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1. Introduction

The identification and validation of simple, reliable and reproducible three dimen-
sional (3D) in vitro culture systems represent a major challenge in the field of anticancer
drug development.

Indeed, the study of the molecular mechanisms underlying a tumor’s patient-specific
development, antitumor immunity and response to therapy turned out to be very expensive
and only partially satisfactory in animal models [1,2]. Humanized murine models and
patient-derived tumor xenografts (PDXs) have been extensively used, but not always with
success. In particular, the different cellular and extracellular matrix components of the
human tumor microenvironment (TME) are not easily reproducible in animals. Human
tumor cells injected in mice do not meet the same micro- (cell and matrix component) and
macroenvironment (vascular, lymphatic and nervous systems) in which the original tumor
mass developed [2,3].

The idea of replacing animal models has long been thought unrealistic. Neverthe-
less, interest has been raised among scientists in facing the problem, in addition to the
widespread awareness that breeding of experimental animals is expensive and has an
environmental impact. Along this line, the 3R (Replacement, Reduction and Refine-
ment) principle, first described in 1959 by William Russel and Rex Burch to minimize the
pain and distress of research animals while maintaining scientific integrity, was taken up
and developed.

Thus, the search for different 3D culture systems has been encouraged by the EU
Reference Laboratories (EURL-ECVAM), and in the last ten years, a series of new systems
for the selection of anticancer drugs was approved and validated [1,2,4]. Tumor cell
spheroids, patient-derived organoids and repopulated scaffolds have been designed and
applied to the study of the biological behavior of tumors, the antitumor immune response
and the development of anticancer drugs [5,6].

Each of these systems has advantages and limitations that have been only partially
resolved. Recent scientific works, briefly presented in the second section of this editorial,
have proposed interesting solutions that could potentially lead to a breakthrough in the
development of animal-free preclinical models.

2. From Spheroids to Organoids: Advantages and Drawbacks

Both established cell lines and primary isolated tumor cells can form spheroids when
cultured in ultra-low adherent plastic plates or in hanging drops containing aggregated
tumor cells that form a microsphere [5–8]. Spheroids can be composed of cancer cells only
(homotypic) or two or more (heterotypic) cell types, including fibroblasts, thus adding
to the 3D system at least one component of the complex network of cells present in the
TME [2,5]. In addition, spheroids can be obtained using primary cancer cells isolated
from patients; this allows the setting of autologous 3D systems that are useful to study
the interaction between cancer and immunocompetent cells and the effects of different
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anticancer drugs [5,6]. The main advantages of the spheroid 3D cultures are feasibility, low
cost, reproducibility and high-throughput screening.

As an alternative, patient-derived organoids, generated from tumors and composed of
tumor cells at different stages of differentiation, have been extensively used to reproduce a
reliable in vitro preclinical system [6,9]. Tumor organoids can be obtained from a specimen
containing tumor epithelial and nonepithelial components in an air–liquid interface culture
system, or by culturing epithelial cells embedded in a matrix, where they can expand due
to the activity of mitogenic components and factors acting on epithelial stem cells [6,9–11].

Organoids share many advantages with spheroids, such as large sampling, repro-
ducible analyses and the autologous setting of tumor cell–immune cell interactions; a
limitation is represented by the heterogeneous yield from patient to patient that makes
their potential employment unpredictable.

Both tumor spheroids and tumor organoids have constraints in mimicking the physio-
logical conditions of the host, as they do not display the complexity of the original tissue.
Indeed, spheroids are mainly aggregates of tumor cells only and organoids gradually
lose, during culturing, the accessory cells of the TME, reducing them to a structure of
epithelial tissue at different stages of differentiation [11]. In particular, tumor-associated
fibroblasts and myofibroblasts are progressively lost in the subsequent in vitro passages.
These features make the two models feasible and reliable in short-term experiments, such
as drug screening and toxicity evaluations.

3. Tissue Architecture and Structure: Synthetic Scaffolds or Decellularized Matrices?

The absence of tissue architecture and structure in a 3D culture system turned out
to represent a major drawback: indeed, alterations to the composition and framework
of the extracellular matrix (ECM) is known to shape the behavior of different solid neo-
plasms [12,13]. Uncontrolled modifications to the three-dimensional (3D) structure of
the tissue induce remodeling and, eventually, improve cancer progression and dissem-
ination [14,15]. Recently, a direct correlation has been proposed between biochemical
and ultrastructural ECM modifications, which influence mechanoelastic features, cancer
invasiveness, the severity of the disease and even the response to therapy [15,16].

Synthetic scaffolds, such as microfibrillar collagen Ultrafoam sponges, which are
suitable for being repopulated by cultured tumor cells, have been proposed to solve
the problem [1,13]. Unfortunately, in many instances, cancer cells do not fit with such
structures, as they are not able to reshape them [17,18]. As an alternative, gelatin-based
matrices that allow for consistent remodeling by co-cultured cells have been successfully
used for both solid and hematological tumor 3D models [17,18]. Nevertheless, these
biomaterials also have some disadvantages, such as being difficult to embed and manipulate
for immunohistochemical studies, mainly due to their intrinsic hydration.

Another solution is represented by decellularized matrices that are prepared by differ-
ent protocols based on serial enzymatic treatments of bioptic or surgical samples, which
leads to an ECM scaffold that maintains the original architecture, is free of cells and is
suitable for a certain degree of remodeling by cells newly cultured on them. Two main
disadvantages of these 3D systems are their heterogeneity, in terms of size dimension and
number of achievable samples, and the difficult standardization procedure.

4. Seed and Soil Hypothesis

Two recent papers from the same group point to a 3D model able to mimic either
the organ-specific or the metastatic microenvironment. They start from the observation
that patient cancer cells, especially metastatic cells, can be considered as a “seed” that is
barely able to be implanted into a microenvironment, the “soil”, which is very different
from that encountered in vivo. In particular, the ECM composition differs from one organ
to another and the metastatic niche is continuously modified by cancer cells themselves. In
turn, the ECM can shape not only the local spreading of tumor cells, but also the metastatic
process [19,20].
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In the first study, the authors describe a protocol for the decellularization of healthy
colon (HC) and colorectal cancer (CRC) tissue in order to obtain matrices with a con-
served composition and ultrastructure [19]. The protocol differs from others previously
described [13,18], as it combines the use of sodium deoxycholate and DNase, resulting in
acellular scaffolds that support cell survival and are actively repopulated. In addition, the
tissue architecture and structure were preserved and deeply analyzed by immunohisto-
chemistry and scanning electron microscopy. Drug absorption was tested by microscopy,
exploiting the autofluorescence of doxorubicin detectable in the inner part of the scaffolds.

Gelatin scaffolds that fulfil all these requirements have been described by others [17,18];
nevertheless, the decellularization proposed by this group offers the advantage of a “soil”
with biochemical and biophysical characteristics that is superimposable to the original
tissue and organ. The system, validated in zebrafish xenotransplants and tested for 5-
fluorouracile (5-FU) and FOLFIRI (folinic acid plus irinotecan, followed by 5-FU) efficacy, is
presented as a reliable in vitro 3D preclinical model that can allow for the study of primary
and metastatic cancers, differentiating their responses to therapy [19].

In the second study, the authors developed an ex vivo 3D model of colorectal cancer
liver metastasis (CRLM) and matched CRC by applying the decellularization protocol
to patient-derived liver and colorectal specimens [20]. Again, the demonstration of a
structure and architecture recapitulating the original tissues is provided, underlying the
reticular collagen distribution crucial for metastatic cell migration, in keeping with previous
reports [13,18].

Along this line, seeded tumor cells migrate better into CRLM and CRC scaffolds than
in HC or in healthy liver (HL) scaffolds, conceivably due to their different architecture
and structure. Indeed, the liver stroma is a network of sinusoidal microvessels, mostly
composed of reticular collagen, and a discontinuous endothelium cell lining, which is easily
accessible to metastatic cells. In addition, tumor cells cultured on CRML decellularized
matrices down regulated the expression of E-cadherin, moving toward an epithelia-to-
mesenchyme transition that favors metastasization [20].

The paper offers a deep molecular analysis that highlights the upregulation in CRLM
scaffolds of genes involved in demethylation, deacetylation, the response to stress and
hypoxia, and provides further evidence for the organ and tissue specificity of this 3D
culture model. Finally, as the most challenging finding, it turns out that the CRLM scaffold
composition reduces the sensitivity of cancer cells to 5-FU and FOLFIRI, which is at
variance with CRC or HL scaffolds, providing the proof of principle for an organ-specific
3D preclinical model. The low proliferation rate of CRC cells within the 3D scaffolds
is claimed by the authors as the current preclinical gold standard for assessing drug
efficacy [20].

5. Conclusions

It is now widely recognized that the TME, especially the ECM composition and struc-
ture, is strictly entwined with tumor fate; nevertheless, neither animal nor 3D in vitro
models have, thus far, fulfilled all the requirements for reliable, reproducible and unexpen-
sive preclinical settings.

In particular, although organotypic, patient-derived decellularized matrices repopu-
lated with tumor cells seem to be representative of the real tissue(s) where cancers develop,
there are still some limits to this 3D culture model. First, there is an absence of stromal,
endothelial and accessory cells actually recapitulating the complex TME or metastatic
microenvironment. Second, the yield and the homogeneity of samples available for drug
testing and immune response assessment in an autologous setting are not ideal. Third, there
is a lack of dynamic conditions to completely reproduce the in vivo landscape. Certainly,
these drawbacks will be overcome in the next future due to the growing progresses in
biotechnology and imaging.



Cancers 2023, 15, 515 4 of 4

Author Contributions: Conceptualization and writing—original draft preparation, A.P. and M.R.Z.;
writing—review and editing, R.B., M.R.Z. and A.P.; funding acquisition, A.P. and R.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Fondazione AIRC (IG-21648, to A.P.), Compagnia di San
Paolo (ROL 32567, to A.P.) and Ministero della salute Ricerca Corrente (2022–2024, to R.B.).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rodrigues, J.; Heinrich, M.A.; Teixeira, L.M.; Prakash, J. 3D In Vitro Model (R)evolution: Unveiling Tumor–Stroma Interactions.

Trends Cancer 2021, 7, 249–264. [CrossRef] [PubMed]
2. Colombo, E.; Cattaneo, M.G. Multicellular 3D Models to Study Tumour-Stroma Interactions. Int. J. Mol. Sci. 2021, 22, 1633.

[CrossRef] [PubMed]
3. Ito, R.; Takahashi, T.; Ito, M. Humanized mouse models: Application to human diseases. J. Cell. Physiol. 2018, 233, 3723–3728.

[CrossRef] [PubMed]
4. Hahn, W.C.; Bader, J.S.; Braun, T.P.; Califano, A.; Clemons, P.A.; Druker, B.J.; Ewald, A.J.; Fu, H.; Jagu, S.; Kemp, C.J.; et al. Cancer

Target Discovery and Development Network. An expanded universe of cancer targets. Cell 2021, 184, 1142–1155. [CrossRef]
[PubMed]

5. Sherman, H.; Gitschier, H.J.; Rossi, A.E. A Novel Three-Dimensional Immune Oncology Model for High-Throughput Testing of
Tumoricidal Activity. Front. Immunol. 2018, 9, 857. [CrossRef] [PubMed]

6. Kim, J.; Koo, B.-K.; Knoblich, J.A. Human organoids: Model systems for human biology and medicine. Nat. Rev. Mol. Cell Biol.
2020, 21, 571–584. [CrossRef] [PubMed]

7. Sargenti, A.; Musmeci, F.; Bacchi, F.; Delprete, C.; Cristaldi, D.A.; Cannas, F.; Bonetti, S.; Pasqua, S.; Gazzola, D.; Costa, D.; et al.
Physical Characterization of Colorectal Cancer Spheroids and Evaluation of NK Cell Infiltration Through a Flow-Based Analy-sis.
Front. Immunol. 2020, 11, 564887. [CrossRef] [PubMed]

8. Misun, P.M.; Birchler, A.K.; Lang, M.; Hierlemann, A.; Frey, O. Fabrication and Operation of Microfluidic Hanging-Drop
Net-works. Adv. Struct. Saf. Stud. 2018, 1771, 183–202. [CrossRef]

9. Drost, J.; Clevers, H. Organoids in cancer research. Nat. Rev. Cancer 2018, 18, 407–418. [CrossRef] [PubMed]
10. Li, X.; Ootani, A.; Kuo, C. An Air–Liquid Interface Culture System for 3D Organoid Culture of Diverse Primary Gastrointestinal

Tissues. Methods Mol. Biol. 2016, 1422, 33–40. [CrossRef] [PubMed]
11. Neal, J.; Li, X.; Zhu, J.; Giangarra, V.; Grzeskowiak, C.L.; Ju, J.; Liu, I.H.; Chiou, S.-H.; Salahudeen, A.A.; Smith, A.R.; et al.

Organoid Modeling of the Tumor Immune Microenvironment. Cell 2018, 175, 1972–1988.e16. [CrossRef] [PubMed]
12. Lu, P.; Weaver, V.M.; Wrb, Z. The extracellular matrix: A dynamic niche in cancer progression. J. Cell Biol. 2012, 196, 395–406.

[CrossRef] [PubMed]
13. Genovese, L.; Zawada, L.; Tosoni, A.; Ferri, A.; Zerbi, P.; Allevi, R.; Nebuloni, M.; Alfano, M. Cellular localization, invasion, and

turnover are differently influenced by healthy and tumor-derived extracellular matrix. Tissue Eng. Part A 2014, 20, 2005–2018.
[CrossRef] [PubMed]

14. Eble, J.A.; Niland, S. The extracellular matrix in tumor progression and metastasis. Clin. Exp. Metastasis 2019, 36, 171–198.
[CrossRef] [PubMed]

15. Gkretsi, V.; Stylianopoulos, T. Cell Adhesion and Matrix Stiffness: Coordinating Cancer Cell Invasion and Metastasis. Front.
Oncol. 2018, 8, 145. [CrossRef] [PubMed]

16. Najafi, M.; Farhood, B.; Mortezaee, K. Extracellular matrix (ECM) stiffness and degradation as cancer drivers. J. Cell. Biochem.
2019, 120, 2782–2790. [CrossRef] [PubMed]

17. Gattazzo, F.; De Maria, C.; Rimessi, A.; Donà, S.; Braghetta, P.; Pinton, P.; Vozzi, G.; Bonaldo, P. Gelatin-genipin-based biomaterials
for skeletal muscle tissue engineering. J. Biomed. Mater. Res. B Appl. Biomater. 2018, 106, 2763–2777. [CrossRef] [PubMed]

18. Alfano, M.; Locatelli, I.; D’Arrigo, C.; Mora, M.; Vozzi, G.; De Acutis, A.; Pece, R.; Tavella, S.; Costa, D.; Poggi, A.; et al.
Lysyl-Oxidase Dependent Extracellular Matrix Stiffness in Hodgkin Lymphomas: Mechanical and Topographical Evidence.
Cancers 2022, 14, 259. [CrossRef] [PubMed]

19. Sensi, F.; D’Angelo, E.; Piccoli, M.; Pavan, P.; Mastrotto, F.; Caliceti, P.; Biccari, A.; Corallo, D.; Urbani, L.; Fassan, M.; et al.
Recellularized Colorectal Cancer Patient-derived Scaffolds as in vitro Pre-clinical 3D Model for Drug Screening. Cancers 2020,
12, 681. [CrossRef] [PubMed]

20. D’Angelo, E.; Natarajan, D.; Sensi, F.; Ajayi, O.; Fassan, M.; Pilati, P.; Pavan, P.; Bresolin, S.; Prezosi, M.; Miquel., R.; et al.
Patient-derived Scaffolds of Colorectal Cancer Metastases as an Organotypic 3D Model of the Liver Metastatic Microenvironment.
Cancers 2020, 12, 364. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.trecan.2020.10.009
http://www.ncbi.nlm.nih.gov/pubmed/33218948
http://doi.org/10.3390/ijms22041633
http://www.ncbi.nlm.nih.gov/pubmed/33562840
http://doi.org/10.1002/jcp.26045
http://www.ncbi.nlm.nih.gov/pubmed/28598567
http://doi.org/10.1016/j.cell.2021.02.020
http://www.ncbi.nlm.nih.gov/pubmed/33667368
http://doi.org/10.3389/fimmu.2018.00857
http://www.ncbi.nlm.nih.gov/pubmed/29740450
http://doi.org/10.1038/s41580-020-0259-3
http://www.ncbi.nlm.nih.gov/pubmed/32636524
http://doi.org/10.3389/fimmu.2020.564887
http://www.ncbi.nlm.nih.gov/pubmed/33424829
http://doi.org/10.1007/978-1-4939-7792-5_15
http://doi.org/10.1038/s41568-018-0007-6
http://www.ncbi.nlm.nih.gov/pubmed/29692415
http://doi.org/10.1007/978-1-4939-3603-8_4
http://www.ncbi.nlm.nih.gov/pubmed/27246020
http://doi.org/10.1016/j.cell.2018.11.021
http://www.ncbi.nlm.nih.gov/pubmed/30550791
http://doi.org/10.1083/jcb.201102147
http://www.ncbi.nlm.nih.gov/pubmed/22351925
http://doi.org/10.1089/ten.tea.2013.0588
http://www.ncbi.nlm.nih.gov/pubmed/24498848
http://doi.org/10.1007/s10585-019-09966-1
http://www.ncbi.nlm.nih.gov/pubmed/30972526
http://doi.org/10.3389/fonc.2018.00145
http://www.ncbi.nlm.nih.gov/pubmed/29780748
http://doi.org/10.1002/jcb.27681
http://www.ncbi.nlm.nih.gov/pubmed/30321449
http://doi.org/10.1002/jbm.b.34057
http://www.ncbi.nlm.nih.gov/pubmed/29412500
http://doi.org/10.3390/cancers14010259
http://www.ncbi.nlm.nih.gov/pubmed/35008423
http://doi.org/10.3390/cancers12030681
http://www.ncbi.nlm.nih.gov/pubmed/32183226
http://doi.org/10.3390/cancers12020364
http://www.ncbi.nlm.nih.gov/pubmed/32033473

	Introduction 
	From Spheroids to Organoids: Advantages and Drawbacks 
	Tissue Architecture and Structure: Synthetic Scaffolds or Decellularized Matrices? 
	Seed and Soil Hypothesis 
	Conclusions 
	References

