions on micropatterned ratchets,” Nature Physics 5,
606-612 (2009).

179M. Le Berre, Y. J. Liu, J. Hu, P. Maiuri, O. Bénichou, R. Voituriez, Y. Chen, and M. Piel, “Geometric friction
directs cell migration,” Physical Review Letters 111, 1-5 (2013).

180Dy Caballero, R. Voituriez, and D. Riveline, “Protrusion fluctuations direct cell motion,” Biophysical Journal
107, 34-42 (2014).

181 Caballero, J. Comelles, M. Piel, R. Voituriez, and D. Riveline, “Ratchetaxis: long-range directed cell
migration by local cues,” Trends in Cell Biology 25, 815-827 (2015).

1827 Curtis and C. Wilkinson, “Topographical control of cells,” Biomaterials 18, 1573-1583 (1997).

183C. Metzner, C. Mark, J. Steinwachs, L. Lautscham, F. Stadler, and B. Fabry, “Superstatistical analysis and
modelling of heterogeneous random walks.,” Nature communications 6, 7516 (2015).

1841, A. Lautscham et al., “Migration in confined 3D environments is determined by a combination of adhesive-
ness, nuclear volume, contractility, and cell stiffness,” Biophysical Journal 109, 900-913 (2015).

185y, G. Ko, C. C. Co, and C. C. Ho, “Gradient-free directional cell migration in continuous microchannels,”
Soft Matter 9, 2467-2474 (2013).

186C. D, Paul, W. C. Hung, D. Wirtz, and K. Konstantopoulos, “Engineered Models of Confined Cell Migration,”
Annual Review of Biomedical Engineering 18, 159-180 (2016).

187 A. Fink, D. B. Briickner, C. Schreiber, P. J. Réttgermann, C. P. Broedersz, and J. O. Rédler, “Area and Geometry
Dependence of Cell Migration in Asymmetric Two-State Micropatterns,” Biophysical Journal 118, 552-564
(2020).

188W. A. Loesberg, I. te Riet, F. C. M. J. M. van Delft, P. Schén, C. G. Figdor, S. Speller, J. . W. A. van Loon,
X. F. Walboomers, and J. A. Jansen, “The threshold at which substrate nanogroove dimensions may influence
fibroblast alignment and adhesion,” Biomaterials 28, 3944-3951 (2007).

189D, Gallego-Perez, N. Higuita-Castro, L. Denning, J. DeJesus, K. Dahl, A. Sarkar, and D. J. Hansford, “Micro-
fabricated mimics of in vivo structural cues for the study of guided tumor cell migration,” Lab on a Chip 12,
4424 (2012).


https://www.biorxiv.org/content/10.1101/2021.10.29.466472v1.full.pdf
https://royalsocietypublishing.org/doi/10.1098/rsif.2021.0617
https://doi.org/10.1016/j.cub.2003.12.005
https://doi.org/10.1002/app.41384
https://doi.org/10.1006/jcis.2002.8594
https://doi.org/10.1006/jcis.2002.8594
https://doi.org/10.1016/j.procs.2022.03.063
https://doi.org/10.1039/c3ib40137e
https://doi.org/10.1039/c3ib40137e
https://doi.org/10.1038/nmat3891
https://doi.org/10.1016/j.prrv.2006.04.018
https://doi.org/10.1016/j.prrv.2006.04.018
https://doi.org/10.1038/nphys1306
https://doi.org/10.1038/nphys1306
https://doi.org/10.1103/PhysRevLett.111.198101
https://doi.org/10.1016/j.bpj.2014.05.002
https://doi.org/10.1016/j.bpj.2014.05.002
https://doi.org/10.1016/j.tcb.2015.10.009
https://doi.org/10.1016/S0142-9612(97)00144-0
https://doi.org/10.1038/ncomms8516
https://doi.org/10.1016/j.bpj.2015.07.025
https://doi.org/10.1039/c2sm27567h
https://doi.org/10.1146/annurev-bioeng-071114-040654
https://doi.org/10.1016/j.bpj.2019.11.3389
https://doi.org/10.1016/j.bpj.2019.11.3389
https://doi.org/10.1016/j.biomaterials.2007.05.030
https://doi.org/10.1039/c2lc40726d
https://doi.org/10.1039/c2lc40726d

BIBLIOGRAPHY 285

190% Sun, M. K. Driscoll, C. Guven, S. Das, C. A. Parent, J. T. Fourkas, and W. Losert, “Asymmetric nanotopog-
raphy biases cytoskeletal dynamics and promotes unidirectional cell guidance,” Proceedings of the National
Academy of Sciences 112, 12557-12562 (2015).

191C. Heo, C. Jeong, H. S. Im, J. U. Kim, J. Woo, . Y. Lee, B. Park, M. Suh, and T. I. Kim, “Cellular behavior
controlled by bio-inspired and geometry-tunable nanohairs,” Nanoscale 9, 17743-17751 (2017).

1921, Pjeuchot et al., “Curvotaxis directs cell migration through cell-scale curvature landscapes,” Nature Com-
munications 9, 1-13 (2018).

193K, Poole, K. Khairy, J. Friedrichs, C. Franz, D. A. Cisneros, J. Howard, D. Mueller, and W. Baumeister,
“Molecular-scale topographic cues induce the orientation and directional movement of fibroblasts on two-
dimensional collagen surfaces,” Journal of Molecular Biology 349, 380-386 (2005).

194A. D. Doyle, F. W. Wang, K. Matsumoto, and K. M. Yamada, “One-dimensional topography underlies three-
dimensional fibrillar cell migration,” Journal of Cell Biology 184, 481-490 (2009).

195M. Chabaud et al., “Cell migration and antigen capture are antagonistic processes coupled by myosin II in
dendritic cells.,” Nature communications 6, 75267541 (2015).
196T Bretschneider, H. G. Othmer, and C. J. Weijer, “Progress and perspectives in signal transduction, actin

dynamics, and movement at the cell and tissue level : lessons from Dictyostelium,” Interface Focus 6, 20160047
(2016).

197y, Torraca, S. Masud, H. P. Spaink, and A. H. Meijer, “Macrophage-pathogen interactions in infectious
diseases: new therapeutic insights from the zebrafish host model,” Disease Models and Mechanisms 7,
785-797 (2014).

198D, Powell, S. Tauzin, L. E. Hind, Q. Deng, D. J. Beebe, and A. Huttenlocher, “Chemokine signaling and the
regulation of bidirectional leukocyte migration in interstitial tissues,” Cell Reports 19, 1572-1585 (2017).

199R. G. Rowe and S. J. Weiss, “Navigating ECM barriers at the invasive front: The cancer cell-stroma interface,”
Annual Review of Cell and Developmental Biology 25, 567-595 (2009).

200p, Kameritsch and J. Renkawitz, “Principles of Leukocyte Migration Strategies,” Trends in Cell Biology 30,
818-832 (2020).

201G, Cicchetti, P. G. Allen, and M. Glogauer, “Targeting Molecular Signaling Pathways in Neutrophils: From
receptor to actin assembly,” Crit. Rev. Oral. Biol. Med. 13, 220-228 (2010).

202 Kolaczkowska and P. Kubes, “Neutrophil recruitment and function in health and inflammation,” Nature
reviews. Immunology 13, 159-75 (2013).

203 A, Shellard and R. Mayor, “All Roads Lead to Directional Cell Migration,” Trends in Cell Biology 30, 852-868
(2020).

2041, Song, S. M. Nadkarni, H. U. Bédeker, C. Beta, A. Bae, C. Franck, W. J. Rappel, W. F. Loomis, and E.
Bodenschatz, “Dictyostelium discoideum chemotaxis: Threshold for directed motion,” European Journal of
Cell Biology 85, 981-989 (2006).

205E, T. Roussos, J. S. Condeelis, and A Patsialou, “Chemotaxis in cancer,” Nat. Rev. Cancer 11, 573-587 (2011).
206E, Sahai, “Illuminating the metastatic process,” Nature Reviews Cancer 7, 737-749 (2007).

207P Friedl, S Borgmann, and E. B. Brocker, “Amoeboid leukocyte crawling through extracellular matrix: lessons
from the Dictyostelium paradigm of cell movement.,” Journal of leukocyte biology 70, 491-509 (2001).

2087, Bonner and E. Frascella, “Variations in cell size during the development of the slime mold, Dictyostelium
Discoiduem,” Biological Bulletin 104, 297-300 (1953).

209M. Gorelashvili, M. Emmert, K. F. Hodeck, and D. Heinrich, “Amoeboid migration mode adaption in quasi-3D
spatial density gradients of varying lattice geometry,” New Journal of Physics 16, 1-22 (2014).

210p, 3, Van Haastert and M. Postmay, “Biased random walk by stochastic fluctuations of chemoattractant-
receptor interactions at the lower limit of detection,” Biophysical Journal 93, 1787-1796 (2007).

21\, Skoge, H. Yue, M. Erickstad, A. Bae, H. Levine, A. Groisman, W. F. Loomis, and W. Rappel, “Cellular
memory in eukaryotic chemotaxis,” Proceedings of the National Academy of Sciences 111, 14448-14453
(2014).

2127, Bagorda and C. A. Parent, “Eukaryotic chemotaxis at a glance,” Journal of Cell Science 121, 2621-2624
(2008).


https://doi.org/10.1073/pnas.1502970112
https://doi.org/10.1073/pnas.1502970112
https://doi.org/10.1039/c7nr04522k
https://doi.org/10.1038/s41467-018-06494-6
https://doi.org/10.1038/s41467-018-06494-6
https://doi.org/10.1016/j.jmb.2005.03.064
https://doi.org/10.1083/jcb.200810041
https://doi.org/10.1038/ncomms8526
https://doi.org/10.1098/rsfs.2016.0047
https://doi.org/10.1098/rsfs.2016.0047
https://doi.org/10.1242/dmm.015594
https://doi.org/10.1242/dmm.015594
https://doi.org/10.1016/j.celrep.2017.04.078
https://doi.org/10.1146/annurev.cellbio.24.110707.175315
https://doi.org/10.1016/j.tcb.2020.06.007
https://doi.org/10.1016/j.tcb.2020.06.007
http://cro.sagepub.com/content/13/3/220.full.pdf
https://doi.org/10.1038/nri3399
https://doi.org/10.1038/nri3399
https://doi.org/10.1016/j.tcb.2020.08.002
https://doi.org/10.1016/j.tcb.2020.08.002
https://doi.org/10.1016/j.ejcb.2006.01.012
https://doi.org/10.1016/j.ejcb.2006.01.012
https://doi.org/10.1038/nrc3078
https://doi.org/10.1038/nrc2229
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/jlb.70.4.491
https://doi.org/10.1088/1367-2630/16/7/075012
https://doi.org/10.1529/biophysj.107.104356
https://doi.org/10.1073/pnas.1412197111
https://doi.org/10.1073/pnas.1412197111
https://doi.org/10.1242/jcs.018077
https://doi.org/10.1242/jcs.018077

286

BIBLIOGRAPHY

213D, Holcman, N. Hoze, and Z. Schuss, “Narrow escape through a funnel and effective diffusion on a crowded
membrane,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 84, 1-5 (2011).

214R. H. Insall, P. Paschke, and L. Tweedy, “Steering yourself by the bootstraps: how cells create their own
gradients for chemotaxis,” Trends in Cell Biology 32, 585-596 (2022).

215y, Belotti, D. McGloin, and C. J. Weijer, “Analysis of barotactic and chemotactic guidance cues on directional
decision-making of Dictyostelium discoideum cells in confined environments,” Proceedings of the National
Academy of Sciences 117, 25553-25559 (2020).

216 Le Maout, S. Lo Vecchio, P. Kumar Korla, J. Jinn-Chyuan Sheu, and D. Riveline, “Ratchetaxis in Channels:
Entry Point and Local Asymmetry Set Cell Directions in Confinement,” Biophysical Journal 119, 1301-1308
(2020).

217p,_ Esfahani, H. Levine, M. Mukherjee, and B. Sun, “Three-dimensional cancer cell migration directed by
dual mechanochemical guidance,” Physical Review Research 4, 1-6 (2022).

2185 _H. Yoon, Y. K. Kim, E. D. Han, Y.-H. Seo, B. H. Kim, and M. R. K. Mofrad, “Passive control of cell locomotion
using micropatterns: the effect of micropattern geometry on the migratory behavior of adherent cells,” Lab
on a Chip 12, 2391-2402 (2012).

219H. V. Prentice-Mott, Y. Meroz, A. Carlson, M. A. Levine, M. W. Davidson, D. Irimia, G. T. Charras, L.
Mahadevan, and J. V. Shah, “Directional memory arises from long-lived cytoskeletal asymmetries in polarized
chemotactic cells,” Proceedings of the National Academy of Sciences 113, 1267-1272 (2016).

220, Hashimura, Y. V. Morimoto, M. Yasui, and M. Ueda, “Collective cell migration of Dictyostelium without
cAMP oscillations at multicellular stages,” Communications Biology 2, 1-15 (2019).

2211, yan Steijn, J. A. Wondergem, K. Schakenraad, D. Heinrich, and R. M. Merks, “Deformability and collision-
induced reorientation enhance cell topotaxis in dense microenvironments,” Biophysical Journal, 1-17 (2023).

222M. J. Schnitzer, “Theory of continuum random walks and application to chemotaxis,” Physical Review E 48,
2553-2568 (1993).

2237, Sadjadi and H. Rieger, “Topotaxis of Active Particles Induced by Spatially Heterogeneous Sliding along
Obstacles,” arXiv, 2-6 (2023).

2243, McGrath, M. Jimenez, and H. Bridle, “Deterministic lateral displacement for particle separation: A review,”
Lab on a Chip 14, 4139-4158 (2014).

225M. Emmert, P. Witzel, and D. Heinrich, “Challenges in tissue engineering - towards cell control inside
artificial scaffolds,” Soft Matter 12, 4287-4294 (2016).

2267, Chen, X. Luo, X. Zhao, M. Yang, and C. Wen, “Label-free cell sorting strategies via biophysical and
biochemical gradients,” Journal of Orthopaedic Translation 17, 55-63 (2019).

227p, Paulitschke, F. Keber, A. Lebedev, J. Stephan, H. Lorenz, S. Hasselmann, D. Heinrich, and E. M. Weig,
“Ultraflexible Nanowire Array for Label- and Distortion-Free Cellular Force Tracking,” Nano Letters 19,
2207-2214 (2019).

2283 Schindelin et al., “Fiji: An open-source platform for biological-image analysis,” Nature Methods 9, 676-682
(2012).

229M. H. Gail and C. W. Boone, “The Locomotion of Mouse Fibroblasts in Tissue Culture,” Biophysical Journal
10, 980-993 (1970).

230D, Campos, V. Méndez, and I. Llopis, “Persistent random motion: Uncovering cell migration dynamics,”
Journal of Theoretical Biology 267, 526-534 (2010).

231p, Dieterich, R. Klages, R. Preuss, and A. Schwab, “Anomalous dynamics of cell migration,” Proceedings of
the National Academy of Sciences 105, 459-463 (2008).

232 A Biess, E. Korkotian, and D. Holcman, “Barriers to diffusion in dendrites and estimation of calcium spread
following synaptic inputs,” PLoS Computational Biology 7, 160.1371/journal.pcbi.1002182 (2011).

2337, Schuss, Theory and Applications of Stochastic Differential Equations, Wiley Seri (John Wiley Sons, Inc,
New York, 1980), pp. 1-321.

234 A, Fick, “On liquid diffusion,” Poggendorffs Annalen 94 (1855).

235 A, Pathak and S. Kumar, “Independent regulation of tumor cell migration by matrix stiffness and confine-
ment,” Proceedings of the National Academy of Sciences 109, 10334-10339 (2012).


https://doi.org/10.1103/PhysRevE.84.021906
https://doi.org/10.1016/j.tcb.2022.02.007
https://doi.org/10.1073/pnas.2000686117
https://doi.org/10.1073/pnas.2000686117
https://doi.org/10.1016/j.bpj.2020.08.028
https://doi.org/10.1016/j.bpj.2020.08.028
https://doi.org/10.1103/PhysRevResearch.4.L022007
https://doi.org/10.1039/c2lc40084g
https://doi.org/10.1039/c2lc40084g
https://doi.org/10.1073/pnas.1513289113
https://doi.org/10.1038/s42003-018-0273-6
https://doi.org/10.1016/j.bpj.2023.06.001
https://doi.org/10.1103/PhysRevE.48.2553
https://doi.org/10.1103/PhysRevE.48.2553
https://arxiv.org/abs/2305.02055v1
https://doi.org/10.1039/c4lc00939h
https://doi.org/10.1039/C5SM02844B
https://doi.org/10.1016/j.jot.2019.01.005
https://doi.org/10.1021/acs.nanolett.8b02568
https://doi.org/10.1021/acs.nanolett.8b02568
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1016/S0006-3495(70)86347-0
https://doi.org/10.1016/S0006-3495(70)86347-0
https://doi.org/10.1016/j.jtbi.2010.09.022
https://doi.org/10.1073/pnas.0707603105
https://doi.org/10.1073/pnas.0707603105
https://doi.org/10.1371/journal.pcbi.1002182
https://doi.org/10.1371/journal.pcbi.1002182
https://doi.org/10.1073/pnas.1118073109

BIBLIOGRAPHY 287

2363, K. Ranamukhaarachchi, R. N. Modi, A. Han, D. O. Velez, A. Kumar, A. I. Engler, and S. I. Fraley, “Macro-
molecular crowding tunes 3D collagen architecture and cell morphogenesis,” Biomaterials Science 7, 618-633
(2019).

237M. F. Krummel, R. S. Friedman, and J. Jacobelli, “Modes and mechanisms of T cell motility: Roles for
confinement and Myosin-IIA,” Current Opinion in Cell Biology 30, 9-16 (2014).

2387 Toyjanova, E. Flores-Cortez, J. S. Reichner, and C. Franck, “Matrix confinement plays a pivotal role in
regulating neutrophil-generated tractions, speed, and integrin utilization,” Journal of Biological Chemistry
290, 3752-3763 (2015).

2397 K. Hellmann, S. Miinter, M. Kudryashev, S. Schulz, K. Heiss, A. K. Miiller, K. Matuschewski, J. P. Spatz,
U. S. Schwarz, and F. Frischknecht, “Environmental constraints guide migration of malaria parasites during
transmission,” PLoS Pathogens 7, 1-12 (2011).

240 A Battista, F. Frischknecht, and U. S. Schwarz, “Geometrical model for malaria parasite migration in
structured environments,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 90, 1-12 (2014).

241D, H. Kim, K. Han, K. Gupta, K. W. Kwon, K. Y. Suh, and A. Levchenko, “Mechanosensitivity of fibroblast cell
shape and movement to anisotropic substratum topography gradients,” Biomaterials 30, 5433-5444 (2009).

242N D. Bade, T. Xu, R. D. Kamien, R. K. Assoian, and K. J. Stebe, “Gaussian Curvature Directs Stress Fiber
Orientation and Cell Migration,” Biophysical Journal 114, 1467-1476 (2018).

243D, H. Kim, A. J. Ewald, J. S. Park, Kshitiz, M. Kwak, R. S. Gray, C. Y. Su, J. Seo, S. S. An, and A. Levchenko,
“Biomechanical interplay between anisotropic re-organization of cells and the surrounding matrix underlies
transition to invasive cancer spread,” Scientific Reports 8, 1-10 (2018).

2448 E. Kim et al., “Cell migration according to shape of graphene oxide micropatterns,” Micromachines 7, 1-10
(2016).

245E. Le Maout, S. Lo Vecchio, A. Bhat, and D. Riveline, Directing cell migration on flat substrates and in
confinement with microfabrication and microfluidics, 1st ed., Vol. 147 (Elsevier Inc., 2018), pp. 109-132.

246p, Maiuri et al., “The first World Cell Race,” Current Biology 22, R673-R675 (2012).

247P, Maiuri et al., “Actin Flows Mediate a Universal Coupling between Cell Speed and Cell Persistence,” Cell
161, 374-386 (2015).

248K, Chen and K. R. Qin, “Random Walks of a Cell With Correlated Speed and Persistence Influenced by the
Extracellular Topography,” Frontiers in Physics 9, 1-11 (2021).

2497, Iskratsch, H. Wolfenson, and M. P. Sheetz, “Appreciating force and shape-the rise of mechanotransduction
in cell biology,” Nature Reviews Molecular Cell Biology 15, 825-833 (2014).

250y, Chen, L. Ju, M. Rushdi, C. Ge, and C. Zhu, “Receptor-mediated cell mechanosensing,” Molecular Biology
of the Cell 28, 3134-3155 (2017).

251 A 7Z6ttl and H. Stark, “Emergent behavior in active colloids,” Journal of Physics Condensed Matter 28, 1-28
(2016).

252, Volpe, I. Buttinoni, D. Vogt, H. J. Kiimmerer, and C. Bechinger, “Microswimmers in patterned environ-
ments,” Soft Matter 7, 8810-8815 (2011).

253Y. Fily, A. Baskaran, and M. F. Hagan, “Dynamics of self-propelled particles under strong confinement,” Soft
Matter 10, 5609-5617 (2014).

254Y. Fily, A. Baskaran, and M. F. Hagan, “Dynamics and density distribution of strongly confined noninteracting
nonaligning self-propelled particles in a nonconvex boundary,” Physical Review E - Statistical, Nonlinear,
and Soft Matter Physics 91, 1-11 (2015).

255M. Khatami, K. Wolff, O. Pohl, M. R. Ejtehadi, and H. Stark, “Active Brownian particles and run-and-tumble
particles separate inside a maze,” Scientific Reports 6, 37670 (2016).

256p, Galajda, J. Keymer, P. Chaikin, and R. Austin, “A wall of funnels concentrates swimming bacteria,” Journal
of Bacteriology 189, 8704-8707 (2007).

257L. Angelani and R. Di Leonardo, “Geometrically biased random walks in bacteria-driven micro-shuttles,”
New Journal of Physics 12, 1-11 (2010).

2583, A. Mallory, C. Valeriani, and A. Cacciuto, “Curvature-induced activation of a passive tracer in an active
bath,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 90, 1-6 (2014).


https://doi.org/10.1039/c8bm01188e
https://doi.org/10.1039/c8bm01188e
https://doi.org/10.1016/j.ceb.2014.05.003
https://doi.org/10.1074/jbc.M114.619643
https://doi.org/10.1074/jbc.M114.619643
https://doi.org/10.1371/journal.ppat.1002080
https://doi.org/10.1103/PhysRevE.90.042720
https://doi.org/10.1016/j.biomaterials.2009.06.042
https://doi.org/10.1016/j.bpj.2018.01.039
https://doi.org/10.1038/s41598-018-32010-3
https://doi.org/10.3390/mi7100186
https://doi.org/10.3390/mi7100186
https://doi.org/10.1016/j.cub.2012.07.052
https://doi.org/10.1016/j.cell.2015.01.056
https://doi.org/10.1016/j.cell.2015.01.056
https://doi.org/10.3389/fphy.2021.719293
https://doi.org/10.1038/nrm3903
https://doi.org/10.1091/mbc.E17-04-0228
https://doi.org/10.1091/mbc.E17-04-0228
https://doi.org/10.1088/0953-8984/28/25/253001
https://doi.org/10.1088/0953-8984/28/25/253001
https://doi.org/10.1039/c1sm05960b
https://doi.org/10.1039/c4sm00975d
https://doi.org/10.1039/c4sm00975d
https://doi.org/10.1103/PhysRevE.91.012125
https://doi.org/10.1103/PhysRevE.91.012125
https://doi.org/10.1038/srep37670
https://doi.org/10.1128/JB.01033-07
https://doi.org/10.1128/JB.01033-07
https://doi.org/10.1088/1367-2630/12/11/113017
https://doi.org/10.1103/PhysRevE.90.032309

288

BIBLIOGRAPHY

2591, Angelani, R. Di Leonardo, and G. Ruocco, “Self-starting micromotors in a bacterial bath,” Physical Review
Letters 102, 1-4 (2009).

2608, Pattanayak, R. Das, M. Kumar, and S. Mishra, “Enhanced dynamics of active Brownian particles in periodic
obstacle arrays and corrugated channels,” European Physical Journal E 42, 1-7 (2019).

261C, Reichhardt and C. J. Olson Reichhardt, “Active matter transport and jamming on disordered landscapes,”
Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 90, 1-5 (2014).

262\, Zeitz, K. Wolff, and H. Stark, “Active Brownian particles moving in a random Lorentz gas,” European
Physical Journal E 40, 1-10 (2017).

263 A, Morin, D. Lopes Cardozo, V. Chikkadi, and D. Bartolo, “Diffusion, subdiffusion, and localization of active
colloids in random post lattices,” Physical Review E 96, 1-8 (2017).

2640, Chepizhko and T. Franosch, “Ideal circle microswimmers in crowded media,” Soft Matter 15, 452-461
(2019).

265G. Volpe and G. Volpe, “The topography of the environment alters the optimal search strategy for active
particles,” Proceedings of the National Academy of Sciences 114, 11350-11355 (2017).

266M. N. Popescu, W. E. Uspal, C. Bechinger, and P. Fischer, “Chemotaxis of Active Janus Nanoparticles,” Nano
Letters 18, 5345-5349 (2018).

2678, Saha, S. Ramaswamy, and R. Golestanian, “Pairing, waltzing and scattering of chemotactic active colloids,”
New Journal of Physics 21, 1-21 (2019).

268C. Lozano and C. Bechinger, “Diffusing wave paradox of phototactic particles in traveling light pulses,”
Nature Communications 10, 1-9 (2019).

269M. S. Davies Wykes, X. Zhong, J. Tong, T. Adachi, Y. Liu, L. Ristroph, M. D. Ward, M. J. Shelley, and J. Zhang,
“Guiding microscale swimmers using teardrop-shaped posts,” Soft Matter 13, 4681-4688 (2017).

2703, Tong and M. J. Shelley, “Directed migration of microscale swimmers by an array of shaped obstacles:
modeling and shape optimization,” Society for Industrial and Applied Mathematics 78, 2370-2392 (2018).

271, Angelani, A. Costanzo, and R. Di Leonardo, “Active ratchets,” EPL (Europhysics Letters) 96, 1-5 (2011).

272B. Q. Ai, Q. Y. Chen, Y. F. He, F. G. Li, and W. R. Zhong, “Rectification and diffusion of self-propelled particles
in a two-dimensional corrugated channel,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics
88, 1-7 (2013).

273B. Q. Ai and J. C. Wu, “Transport of active ellipsoidal particles in ratchet potentials,” Journal of Chemical
Physics 140, 1-7 (2014).

274p, K. Ghosh, V. R. Misko, F. Marchesoni, and F. Nori, “Self-propelled janus particles in a ratchet: Numerical
simulations,” Physical Review Letters 110, 1-5 (2013).

275X . Ao, P. K. Ghosh, Y. Li, G. Schmid, P. Hinggi, and F. Marchesoni, “Active Brownian motion in a narrow
channel,” European Physical Journal: Special Topics 223, 3227-3242 (2014).

278E. Yariv and O. Schnitzer, “Ratcheting of Brownian swimmers in periodically corrugated channels: A reduced
Fokker-Planck approach,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 90, 1-6 (2014).

277], Katuri, D. Caballero, R. Voituriez, J. Samitier, and S. Sanchez, “Directed Flow of Micromotors through
Alignment Interactions with Micropatterned Ratchets,” ACS Nano 12, 7282-7291 (2018).

278F. Graner and J. A. Glazier, “Simulation of biological cell sorting using a two-dimensional extended Potts
model,” Physical Review Letters 69, 2013-2017 (1992).

279 A. F. M. Marée, V. A. Grieneisen, and P. Hogeweg, “The Cellular Potts Model and Biophysical Properties
of Cells, Tissues and Morphogenesis,” in Single-cell-based models in biology and medicine, Vol. 2 (2007),
pp. 107-136.

280N J. Savill and P. Hogeweg, “Modelling morphogenesis: From single cells to crawling slugs,” Journal of
Theoretical Biology 184, 229-235 (1997).

2813 Kifer, P. Hogeweg, and A. F. Marée, “Moving forward moving backward: Directional sorting of chemotactic
cells due to size and adhesion differences,” PLoS Computational Biology 2, 0518-0529 (2006).

2827 Moure and H. Gomez, “Three-dimensional simulation of obstacle-mediated chemotaxis,” Biomechanics
and Modeling in Mechanobiology 17, 1243-1268 (2018).

283p, J. Albert and U. S. Schwarz, “Dynamics of cell shape and forces on micropatterned substrates predicted by
a cellular Potts model,” Biophysical Journal 106, 2340-2352 (2014).


https://doi.org/10.1103/PhysRevLett.102.048104
https://doi.org/10.1103/PhysRevLett.102.048104
https://doi.org/10.1140/epje/i2019-11826-7
https://doi.org/10.1103/PhysRevE.90.012701
https://doi.org/10.1140/epje/i2017-11510-0
https://doi.org/10.1140/epje/i2017-11510-0
https://doi.org/10.1103/PhysRevE.96.042611
https://doi.org/10.1039/c8sm02030b
https://doi.org/10.1039/c8sm02030b
https://doi.org/10.1073/pnas.1711371114
https://doi.org/10.1021/acs.nanolett.8b02572
https://doi.org/10.1021/acs.nanolett.8b02572
https://doi.org/10.1088/1367-2630/ab20fd
https://doi.org/10.1038/s41467-019-10535-z
https://doi.org/10.1039/c7sm00203c
https://doi.org/10.1137/17M1147482
https://doi.org/10.1209/0295-5075/96/68002
https://doi.org/10.1103/PhysRevE.88.062129
https://doi.org/10.1103/PhysRevE.88.062129
https://doi.org/10.1063/1.4867283
https://doi.org/10.1063/1.4867283
https://doi.org/10.1103/PhysRevLett.110.268301
https://doi.org/10.1140/epjst/e2014-02329-1
https://doi.org/10.1103/PhysRevE.90.032115
https://doi.org/10.1021/acsnano.8b03494
https://doi.org/10.1103/PhysRevLett.69.2013
https://doi.org/10.1007/978-3-7643-8123-3_5
https://doi.org/10.1006/jtbi.1996.0237
https://doi.org/10.1006/jtbi.1996.0237
https://doi.org/10.1371/journal.pcbi.0020056
https://doi.org/10.1007/s10237-018-1023-x
https://doi.org/10.1007/s10237-018-1023-x
https://doi.org/10.1016/j.bpj.2014.04.036

BIBLIOGRAPHY

2841, van Steijn, I. M. Wortel, C. Sire, L. Dupré, G. Theraulaz, and R. M. Merks, “Computational modelling of
cell motility modes emerging from cell-matrix adhesion dynamics,” PLoS Computational Biology 18, 1-28
(2022).

285R. Allena, M. Scianna, and L. Preziosi, “A Cellular Potts Model of single cell migration in presence of
durotaxis,” Mathematical Biosciences 275, 57-70 (2016).

286E, G. Rens and R. M. Merks, “Cell Shape and Durotaxis Explained from Cell-Extracellular Matrix Forces and
Focal Adhesion Dynamics,” iScience 23, 101488 (2020).

287T. Thenard, A. Catapano, M. Mesnard, and R. Allena, “A Cellular Potts energy-based approach to analyse
the influence of the surface topography on single cell motility,” Journal of Theoretical Biology 509, 110487
(2021).

288M. Scianna and L. Preziosi, “A Cellular Potts Model for analyzing cell migration across constraining pillar
arrays,” Axioms 10, 1-21 (2021).

2898 Stramer and R. Mayor, “Mechanisms and in vivo functions of contact inhibition of locomotion,” Nature
reviews. Molecular cell biology 18, 43-55 (2017).

2903, B, Beltman, A. F. Marée, and R. J. De Boer, “Spatial modelling of brief and long interactions between T
cells and dendritic cells,” Immunology and Cell Biology 85, 306-314 (2007).

2917 Lammerding, “Mechanics of the nucleus,” Comprehensive Physiology 1, 783-807 (2011).

292G. Yu, J. Feng, H. Man, and H. Levine, “Phenomenlogical Modeling of Durotaxis,” Physical Review E 96, 1-6
(2017).

293C. R. Doering, X. Mao, and L. M. Sander, “Random walker models for durotaxis,” Physical Biology 15, 1-7
(2018).

294T, Chinnasamy, J. L. Kingsley, F. Inci, P. J. Turek, M. P. Rosen, B. Behr, E. Tiizel, and U. Demirci, “Guidance
and Self-Sorting of Active Swimmers: 3D Periodic Arrays Increase Persistence Length of Human Sperm
Selecting for the Fittest,” Advanced Science 5, 1-13 (2018).

295C. J. Reichhardt and C. Reichhardt, “Ratchet effects in active matter systems,” Annual Review of Condensed
Matter Physics 8, 51-75 (2017).

2%p, Denissenko, V. Kantsler, D. J. Smith, and J. Kirkman-Brown, “Human spermatozoa migration in mi-
crochannels reveals boundary-following navigation,” Proceedings of the National Academy of Sciences 109,
8007-8010 (2012).

297y, Kantsler, J. Dunkel, M. Polin, and R. E. Goldstein, “Ciliary contact interactions dominate surface scattering
of swimming eukaryotes,” Proceedings of the National Academy of Sciences 110, 1187-1192 (2013).

298 A. Callegari and G. Volpe, “Numerical Simulations of Active Brownian Particles,” in Flowing matter, edited
by F. Toschi and M. Sega, 1st ed. (Springer Nature, Cham, 2019) Chap. 7, pp. 211-238.

299G. Volpe and G. Volpe, “Simulation of a Brownian particle in an optical trap,” American Journal of Physics
81, 224-230 (2013).

300M, Newman and G. Barkema, Monte Carlo Methods in Statistical Physics (Oxford University Press, Oxford,
1999), pp. 1-490.

301K, C. Lee, “Rejection-free Monte Carlo technique,” Journal of Physics A: Mathematical and General 28,
4835-4842 (1995).

302, Starruf, W. De Back, L. Brusch, and A. Deutsch, “Morpheus: A user-friendly modeling environment for
multiscale and multicellular systems biology,” Bioinformatics 30, 1331-1332 (2014).

303N. B. Ouchi, J. A. Glazier, I. P. Rieu, A. Upadhyaya, and Y. Sawada, “Improving the realism of the cellular
Potts model in simulations of biological cells,” Physica A: Statistical Mechanics and its Applications 329,
451-458 (2003).

304E, Scarpa and R. Mayor, “Collective cell migration in development,” Journal of Cell Biology 212, 143-155
(2016).

305F. Qu, F. Guilak, and R. L. Mauck, “Cell migration: implications for repair and regeneration in joint disease,”
Nature Reviews Rheumatology 15, 167-179 (2019).

306, Lutz, S. Hu, P.-U. Dinh, and K. Cheng, “Cells and cell derivatives as drug carriers for targeted delivery,”
Medicine in Drug Discovery 3, 100014 (2019).

307H. T. Nia, L. L. Munn, and R. K. Jain, “Physical traits of cancer,” Science 370 (2020).

289


https://doi.org/10.1371/journal.pcbi.1009156
https://doi.org/10.1371/journal.pcbi.1009156
https://doi.org/10.1016/j.mbs.2016.02.011
https://doi.org/10.1016/j.isci.2020.101488
https://doi.org/10.1016/j.jtbi.2020.110487
https://doi.org/10.1016/j.jtbi.2020.110487
https://doi.org/10.3390/axioms10010032
https://doi.org/10.1038/nrm.2016.118
https://doi.org/10.1038/nrm.2016.118
https://doi.org/10.1038/sj.icb.7100054
https://doi.org/10.1002/cphy.c100038
https://doi.org/10.1103/PhysRevE.96.010402
https://doi.org/10.1103/PhysRevE.96.010402
https://doi.org/10.1088/1478-3975/aadc37
https://doi.org/10.1088/1478-3975/aadc37
https://doi.org/10.1002/advs.201700531
https://doi.org/10.1146/annurev-conmatphys-031016-025522
https://doi.org/10.1146/annurev-conmatphys-031016-025522
https://doi.org/10.1073/pnas.1202934109
https://doi.org/10.1073/pnas.1202934109
https://doi.org/10.1073/pnas.1210548110
https://doi.org/10.1007/978-3-030-23370-9_7
https://doi.org/10.1119/1.4772632
https://doi.org/10.1119/1.4772632
https://doi.org/10.1088/0305-4470/28/17/016
https://doi.org/10.1088/0305-4470/28/17/016
https://doi.org/10.1093/bioinformatics/btt772
https://doi.org/10.1016/S0378-4371(03)00574-0
https://doi.org/10.1016/S0378-4371(03)00574-0
https://doi.org/10.1083/jcb.201508047
https://doi.org/10.1083/jcb.201508047
https://doi.org/10.1038/s41584-018-0151-0
https://doi.org/10.1016/j.medidd.2020.100014
https://doi.org/10.1126/science.aaz0868

290

BIBLIOGRAPHY

308K, F. Swaney, C.-H. Huang, and P. N. Devreotes, “Eukaryotic chemotaxis: a network of signaling pathways
controls motility, directional sensing, and polarity.,” Annual review of biophysics 39, 265-89 (2010).

309K, M. Yamada and M. Sixt, “Mechanisms of 3D cell migration,” Nature Reviews Molecular Cell Biology 20,
738-752(2019).

310p, Fried] and K. Wolf, “Plasticity of cell migration: A multiscale tuning model,” Journal of Cell Biology 188,
11-19 (2010).

3117, E. Bear and J. M. Haugh, “Directed migration of mesenchymal cells: Where signaling and the cytoskeleton
meet,” Current Opinion in Cell Biology 30, 74-82 (2014).

312K, Wolf and P. Friedl, “Extracellular matrix determinants of proteolytic and non-proteolytic cell migration,”
Trends in Cell Biology 21, 736-744 (2011).

313K, Patikov4, D. Rosel, M. Novotny, and J. Brébek, “The molecular mechanisms of transition between mes-
enchymal and amoeboid invasiveness in tumor cells,” Cellular and Molecular Life Sciences 67, 63-71 (2010).

3l4p, Vargas, L. Barbier, P. J. Sdez, and M. Piel, “Mechanisms for fast cell migration in complex environments,”
Current Opinion in Cell Biology 48, 72-78 (2017).

315M. Ghibaudo, L. Trichet, J. Le Digabel, A. Richert, P. Hersen, and B. Ladoux, “Substrate topography induces
a crossover from 2D to 3D behavior in fibroblast migration,” Biophysical Journal 97, 357-368 (2009).

3167 Renkawitz, A. Reversat, A. Leithner, J. Merrin, and M. Sixt, “Micro-engineered “pillar forests” to study cell
migration in complex but controlled 3D environments,” Methods in Cell Biology 147, 79-91 (2018).

317]. Renkawitz et al., “Nuclear positioning facilitates amoeboid migration along the path of least resistance,”
Nature 568, 546—550 (2019).

318M. T. Doolin and K. M. Stroka, “Integration of Mesenchymal Stem Cells into a Novel Micropillar Confinement
Assay,” Tissue Engineering - Part C: Methods 25, 662-676 (2019).

3197, Sadjadi, D. Vesperini, A. M. Laurent, L. Barnefske, E. Terriac, F. Lautenschlédger, and H. Rieger, “Ameboid
cell migration through regular arrays of micropillars under confinement,” Biophysical Journal 121, 4615-4623
(2022).

320y, J. Liu, M. Le Berre, F. Lautenschlaeger, P. Maiuri, A. Callan-Jones, M. Heuzé, T. Takaki, R. Voituriez, and

M. Piel, “Confinement and low adhesion induce fast amoeboid migration of slow mesenchymal cells,” Cell
160, 659-672 (2015).

321p_ R. Soll, D. Wessels, P. J. Heid, and E. Voss, “Computer-assisted reconstruction and motion analysis of the
three-dimensional cell.,” The Scientific World Journal 3, 827-841 (2003).

322M. Brugmans, J. Cassiman, L. Vanderheydt, A. J. Oosterlinck, R. Vlietinck, and H. Van Den Berghe, “Quantifi-
cation of the degree of cell spreading of human fibroblasts by semi-automated analysis of the cell perimeter,”
Cytometry 3, 262-268 (1983).

323]. Albuschies and V. Vogel, “The role of filopodia in the recognition of nanotopographies,” Scientific Reports
3(2013).

324G. W. Schmid-Schonbein, Y. Y. Shih, and S. Chien, “Morphometry of human leukocytes,” Blood 56, 866-875
(1980).

325R. S. Khan and P. N. Newsome, “A comparison of phenotypic and functional properties of mesenchymal
stromal cells and multipotent adult progenitor cells,” Frontiers in Immunology 10, 1-16 (2019).

326 A. Nousi, M. T. Segaard, M. Audoin, and L. Jauffred, “Single-cell tracking reveals super-spreading brain
cancer cells with high persistence,” Biochemistry and Biophysics Reports 28, 101120 (2021).

3271, G. Alves, D. B. Scariot, R. R. Guimaries, C. V. Nakamura, R. S. Mendes, and H. V. Ribeiro, “Transient
superdiffusion and long-range correlations in the motility patterns of trypanosomatid flagellate protozoa,”
PLoS ONE 11, 1-15 (2016).

328 A, Christensen, A. K. V. West, L. Wullkopf, I. Terra Erler, L. B. Oddershede, and J. Mathiesen, “Friction-limited
cell motility in confluent monolayer tissue,” Physical Biology 15 (2018).

329W. C. Parkinson, “Motility of mouse fibroblasts in tissue culture,” Biophysical Journal 42, 17-23 (1983).

30R. S. Hartman, K. Lau, W. Chou, and T. D. Coates, “The fundamental motor of the human neutrophil is
not random: evidence for local non-Markov movement in neutrophils,” Biophysical Journal 67, 2535-2545
(1994).


https://doi.org/10.1146/annurev.biophys.093008.131228
https://doi.org/10.1038/s41580-019-0172-9
https://doi.org/10.1038/s41580-019-0172-9
https://doi.org/10.1083/jcb.200909003
https://doi.org/10.1083/jcb.200909003
https://doi.org/10.1016/j.ceb.2014.06.005
https://doi.org/10.1016/j.tcb.2011.09.006
https://doi.org/10.1007/s00018-009-0132-1
https://doi.org/10.1016/j.ceb.2017.04.007
https://doi.org/10.1016/j.bpj.2009.04.024
https://doi.org/10.1016/bs.mcb.2018.07.004
https://doi.org/10.1038/s41586-019-1087-5
https://doi.org/10.1089/ten.tec.2019.0083
https://doi.org/10.1016/j.bpj.2022.10.030
https://doi.org/10.1016/j.bpj.2022.10.030
https://doi.org/10.1016/j.cell.2015.01.007
https://doi.org/10.1016/j.cell.2015.01.007
https://doi.org/10.1100/tsw.2003.70
https://doi.org/10.1002/cyto.990030406
https://doi.org/10.1038/srep01658
https://doi.org/10.1038/srep01658
https://doi.org/10.1182/blood.v56.5.866.866
https://doi.org/10.1182/blood.v56.5.866.866
https://doi.org/10.3389/fimmu.2019.01952
https://doi.org/10.1016/j.bbrep.2021.101120
https://doi.org/10.1371/journal.pone.0152092
https://doi.org/10.1088/1478-3975/aacedc
https://doi.org/10.1016/S0006-3495(83)84364-1
https://doi.org/10.1016/S0006-3495(94)80743-X
https://doi.org/10.1016/S0006-3495(94)80743-X

BIBLIOGRAPHY 291

331M. Scott, K. Zychaluk, and R. N. Bearon, “A mathematical framework for modelling 3D cell motility: Appli-
cations to glioblastoma cell migration,” Mathematical Medicine and Biology 38, 333-354 (2021).

3321, M. Wortel, I. Niculescu, P. M. Kolijn, N. S. Gov, R. J. de Boer, and J. Textor, “Local actin dynamics couple
speed and persistence in a cellular Potts model of cell migration,” Biophysical Journal 120, 2609-2622 (2021).

333V. Breedveld and D. J. Pine, “Microrheology as a tool for high-throughput screening,” Journal of Materials
Science 38, 4461-4470 (2003).

334G. J. Todaro and H. Green, “Quantitative studies of the growth of mouse embro cells in culture and their
devlopment into established lines,” Journal of Cell Biology 17, 299-313 (1963).

335]. Riedl et al., “Lifeact: A versatile marker to visualize F-actin,” Nature Methods 5, 605-607 (2008).

336W. E. Noteborn, J. A. Wondergem, A. Turchenko, F. Chariyev-Prinz, D. Donato, 1. K. Voets, D. Heinrich,
and R. E. Kieltyka, “Grafting from a Hybrid DNA-Covalent Polymer by the Hybridization Chain Reaction,”
Macromolecules 51, 5157-5164 (2018).

337C. Tong, T. Liu, V. Saez Talens, W. E. Noteborn, T. H. Sharp, M. M. Hendrix, I. K. Voets, C. L. Mummery,
V. V. Orlova, and R. E. Kieltyka, “Squaramide-Based Supramolecular Materials for Three-Dimensional Cell
Culture of Human Induced Pluripotent Stem Cells and Their Derivatives,” Biomacromolecules 19, 1091-1099
(2018).

338C. Tong, J. A. Wondergem, D. Heinrich, and R. E. Kieltyka, “Photopatternable, Branched Polymer Hydrogels
Based on Linear Macromonomers for 3D Cell Culture Applications,” ACS Macro Letters 9, 882-888 (2020).

3397, Liu, L. van den Berk, J. A. Wondergem, C. Tong, M. C. Kwakernaak, B. ter Braak, D. Heinrich, B. van de Wa-
ter, and R. E. Kieltyka, “Squaramide-Based Supramolecular Materials Drive HepG2 Spheroid Differentiation,”
Advanced Healthcare Materials 10, 2001903 (2021).

340C, Tong, Y. Chen, M. L. Janssen, I. Sariol, J. A. Wondergem, M. van den Brink, R. G. H. Nelissen, D. Heinrich,
Y. F. M. Ramos, and R. E. Kieltyka, “Dithiolane-ene Photopolymerization of Covalent and Supramolecular
Networks Permits Cyclic Compressive Loading in 3D Cell Culture,” unpublished -, - (2024).

341G, Huang, F. Li, X. Zhao, Y. Ma, Y. Li, M. Lin, G. Jin, T. J. Lu, G. M. Genin, and F. Xu, “Functional and
Biomimetic Materials for Engineering of the Three-Dimensional Cell Microenvironment,” Chemical Reviews
117, 12764-12850 (2017).

342K. M. Yamada, A. D. Doyle, and J. Lu, “Cell-3D matrix interactions: recent advances and opportunities,”
Trends in Cell Biology 32, 883-895 (2022).

3438, Hafeez, M. C. Decarli, A. Aldana, M. Ebrahimi, F. A. Ruiter, H. Duimel, C. van Blitterswijk, L. M. Pitet, L.
Moroni, and M. B. Baker, “In Situ Covalent Reinforcement of a Benzene-1,3,5-Tricarboxamide Supramolecular
Polymer Enables Biomimetic, Tough, and Fibrous Hydrogels and Bioinks,” Advanced Materials 35, 1-18
(2023).

344y, Zhu, Y. Shmidov, E. A. Harris, M. H. Theus, R. Bitton, and J. B. Matson, “Activating hidden signals by
mimicking cryptic sites in a synthetic extracellular matrix,” Nature Communications 14 (2023).

345M. 1. Webber, E. A. Appel, E. W. Meijer, and R. Langer, “Supramolecular biomaterials,” Nature Materials 15,
13-26 (2015).

346, Storm, J. J. Pastore, F. C. MacKintosh, T. C. Lubensky, and P. A. Janmey, “Nonlinear elasticity in biological
gels,” Nature 435, 191-194 (2005).

347B. Sun, “The mechanics of fibrillar collagen extracellular matrix,” Cell Reports Physical Science 2, 100515
(2021).

3480, J. Goor, S. I. Hendrikse, P. Y. Dankers, and E. W. Meijer, “From supramolecular polymers to multi-
component biomaterials,” Chemical Society Reviews 46, 6621-6637 (2017).

3491, Nicolas, S. Magli, L. Rabbachin, S. Sampaolesi, F. Nicotra, and L. Russo, “3D Extracellular Matrix Mimics:
Fundamental Concepts and Role of Materials Chemistry to Influence Stem Cell Fate,” Biomacromolecules
21, 1968-1994 (2020).

350F, A. Aisenbrey and W. L. Murphy, “Synthetic alternatives to Matrigel,” Nature Reviews Materials 5, 539-551
(2020).

351y, Vogel and M. Sheetz, “Local force and geometry sensing regulate cell functions,” Nature Reviews Molecular
Cell Biology 7, 265-275 (2006).

352H. van Hoorn and T. Schmidt, “A closer look at cellular forces - inversion improves resolution,” in Cellular
forces: adhering, shaping, sensing and dividing (Casimir PhD Series, Leiden, 2014) Chap. 1, pp. 1-29.


https://doi.org/10.1093/imammb/dqab009
https://doi.org/10.1016/j.bpj.2021.04.036
https://doi.org/10.1023/A:1027321232318
https://doi.org/10.1023/A:1027321232318
https://doi.org/10.1083/jcb.17.2.299
https://doi.org/10.1038/nmeth.1220
https://doi.org/10.1021/acs.macromol.7b02610
https://doi.org/10.1021/acs.biomac.7b01614
https://doi.org/10.1021/acs.biomac.7b01614
https://doi.org/10.1021/acsmacrolett.0c00175
https://doi.org/10.1002/adhm.202001903
https://doi.org/10.1021/acs.chemrev.7b00094
https://doi.org/10.1021/acs.chemrev.7b00094
https://doi.org/10.1016/j.tcb.2022.03.002
https://doi.org/10.1002/adma.202301242
https://doi.org/10.1002/adma.202301242
https://doi.org/10.1038/s41467-023-39349-w
https://doi.org/10.1038/nmat4474
https://doi.org/10.1038/nmat4474
https://doi.org/10.1038/nature03521
https://doi.org/10.1016/j.xcrp.2021.100515
https://doi.org/10.1016/j.xcrp.2021.100515
https://doi.org/10.1039/c7cs00564d
https://doi.org/10.1021/acs.biomac.0c00045
https://doi.org/10.1021/acs.biomac.0c00045
https://doi.org/10.1038/s41578-020-0199-8
https://doi.org/10.1038/s41578-020-0199-8
https://doi.org/10.1038/nrm1890
https://doi.org/10.1038/nrm1890
https://hdl.handle.net/1887/29816
https://hdl.handle.net/1887/29816

292

BIBLIOGRAPHY

353M. Hartlieb, E. D. Mansfield, and S. Perrier, “A guide to supramolecular polymerizations,” Polymer Chemistry
11, 1083-1110 (2020).

354A. J. Wilson, “Non-covalent polymer assembly using arrays of hydrogen-bonds,” Soft Matter 3, 409-425
(2007).

355T. Mes, S. Cantekin, D. W. Balkenende, M. M. Frissen, M. A. Gillissen, B. F. De Waal, I. K. Voets, E. W. Meijer,
and A. R. Palmans, “Thioamides: Versatile bonds to induce directional and cooperative hydrogen bonding in
supramolecular polymers,” Chemistry - A European Journal 19, 8642-8649 (2013).

3%6C. Dingels, F. Wurm, M. Wagner, H. A. Klok, and H. Frey, “Squaric acid mediated chemoselective PEGylation
of proteins: Reactivity of single-step-activated a-amino poly(ethylene glycol)s,” Chemistry - A European
Journal 18, 16828-16835 (2012).

357K. A. Agnew-Francis and C. M. Williams, “Squaramides as bioisosteres in contemporary drug design,”
Chemical Reviews 120, 11616-11650 (2020).

358F. Olmo et al., “Synthesis and biological evaluation of N, N’-squaramides with high in vivo efficacy and low
toxicity: Toward a low-cost drug against Chagas disease,” Journal of Medicinal Chemistry 57, 987-999 (2014).

3393 P. Malerich, K. Hagihara, and V. H. Rawal, “Chiral squaramide derivatives are excellent hydrogen bond
donor catalysts,” Journal of the American Chemical Society 130, 14416-14417 (2008).

360y, Saez Talens, P. Englebienne, T. T. Trinh, W. E. M. Noteborn, I. K. Voets, and R. E. Kieltyka, “Aromatic
Gain in a Supramolecular Polymer,” Angewandte Chemie 127, 10648-10652 (2015).

361C. Lopez, M. Ximenis, F. Orvay, C. Rotger, and A. Costa, “Supramolecular Hydrogels Based on Minimalist
Amphiphilic Squaramide-Squaramates for Controlled Release of Zwitterionic Biomolecules,” Chemistry - A
European Journal 23, 7590-7594 (2017).

3621, A. Marchetti, L. K. Kumawat, N. Mao, J. C. Stephens, and R. B. Elmes, “The Versatility of Squaramides:
From Supramolecular Chemistry to Chemical Biology,” Chem 5, 1398-1485 (2019).

3638, Cantekin, T. F. de Greef, and A. R. Palmans, “Benzene-1,3,5-tricarboxamide: A versatile ordering moiety
for supramolecular chemistry,” Chemical Society Reviews 41, 6125-6137 (2012).

364 A, Passaniti, H. K. Kleinman, and G. R. Martin, “Matrigel: history/background, uses, and future applications,”
Journal of Cell Communication and Signaling 16, 621-626 (2022).

365E, Ruoslahti and M. D. Pierschbacher, “New perspectives in cell adhesion: RGD and integrins,” Science 238,
491-497 (1987).

366B, Alberts, A. Johnson, J. Lewis, D. Morgan, M. Raff, K. Roberts, and P. Walter, Molecular biology of the cell,
6th (Garland Science, New York, 2015), pp. 1033-1090.

367G. Sorrentino, S. Rezakhani, E. Yildiz, S. Nuciforo, M. H. Heim, M. P. Lutolf, and K. Schoonjans, “Mechano-
modulatory synthetic niches for liver organoid derivation,” Nature Communications 11, 1-10 (2020).

368W. E. Noteborn et al., “Crosslinker-Induced Effects on the Gelation Pathway of a Low Molecular Weight
Hydrogel,” Advanced Materials 29, 1-7 (2017).

369B. 0. Okesola, Y. Wu, B. Derkus, S. Gani, D. Wu, D. Knani, D. K. Smith, D. J. Adams, and A. Mata, “Supra-
molecular Self-Assembly to Control Structural and Biological Properties of Multicomponent Hydrogels,”
Chemistry of Materials 31, 7883-7897 (2019).

370p,R. Chivers and D. K. Smith, “Shaping and structuring supramolecular gels,” Nature Reviews Materials 4,
463-478 (2019).

3715, Nam, I. Lee, D. G. Brownfield, and O. Chaudhuri, “Viscoplasticity Enables Mechanical Remodeling of
Matrix by Cells,” Biophysical Journal 111, 2296-2308 (2016).

3723, D. Humpbhrey, E. R. Dufresne, and M. A. Schwartz, “Mechanotransduction and extracellular matrix
homeostasis,” Nature Reviews Molecular Cell Biology 15, 802-812 (2014).

373B. R. Nelson et al., “Photoinduced Dithiolane Crosslinking for Multiresponsive Dynamic Hydrogels,” Ad-
vanced Materials 2211209, 1-15 (2023).

374X. Zhang and R. M. Waymouth, “1,2-Dithiolane-Derived Dynamic, Covalent Materials: Cooperative Self-
Assembly and Reversible Cross-Linking,” Journal of the American Chemical Society 139, 3822-3833 (2017).

375Y. Shao, H. Jia, T. Cao, and D. Liu, “Supramolecular Hydrogels Based on DNA Self-Assembly,” Accounts of
Chemical Research 50, 659-668 (2017).


https://doi.org/10.1039/c9py01342c
https://doi.org/10.1039/c9py01342c
https://doi.org/10.1039/b612566b
https://doi.org/10.1039/b612566b
https://doi.org/10.1002/chem.201204273
https://doi.org/10.1002/chem.201200182
https://doi.org/10.1002/chem.201200182
https://doi.org/10.1021/acs.chemrev.0c00416
https://doi.org/10.1021/jm4017015
https://doi.org/10.1021/ja805693p
https://doi.org/10.1002/ange.201503905
https://doi.org/10.1002/chem.201701029
https://doi.org/10.1002/chem.201701029
https://doi.org/10.1016/j.chempr.2019.02.027
https://doi.org/10.1039/c2cs35156k
https://doi.org/10.1007/s12079-021-00643-1
https://doi.org/10.1126/science.2821619
https://doi.org/10.1126/science.2821619
https://doi.org/10.1038/s41467-020-17161-0
https://doi.org/10.1002/adma.201603769
https://doi.org/10.1021/acs.chemmater.9b01882
https://doi.org/10.1038/s41578-019-0111-6
https://doi.org/10.1038/s41578-019-0111-6
https://doi.org/10.1016/j.bpj.2016.10.002
https://doi.org/10.1038/nrm3896
https://doi.org/10.1002/adma.202211209
https://doi.org/10.1002/adma.202211209
https://doi.org/10.1021/jacs.7b00039
https://doi.org/10.1021/acs.accounts.6b00524
https://doi.org/10.1021/acs.accounts.6b00524

BIBLIOGRAPHY

376T, Schnitzler and A. Herrmann, “Nanoscience and Biomedicine,” Accounts of chemical research 45, 1419—
1430 (2012).

377].S. Kahn, A. Trifonov, A. Cecconello, W. Guo, C. Fan, and I. Willner, “Integration of Switchable DNA-Based
Hydrogels with Surfaces by the Hybridization Chain Reaction,” Nano Letters 15, 77737778 (2015).

378R. M. Dirks and N. A. Pierce, “Triggered amplification by hybridization chain reaction,” Proceedings of the
National Academy of Sciences 101, 15275-15278 (2004).
3791 N. Zadeh, C. D. Steenberg, J. S. Bois, B. R. Wolfe, M. B. Pierce, A. R. Khan, R. M. Dirks, and N. A. Pierce,

“NUPACK: Analysis and Design of Nucleic Acid Systems,” Journal of computational chemistry 32, 174-182
(2012).

3803, Zhu, “Bioactive modification of poly(ethylene glycol) hydrogels for tissue engineering,” Biomaterials 31,
4639-4656 (2010).

381C, C. Lin, “Recent advances in crosslinking chemistry of biomimetic poly(ethylene glycol) hydrogels,” RSC
Advances 5, 39844-39853 (2015).

382], Su, “Thiol-mediated chemoselective strategies for in situ formation of hydrogels,” Gels 4 (2018).

383H. Mutlu, E. B. Ceper, X. Li, I. Yang, W. Dong, M. M. Ozmen, and P. Theato, “Sulfur Chemistry in Polymer
and Materials Science,” Macromolecular Rapid Communications 40, 1-51 (2019).

384B D. Fairbanks, M. P. Schwartz, A. E. Halevi, C. R. Nuttelman, C. N. Bowman, and K. S. Anseth, “A versatile
synthetic extracellular matrix mimic via thiol-norbornene photopolymerization,” Advanced Materials 21,
5005-5010 (2009).

385B. D. Fairbanks, M. P. Schwartz, C. N. Bowman, and K. S. Anseth, “Photoinitiated polymerization of PEG-
diacrylate with lithium phenyl -2,4,6- trimethyl benzoyl phosphinate: polymerization rate and cytocompati-
bility,” Biomaterials 30, 6702-6707 (2009).

386W. P. Daley, S. B. Peters, and M. Larsen, “Extracellular matrix dynamics in development and regenerative
medicine,” Journal of Cell Science 121, 255-264 (2008).

387C. Y. Liaw, S. Ji, and M. Guvendiren, “Engineering 3D Hydrogels for Personalized In Vitro Human Tissue
Models,” Advanced Healthcare Materials 7, 1-16 (2018).

388]. A. Burdick and W. L. Murphy, “Moving from static to dynamic complexity in hydrogel design,” Nature
Communications 3 (2012).

389K . A. Mosiewicz, L. Kolb, A. J. Van Der Vlies, and M. P. Lutolf, “Microscale patterning of hydrogel stiffness
through light-triggered uncaging of thiols,” Biomaterials Science 2, 1640-1651 (2014).

3%0R. M. Schweller and J. L. West, “Encoding Hydrogel Mechanics via Network Cross-Linking Structure,” ACS
Biomaterials Science and Engineering 1, 335-344 (2015).

31E, Hui, K. I. Gimeno, G. Guan, and S. R. Caliari, “Spatiotemporal Control of Viscoelasticity in Phototunable
Hyaluronic Acid Hydrogels,” Biomacromolecules 20, 4126-4134 (2019).

3923, M. Grolma, P. Weinand, and D. J. Moone, “Extracellular matrix plasticity as a driver of cell spreading,”
Proceedings of the National Academy of Sciences 117, 25999-26007 (2020).

393M. Diba, S. Spaans, S. I. Hendrikse, M. M. Bastings, M. I. Schotman, J. F. van Sprang, D. J. Wu, F. J. Hoeben,
H. M. Janssen, and P. Y. Dankers, “Engineering the Dynamics of Cell Adhesion Cues in Supramolecular
Hydrogels for Facile Control over Cell Encapsulation and Behavior,” Advanced Materials 33 (2021).

394M. B. Mustafa, D. L. Tipton, M. D. Barkley, P. S. Russo, and F. D. Blum, “Dye Diffusion in Isotropic and
Liquid Crystalline Aqueous (Hydroxypropyl)cellulose,” Macromolecules 26, 370-378 (1993).

395Sigma-Aldrich, Fluorescein Isothionate-Dextran Product Information, tech. rep. (1997), pp. 1-3.

396N. Lorén et al., “Fluorescence recovery after photobleaching in material and life sciences: Putting theory into
practice,” Quarterly Reviews of Biophysics 48, 323-387 (2015).

397]. Liu, J. Hilderink, T. A. Groothuis, C. Otto, C. A. van Blitterswijk, and J. de Boer, “Monitoring nutrient
transport in tissue-engineered grafts,” J Tissue Eng Regen Med 9, 952-960 (2015).

398], Lippincott-Schwartz, E. L. Snapp, and R. D. Phair, “The Development and Enhancement of FRAP as a Key
Tool for Investigating Protein Dynamics,” Biophysical Journal 115, 1146-1155 (2018).

399D, M. Soumpasis, “Theoretical analysis of fluorescence photobleaching recovery experiments,” Biophysical
Journal 41, 95-97 (1983).

293


https://doi.org/10.1021/acs.nanolett.5b04101
https://doi.org/10.1073/pnas.0407024101
https://doi.org/10.1073/pnas.0407024101
https://doi.org/10.1002/jcc
https://doi.org/10.1002/jcc
https://doi.org/10.1016/j.biomaterials.2010.02.044
https://doi.org/10.1016/j.biomaterials.2010.02.044
https://doi.org/10.1039/c5ra05734e
https://doi.org/10.1039/c5ra05734e
https://doi.org/10.3390/gels4030072
https://doi.org/10.1002/marc.201800650
https://doi.org/10.1002/adma.200901808
https://doi.org/10.1002/adma.200901808
http://dx.doi.org/10.1016/j.biomaterials.2009.08.055
https://doi.org/10.1242/jcs.006064
https://doi.org/10.1002/adhm.201701165
https://doi.org/10.1038/ncomms2271
https://doi.org/10.1038/ncomms2271
https://doi.org/10.1039/c4bm00262h
https://doi.org/10.1021/acsbiomaterials.5b00064
https://doi.org/10.1021/acsbiomaterials.5b00064
https://doi.org/10.1021/acs.biomac.9b00965
https://doi.org/10.1073/pnas.2008801117
https://doi.org/10.1002/adma.202008111
https://doi.org/10.1021/ma00054a017
https://doi.org/10.1017/S0033583515000013
https://doi.org/10.1002/term.1654
https://doi.org/10.1016/j.bpj.2018.08.007
https://doi.org/10.1016/S0006-3495(83)84410-5
https://doi.org/10.1016/S0006-3495(83)84410-5

294

BIBLIOGRAPHY

400D, Axelrod, D. E. Koppel, J. Schlessinger, E. Elson, and W. W. Webb, “Mobility measurement by analysis of
fluorescence photobleaching recovery kinetics,” Biophysical Journal 16, 1055-1069 (1976).

4017 C. G. Blonk, A. Don, H. Van Aalst, and J. J. Birmingham, “Fluorescence photobleaching recovery in the
confocal scanning light microscope,” Journal of Microscopy 169, 363-374 (1993).

402H. Deschout et al., “Straightforward FRAP for quantitative diffusion measurements with a laser scanning
microscope,” OPTICS EXPRESS 19, 2992-3001 (2009).

403F, Brandl, F. Kastner, R. M. Gschwind, T. Blunk, J. TeBmar, and A. Gépferich, “Hydrogel-based drug delivery
systems: Comparison of drug diffusivity and release kinetics,” Journal of Controlled Release 142, 221-228
(2010).

4045 R. Lustig and N. A. Peppas, “Solute diffusion in swollen membranes. IX. Scaling laws for solute diffusion
in gels,” Journal of Applied Polymer Science 36, 735-747 (1988).

405C, C. Lin and A. T. Metters, “Hydrogels in controlled release formulations: Network design and mathematical
modeling,” Advanced Drug Delivery Reviews 58, 1379-1408 (2006).

406T, G. Mason and D. A. Weitz, “Optical measurements of frequency-dependent linear viscoelastic moduli of
complex fluids,” Physical Review Letters 74, 1250-1253 (1995).

407T G. Mason, H. Gang, and D. A. Weitz, “Rheology of complex fluids measured by dynamic light scattering,”
Journal of Molecular Structure 383, 81-90 (1996).

408T. H. Larsen and E. M. Furst, “Microrheology of the liquid-solid transition during gelation,” Physical Review
Letters 100, 1-4 (2008).

499T. M. Squires and T. G. Mason, “Fluid Mechanics of Microrheology,” Annual Review of Fluid Mechanics 42,
413-438 (2010).

410p, Cicuta and A. M. Donald, “Microrheology: A review of the method and applications,” Soft Matter 3,
1449-1455 (2007).

4R, Galgoczy, I. Pastor, A. Colom, A. Giménez, F. Mas, and J. Alcaraz, “A spectro photometer based diffusivity
assay reveals that diffusion hindrance of small molecules in extracellular matrix gels used in 3D cultures is
dominated by viscous effects,” Colloids and Surfaces B: Biointerfaces 120, 200-207 (2014).

4125 Seiffert and W. Oppermann, “Systematic evaluation of FRAP experiments performed in a confocal laser
scanning microscope,” Journal of Microscopy 220, 20-30 (2005).

413E. L. Elson, “Fluorescence correlation spectroscopy: Past, present, future,” Biophysical Journal 101, 2855-
2870 (2011).

414G, A. Primo and A. Mata, “3D Patterning within Hydrogels for the Recreation of Functional Biological
Environments,” Advanced Functional Materials 31 (2021).

415E, Neumann, Single-Mode Fibers. Springer Series in Optical Sciences, vol 57, 1st ed. (Springer-Verlag, Heidelberg,
1988), pp. 35-60

416], A. Hasnain and A. M. Donald, “Microrheological Characterisation of Anisotropic Materials,” Physical
Review E 73, 5 (2005).

417D, Blumenthal, L. Goldstien, M. Edidin, and L. A. Gheber, “Universal approach to FRAP analysis of arbitrary
bleaching patterns,” Scientific Reports 5, 1-9 (2015).

418K Braeckmans, L. Peeters, N. N. Sanders, S. C. De Smedt, and J. Demeester, “Three-dimensional fluorescence
recovery after photobleaching with the confocal scanning laser microscope,” Biophysical Journal 85, 2240-
2252 (2003).

419K Braeckmans, B. G. Stubbe, K. Remaut, J. Demeester, and S. C. De Smedt, “Anomalous photobleaching in
fluorescence recovery after photobleaching measurements due to excitation saturation—a case study for
fluorescein,” Journal of Biomedical Optics 11, 044013 (2006).

4207 Kestin, M Sokolov, and W. A. Wakeham, “Viscosity of Liquid Water in the Range -8 °C to 150 °C,” J. Phys.
Chem. Ref. Data 7, 941-948 (1978).

421C. T. Culbertson, S. C. Jacobson, and J. Michael Ramsey, “Diffusion coefficient measurements in microfluidic
devices,” Talanta 56, 365-373 (2002).

422H_ R. Corti, G. A. Frank, and M. C. Marconi, “An alternate solution of fluorescence recovery kinetics after
spot-bleaching for measuring diffusion coefficients. 2. Diffusion of fluorescein in aqueous sucrose solutions,”
Journal of Solution Chemistry 37, 1593-1608 (2008).


https://doi.org/10.1016/S0006-3495(76)85755-4
https://doi.org/10.1111/j.1365-2818.1993.tb03312.x
https://doi.org/10.1364/OE.18.022886
https://doi.org/10.1016/j.jconrel.2009.10.030
https://doi.org/10.1016/j.jconrel.2009.10.030
https://doi.org/10.1002/app.1988.070360401
https://doi.org/10.1016/j.addr.2006.09.004
https://doi.org/10.1103/PhysRevLett.74.1250
https://doi.org/10.1016/S0022-2860(96)09272-1
https://doi.org/10.1103/PhysRevLett.100.146001
https://doi.org/10.1103/PhysRevLett.100.146001
https://doi.org/10.1146/annurev-fluid-121108-145608
https://doi.org/10.1146/annurev-fluid-121108-145608
https://doi.org/10.1039/b706004c
https://doi.org/10.1039/b706004c
https://doi.org/10.1016/j.colsurfb.2014.05.017
https://doi.org/10.1111/j.1365-2818.2005.01512.x
https://doi.org/10.1016/j.bpj.2011.11.012
https://doi.org/10.1016/j.bpj.2011.11.012
https://doi.org/10.1002/adfm.202009574
https://doi.org/10.1103/PhysRevE.73.031901
https://doi.org/10.1103/PhysRevE.73.031901
https://doi.org/10.1038/srep11655
https://doi.org/10.1016/S0006-3495(03)74649-9
https://doi.org/10.1016/S0006-3495(03)74649-9
https://doi.org/10.1117/1.2337531
https://doi.org/10.1063/1.555581
https://doi.org/10.1063/1.555581
https://doi.org/10.1016/S0039-9140(01)00602-6
https://doi.org/10.1007/s10953-008-9329-4

BIBLIOGRAPHY

423M. Ghebremedhin, S. Seiffert, and T. A. Vilgis, “Physics of agarose fluid gels: Rheological properties and
microstructure,” Current Research in Food Science 4, 436-448 (2021).

424T. Indei, J. D. Schieber, A. Cérdoba, and E. Pilyugina, “Treating inertia in passive microbead rheology,”
Physical Review E - Statistical, Nonlinear, and Soft Matter Physics 85, 1-18 (2012).

425M. V. Plikus, X. Wang, S. Sinha, E. Forte, S. M. Thompson, E. L. Herzog, R. R. Driskell, N. Rosenthal, J.
Biernaskie, and V. Horsley, “Fibroblasts: Origins, definitions, and functions in health and disease,” Cell 184,
3852-3872 (2021).

426D, Yaffe and S. Ora, “Serial passaging of myogenic cells isolated from dystrophic mouse muscle,” Nature 270,
725-727 (1977).

427N. A. Dumont, C. F. Bentzinger, M. C. Sincennes, and M. A. Rudnicki, “Satellite cells and skeletal muscle
regeneration,” Comprehensive Physiology 5, 1027-1059 (2015).

428V, J. van Santen, J. Klein-Nulend, A. D. Bakker, and R. T. Jaspers, “Stiff matrices enhance myoblast prolif-
eration, reduce differentiation, and alter the response to fluid shear stress in vitro,” Cell Biochemistry and
Biophysics 80, 161-170 (2022).

429 A. J. Hackett, H. S. Smith, E. L. Springer, R. B. Owens, W. A. Nelson-Rees, J. L. Riggs, and M. B. Gardner,
“Two syngeneic cell lines from human breast tissue: The aneuploid mammary epithelial (Hs578T) and the
diploid myoepithelial (Hs578Bst) cell lines,” Journal of the National Cancer Institute 58, 1795-1806 (1977).

430w, Van Roosmalen et al., “Tumor cell migration screen identifies SRPK1 as breast cancer metastasis determi-
nant,” Journal of Clinical Investigation 125, 1648-1664 (2015).

431E. Koedoot et al., “Uncovering the signaling landscape controlling breast cancer cell migration identifies
novel metastasis driver genes,” Nature Communications 10, 1-16 (2019).

432p. A. Kenny et al., “The morphologies of breast cancer cell lines in three-dimensional assays correlate with
their profiles of gene expression,” Molecular Oncology 1, 84-96 (2007).

4338, J. Conner et al., “Cell morphology best predicts tumorigenicity and metastasis in vivo across multiple
TNBC cell lines of different metastatic potential,” Breast Cancer Research 26, 1-16 (2024).

434C. H. Yu, J. B. K. Law, M. Suryana, H. Y. Low, and M. P. Sheetz, “Early integrin binding to Arg-Gly-Asp
peptide activates actin polymerization and contractile movement that stimulates outward translocation,”
Proceedings of the National Academy of Sciences 108, 20585-20590 (2011).

435p, T. Caswell and T. Zech, “Actin-Based Cell Protrusion in a 3D Matrix,” Trends in Cell Biology 28, 823-834
(2018).

436K M. Hakkinen, J. S. Harunaga, A. D. Doyle, and K. M. Yamada, “Direct comparisons of the morphology, mi-
gration, cell adhesions, and actin cytoskeleton of fibroblasts in four different three-dimensional extracellular
matrices,” Tissue Engineering - Part A 17, 713-724 (2011).

437H. Liu, M. Wu, Y. Jia, L. Niu, G. Huang, and F. Xu, “Control of fibroblast shape in sequentially formed 3D
hybrid hydrogels regulates cellular responses to microenvironmental cues,” NPG Asia Materials 12 (2020).

4387, Liu, Q. Lin, Y. Sun, T. Liu, C. Bao, F. Li, and L. Zhu, “Spatiotemporally controllable and cytocompatible ap-
proach builds 3D cell culture matrix by photo-uncaged-thiol Michael addition reaction,” Advanced Materials
26, 3912-3917 (2014).

4393, Linder, P. Cervero, R. Eddy, and J. Condeelis, “Mechanisms and roles of podosomes and invadopodia,”
Nature Reviews Molecular Cell Biology 24, 86-106 (2023).

440K, M. Wisdom et al., “Matrix mechanical plasticity regulates cancer cell migration through confining mi-
croenvironments,” Nature Communications 9 (2018).

#41A R. Cameron, J. E. Frith, G. A. Gomez, A. S. Yap, and J. J. Cooper-White, “The effect of time-dependent
deformation of viscoelastic hydrogels on myogenic induction and Racl1 activity in mesenchymal stem cells,”
Biomaterials 35, 1857-1868 (2014).

442K Duval, H. Grover, L. H. Han, Y. Mou, A. F. Pegoraro, J. Fredberg, and Z. Chen, “Modeling physiological
events in 2D vs. 3D cell culture,” Physiology 32, 266-277 (2017).

43P, A. Janmey, D. A. Fletcher, and C. A. Reinhart-King, “Stiffness sensing by cells,” Physiological Reviews 100,
695-724 (2020).

44B. Ladoux, R. M. Mége, and X. Trepat, “Front-Rear Polarization by Mechanical Cues: From Single Cells to
Tissues,” Trends in Cell Biology 26, 420-433 (2016).

295


https://doi.org/10.1016/j.crfs.2021.06.003
https://doi.org/10.1103/PhysRevE.85.021504
https://doi.org/10.1016/j.cell.2021.06.024
https://doi.org/10.1016/j.cell.2021.06.024
https://www.nature.com/articles/270725a0
https://www.nature.com/articles/270725a0
https://doi.org/10.1002/cphy.c140068
https://doi.org/10.1007/s12013-021-01050-4
https://doi.org/10.1007/s12013-021-01050-4
https://doi.org/10.1093/jnci/58.6.1795
https://doi.org/10.1172/JCI74440
https://doi.org/10.1038/s41467-019-11020-3
https://doi.org/10.1016/j.molonc.2007.02.004
https://doi.org/10.1186/s13058-024-01796-8
https://doi.org/10.1073/pnas.1109485108
https://doi.org/10.1016/j.tcb.2018.06.003
https://doi.org/10.1016/j.tcb.2018.06.003
https://doi.org/10.1089/ten.tea.2010.0273
http://dx.doi.org/10.1038/s41427-020-0226-7
https://doi.org/10.1002/adma.201306061
https://doi.org/10.1002/adma.201306061
https://doi.org/10.1038/s41580-022-00530-6
http://dx.doi.org/10.1038/s41467-018-06641-z
https://doi.org/10.1016/j.biomaterials.2013.11.023
https://doi.org/10.1152/physiol.00036.2016
https://doi.org/10.1152/physrev.00013.2019
https://doi.org/10.1152/physrev.00013.2019
https://doi.org/10.1016/j.tcb.2016.02.002

296

BIBLIOGRAPHY

445 A Zemel, F. Rehfeldt, A. E. Brown, D. E. Discher, and S. A. Safran, “Optimal matrix rigidity for stress-fibre
polarization in stem cells,” Nature Physics 6, 468-473 (2010).

4461, Trichet, J. Le Digabel, R. J. Hawkins, S. R. K. Vedula, M. Gupta, C. Ribrault, P. Hersen, R. Voituriez, and B.
Ladoux, “Evidence of a large-scale mechanosensing mechanism for cellular adaptation to substrate stiffness,”
Proceedings of the National Academy of Sciences 109, 6933-6938 (2012).

447K. Liu, S. M. Mihaila, A. Rowan, E. Oosterwijk, and P. H. Kouwer, “Synthetic Extracellular Matrices with
Nonlinear Elasticity Regulate Cellular Organization,” Biomacromolecules 20, 826-834 (2019).

4483 Nam, R. Stowers, J. Lou, Y. Xia, and O. Chaudhuri, “Varying PEG density to control stress relaxation in
alginate-PEG hydrogels for 3D cell culture studies,” Biomaterials 200, 15-24 (2019).

449C, Schwayer, M. Sikora, J. Slovdkov4, R. Kardos, and C. P. Heisenberg, “Actin Rings of Power,” Developmental
Cell 37, 493-506 (2016).

450p, M. Davidson and B. Cadot, “Actin on and around the Nucleus,” Trends in Cell Biology 31, 211-223 (2021).

4313, Ollion, J. Cochennec, F. Loll, C. Escudé, and T. Boudier, “TANGO: A generic tool for high-throughput 3D
image analysis for studying nuclear organization,” Bioinformatics 29, 1840-1841 (2013).

452B. A. David and P. Kubes, “Exploring the complex role of chemokines and chemoattractants in vivo on
leukocyte dynamics,” Immunological Reviews 289, 9-30 (2019).

433C. Tong, Squaramide-based supramolecular materials for 3D cell culture applications (Leiden University,
Leiden, 2021), pp. 1-231.


https://doi.org/10.1038/nphys1613
https://doi.org/10.1073/pnas.1117810109
https://doi.org/10.1021/acs.biomac.8b01445
https://doi.org/10.1016/j.biomaterials.2019.02.004
https://doi.org/10.1016/j.devcel.2016.05.024
https://doi.org/10.1016/j.devcel.2016.05.024
https://doi.org/10.1016/j.tcb.2020.11.009
https://doi.org/10.1093/bioinformatics/btt276
https://doi.org/10.1111/imr.12757

