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Cell–material interactions are the defining feature of biomaterials, and they are rele-
vant for evaluating material residues and pollutants. Studying cell–material interactions
is therefore a key step in biomaterial design, as well as in the biological evaluation of
biomaterials and materials interacting with biological systems after use or as residues (see
Figure 1).
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vant for evaluating material residues and pollutants. Studying cell–material interactions 
is therefore a key step in biomaterial design, as well as in the biological evaluation of bio-
materials and materials interacting with biological systems after use or as residues (see 
Figure 1). 

 
Figure 1. The different facets of biomaterial design and biological evaluation required for realizing 
biomaterial applications. Biological evaluation comprising the study of cell–material interactions 
provides additional important feedback for biomaterial design and is a key step in the evaluation of 
materials that come into contact with biological organisms after use or as pollutants. 

Biomaterial design uses as inputs the results from the analysis of the composition, 
structure, and properties of tissues; the elucidation of biological and physiological pro-
cesses; handling requirements and limitations; opportunities in synthesis and processing; 
and the specification of required functionalities. The generated biomaterial has to be bio-
logically evaluated in vitro and, for most applications, in vivo [1]. Only materials passing 
both functional and toxicity tests for a certain application can be categorized as biocom-
patible in view of the studied application—biocompatibility is not a material property [2]. 

In view of the diverse types of study in the described process, scientists of many 
different backgrounds are involved such that biomaterial science is an inherently inter-
disciplinary field. This is reflected in this Special Issue on "Cell–Material Interactions 
2022", in which the full spectrum of activities in biomaterial science is represented. 

First, there are two reports on cellular behavior that is affected in the presence of 
materials. Uzieliene et al. report on the effect of external mechanical stress on the chon-
drogenic responses of human bone marrow-derived stem cells (BMMSC) and chondro-
cytes encapsulated in chondroitin sulfate–tyramine and gelatin-based hydrogels [3]. They 
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Figure 1. The different facets of biomaterial design and biological evaluation required for realizing
biomaterial applications. Biological evaluation comprising the study of cell–material interactions
provides additional important feedback for biomaterial design and is a key step in the evaluation of
materials that come into contact with biological organisms after use or as pollutants.

Biomaterial design uses as inputs the results from the analysis of the composition,
structure, and properties of tissues; the elucidation of biological and physiological processes;
handling requirements and limitations; opportunities in synthesis and processing; and the
specification of required functionalities. The generated biomaterial has to be biologically
evaluated in vitro and, for most applications, in vivo [1]. Only materials passing both
functional and toxicity tests for a certain application can be categorized as biocompatible in
view of the studied application—biocompatibility is not a material property [2].

In view of the diverse types of study in the described process, scientists of many
different backgrounds are involved such that biomaterial science is an inherently interdisci-
plinary field. This is reflected in this Special Issue on “Cell–Material Interactions 2022”, in
which the full spectrum of activities in biomaterial science is represented.

First, there are two reports on cellular behavior that is affected in the presence of mate-
rials. Uzieliene et al. report on the effect of external mechanical stress on the chondrogenic
responses of human bone marrow-derived stem cells (BMMSC) and chondrocytes encap-
sulated in chondroitin sulfate–tyramine and gelatin-based hydrogels [3]. They conclude
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that the encapsulation allows for the induction of chondrogenic responses and that the
BMMSCs were less affected by external mechanical stress than chondrocytes, highlight-
ing the importance of the regulation of iCa2+ channels from a mechanistic point of view.
This lays an important basis for the selection of suitable cell-material combinations for
treating articular cartilage lesions. Guiding the behavior of endothelial cells by spatially
controlled adhesion (based on the peptidic YISGR sequence) and angiogenic functional
motifs (vascular endothelial growth factor, VEGF) was studied by Le Bao et al. [4]. For
this purpose, they developed a locally controlled attachment of molecules applied to hy-
drogels using electrostatic interactions. The co-presentation of both motifs resulted in
pro-angiogenic materials.

Two manuscripts concentrate on the material side. Munawar and Schubert focus
on the processing operations for yielding highly oriented electrospun fibers based on
polylactide and polyaniline [5]. They used thermal-induced percolation to great effect,
increasing the conductivity of the fibers as well as Young’s modulus, which may be of
relevance, e.g., in cardiac tissue engineering. In a review by Rai et al. [6], the involvement
of glycosaminoglycans (GAGs) and proteoglycans (PGs) in thoracic aortic aneurysms and
dissection was discussed systematically. While there is substantial evidence for GAG and
PG involvement in pathological processes, clear cause-and-effect relationships still have to
be established. However, even without such a defined mechanism, both GAGs and PGs
might serve as prognostic or diagnostic biomarkers.

Biological evaluations, especially concerning the toxicity, were the topic of potentially
respirable polyacrylamides [7,8], as well as caffeine–cyclodextrin host–guest complexes [9].
The studies on polyacrylamides highlight that organic compounds may also cause pul-
monary fibrosis with long-term effects and that polymer structural features such as molar
mass or crosslinking might contribute to the overall toxic effect. Caffeine–cyclodextrin com-
plexes led to a more than additively increased toxicity compared to the single components,
which may however also be related to enhanced bioactivity. Such an effect, especially when
combined with other effects often observed in cyclodextrin complexes such as changed
taste, suggests interesting applications in the food industry.

Finally, two reviews highlight applications, also taking into account cell–material
interactions. Le et al. report the current state of quantum dots and their interaction with
biological systems [10], including mammalian, fungal, and plant cells. In this manner, not
only the application but also the environmental impact of quantum dots are discussed.
Ji et al. review the detection of single cells and biomolecules by graphene-based optical
sensors [11]. In particular, synthesis, biofunctionalization, and applications are highlighted.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Tung, W.T.; Maring, J.A.; Xu, X.; Liu, Y.; Becker, M.; Somesh, D.B.; Klose, K.; Wang, W.; Sun, X.; Ullah, I.; et al. In Vivo Performance

of a Cell and Factor Free Multifunctional Fiber Mesh Modulating Postinfarct Myocardial Remodeling. Adv. Funct. Mater. 2022,
32, 2110179. [CrossRef]

2. Williams, D.F. There is no such thing as a biocompatible material. Biomaterials 2014, 35, 10009–10014. [CrossRef] [PubMed]
3. Uzieliene, I.; Bironaite, D.; Bagdonas, E.; Pachaleva, J.; Sobolev, A.; Tsai, W.-B.; Kvederas, G.; Bernotiene, E. The Effects of

Mechanical Load on Chondrogenic Responses of Bone Marrow Mesenchymal Stem Cells and Chondrocytes Encapsulated in
Chondroitin Sulfate-Based Hydrogel. Int. J. Mol. Sci. 2023, 24, 2915. [CrossRef] [PubMed]

4. Le Bao, C.; Waller, H.; Dellaquila, A.; Peters, D.; Lakey, J.; Chaubet, F.; Simon-Yarza, T. Spatial-Controlled Coating of Pro-
Angiogenic Proteins on 3D Porous Hydrogels Guides Endothelial Cell Behavior. Int. J. Mol. Sci. 2022, 23, 14604. [CrossRef]
[PubMed]

5. Munawar, M.A.; Schubert, D.W. Thermal-Induced Percolation Phenomena and Elasticity of Highly Oriented Electrospun
Conductive Nanofibrous Biocomposites for Tissue Engineering. Int. J. Mol. Sci. 2022, 23, 8451. [CrossRef] [PubMed]

6. Rai, P.; Robinson, L.; Davies, H.A.; Akhtar, R.; Field, M.; Madine, J. Is There Enough Evidence to Support the Role of Glycosamino-
glycans and Proteoglycans in Thoracic Aortic Aneurysm and Dissection?&mdash;A Systematic Review. Int. J. Mol. Sci. 2022,
23, 9200. [CrossRef] [PubMed]

http://doi.org/10.1002/adfm.202110179
http://doi.org/10.1016/j.biomaterials.2014.08.035
http://www.ncbi.nlm.nih.gov/pubmed/25263686
http://doi.org/10.3390/ijms24032915
http://www.ncbi.nlm.nih.gov/pubmed/36769232
http://doi.org/10.3390/ijms232314604
http://www.ncbi.nlm.nih.gov/pubmed/36498931
http://doi.org/10.3390/ijms23158451
http://www.ncbi.nlm.nih.gov/pubmed/35955588
http://doi.org/10.3390/ijms23169200
http://www.ncbi.nlm.nih.gov/pubmed/36012466


Int. J. Mol. Sci. 2023, 24, 6057 3 of 3

7. Tomonaga, T.; Nishida, C.; Izumi, H.; Kawai, N.; Wang, K.-Y.; Higashi, H.; Takeshita, J.-I.; Ono, R.; Sumiya, K.; Fujii, S.; et al.
Crosslinked Structure of Polyacrylic Acid Affects Pulmonary Fibrogenicity in Rats. Int. J. Mol. Sci. 2022, 23, 13870. [CrossRef]
[PubMed]

8. Nishida, C.; Izumi, H.; Tomonaga, T.; Wang, K.-Y.; Higashi, H.; Takeshita, J.-I.; Ono, R.; Sumiya, K.; Fujii, S.; Hata, Y.; et al. Effect of
Different Molecular Weights of Polyacrylic Acid on Rat Lung Following Intratracheal Instillation. Int. J. Mol. Sci. 2022, 23, 10345.
[CrossRef] [PubMed]

9. Szmeja, S.; Gubica, T.; Ostrowski, A.; Zalewska, A.; Szeleszczuk, Ł.; Zawada, K.; Zielińska-Pisklak, M.; Skowronek, K.; Wiweger,
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