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Abstract

The most common cause of mortality in¢gpeople is cancer, which has turned into an
unbridgeable health gap because of its unrestrained aberrant proliferation, quick growth,
metastasis, and high heterogeneity. Conventional two-dimensional cell culture models
along with animal models for tumot“diagnostic and therapeutic studies have extremely
low clinical translation rates due tg'their intrinsic limitations. Appropriate tumor models
are required for cancer resgat¢h. Engineered human 3D cancer models are better able
to replicate the spatial orgatization, cellular resources, and tumor microenvironment
features (hypoxia, n€erosis, and delayed proliferation) of the actual human tumor
microenvironment-Emerging technology known as 3D bioprinting makes it possible to
fabricate live Structures by precisely regulating the spatial distribution of cells,
biomoleculesyand matrix components. The aim of this paper is to review the current
technology<and bioink of 3D bioprinted cancer models, including glioma, breast, liver,
intestinal, cervical, ovarian, and neuroblastoma models, as well as the advances in their
applications in the fields of tumor microenvironment, tumor vascularization, tumor
stem cells, tumor resistance and drug screening, tumor immunotherapy, and precision
medicine.

Keywords: Bioprinting; TME; Cancer model; Application



Introduction

An innovative new technique called 3D bioprinting enables the rapid, precise, and
quantitative deposition of biologically active components, including living cells,
biomaterials, drugs, growth hormones, and genomes, for creating active tissues with
extremely complex spatial structures(1-4). Bioprinting fabricated scaffold material-
containing and scaffold material-free tissue/organ-like structures(5), microtissues(3),
and organ cores(6-9) have gained much progress and even demonstrated alternative
human organ functions, including cardiac, hepatic, and renal tissues, demonstrating the
potential for application as in vitro organ-like organs(l). Nevertheless, due to
difficulties with internal vascularization of tissues, complex heterogeneity, simulation
of cell-cell and cell-tissue microenvironments, histological structure and function,
biomaterials that can be bioprinted and encourage cell growth and proliferation, along
with their decay and biomimetic degree, the real large-scale and complétereplacement
of human organs by these bioprinted tissues/organs is still not, feasible(2). Despite
additional challenges, 3D bioprinting has started to gain widespread acceptance and
applications. For example, 3D printed tissue models are beginuingto replace 2D models
and animal models for drug testing, because 2D cell culture miodels cannot replicate 3D
tissue microenvironments(10-13) and animal models do not reliably predict
toxicological and pathophysiological responses in ilumans(14). To aid in the healing
and recovery of skeletal muscle injuries, biolégical engineering, and regenerative
healthcare have employed bioprinted bone and cartilage(2, 3, 15, 16), and in-situ
bioprinting technology has been used to enable direct printing in the surgical site and
the regeneration of complex larger, tissues through body-driven cardiovascular
regeneration(4, 17, 18). Due to thé\rise of artificial intelligence, some studies have
proposed 3D printing combined\with artificial intelligence to print tissue organs(19).
Bioprinted tumor models exhibit vastly different molecular features, gene expression,
and drug sensitivity thap.conventional 2D models and have great potential for both
basic and applied ofieplogy research. In contrast to 2D models, they can mimic
complicated 3D gell-cell and cell-matrix connections that have been crucial to
physiopatholog¥(20).

Tumor models are important tools necessary for studying various aspects of
tumorigenesis, diagnosis and treatment(21). The traditional use of flat dish cultured cell
modé¢ls ‘and xenogeneic animal models have unavoidable natural inherent defects that
make the clinical translation of research results low(22), severely limiting the pace of
human attack on tumors, and the task of developing new and appropriate tumor models
to be applied in tumor research has become imminent. The in vitro reconstruction of
human tumors faces numerous challenges, including in vitro construction methods,
support material systems, culture systems for nutrition and oxygen maintenance and
metabolic waste elimination, in vitro reconstruction of 3D tumors replicating the in vivo
tumor microenvironment iS moving in a more promising path thanks to the
advancement of 3D bioprinting technology. Common methods used for 3D bioprinting
of tumor models include extrusion bioprinting(23), inkjet bioprinting(24), light-curing
bioprinting(25), and laser-assisted bioprinting(26), etc. Materials used for



bioprintability include synthetic and natural hydrogels like polyethylene glycol (PEG),
Planitronic F-127, sodium alginate, gelatin and its derivatives, and hyaluronic acid and
its derivatives(27-29). The research direction and content of the applications include
the construction of the tumor microenvironment, tumor stem cells, tumor
vascularization, tumor therapy tolerance and drug screening, tumor immunotherapy,
and precision medicine. 3D bioprinting has been used to create a variety of tumor
models, including neurological tumors, breast cancer tumors, reproductive system
tumors, digestive system tumors, bone tumors, and skin tumors, among others.

In order to apply 3D bioprinting in oncology applications, it is essential to have a
general grasp of how 3D bioprinted tumor models work today. For readers interested in
fundamental and translational research on 3D bioprinted tumor models, it also_effers a
critical analysis of those models and their drawbacks.

3D bioprinting technology

Currently, there are four main 3D bioprinting technologies fer tumor models,
including droplet bioprinting (DBB)(30)(Fig. 1a), extrusion bioprinting (EBB)(23) (Fig.
1b), laser-assisted bioprinting (LAB)(31)(Fig. 1c), and sterealithography bioprinting
(SLB/DLB)(32)(Fig. 1d). Each bioprinting method has)already been thoroughly
explained. As a result, we will list below the benefits and drawbacks of the four
bioprinting methods.
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Fig. 1 Five methods of bioprinting. a Droplet-based Bioprinting; b Extrusion-based
Bioprinting; ¢ Laser-based Bioprinting (adapted and modified from Ref. (33),
Copyright 2023, with permission from The Royal Society of Chemistry); d
SLA/DLA-based Bioprinting. (adapted and modified from Ref. (34), Copyright 2023,
with permission from the author(s).)



Droplet bioprinting (DBB)(30), also known as "drop-by-drop" printing, is a non-
contact printing technology that can be categorized as inkjet, piezoelectric, acoustic and
microwave bioprinting(35-37). Currently, droplet bioprinting has been successfully
applied to many different types of tumors, including breast, colorectal, and liver cancers
(38-40). Because of the deposition pattern's comprehensive control, rapidity, flexibility,
and ease of usage, it offers several benefits. Regulating the quantity of bioink deposited
at a preset area makes it possible to print living cells and makes it easier to localize cells
clearly(3). The method currently encounters difficulties like the limited selection of
bioink materials that can be used for printing, non-homogeneous droplet sizes and
nozzle clogging, a substantial amount of bioprinting-induced cell death, a bioprinted
constructions lacking integrity and mechanical strength, and a lack of vascularization
and porousness that restricts the size of printed structures(35, 41). Extrusion bigptinting,
also known as "layer-by-layer" printing, is an extremely popular and inexpensive 3D
printer for both biological and non-biological materials, whereby the desireéd 3D spatial
structure is created by extruding a fluid ink from a specific ID needle\through layer-by-
layer stacking of 2D structures by pneumatic, piston or screw powet(23, 42). Currently,
EBB technology has been successfully used in the study.'ef a variety of tumors,
including breast, liver, and colorectal cancers (43-45). It can'create tissue at extremely
high cell densities while vertically printing hyper-viséosity biological inks like clay
substrates, and complicated polymers, along cell sphéroids(46, 47). However, it can
lead to cellular structure deformation and viability loss and is only ideal for printing
thick liquids(46, 47). DBB is analogous to laser-assisted bioprinting (LAB), an indirect
manufacturing technology that utilizes laser-induced transfer of energy(31, 48-50). In
recent years, LAB technology has been used in the construction and study of a variety
of tumors, including breast cancer;“glioblastoma, and pancreatic cancer (51-53). In
terms of bioprinting, LAB does“dway with the need for printheads and provides the
benefits of high throughput; high resolution, and high speed(54, 55). This not only
eliminates the issue of printhead failure or clogging but also enhances the compatibility
of printed materialsQvhile extending the range of viscosities of printable material
applications(56). However, during laser transfer, live cells may be subjected to thermal
and/or mechani¢al stressors. If these stresses exceed the ability of the cell to withstand
them, irreparable damage may result(57-59). SLB /DLB is a bioprinting method that in
the existenee of cells utilizes micromirror arrays to photopolymerize polymer resins(32).
Sinc€it\is not prone to alignment problems that single-nozzle extruders are prone to, it
allows for rapid printing of biological cells with high resolution and without the need
for additional support materials, and the cells have extremely high viability (>85%
viability)(60-62). SLB/DLB technology has been applied in the research of multiple
types of tumors, such as breast cancer, liver cancer, glioma, and so on (63-65).
SLB/DLB, however, has numerous drawbacks, including the absence of biodegradable
and biocompatible polymers, the adverse impacts of harmful light-curing components
on the cells, being unable to completely remove the framework, and the lack of ability
to generate horizontal variations in the designs(46, 66). These problems need to be
addressed using this technique.

A single bioprinting approach has not yet been able to produce synthetic tissues and



organs that are perfect in every way. The many approaches to bioprinting desired tissues
differ owing to considerations of their particular guidelines, material needs, and benefits
and drawbacks(67). The development of 3D bioprinting in the medical industry has had
a considerable impact on both the production of medical equipment and the therapeutic
industry. We may combine these techniques to produce the necessary tissues since 3D
bioprinting has been divided into several categories based on its functions.

Bioinks

Bioink is a key material in 3D bioprinting technology, which consists of cells,
matrices, and other biomaterials, and can be used to 3D print a variety of bielogical
tissues that require complex structures and specific functions(68). Bioinks\¢ah be
categorized into natural bioinks and synthetic bioinks based on their source, and
currently used bioinks can be collected in Table 1. Since different 3D’ bioprinting
technologies have different requirements, the selection of bioinks: must take into
account characteristics such as biocompatibility, mechanical properties, hydrophilicity,
porosity, acid-base neutralization, and biodegradability(69-71), 1 the larger literature,
many kinds of bioinks and their appropriate printing techniques have been detailed in
depth(72, 73). This review will focus on an overview.0fnatural and synthetic bioinks
and their applications in tumor models.

Most natural bioinks were applied for tumor. fnodels, including gelatin, hyaluronic
acid, fibronectin, filipin, dextran, sodium._\alginate, chitosan, collagen, cellulose,
decellularized extracellular matrix (dECM), matrix gels, junction cold gels, cellular
aggregates, and konjac gum(74). Using glial cells embedded in hyaluronic acid
hydrogels as bioinks, for instance, Ma created a trustworthy experimental model for the
investigation of aggressive gliomaiigration(75). In order to create durable and shape-
retaining 3D-printed tumop-models that imitate tumor micro-environment (TME) for
chemotherapeutic drug-screening of triple-negative breast cancer and lung
adenocarcinoma, Gebgyehu and colleagues created polysaccharide-based bioinks(76).
The extracellular matrix microenvironment of the tumor is more accurately represented
by the dECM miade from tissues. For the 3D bioprinting of tumor models, a variety of
dECM bioinkshave been employed. These include glioblastoma microarray bioprinting
utilizing dECM bioinks produced from healthy pig skin or brain and bioprinting of
hepatic ‘cancer utilizing hepatic dECM bioinks(64, 77, 78). Although dECM has the
benefit of closely resembling the original tumor stroma, it may lose certain crucial
elements, including glycosaminoglycans(79), and has poor mechanical properties(64).
Because stromal gels' complexity is equivalent to the make-up of in vivo cells, they are
frequently employed as the foundation for 3D carcinoma modeling. The repeatability
and exact regulation of the chemical and mechanical characteristics of organic bioinks
to bioprinting, however, are sometimes hampered by matrix gels' batch-to-batch
fluctuation and poorly specified compositions(80). Compared to natural bioinks,
synthetic bioinks are tunable, simple to prepare, have higher mechanical properties and
immunogenicity, and easily meet different printing requirements(81). Polyethylene
glycol, polycaprolactone, polyvinylpyrrolidone, poly(I-lactic) acid, and poly(lactic-go-



glycolic) acid are a few examples of synthetic bioinks that are often utilized(82). Multi-
arm PEG was used by Anseth's team to model the interaction between stromal cells and
melanoma cells(83). It has been demonstrated that lung adenocarcinoma tumor growth
may be mimicked using acrylate-modified PEG hydrogels(84, 85). Shi et al. used
poly(lactic-co-glycolic acid) (PLGA) hydrogels to print drug-loaded scaffolds, and they
showed that doing so dramatically reduced breast cancer development and
recurrence(86). However, synthetic bioinks continue to face some difficulties, such as
the use of harmful solvents or radiation that damages cells, and their limited cell
compatibility, such as the lack of adhesion sites embedded in the cells, are significant
issues(82), which have limited their use in some tumor models.

In order to guarantee that bioprinted tissues and organs operate properly, it is-vital to
use bioinks that have the required arbitrary, rheological, and physiological featires of
the specific tissue(87). Therefore, there is an urgent need for standardized bioink
formulations that can be used for different bioprinting applications.

Table 1. Natural and synthetic bioinks currently in use anditheir advantages and

disadvantages
Advantages Disadvantages

agarose good biocompatibility; lower plasticity
forms gentle gels;

alginate easy to prepare; fairly biocompatible;
chemically and not precise enough
bioeompatible;

- Wghplasticity
dextran good biocompatibility; not very malleable;

can form static gels; faster solidification
~_easy to process and modify
extremely cytocompatible
and biocompatible;

good water absorption and

water retention;

hyaluronic acid expensive;

not suitable for trauma

Natural

tissue;

e aids'in ce}l migration and
: O8N PTONIfETATION
s silk biological structure similar to  expensive;
human tissue; requires chemical
good biocompatibility and modification
plasticity;
can be customized through
... genetic engineering _
fibrin '~ biocompatible; - easily degradable;
- promotes growth and ' requires the addition
' regeneration; - of blood during use
~ can form strong gels
collagen biologically similar to human easily degradable




- Synthetic = Polycaprolactone

Bioinks

‘matrigel

‘gelatin

chitosan

natural gums

growth;
can be customized through

__genetic engineering

wide range of sources;
natural fiber arrangement
suitable for application to
muscle, bone and other

__tissues

easy to pollute;
high production costs

variety of substances such as
collagen, ovalbumin and
whey proteins that contribute
to a complex three-
dimensional environment;
compatible with a wide range

__of cell types

significantly reduces
the size of the cell
patch, making it
difficult to.use for
large tissue repairs

soluble cellulose is easy to
process and modify;
non-toxic;

biodegradable;
assimilable in the human

~ body

plasticity is generally
low

easy to handle and 3D print;

- good bioconpatibility

possible adverse
reactions

good biotompatibility and
bioactivity;

_ easy.to process and modify

fragile, breakable;
slow to solidify

biodegradable;
can be modified to produce
many different bioinks

less precise;
more variable
plasticity

“ Polyethylene Glye¢ot

Poly-Glycolic Acid

Polyvinylpyrrolidone

Poly(L-Lactic) Acid

biocompatible;

forms highly controllable
carriers;

prevents protein inactivation

possible effect on
growth factors

biodegradable;
biocompatible;
can form strong templates

rapid dissolution; E
susceptible to heat and -
free acid during
dissolution, leading to -
protein inactivation -

biodegradable; slower degradation;
good plasticity; low expansion
biocompatible

easy to prepare;

good biocompatibility;
properties can be adjusted by
controlling the molecular

~ weight

unstable and easily
affected by light, heat, -
etc. E

. good bioabsorbability

biodegradable;
good biocompatibility;

slower degradation;
potential for tissue
irritation




Polylactic-Co- biodegradable; insufficiently precise
Glycolic Acid high strength; degradation rate;
good biocompatibility; potential for tissue
its degradation rate can be irritation
adjusted by controlling the
Pluronic Acid easy to prepare and process; . low gel strength;
forms stable gels; susceptible to
e good biocompatibility _temperature, pH, etc.
Polydimethylsiloxane  good plasticity; reacts easily with
good biocompatibility other substances and
- loses stability
Acrylonitrile strong, wear-resistant; may cause tissue
Butadiene Styrene organ structures can be irritation;
fabricated by 3D printing not degradable

Polyether Ether ' excellent biocompatibility; high production costs
Ketone high stability and plasticity;
. Dbiodegradable via
Polyvinyl Alcohol Easy to prepare and prqeess; : low solubility and
- go0d biocompatibility. difficult to degrade
Polyurethane High plasticity; generally may cause tissue
good biocompatibility; high irritation;
strength; various organ not degradable

structure$\dan be fabricated
by 3D printing

3D bioprinting tumor models

Due to ethical and safety»constraints and limitations, research on tumors and
antitumor drugs is not allowed to directly conduct clinical studies. Compared with 2D
models and animal xefiograft tumor models, 3D tumor models have become the most
promising tumor ‘models for application due to their ability to simulate the
microenvironment@f human tumor tissues better(88, 89). Through precise colonization,
various typest of cells embedded in hydrogel materials to simulate the tumor
microenviromment can be used to study the characteristics of tumorigenesis, tumor
heterogenéity, invasion and migration, and anticancer drug sensitivity(90). Currently,
3D bioprinting has been carried out in a variety of tumors including glioma, breast
cancer, liver cancer, colorectal cancer, cervical cancer, ovarian cancer, pancreatic cancer,
intestinal cancer, pituitary tumor, neuroblastoma, and lung cancer, which lays the
foundation for the fundamental and practical use of bioprinted tumor models for
precision medicine(11, 22, 91-93).

Glioma

Glioma remain the greatest prevalent carcinomas located in the adolescent nerve
system, with a high degree of malignancy, extremely high rates of recurrence and
mortality, an average prognosis period of even less than one year, and a very low 5-year
survival rate. Because there are currently very few effective treatments for glioma, it is



urgently necessary to develop new medications and therapies for use in the clinic(94-
97). The biological tumor model serves as a useful tool for researching carcinogenesis
and evaluating the impact of radiation treatment. It is predicted that the creation of 3D
glioma models that are capable of simulating the in vivo milieu would present an
opportunity to explore the process of glioma genesis and enhance the sensitivity and
prognosis of radiation for glioma. The absence of appropriate tumor models has
impeded research into brain malignant glioma.

Our team created an in vitro 3D model of glioma using 3D bioprinting technology to
overcome the aforementioned issues, and discovered glioma stem cell enrichment effect
and transdifferentiated vascular endothelial potential(98-100), as well as fusion of
glioma stem cells with bone marrow mesenchymal stem cells(101, 102),~which
confirms that the 3D glioma model has stronger invasive and temozolomidesresistant
characteristics(103)(Fig. 2a). Furthermore, studies have demonstrated«that three-
dimensional bioprinted glioma models more faithfully replicate in th¢’ iuman being
tumor microenvironment(65, 104). For the biomanufacturing of micro-
physiological brain structures over pharmaceutical evaluation and“disease simulation
applications, in addition to artificial neural organs and tissues.far1€generative medicine,
Haring et al. proposed a biomimetic hydrogel with Herschel*Bulkley fluid rheological
properties(105) (Fig. 2b). Through a thorough examindation of glioblastoma (GBM),
DePalma offered a method for creating complexy multi-component in vitro cancer
modeling, promising the creation of a tumor mode[‘that more precisely resembles in the
vivo microenvironment of the tumor(106) (Eig."2c). Most chemotherapeutic drugs have
difficulty acting across the blood-brain ¢barrier, Tang et al. proposed a bioprinting
strategy that mimics relevant biomaterials from natural tissues as well as enabling
model fabrication for more reliabledechanistic studies and preclinical drug screening,
which may ultimately acceleraté”the drug development process for GBM(107).
Heinrich, in 3D bioprinted-glieblastoma models, added a macrophage component to
study the interaction between macrophages and GBM(108) (Fig. 2d) and found that
glioblastoma cells acfiwely recruit macrophages and polarize them into glioblastoma-
associated macrophages (GAMs)-specific phenotype and that macrophages have a role
in inducing the’development and intrusiveness of brain tumors. It has been discovered
that patientsderived tumor stereo models more accurately capture the biological,
biochemigal, along bodily characteristics of real tumors(109), which may make cancer
treatifient plans more effective. It was possible to demonstrate parallels between the
gene expression of cells cultivated in vivo and those in the 3D bioprinting system by
the simultaneous generation of perfusive blood arteries employing sacrificial bioinks
comprising pericytes and endothelial cells(110) (Fig. 2e). In order to study the
interactions between cancer stem cells (CSCs) in proliferation and hypoxia, a new ex
vivo model called patient-derived glioblastoma-like organs has been developed(111).
These organs have the potential to be used in the future for things like individualized
assay drug screening.

The 3D bioprinting of glioma models holds tremendous potential for the
advancement of glioma research and treatment. However, I believe there are currently
some challenges that need to be overcome. For instance, the complexity and cost of



bioprinting tumor models may limit their widespread clinical application. Additionally,
the biological similarity and sustainability of the models still need further improvement
in order to better reflect the characteristics of real tumors. Overall, I think that 3D
bioprinting of glioma models is an exciting field with great potential. Through
continued research and technological advancements, we can further develop these
models and drive progress in glioma research and treatment, ultimately providing more

effective personalized medicine for patients.
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Fig. 2 3D bioprinting of braig@lioma models. a 3D bioprinting technology to create in
vitro 3D models of gliomas and further study of glioma stem cell properties and
applications;( adapted>and modified from Ref. (98), Copyright 2018, with permission
from Elsevier B.M\ adapted and modified from Ref. (99), Copyright 2018, with
permission froth, Wiley Periodicals, Inc.; adapted and modified from Ref. (101),
Copyright 2017, with permission from the author(s); adapted and modified from Ref.
(102), Copwyright 2022, with permission from American Chemical Society; adapted and
modified from Ref. (103), Copyright 2018, with permission from Elsevier B.V.) b A
biomimetic hydrogel bioprinted glioma model with Herschel-Bulkley fluid rheological
properties; (adapted and modified from Ref. (105), Copyright 2019, with permission
from IOP Publishing Ltd) ¢ A strategy for developing complex multicomponent in vitro
glioma models;( adapted and modified from Ref. (106), Copyright 2021, with
permission from Elsevier B.V.) d Macrophage-GBM interactions in a 3D bioprinted
glioblastoma model; (adapted and modified from Ref. (108), Copyright 2019, with
permission from WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.) e Creating
perfusable blood vessels using sacrificial bioinks containing pericytes and endothelial
cells to study the relationship between cellular gene expression; (adapted and modified
from Ref. (110), Copyright 2021, with permission from the authors)



Breast cancer

The latest statistics from the World Health Organization (WHO) show that for the
first time, breast cancer cases surpassed lung cancer as the dreaded killer of human
health(112). One of the best ways to treat clinical malignancies systemically is
chemotherapy, but few of these treatments have received Food and Drug Administration
(FDA) approval for clinical trials since there aren't enough bionic tumor models for
drug testing(113, 114). In addition to the large number of cancer cells that make up
breast cancer, a key factor in regulating the cellular activity ofthe malignancy's
microenvironment is the extracellular matrix (ECM) of the tumor (115-117). In order
to boost their biocompatibility and heterogeneity and to produce better realisticn vitro
tumor models, efforts are being made to add tumor stromal components inte\bioinks
that mimic the tumor stromal milieu(118).

Epithelial-adipose interaction is an indispensable step in the developinent of lethal
metastasis of breast cancer cells, and Chaji et al(119) investigated \adipocyte-breast
cancer cell interactions by simulating breast cancer tumors through'3D bioprinted breast
cancer tumor models(Fig. 3a). Vinson(120) used laser direct<write bioprinting to
incorporate a hydrogel matrix containing differentiated adipocytes loaded with breast
cancer cells in a microbeads biofabricated simulation»medels of breast cancer cell
invasion into adipose tissue, which allowed tracking)of MCF-7 and MDA-MB-231
breast cancer cell invasion for more than 2 weeks.in an optically transparent hydrogel
scaffold(Fig. 3b). Blanco-Fernandez et al(121).%Fig. 3c) developed a decellularized
tissues and organ-derived matrices (TDM)_bioink based on decellularized porcine
breast tissue combined with type I collageh, which was able to tightly reconstruct breast
tumors in vitro, promote breast cancef“cell proliferation to form cell clusters and
spheroids, and increase the model resistance, which is a good biomaterial for creating
breast carcinoma models, and thesdecellularized human or rat mammary tissues were
also used to make hydrogels(}22)” These ECM hydrogels are able to retain unique
structures and signaling pfofiles to construct breast cancer-like organs with tissue-
specific matrices. In_ addition, there are hydrogel-based models of hydrogel-
encapsulated breast cdancer shell and core structures printed by laser direct writing(123),
scaffold-free 3D bréast cancer tumors(124), as well as 3D vascularized breast cancer
structures and ymimicked breast duct-like structures and filled with breast cancer
cells(125, 126)> It is shown that 3D tumor models are important for studying the
interaction-between tissue-specific ECM and cancer cells as well as cancer treatment.
Burks etcal’ used laser direct-write bioprinting of breast cancer cells onto ex vivo
microyascular networks containing vasculature, lymphatic vessels, and mesenchymal
cell populations for the purpose of quantifying cancer cell migration and the effects on
angiogenesis and lymphangiogenesis in an intact network that needs to resemble the
complicated makeup of the tumor's microenvironment(127) (Fig. 3d).

Breast cancer metastasis will lead to fatal consequences, and the currently existing
3D bionic models are insufficient to similarize this procedure in vitro. In order to study
the interactions among breast cancer (BrCa) cells and bone tissue cells, Zhou et al(128)
developed a hydrogel with a bionic bone matrix using stereolithography 3D bioprinting
(Fig. 3e). They discovered that BrCa cells had been improved through the existence of
bone marrow and mesenchymal stem cells (MSCs), while bone marrow and
mesenchymal stem cell (MSC) proliferation were blocked because of BrCa cells. 3D
bioprinted BrCa cells and bone stromal metastatic cancer models provide an



opportunity to study the mechanisms and the mechanisms of cancer of breast bone
metastases and MSCs. It was discovered that the presence of osteoblasts and MSCs
boosted BrCa cells while inhibiting the proliferation of these cells. A useful technique
for researching the mechanism of breast cancer's bone metastasis and developing
targeted treatments is the 3D bioprinting of BrCa cells and skeletal tissue metastatic
cancer models.

The intimate tumor milieu is more closely resembled by 3D cancer models than by
traditional 2D cultures, and 3D bioprinting allows for fast duplication of a cancer
microenvironment allowing high-throughput screening of drugs(129). In an in vitro
breast tumor model, Jiang et al.(130) reported using an engineered composite hydrogel
made of gelatin and alginate components to create multicellular tumor spheroids from
3D bioprinted breast cancer cells (Fig. 3f). To produce tumor tissue models that are able
to be employed right away, Swaminathan et al(131) also investigated the bioprinting of
pre-formed 3D spheres of breast cancer directly in alginate-based bioinks, Individuals’
breast epithelial cell lineages got bioprinted as single cells or as spheres that had already
been produced and retained their viability, structure, and function (Fig<3g). The anti-
tumor medications camptothecin and paclitaxel did not have the same effect on the
independently printed breast cells as they did on the bioprinted breast spheroids(132).
Nam(133) built 3D complex tissue structures containing procéssed gels obtained from
porcine skin and human decellularized adipose tissue by bigprinting and demonstrated
their potential in breast tumor therapy using plasma photothermal therapy (PPTT) with
gold nanoparticles (AuNPs) (Fig. 3h). In recent yéats; there has been an upsurge in
nanomedicine research for tumor therapy, The conventional methods for evaluating
nanoparticles (NPs) have mainly relied on two-dithensional cultures of cells and models
of animals. These models, however, cannotiedmprehensively explore the complicated
movement of NPs and have difficulty \adequately simulating the human tumor
microenvironment, which restricts the application of nanomedicine formulations in
clinical research. Chen (134) used~fat-dECM-enhanced hybrid bioinks to fabricate
tumor models via 3D bioprinting{éwhich not only more closely resembled real tumors
in terms of tumor proteins, gene expression, and tumorigenicity, demonstrating ECM
reconstruction and transition from epithelial to mesenchymal features, but also
observed higher nanomédicine resistance, suggesting that the model is expected to
provide greater precision platforms for pharmaceutical development and design prior
to entry into animaland clinical trials (Fig. 31).

I believe that<3D bioprinting of breast cancer models is an important technology in
the field of breast cancer research and treatment. By having more realistic, comparable,
and user-ftiendly breast cancer models, we can better understand the mechanisms of
breast,€anter development, evaluate the effectiveness of different treatment strategies,
and conduct drug screening. However, there are still some challenges that need to be
overcome. For instance, bioprinting breast cancer models require high-precision
techniques and complex equipment, which can be costly and time-consuming.
Furthermore, there is still room for improvement in terms of the biological similarity
and reproducibility of bioprinted models, particularly in simulating the interactions
between cancer cells and normal cells in a 3D environment. In summary, I believe that
3D bioprinting of breast cancer models is a promising field that can bring significant
advancements to breast cancer research and treatment. By continuously improving the
technology and conducting further research, we can enhance the clinical applications
of bioprinted models and provide better medical services for patients.
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Fig. 3 3D bioprinting of breast-cancer tumor models. a 3D bioprinted breast cancer
tumor model to study adipocyde-breast cancer cell interactions;( adapted and modified
from Ref. (119), Copyright*2020, with permission from the authors.) b Laser direct
writing bioprinted breast.cancer models to study tumor invasiveness and drug resistance;
(adapted and modified from Ref. (120), Copyright 2017, with permission from IOP
Publishing Ltd)« Development of TDM bioink based on decellularized porcine udder
tissue combined with type I collagen and cell viability study;( adapted and modified
from Ref{(121), Copyright 2022, with permission from the authors.) d Bioprinting
cances; eells onto live tissue as an ex vivo model to study cell migration;( adapted and
modified from Ref. (127), Copyright 2016, with permission from Wiley Periodicals,
Inc.) e Schematic diagram of direct, 3D bioprinted, cell-laden bone matrix as a
biomimetic model for breast cancer metastasis study; (adapted and modified from Ref.
(128), Copyright 2016, with permission from American Chemical Society) f Schematic
depicting the generation of the composite gels, bioprinting process, and subsequent
generation of MCTS of breast cancer cells in bioprinted alginate/gelatin
hydrogels;( adapted and modified from Ref. (130), Copyright 2019, with permission
from IOP Publishing Ltd) g Bioprinted 3D breast epithelial spheroids maintained
typical spheroid morphology for 96 h in collagen/alginate bioink and Representative
Live/Dead images from co-culture experiments showing HUVEC, MCF10A, or MDA -



MB-231 bioprinted grid areas;( adapted and modified from Ref. (131), Copyright 2019,
with permission from IOP Publishing Ltd) h Quantitative Photothermal
Characterization with Bioprinted 3D Complex Tissue Constructs for Early-Stage Breast
Cancer Therapy Using Gold Nanorods;( adapted and modified from Ref. (133),
Copyright 2021, with permission from the authors.) i 3D bioprinted tumor model with
extracellular matrix enhanced bioinks for nanoparticle evaluation;( adapted and
modified from Ref. (134), Copyright 2022, with permission from IOP Publishing Ltd.)

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the second-greatest contributor to the number of
cancer-related deaths globally and is ranked fifth among the most numierous
malignancies(135). The stiffness of the hepatic extracellular matrix has acsignificant
impact on the onset and progression of HCC and is correlated with greater stiffness
values in healthy liver parenchyma(136, 137). Additionally, HCC progtession includes
invasion of the fibrous septum by tumor tissue(138). The traditional approach to
studying HCC progression involves simply adjusting the 2D substrate stiffness; yet this
model lacks an accurate representation of the 3D mechanical*eénvironment seen in the
natural liver, which might cause the results to differ ffom those obtained using 3D
methods(139-142).

Ma(64) developed a photocrosslinkable liver.dECM and a quick 3D bioprinting
process based on light curing as a platform fot)the study of the progression of HCC
occurrence (Fig. 4a). Cirrhotic liver tissu€'s mechanical characteristics might be
securely encapsulated in 3D bioprintediliver dECM scaffolds. HepG2 cells showed
decreased proliferation and an increase" in invasive markers when enclosed in dECM
scaffolds with cirrhotic stiffnessas opposed to unaffected controls. Li et al.(143)
integrated 3D bioprinting, ce-culture and microfluidics to build a 3D co-culture
microfluidic model of a sontrollable hepatocellular carcinoma-like histosome and
applied it to the pharmacodynamic test of a novel anti-CD147 monoclonal antibody,
metoclizumab, and¢found that hepatocellular carcinoma cells in the new model had a
faster proliferationi.rate and less impact on migration performance and proliferation than
the common. idwitro 3D model fabricated only by cell printing(Fig. 4b). The findings
are in linewith those of comparable animal studies and anti-CD147 clinical trials, and
they offécan invaluable frame of reference for the investigation of intricate in vitro liver
cancef. models. Sun et al(44) created 3D models with HepG2 cells using extruded 3D
bioprinting, revealing a dramatic difference in gene transcription across 3D models and
2D cell cultures, particularly mutations associated with hepatocyte function. They also
compared antitumor drug sensitivity, and hypothesized that this difference may lead to
differences in drug pharmacodynamics (Fig. 4c). Hwang(144) first proposed a DLP-
based integrated 3D bioprinting platform to print liver cancer cell models in
conventional porous cell culture plates to rapidly generate in vitro 3D tissue models for
high-throughput preclinical drug screening and disease modeling. The choice of bioink
is equally important to the printing technique (Fig. 4d). Ying(145) developed a novel
bioink formulation based on an aqueous two-phase emulsion of gelatin methacryloyl
(GelMA) solution and polyethylene oxide (PEO) solution, and printed tumor cells



showed enhanced cell viability, spreading, and proliferation (Fig. 4e). Polez(146)
proposed for the first time to use a hydrogel of plant origin as a bioink for printing
hepatocellular carcinoma tumor models and showed that the scaffold promoted the
proliferation of hepatocellular carcinoma HepG2 cells by in vitro cell viability testing
(Fig. 4f). Recently, Zhang et al(147) constructed an injectable cellular hydrogel
consisting of 2,2,6,6-tetramethylpiperidine 1-aryloxy oxidized cellulose nanofibers
(TOCNF) and chitosan nanofibers (CsNF), to better mimic the cellular
microenvironment and offer the potential of biologically-adaptive 3D cell culture for
biomedical applications (Fig. 4g). Mao(148) bioprinted intrahepatic
cholangiocarcinoma cells isolated from patients into pre-designed grid structures using
a gelatin-alginate-Matrigel TM composite hydrogel system. The colony-forming-ability
of intrahepatic cholangiocarcinoma cells with high viability and active prolifération
was observed. The tumor microenvironment of the aggressive and metastatic phenotype
of intrahepatic cholangiocarcinoma cells was confirmed by the exprgssion levels of
tumor markers, cancer stem cell markers, matrix metalloproteinas¢: proteins, tumor
fibrosis index, liver function index, and epithelial-mesenchymal transition regulatory
proteins in 3D prints. Further, the team used clinical spectiens” from hepatocellular
carcinoma patients for bioprinting to successfully constrgct 3D models of patient-
derived hepatocellular carcinoma tissues and achieve ‘@ longer-term culture in vitro,
which retained the characteristics of parental hepatocellular carcinomas, including
stable biomarker expression, genetic alterations,‘ahd stable maintenance of expression
profiles, and are expected to be able to.predict patient-specific medications for
personalized therapy(149).

3D bioprinting of liver cancer models\is an important technology in the field of liver
cancer research and treatment. Hewever, similar to breast cancer models, 3D
bioprinting of liver cancer models‘also faces some challenges. For example, it requires
high-precision printing techniques and complex equipment, and there is still room for
improvement in terms of” biological similarity and reproducibility of the models.
Additionally, considefing the complex structure and function of the liver, completeness
and authenticity of the models are also crucial factors to consider. In conclusion, I
believe that 3D*bjioprinting of liver cancer models is a promising field that can bring
significant advancements to liver cancer research and treatment. By continuously
improvingthe technology and conducting further research, we can enhance the clinical
appliCations of liver cancer models and provide better treatment options for liver cancer
patients.
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Fig. 4 3D bioprinting of hepatocelldtar carcinoma tumor models. a Schematic diagram
showing the bioprinting of the dE€M-based hexagonal scaffolds and Characterization
of HCC growth and invasien potential in dECM-based scaffolds with varied stiffness;
(adapted and modified frem Ref. (64), Copyright 2018, with permission from Elsevier
Ltd.) b 3D bioprintingefhepatocellular carcinoma cells and its microfluidic application
in pharmacodynamie testing of Metuzumab; (adapted and modified from Ref. (143),
Copyright 2019, with permission from IOP Publishing Ltd.) ¢ 3D bioprinting of
hepatocellular.*carcinoma cell models in antitumor drug research; (adapted and
modified-from Ref. (44), Copyright 2020, with permission from the authors.) d DLP-
based)integrated 3D bioprinting platform prints liver cancer cell models for high-
throughput preclinical drug screening and disease modeling;( adapted and modified
from Ref. (144), Copyright 2021, with permission from IOP Publishing Ltd.) e Novel
bioink formulation based on gelatin methacryloyl solution and polyethylene oxide
solution for printing tumor cells and studying their cell viability, spreading, and
proliferative capacity;( adapted and modified from Ref. (145), Copyright 2018, with
permission from WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.) f Printing
hepatocellular carcinoma tumor models using plant-derived hydrogels;( adapted and
modified from Ref. (146), Copyright 2022, with permission from the authors.) g
Patient-derived three-dimensional bioprinted HCC (3DP-HCC) model and its
study;( adapted and modified from Ref. (147), Copyright 2020, with permission from
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Elsevier Ltd.)

Colorectal cancer

Currently, the cancer of the colorectal is recognized as a serious disease that may
affect human beings(112, 150). Fibroblasts and endothelial cells that have been enlisted
from neighboring tissues make up the complicated mesenchymal extracellular matrix
that makes up the solid tumor microenvironment(151-153). Tumor-associated
endothelial cells (TECs) are associated with tumor malignancy and metastasis(154) and
affect not only the metabolism of tumors(155) but also their resistance to drugs(156).
Co-culturing cancerous cells with TME-related cells is a unique method for analyzing
different TME characteristics. TME-associated cells produced from normal cells can
evolve into tumor-specific stromal cells under the control of tumor signaling'and can
be used to create in vitro 3D tumor models due to their innate flexibility. Chen-et al(157)
developed a method for obtaining tumor-associated stromal cells and”constructed a
reproducible 3D colon cancer tissue model (3DT) using 3D printing, which allowed for
direct cell-to-cell straightforward interactions and the formation-of tissue network
structures (Fig. 5a). Similar results were obtained with a coaXialbioprinted intestinal-
like tissue body constructed by Han(158) (Fig. 5b). Cadamuzo developed a protocol for
3D bioprinting of colorectal cancer (CRC) models.based on hyaluronic acid and
signaling glycans, and the results demonstrated that glycosylated hydrogels showed
good 3D printability, biocompatibility and long-term stability(159) (Fig. 5¢). A three-
dimensional multicellular model consisting- of SW480 cells, tumor-associated
macrophages, and endothelial cells was\ constructed by 3D bioprinting, and the
biological activity of the model was gvaluated by immunofluorescence, hematoxylin
and eosin staining of frozen pathological sections, and transcriptome sequencing, which
was further implemented in the anfifumor drug screening experiments, and it was found
that the 3D printed-M greupiwas significantly more resistant to chemotherapy as
compared with the 3D printed-S group(160) (Fig. 5d). Sbirkov built an affordable,
flexible and highly réplicable 3D bioprinted CRC model that can be used for disease
modeling and drug{esting, and tested the experimental platform with three of the most
commonly used chemotherapeutic drugs (5-fluorouracil, oxaliplatin, and irinotecan),
providing inflevative opportunities for personalized treatment screening (45) (Fig. Se).
The 3D tymor model also exhibited a physiological state similar to that in vivo, with a
highdegree of drug resistance, with continuous long-term culture for monitoring and
functional assessment. Andrew(161) used hybrid nano-inks composed of alginate,
gelatin methacryloyl (GelMA), and cellulose nanocrystals (CNCs) with superior
rheological and mechanical properties characteristics to apply multicellularity to
fabricate complex in vitro intestinal cancer tumor models(Fig. 5f). Bowel cancer stem
cells are the root cause of tumor recurrence and metastasis, and therapies targeting
tumor stem cells are of the highest priority. However, in vitro expansion and stemness
maintenance of bowel cancer stem cells are still relatively limited. Zhang(162) found
that gelatin methacryloyl (GelMA)-nanoclay hybrid hydrogels were capable of
inducing and enriching colorectal cancer stem cells in 3D bioprintable materials (Fig.
5g). However, it is still believed that in vitro rebuilding of organoids from patient-



derived tumor tissues is the most effective method for simulating the genuine tumor
microenvironment. Chen(163) used patient-derived colorectal tumors and healthy
organoids precisely aligned by acoustic bioprinting methods to re-encapsulate the
structure of primary tissues (Fig. 5h). These tumor-like organs can be efficiently
generated and can present histological, genomic, and phenotypic primary tumor
features allowing physiologically relevant in vitro drug (5-fluorouracil) screening and
thus prediction of response to patient-matched chemotherapy, establishing 3D
bioprinting of colorectal cancer for precise and personalized medicine in bowel cancer
tumor models. This study allows acoustic bioprinting of patient-derived colorectal
cancer tumors to accurately reconstruct the primary tumor microenvironment and serve
as an adjunctive diagnostic tool to guide clinical practice.

The 3D bioprinting of colorectal cancer models is an important technology/in the
field of colorectal cancer research and treatment. This model can previde a more
realistic and accurate environment for colorectal cancer cells, helpifgus to better
understand the disease's mechanisms and evaluate the effectiventess of different
treatment strategies. However, this technology also faces several challenges. Firstly, it
requires high-precision printing techniques and complex equipnient to create colorectal
cancer models. Secondly, to improve the biological similarity*and reproducibility of the
models, further improvements in printing materialS,and processes are needed.
Additionally, the heterogeneity and individual differénces of colorectal cancer increase
the complexity of model design. Despite these chiallenges, I believe that 3D bioprinting
of colorectal cancer models still holds treniendous potential. Through continuous
research and technological advancements;ywe can gain a better understanding of the
development process of colorectal canger and provide more accurate and personalized
treatment options. This will lead tod{tproved treatment outcomes and survival rates for
patients with colorectal cancer.
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Fig. 5 3D bioprinting of colorectal ¢ r tumor models. a Flowchart of 3D printed
colon cancer model and me 1ism of promoting cell function network
formation;( adapted and modifi om Ref. (157), Copyright 2023, with permission
from Ivyspring IntemationQQxblisher.) b Bioprinted tubular bowel model using colon
specific extracellular ma@'x 10inks;( adapted and modified from Ref. (158), Copyright
2021, with permissio@kom Wiley-VCH GmbH) ¢ A 3D bioprinted colorectal cancer
model based on hyaluronic acid and signaling glycans;( adapted and modified from Ref.
(159), Copyri 22, with permission from the authors.) d Experimental results of
antitumor drig screening in a three-dimensional multicellular model; (adapted and
modifie m Ref. (160), Copyright 2023, with permission from the authors.) e Three
of the)fnost commonly used chemotherapeutic drugs were subjected to drug testing
results in a 3D bioprinted CRC model;( adapted and modified from Ref. (45), Copyright
2021, with permission from the authors.) f An illustration of hybrid nano-inks for multi-
nozzle micro-extrusion 3D printing of tumor models;( adapted and modified from Ref.
(161), Copyright 2022, with permission from American Chemical Society.) g
Methacryloyl (GelIMA)-nanoclay hybridized hydrogels induce and enrich colorectal
cancer stem cells;( adapted and modified from Ref. (162), Copyright 2022, with
permission from Wiley-VCH GmbH.) h Acoustic bioprinting of patient-derived
colorectal tumors and healthy organoids;( adapted and modified from Ref. (163),
Copyright 2022, with permission from the Royal Society of Chemistry.)




Cervical cancer

The 3D bioprinted cervical cancer model is one of the earlier three-dimensional
bioprinted tumor models studied. Professor Sun Wei's team at Tsinghua University(164)
reported an extruded 3D bioprinted Hela cells and gelatin/alginate/fibrinogen hydrogel
for constructing an in vitro model of cervical cancer in 2014. The 3D bioprinted model
of cervical cancer showed a high cell viability of up to 90%, maintained high
proliferative activity, tended to form cell spheroids, and found that the secretion of
matrix metalloproteinase (MMP)-2 and MMP-9 matrix metalloproteinases, which are
associated with tumor invasive migration, was significantly increased compared with
2D (Fig. 6a). In addition, after treatment with paclitaxel chemotherapeutic drug, a large
number of apoptotic cells, irregular cell morphology, loose cytoskeleton pattern, a
significant decrease in the average diameter of cell spheroids, and significanthy'lower
metabolic activity than that of the 2D control group could be observed in the 3D tumors.
This result was similarly validated in Gospodinova et al.'s model of Hela,biofabricated
by extruded 3D bioprinting of a highly viscous and thixotropic hydroxyethyl cellulose-
based hydrogel mixed with sodium alginate(165) (Fig. 6b). Professor Sun Wei's team
in 2018(166) again reported that a 3D bioprinted tumor spher¢unodel based on gelatin,
sodium alginate, matrix gel, and cervical cancer cells successfully induced the epithelial
mesenchymal transition (EMT) process in Hela cells by TGF-f (Fig. 6¢). It was found
that Smad2/3 was activated by TGF-f treatment pathway and promotes the expression
of the transcription factor Snail, which inhibits“the expression of E-cadherin and
induces the expression of Vimentin and N-cadherin, whereas the use of disulfiram (DSF)
and the EMT pathway inhibitor C19 to en¢lgpse TGF-f can successfully inhibit the EMT
of 3D bioprinted cervical cancer cells~IFhe EMT outcomes of 2D cultivated cells have
been demonstrated to differ from thgse of 3D bioprinting-based cervical cancer models,
which are anticipated to bg\'a novel model for assessing the efficacy of
chemotherapeutic drugs for ¢ervical cancer. Recently, Becconi(167) used platinum
nano-electrodes and scannihg electrochemical microscopy to characterize oxygen
concentration, a cruCial aspect of the cellular microenvironment, at high spatial
resolution in a tumQr model (Fig. 6d). He also quantitatively measured drug molecule
diffusion over fime in a tumor model, which can be used in the future to evaluate the
penetration ahd distribution of drugs in the body.

I beligvethat 3D bioprinting of cervical cancer models also holds great potential in
terms )of application. Compared to traditional 2D cell culture models, 3D bioprinted
models can better simulate the three-dimensional morphology and microenvironment
of tumors, presenting more realistic biological characteristics. As a result, they can
effectively evaluate the efficacy of different treatment strategies. Similar to 3D
bioprinting of colorectal cancer models, creating 3D bioprinted cervical cancer models
also requires high-precision printing techniques and complex equipment. Suitable
printing materials and processes are necessary to simulate the in vivo environment of
cervical cancer cells, thereby enhancing the biological similarity and reproducibility of
the models. Additionally, cervical cancer exhibits heterogeneity and individual
differences, which need to be considered for more detailed and personalized model
designs. Overall, the research and application of 3D bioprinted cervical cancer models



have broad prospects. They can help us better understand the development mechanisms
of the disease and evaluate the effectiveness of different treatment strategies, ultimately
providing more accurate and personalized treatment plans for patients.
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Fig. 6 A study of 3D bioprinted-cervical cancer models. a 3D printing of Hela cells and
gelatin/sodium alginate/fibrinogen hydrogels to construct an in vitro cervical cancer
tumor model and to §tady cell proliferation, matrix metalloproteinase protein (MMP)
expression and chemotherapy resistance;(adapted and modified from Ref. (164),
Copyright 2014%with permission from IOP Publishing Ltd.) b Cell viability determined
after 48 and“96 h of Paclitaxel treatment;(adapted and modified from Ref. (165),
Copyright 2021, with permission from Elsevier Ltd.) ¢ 3D bioprinted in vitro model of
cervicals cancer to study epithelial-mesenchymal transition (EMT) during cervical
cancer metastasis;(adapted and modified from Ref. (166), Copyright 2018, with
permission from IOP Publishing Ltd.) d Determination of Oxygen Concentration in
HeLa Spheres Using Micron Spatially Resolved Scanning Electrochemical Microscopy
for the Construction of Drug Diffusion Studies;(adapted and modified from Ref. (167),
Copyright 2023, with permission from the authors.)

Ovarian cancer

High-throughput automated 3D ovarian cancer model production is made possible
by combining extracellular matrix and ovarian cancer cells with 3D bioprinting. The
biofabrication of ovarian cancer has been accomplished using droplet bioprinting



techniques. Xu et al(168) used a droplet-based system to print OVCAR-5 (an epithelial
human ovarian cancer cell line) ovarian cancer cells and MRC-5 (normal human
fibroblast cell line) normal fibroblasts in a controlled spatial distribution on Matrigel
gel scaffolds to construct ovarian cancer micro-organisms in order to study the feedback
mechanism between tumor and stromal cells and provide a high-throughput drug
screening Tools (Fig. 7a). Wu(169) used an extrusion bioprinting platform to
biofabricate 3D ovaries (Fig. 7b). While the focus of this study was on isolated oocyte
maturation, ovarian cancer cell lines were used in the process of optimizing the
biocompatibility of the bioinks, which showed high cell viability during and after the
extrusion process. Baka et al. optimized the bioinks while investigating a variety of
biological characterizations of ovarian cancer, including viability and proliferation
assays, histology, and immunological staining, which laid the groundwork fer.studies
such as drug screening(170) (Fig. 7c). Luca et al(171) demonstrated«by~extrusion
bioprinting that murine double minute 4 (MDM4) was able to reducg the ability of
ovarian cancer cells to migrate and disseminate, while also impaiting intravascular
infiltration (Fig. 7d). Recently, Estermann proposed the creation,of-a 3D multicellular
tissue model, which offers a cutting-edge platform for researching how ovarian cancer
cells spread and may be crucial to the precise managementof malignancies(172) (Fig.
7e). As an emerging biofabrication technology, 3D biopfinfing in ovarian cancer models
has been reported less frequently, and although ovarian cancer cells have not been
investigated using techniques including inkjet bidprinting, laser-assisted bioprinting, or
stereolithography to date, these are promising techniques that, in combination with
synthetic bioinks with even more printabte, properties, could allow for the creation of
high-throughput 3D cancerous ovasian cell models and high-throughput drug
screening(173, 174).

Compared to traditional 2D cell'é@lture models, 3D bioprinted ovarian cancer models
have the advantage of betteér simulating the three-dimensional morphology and
microenvironment of tumers, presenting more realistic biological characteristics, and
thus can better evaluaterthe effectiveness of different treatment strategies. However,
when creating 3D bioprinted ovarian cancer models, it is necessary to carefully select
appropriate pririting materials, processes, and equipment to simulate the complex
biological enwironment of ovarian cancer cells in the body. In addition, ovarian cancer
exhibits ~heterogeneity and individual differences, requiring more detailed and
persanalized designs to create accurate models. To address these issues, researchers
need to continuously explore and improve the technology to enhance the biological
similarity and repeatability of 3D bioprinted ovarian cancer models. In summary, the
research and application of 3D bioprinted ovarian cancer models have broad prospects.
They can provide more accurate and reliable models for early detection of ovarian
cancer, formulation of treatment plans, and development of new drugs. However,
further exploration and improvement in technology and research are still needed in
order to fully realize its potential and bring greater benefits to patients.
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Fig. 7 A study of 3D bioprinted ovarian cancer models. a 3D printing of an in vitro co-
culture model of ovarian cancer based on a high-throughput cellular patterning platform
to study the feedback mechanism between tumor and stromal cells;(adapted and
modified from Ref. (168), Copyright 2011, with permission from Wiley-VCH Verlag
GmbH & Co. KGaA, Weinheim.) b Validation of GeIMA-Sodium Alginate Printing
Suitability by Shape and Integrity of Gel Fibers Printed with Bioinks;(adapted and
modified from Ref. (169), Copyright 2021, with permission from the authors.) ¢ 3D
bioprinted ovarian cancer model to study tumor viability and proliferation as well as
histological and immunological staining;(adapted and modified from Ref. (170),
Copyright 2023, with permission from Wiley-VCH GmbH.) d Extruded bioprinted



tumor model confirms MDM4's ability to reduce ovarian cancer cell migration and
propagation;(adapted and modified from Ref. (171), Copyright 2021, The Authors.) e
A 3D multicellular tissue model;(adapted and modified from Ref. (172), Copyright
2023, with permission from the authors.)

Neuroblastoma

Early childhood neuroblastoma is an extracranial solid tumor with a poor prognosis.
Finding patient-specific medication responses in tissue models that replicate the
interaction between a patient's cancer cells and the tumor environment is one method
for increasing cure rates.

Wu et al(175) demonstrated the value of using 3D tumor models in humans-for the
study of anticancer drugs by using pneumatic extrusion bioprinting to fabricate.a renal
neuroblastoma model and evaluate the efficacy of two chemotherapeuticidrugs (Fig.
8a). Nothdurfter(176) developed a perfused and microvascularized tumor
microenvironment model, which was constructed as a bioprinted, microvascularized
neuroblastoma-tumor-environment model by direct printing into,a microfluidic fluidic
chip providing a novel medium-throughput biofabrication platform for future precision
medicine research on cancer angiogenesis along _with migration (Fig. 8b).
Monferrer(177) used methacrylated alginate to studyi.the relationship between the
physicochemical signals of SK-N-BE (2) neuroblastema cells and the hardness of the
printable hydrogel, and to extrapolate the potential of how the spatial hardness of the
hydrogel could drive aspects of clinical behavior relevant to neuroblastoma patients
through 3D in vitro cellular models (Fig¢8c¢). Similarly, Lopez-Carrasco investigated
the effect of extracellular matrix stiffpess on genomic heterogeneity of neuroblastoma
cells(178). Bordoni et al(179) prepared bioinks based on cellulose nanofibers (CNF),
alginate, and single-walled carboh nanotubes (SWCNT) for 3D bioprinting of
conductive scaffolds in free=sferm reversibly embedded hydrogels (FRESH) (Fig. 8d).
The findings show that-c¢onductivity, with or without differentiation stimulation,
enhances the divisiorJef human neuroblastoma carcinoma cells (SH-SYSY cell line).
This study helps~te a better understanding of the pathogenic processes behind
neurodegenerative 1llnesses and offers a novel method for building simulated 3D brain
models in vitro:

The 3D bioprinting of neuroblastoma models is a highly promising research field.
Creating a 3D bioprinted neuroblastoma model requires careful selection of suitable
printing materials, processes, and equipment to accurately simulate the tissue structure
and cellular interactions of neuroblastoma. Additionally, the heterogeneity and
individual differences of neuroblastoma need to be considered in the design of the
model to make it more representative and reliable. Although research on 3D bioprinted
neuroblastoma models is still in its early stages, its prospects are promising. This
technology has the potential to provide more accurate and reliable models, aiding in a
deeper understanding of neuroblastoma and the development of more effective
treatment methods. However, continuous exploration and improvement in both
technology and research are needed to overcome current challenges and advance this
technology further. In brief, 3D bioprinting of neuroblastoma models is an exciting field



with tremendous potential. Through ongoing research and innovation, we hope to pave
new pathways for the understanding and treatment of neuroblastoma, ultimately
bringing better clinical outcomes for patients.
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Fig. 8 A study of 3D bioprinted \neuroblastoma models. a Pneumatic extrusion
bioprinting creates a renal npéuroblastoma model to assess the effects of two
chemotherapeutic agents;( adapted and modified from Ref. (175), Copyright 2021, with
permission from the authots’) b A tumor microenvironment model for perfusion and
microvascularizationg{-@dapted and modified from Ref. (176), Copyright 2022, with
permission from theauthors.) ¢ 3D bioprinted model to assess the effect of hardness on
neuroblastoma_€ell cluster dynamics and behavior;( adapted and modified from Ref.
(177), Copyright 2022, with permission from the authors.) d Free reversible embedded
hydrogel{ERESH) 3D bioprinted conductive scaffolds based on cellulose nanofibers
(CNE), alginate and single walled carbon nanotubes (SWCNT);( adapted and modified
from Ref. (179), Copyright 2020, with permission from the authors.)

Other tumor models

In addition to the above tumors, 3D bioprinted tumor models have been studied in
other human tumors, including pancreatic cancer, lung cancer, kidney cancer, bone
cancer, osteosarcoma, skin cancer, pituitary tumors, and leukemia. The most frequent
malignant pancreatic tumor is pancreatic ductal adenocarcinoma (PDAC). Hakobyan et
al(180) used laser-assisted bioprinting to create arrays of 3D pancreatic cell spheroids
and characterized their phenotypic evolution over time through image analysis and
phenotypic characterization due to the inability of existing 2D cell culture models to



mimic the three-dimensional complexity of pancreatic tissues (Fig. 9a). These
bioprinted spheres made of follicular and ductal cells may be able to mimic the early
phases of PDAC development, according to the data. This model could offer fresh
perspectives for potential PDAC therapy approaches in the future. The findings imply
that these bioprinted spheres made of ductal and alveolar cells are capable of simulating
the early phases of PDAC development. This model could offer fresh perspectives on
potential PDAC therapy approaches in the future. Wang(181) used cryo-molded 3D
bioprinting to construct a 3D tumor model of pulmonary carcinoma, that could maintain
activity for up to 28 days in vitro and confirmed at the molecular level that lung cancer
cells demonstrated enhanced invasiveness and migration (Fig. 9b). Herrada-Manchon
used a similar approach to bioprint a 3D model of renal cancer that survived for-at least
15 days in vitro and self-assembled within hydrogels to build similar functioralized
tunneling nanotube-like structures(182) (Fig. 9¢c). Based on alginate/gelatin hydrogels,
the addition of bioglass increases the proliferation and mineralizatio?,0f bioprinted
Sa0S-2 cells(183), but these osteoblast-like cells cultured in vitro~can be directly
transformed into osteosarcoma-like models(184).In addition, bone microenvironment-
based models of metastatic cancer are not infrequently reported, Such as breast cancer
bone metastasis models(185, 186) and prostate cancer bone 'metastasis(187, 188). Wu
used coaxial bioprinting to construct a 3D model of multiple myeloma in vitro, which
can release interleukin 6 (IL-6), and attempted to_explore related targeted sensitizing
drugs in trials(189) (Fig. 9d). In order to creat¢\an in vitro melanoma micro-model,
Duan(190) used 3D printing to create gelatin® methacryloyl(GelMA)/ Polyethylene
(glycol) diacrylate(PEGDA) scaffolds made of composites, which resembled the
environmental conditions associated with human malignancy in melanoma cell (A375)
growth (Fig. 9¢). Based on this m@del, it was discovered that lignocaine's effects on
melanoma cells were time- and- dose-dependent and that tumor cells in the 3D culture
system became increasingly-ifisensitive towards the drug. Diao et al(191) constructed a
growth hormone pituitary” adenoma model using extrusion bioprinting, and
comparisons revealed)that pituitary adenoma cells in the 3D environment exhibited
more active cell cycle progression, secretion, proliferation, invasion, and tumorigenesis,
which could help, to study the etiology and treatment of pituitary adenomas in depth
(Fig. 9f). Im“addition, by combining hydrogel with leukemia cells to create cell-
containing\scaffolds, Sbrana et al(192) were able to 3D bioprint leukemia cells
effectively, improve their in vitro viability, which could be maintained for up to 28 days,
and create reproducible models of long-term 3D culture. The result was an in vitro
model of chronic lymphocytic leukemia. We discovered changes in the gene expression
patterns between 2D and 3D samples by RNA sequencing (RNAseq) research,
demonstrating that cells behave differently in two distinct culturing settings. This will
make it possible to conduct more trustworthy investigations of the molecular and
cellular interactions that take place in vivo under both normal and malignant
circumstances. It may also be applied clinically to assess how each person reacts to
various medications.
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Fig. 9 Three-dimensional biopfiffing of multiple cellular tumor models. a Laser-
assisted bioprinting to fabrieate3D pancreatic cell sphere arrays;( adapted and modified
from Ref. (180), Copyright 2020, with permission from IOP Publishing Ltd.) b
Cryomolding 3D biogtinting to construct 3D tumor models of lung cancer to study the
invasiveness and migration of lung cancer cells;( adapted and modified from Ref. (181),
Copyright 2018, with permission from Springer-Verlag GmbH Germany, part of
Springer Nature.) ¢ 3D bioprinting to construct kidney cancer models and self-assembly
within hydeogels to build functionalized tunneling nanotube-like structures;( adapted
and modified from Ref. (182), Copyright 2021, with permission from Elsevier B.V.) d
Coaxial bioprinting to construct 3D models of multiple myeloma in vitro and explore
related targeted sensitizing drug trials;( adapted and modified from Ref. (189),
Copyright 2021, with permission from Wiley-VCH GmbH.) e In vitro construction of
a micromodel of melanoma to study its drug resistance;( adapted and modified from
Ref. (190), Copyright 2022, with permission from the authors.) f Extrusion bioprinting
to construct a growth hormone pituitary adenoma model to study its intrinsic
characteristics; (adapted and modified from Ref. (191), Copyright 2019, with
permission from IOP Publishing Ltd.)

The development of 3D bioprinting of tumor models is widely regarded as a



significant advancement in medical research. By creating more realistic and reliable
tumor models, researchers can better understand the biological characteristics,
progression, and treatment responses of tumors. This helps accelerate drug screening
and development, and improves the personalization and precision of treatments. On the
other hand, some people have concerns about the ethical and legal issues that 3D
bioprinting of tumor models may raise. Furthermore, the development of 3D
bioprinting of tumor models also faces technical challenges and cost issues. The current
technology is still in its early stages and requires constant improvement and innovation
to enhance the accuracy and reliability of the models. Additionally, the high cost of
equipment and materials also limits the widespread application of this technology.
Overall, most people believe that 3D bioprinting of tumor models is a promising and
prospective research field. It provides scientists with better tools to study tumors and
lays the foundation for the future development of personalized treatments,“However,
while advancing this technology, we also need to carefully consider the gthical and legal
aspects and continuously strive to overcome technical challenges.
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Fig. 10 Schematic of 3D bioprinted tumor model application study. Construction of the
tumor microenvironment(adapted and modified from Ref. (193), Copyright 2021, with
permission from the author.); Tumor vascularization (adapted and modified from Ref.
(110), Copyright 2021, with permission from the authors.); Tumor stem cell (adapted
and modified from Ref. (102), Copyright 2022, with permission from American



Chemical Society); Tumor therapy tolerance and drug screening (adapted and modified
from Ref. (100), Copyright 2016, with permission from IOP Publishing Ltd.); Tumor
immunotherapy (adapted and modified from Ref. (194), Copyright 2021, with
permission from the author.); Tumor precision medicine(adapted and modified from
Ref. (195), Copyright 2018, with permission from Elsevier Ltd.); 3D bioprinted tumor
model (adapted and modified from Ref. (134), Copyright 2022, with permission from
IOP Publishing Ltd.)

Construction of the tumor microenvironment

The milieu in which tumor cells thrive is known as the tumor microenvironment and
is intimately connected to carcinogenesis, development, invasion, and metastasis. It
typically consists of tumor cells, malignant vessels, stromal parts and hostimmune cells.
Constructing a simulated 3D tumor microenvironment can be bettercused for basic
tumor research and anticancer drug screening. Conventional 2D models are unable to
simulate the tumor microenvironment, especially when it comesto 0xygen and nutrient
availability, and thus are so restricted as bionic models for fuidamental tumor biology
research or evaluating anticancer drugs(196, 197). In a cemputer-controlled layer-by-
layer process, 3D bioprinting enables precise localisatidn of cells and biomaterials and
preserves cell viability(3). As a result, it is viewed assawiable route for developing tissue
architectures that capture the complicated nafure of the tumor microenvironment's
composition and geometry(198). For instance, multicellular spheroids developed in
hydrogel grids uniformly loaded with Helga,cells, a cervical cancer cell line, in less than
five days of culture, and tumor cells inythis 3D environment were more resistant to the
anti-tumor chemotherapeutic drug. paclitaxel than in a 2D environment(164).
Additionally, 3D bioprinted mi¢todrray tumor models replicated the specificity and
diversity of patient responsé’to radiation seen in the clinic and described the
biochemical and biophysigal features of glioblastoma(78). Using 3D printing, breast
cancer cells, periphetal blood mononuclear cells, and fibroblasts were created in the
same hydrogel milieu to study the self-assembly and co-culture of various cell
types(199). Despite neither of the model tissues created thus far can exactly duplicate
every aspect*of the tumor microenvironment, the majority of them offer insightful
information’on tumor biology.

Tumor vascularization

Compared with traditional methods for studying tumor angiogenesis (including 2D
culture and animal models), 3D culture provides tumor cells with the geometry and
microenvironment required for cell growth in vivo, promotes cell-cell and extracellular
matrix interactions, and is closer to in vivo tissues in terms of cell proliferation,
migration, invasion, cell signaling, and gene expression, which lays the foundation for
studying the mechanisms of tumor angiogenesis and development(107, 200-203).

Numerous 3D models have been created recently by researchers to explore malignant
angiogenesis. Wang(204) developed a 3D hydrogel co-culture model containing glioma
cells and endothelial cells. The use of a porogenic agent caused endothelial cells to form



vascular-like structures in the 3D hydrogel. The findings demonstrated that the 3D
model dramatically boosted glioma cell proliferation while considerably reducing the
expression of endothelial cell adhesion proteins. Meng et al(205) constructed a 3D
model containing tumor cells, human umbilical vein endothelial cells (HUVEC), and
fibroblasts using gelatin-methacrylic acid bioinks and studied tumor vascularization by
laser-induced loading of vascular endothelial growth factor (VEGF)/EGF capsules for
slow release of vascular growth factors to form a chemical concentration gradient.
Understanding endothelial cell vascularization in the constructed 3D tumor
angiogenesis model requires better utilization of the biological functions of tumor cells
in the co-culture system. This is because tumor cells can participate in tumor
angiogenesis by means other than direct transdifferentiation into endothelial cells(206).
Furthermore, by secreting vascular growth factors on their own, tumor cells can/attract
and persuade peripheral endothelial cells to take part in tumor neovasculagization(207).
Hence, the key to understanding tumor angiogenesis is to build a modeithat optimizes
the fundamental biological characteristics of tumor cells. Chen’s(208) model of a
perfusable vascular network was created using a 3D bioprinting platform. In
the research, mouse fibroblasts and human umbilical vein endothelial cells were co-
cultured, and both single and multicellular sprouts wereyshown to move from the
created vascular network into the matrix gel. Sousa(209) Simulated vascular basement
membranes by combining 3D printing with layered assembly techniques to embed
biologically active 3D multilayered microchannels'in light-cured hydrogels and planted
endothelial cells in them to construct tissue.vascularization networks. However, these
attempts have mainly focused on the use of'3D printing technology to create geometries
that resemble vascular systems, and the r€levance and function of 3D bioprinted tumor
cells, particularly printed tumor cells, in tumor angiogenesis have not received much
attention. Tao Xu(99) constructéd gelatin/sodium alginate/fibrinogen hydrogel
scaffolds loaded with glioma'cells U118 using 3D bioprinting technology, and found
that the content of VEGFAnr the cultured glioma cells was increased in the 3D bioprinted
tumor model, which@uaggests that the tumor model created by 3D bioprinting might
deserve to be investigated for the vascularization of tumors. The 3D bioprinted tumor
model could better mimic the in vivo tumor microenvironment than the traditional 2D
culture. In fatther studies, Tao Xu's team constructed a 3D bioprinted tumor model of
glioma stema cells and found that the microenvironment provided by the 3D printed
tumof)model not only promoted the growth and proliferation of stem cells, but also the
ability of glioma stem cells to secrete VEGF, the expression of genes related to tumor
angiogenesis, and the ability of vascularization in vitro were all improved(98). In
addition, current research indicates that 3D bioprinted glioma cells may be able to
transdifferentiate into endothelial cells(210).

Tumor stem cells

The capacity to renew themselves and create diverse tumor cells is possessed by
tumor stem cells, which are crucial for the survival, growth, metastasis, and recurrence
of cancers(211). For the purpose of researching the biological activity of tumor stem
cells, building an accurate 3D model of tumor stem cells is crucial. Investigations have



demonstrated that 3D bioprinted glioma stem cells are more stable in their proliferation
than typical suspension cultured glioma stem cells, with more numerous mitochondria
and rough endoplasmic reticulum in the stem cells as well as a significant number of
long microvilli on the cell surface. Not only that, in vitro 3D bioprinted glioma stem
cells had higher cell stemness, expression of tumor angiogenesis-related genes, and
angiogenic potential than suspension culture conditions(98). Using a 3D printing
platform, Herreros-Pomares(212) created a model of lung cancer that is not small-cell
carcinoma. It was discovered that the proliferation profile of tumor stem cells was
enhanced on rigid scaffolds compared to culture on hydrogel scaffolds or tumor
spheroids. However, tumor stem cells grew better in hydrogel scaffold or tumorsphere
culture. The majority of the stemness and invasion promoters evaluated were strongly
expressed by tumor stem cells in 3D hydrogel scaffolds compared to control cells'in 2D
culture, according to gene expression analyses. The findings demonsfrate that, in
comparison to in vivo 2D culture models, 3D printed hydrogel scaffolds may more
accurately replicate the complexity of tumors and control the biological activities of
tumor stem cells. Tao Xu's team constructed a glioma model by, 3D bioprinting using
gelatin/sodium alginate/fibrinogen as biomaterials to enrich glioma stem cell-like cells.
Compared with the traditional 2D culture model, the propottion of stem cell-like cells,
expression of stem cell biomarkers and epithelial-mesenchymal transition-related genes
in glioma cells cultured in 3D bioprinted hydrogel scaffolds were significantly
increased. Glioma cells on 3D bioprinted scaffélds made of hydrogel also exhibited
increased tumorigenicity and stronger treatthént resistance in vitro. The hypoxic
environment and the activation of epithelial-mesenchymal transition together promoted
the enriching of glioma stem cell-like. cells, and it was shown that the hydrogel
microenvironment constructed by 3D bioprinting provided a new platform for glioma
stem cell enrichment studies(99):

Tumor therapy tolerange’and drug screening

Surgical excision dleng with postoperative radiation, chemotherapy, and additional
complete therapies s the primary form of treatment for the majority of cancers.
Nevertheless, séime malignant tumors, such as glioblastoma, are not ideally treated with
post-surgical radiotherapy, and the recurrence of malignant tumors is mostly due to the
tumor cells¥resistance to chemotherapeutic treatments. Since the 2D culture model of
traditipnal methods for studying tumors has many defects, the creation of an optimal in
vitro model is required to investigate the drug resistance and invasiveness of tumor cells.

Compared with traditional 2D cell culture, 3D tumor models could more realistically
emulate the tumor microenvironment by 3D bioprinting technology, which can help to
further elucidate the basic mechanisms of tumorigenesis and development, study the
behavior of tumor cells, screen drugs and develop effective clinical treatments. Basic
research on 3D bioprinted tumor models is expected to be a bridge to actual clinical
diagnosis and treatment. In the future, we may create customized tumor models for
patients using 3D bioprinting technology, evaluate the effects of drug therapy in vitro,
offer details on the best medication kind and dose, and create customized tumor
therapies for patients. By reproducibly producing 3D cell-hydrogel structures,



bioprinting technology has been able to address these criteria and produce intricate,
high-throughput disease models. These models incorporate extracellular stressors and
component regulation, pharmacological therapy, and studies of illness development, all
of which might be helpful in better comprehending and eventually treating disease. A
high-throughput bioprinted spherical system for disease modeling has been developed
by Nano3D Bioscience. Their commercial equipment can create spheres for up to 384-
well plates using magnetic 3D bioprinting. Publications based on their 3D bioprinting
system technology include, among other things, cancer disease models and toxicity
screening. Organovo is a publicly traded company in the pharmaceutical industry that
produces a wide variety of tissue-engineered, bioprinted high-throughput models for
drug screening, and they also create cancer disease modeling and screening models that
use a variety of cell types and associated ECM components to bioprint tumerthodels
and form microcapillaries, which are then subjected to chemotherapy testing-and high-
throughput drug screening.

Tumor immunotherapy

One of the characteristics of cancer and a frequent ‘etcurrence in the tumor
microenvironment is tumor immune escape(213). Therefor®, targeted therapy focusing
on immune cells has become the most promising anti-tumor therapy(214). Compared
with traditional cell culture technology, 3D bioprinting platform from technology can
achieve the model construction of the muilticellular complex tumor immune
microenvironment, so its use for in vitro immune-targeted therapy for tumor research
and development is highly expected.

The most promising treatment opfion for autoimmune disorders, cancer, and
infections is now T-cell immunothérapy. T-cell therapies cannot, however, be widely
used due to the ineffective growtlizfunctional flaws of isolated cells, and high cost of
these treatments. The key liesan the development of an affordable, easily expandable
and accessible method to-mdintain a population of T cells that maintains good cancer-
targeting function of iinune cells. Delalat et al(215) used 3D-printed highly-organized
micrometer lattice \structures functionalized by plasma polymerization to bind
monoclonal antibodies that cause cell proliferation to facilitate the expansion of
therapeutic hsman T cell subsets, including regulatory, effector, and cytotoxic T cells,
while maintaining the correct phenotype. The cell expansion platform is easy to use,
accel€rates cell recovery and expansion, and promises to be an ideal way to move T-
cell therapies from the lab to the clinic. Chimeric antigen receptor (CAR) T cells are
the current hotspot for tumor immunotherapy, but CAR-T therapy also faces the validity
of 2D cell therapy in vitro, while animal and clinical trials are often unsatisfactory, and
the validity of CAR-T therapy in 3D solid tumors is only more convincing. A 3D
neuroblastoma tumor model was created via bioprinting by Grunewald et al(194) for
the preclinical validation of CAR T cell effector function targeting L1 cell adhesion
molecule (LICAM). According to the findings, the 3D model exhibits a greater
activation of LICAM-specific CAR T cells by neuroblastoma cells than the 2D co-
culture. Bioprinted 3D neuroblastoma models are a superior in vitro analytical tool for
preclinical CAR T cell characterization, and they may even be better at selecting CAR



T cells that can better exert their effects in vivo than in 2D culture. They are suitable for
detecting and quantifying CAR T cells infiltrating in tumors, speeding up preclinical
testing and reducing cost and animal use.

Kim(216) developed a bladder cancer microarray including tumor cells, vascular
endothelial cells, and immune cells to mimic the tumor microenvironment using 3D
bioprinting and microfluidics, and assessed the immune response of the tumor model
to different concentrations of Bacillus Calmette-Guerin (BCG) vaccine by THP-1
monocyte migration and the concentration of growth factors and cytokines. The use of
3D bioprinted bladder cancer for BCG immunotherapy applications is expected to be
an effective tool for analyzing drug responses, opening up new directions for the
development of precision medicine for tumor immunotherapy as well as for the
utilization of patient-derived cancer cells for tailored therapeutic applicationss:

Tumor precision medicine

Precision medicine in oncology is a therapeutic approach based on genetic
information that is intimately tied to the tumor disease's pathogenesis and is a tool that
clinicians can use to determine the treatment of a patient's tumor: There may be specific
mutations directly associated with tumorigenesis. Howeyer, not all mutations are
therapeutically relevant, but they can provide information on disease characterization
as they are major drivers of pathology. In this context, the use of in vitro simulated 3D
tumor culture models allows tumor tissue to be ¢xtracted from patients for culture and
extended to in vitro 3D tumor models for\study, while still maintaining parental
genotype characteristics in vivo(174, 217H. A significant variety of patient-specific
tumor disease models may be produced.using 3D bioprinting and human-derived tumor
tissue or cells. These models can be used independently or in conjunction with clinical
trials through precision medicinéuiiitiatives. Precision medicine not only helps patients
in the short term, but also cellects large amounts of data for long-term studies of disease
progression and response’ to drug therapy. Thus, precision medicine, defined as
individualized diagnesis and treatment using strategies that target patient- or disease-
specific genetic, ptoteomic, and phenotypic traits(218), is critical to the success of
patient-directed<diagnosis and treatment. The behavior, progression, and response to
pharmacological therapy of patient cell populations have been cultured and expanded
using 3D-¢ell culture models. These models can be used to predict how primary cultured
cells@nd patients will respond to treatment since they use fewer cells to replicate the in
vivo milieu. Additionally, patient cells can be used to make customized models that are
better suited to a patient's particular ailment than cell lines that are readily available
commercially. These studies are superior to disease models using cell lines because
each patient has a unique mutation, and they offer insight into genetic variants, cell type
mixtures, and patient-specific variants. This allows investigators and sufferers to
have additional personalized knowledge of their specific illness state.

Precision medicine's present use of 3D bioprinted tumor models is still in its early
stages(219). In vitro 3D cell culture involves the isolation of tissue directly from the
patient, followed by further single-cell isolation and ECM reconstruction. In order to
obtain whole lineage cell types and ECM components from patient-diseased tissue or



biopsies, cells can be isolated and expanded in 2D culture. Additionally, patient cell
expansion is necessary for high-throughput 3D bioprinting precision medicine
applications because it enables the simultaneous fabrication of numerous replicable 3D
culture systems(220). It is difficult to expand patient cells from tissues, particularly
when dealing with cell numbers, the tumor microenvironment, whole cell lineages, and
stromal components. Culture expansion using human induced pluripotent stem cells
(hiPSCs) before differentiation to produce millions of cells that differentiate into the
desired diseased cell type may be an alternative. Although current methods have
limitations, as expansion takes time and may produce tumor models that lose parental
characteristics, it is still currently the best option. Precision medicine is an emerging
field of extreme interest to clinicians, patients, and researchers. A huge number of
clinical oncology patients should be able to receive precision medicine thanks’to the
application of 3D bioprinting in tumor disease prediction models and high-<throughput
drug screening(22, 221).

Challenges and perspectives

The initial bioprinted tumor models were relatively simpl¢,, typically involving the
arrangement and assembly of tumor cells or other relevant sell types using bioprinting
technology to form a basic tumor structure. However, tHes¢ models lacked the complex
reconstruction of the tumor microenvironment. In\contrast, current 3D bioprinted
tumors offer several advantages in terms 0f “complexity, biological similarity,
controllability, and application prospects. They‘Can more accurately simulate the tumor
microenvironment by adjusting printing, parameters and cell assembly, thereby
achieving consistent and comparable, tumor models. Bioprinted tumors have been
widely used in areas such as drug.screening, personalized medicine, and surgical
simulation, playing a crucial role‘W¥ddvancing tumor research and treatment. Therefore,
further research and application of bioprinted tumor models are imperative.

Precision therapy helps/physicians make more informed medical decisions while
providing customize@-treatments for patients and improving the service level of
personalized care for patients or groups of patients. In the future, 3D bioprinting for
precision therapy, can first obtain tumor cells from the patient's body to build a tumor
model in vifro* for screening out sensitive chemotherapeutic drugs, and then print
normal tissdes in the residual cavity of the patient's resected tumor after obtaining the
patiefit'ssnormal cell expansion combined with the sensitive chemotherapeutic drugs as
bio-ink to promote the repair and regeneration of the tissues and to prevent the
recurrence of the tumor. Owing to the complexity involved in designing precisely
tailored tumor models and products, their production and delivery remain challenging.
Therefore, in-depth knowledge and detailed research are still needed for the future
development of a unique state-of-the-art model that will ultimately lead to precision
therapy.

The development of 3D bioprinted replicas of tumors may significantly alter how
healthcare professionals approach cancer prevention, diagnosis, and therapy. Future 3D
bioprinting technology, which may be combined with gene editing technology, artificial
intelligence technology and biochip technology, can establish more accurate tumor



model prediction models and achieve high-throughput tumor drug screening, thus
improving screening efficiency and saving the cost of tumor drug development, and
further promoting the development of precision treatment of tumors. Combined with in
vitro organ culture and tissue engineering technology, 3D bioprinted cancer models can
simulate the environment of real human organs and better evaluate the safety and
effectiveness of tumor therapy drugs. In conclusion, in the future, 3D bioprinting
technology can be combined with a variety of new technologies to continuously
advance the development of tumor models and provide more accurate, rapid and safe
solutions for precision tumor therapy.

Declaration of Competing Interest
There are no conflicts to declare.

Acknowledgments

This article was partially supported by Anhui Provincial Natural Sefence Foundation
(2208085MH251), the Anhui Medical University Scientific «sResearch Fund (No.
2021xkj131), Anhui Provincial Department of Education Higher Education Provincial
Quality Engineering Project (2022jyxm761), the Basi¢yand Clinical Cooperative
Research and Promotion Program of Anhui Medical University (2022xkjT024).

References

1. O'Connor C, Brady E, Zheng Y, Moore E, Stevens\KR. Engineering the multiscale complexity of
vascular networks. Nat Rev Mater. 2022:1-15. Epub 2022/06/08. doi: 10.1038/s41578-022-00447-8.
PubMed PMID: 35669037; PubMed Central PM€ID: PMCPMC9154041.

2. Derby B. Printing and prototyping of tissues and scaffolds. Science. 2012;338(6109):921-6. Epub
2012/11/20. doi: 10.1126/science.1226340. PubMed PMID: 23161993.

3. Murphy SV, Atala A. 3D bioprirting of tissues and organs. Nature biotechnology. 2014;32(8):773-
85. Epub 2014/08/06. doi: 10,1038/nbt.2958. PubMed PMID: 25093879.

4. Fonseca AC, Melchels-FPW, Ferreira MJS, Moxon SR, Potjewyd G, Dargaville TR, et al. Emulating
Human Tissues and Qrgans: A Bioprinting Perspective Toward Personalized Medicine. Chem Rev.
2020;120(19):11128-74. Epub 2020/09/17. doi: 10.1021/acs.chemrev.0c00342. PubMed PMID:
32937071; PubMed Central PMCID: PMCPMC7645917.

5. Datta~PyAyan B, Ozbolat IT. Bioprinting for vascular and vascularized tissue biofabrication. Acta
Biomaters 2017;51:1-20. Epub 2017/01/15. doi: 10.1016/j.actbio.2017.01.035. PubMed PMID:
28087487.

6. Wu W, DeConinck A, Lewis JA. Omnidirectional printing of 3D microvascular networks. Adv Mater.
2011;23(24):H178-83. Epub 2011/03/26. doi: 10.1002/adma.201004625. PubMed PMID: 21438034.

7. Huh D, Leslie DC, Matthews BD, Fraser JP, Jurek S, Hamilton GA, et al. A human disease model of
drug toxicity-induced pulmonary edema in a lung-on-a-chip microdevice. Sci Transl Med.
2012;4(159):159ra47. Epub 2012/11/09. doi: 10.1126/scitranslmed.3004249. PubMed PMID:
23136042; PubMed Central PMCID: PMCPM(C8265389.

8. Capulli AK, Tian K, Mehandru N, Bukhta A, Choudhury SF, Suchyta M, et al. Approaching the in vitro
clinical trial: engineering organs on chips. Lab Chip. 2014;14(17):3181-6. Epub 2014/05/16. doi:
10.1039/c4lc00276h. PubMed PMID: 24828385; PubMed Central PMCID: PMCPMC4117800.



9. Matsusaki M, Sakaue K, Kadowaki K, Akashi M. Three-dimensional human tissue chips fabricated
by rapid and automatic inkjet cell printing. Adv Healthc Mater. 2013;2(4):534-9. Epub 2012/11/28. doi:
10.1002/adhm.201200299. PubMed PMID: 23184899.

10. Yi HG. Introduction to bioprinting of in vitro cancer models. Essays Biochem. 2021;65(3):603-10.
Epub 2021/05/25. doi: 10.1042/EBC20200104. PubMed PMID: 34028520.

11. Daly AC, Prendergast ME, Hughes AJ, Burdick JA. Bioprinting for the Biologist. Cell. 2021;184(1):18-
32. Epub 2021/01/09. doi: 10.1016/j.cell.2020.12.002. PubMed PMID: 33417859.

12. Billiet T, Vandenhaute M, Schelfhout J, Van Vlierberghe S, Dubruel P. A review of trends and
limitations in hydrogel-rapid prototyping for tissue engineering. Biomaterials. 2012;33(26):6020-41.
Epub 2012/06/12. doi: 10.1016/].biomaterials.2012.04.050. PubMed PMID: 22681979.

13. Wust S, Muller R, Hofmann S. Controlled Positioning of Cells in Biomaterials-Approaches-Towards
3D Tissue Printing. J Funct Biomater. 2011;2(3):119-54. Epub 2011/01/01. doi: 10.3390/jfb2030119.
PubMed PMID: 24956301; PubMed Central PMCID: PMCPMC4030943.

14. Shanks N, Greek R, Greek J. Are animal models predictive for humans? Philos Ethiics’"Humanit Med.
2009;4:2. Epub 2009/01/17. doi: 10.1186/1747-5341-4-2. PubMed PMID: 19146696; PubMed Central
PMCID: PMCPM(C2642860.

15. Unadkat HV, Hulsman M, Cornelissen K, Papenburg BJ, Truckenmuller ‘RK, Carpenter AE, et al. An
algorithm-based topographical biomaterials library to instruct cell fate. Proc Natl Acad Sci U S A.
2011;108(40):16565-70. Epub 2011/09/29. doi: 10.1073/pnas.1109861108. PubMed PMID: 21949368;
PubMed Central PMCID: PMCPM(C3189082.

16. Wang P, Sun 'Y, Shi X, Shen H, Ning H, Liu H. 3D printing*of tissue engineering scaffolds: a focus on
vascular regeneration. Biodes Manuf. 2021;4(2):344-Y8."doi: 10.1007/s42242-020-00109-0. PubMed
PMID: 33425460.

17. Skardal A, Atala A. Biomaterials foraintegration with 3-D bioprinting. Ann Biomed Eng.
2015;43(3):730-46. Epub 2014/12/06. doi{'10.1007/s10439-014-1207-1. PubMed PMID: 25476164.
18. Xu T, Zhao W, Zhu JM, Albanna MZ/Yoo JJ, Atala A. Complex heterogeneous tissue constructs
containing multiple cell types prepdred by inkjet printing technology. Biomaterials. 2013;34(1):130-9.
Epub 2012/10/16. doi: 10.1016/j.biomaterials.2012.09.035. PubMed PMID: 23063369.

19. Mal, Yus, Xu X, Mosés,Amadi S, Zhang J, Wang Z. Application of artificial intelligence in 3D printing
physical organ models. Materials today Bio. 2023;23:100792. Epub 2023/09/25. doi:
10.1016/j.mtbio.2023.100792. PubMed PMID: 37746667; PubMed Central PMCID: PMCPMC10511479.
20. Albrittondly, Miller JS. 3D bioprinting: improving in vitro models of metastasis with heterogeneous
tumor micrgenvironments. Dis Model Mech. 2017;10(1):3-14. Epub 2017/01/10. doi:
10.1242/dmm.025049. PubMed PMID: 28067628; PubMed Central PMCID: PMCPM(C5278522.

21. Vendramin R, Litchfield K, Swanton C. Cancer evolution: Darwin and beyond. EMBO J.
2021;40(18):e108389. Epub 2021/08/31. doi: 10.15252/embj.2021108389. PubMed PMID: 34459009;
PubMed Central PMCID: PMCPM(C8441388.

22. Jung M, Ghamrawi S, Du EY, Gooding JJ, Kavallaris M. Advances in 3D Bioprinting for Cancer Biology
and Precision Medicine: From Matrix Design to Application. Adv Healthc Mater. 2022:€2200690. Epub
2022/07/23. doi: 10.1002/adhm.202200690. PubMed PMID: 35866252.

23. Ouyang L. Pushing the rheological and mechanical boundaries of extrusion-based 3D bioprinting.
Trends in biotechnology. 2022;40(7):891-902. doi: 10.1016/j.tibtech.2022.01.001. PubMed PMID:
35094846.

24. LiX, Liu B, Pei B, Chen J, Zhou D, Peng J, et al. Inkjet Bioprinting of Biomaterials. Chemical reviews.



2020;120(19):10793-833. Epub 2020/09/10. doi: 10.1021/acs.chemrev.0c00008. PubMed PMID:
32902959.

25. Goodarzi Hosseinabadi H, Dogan E, Miri AK, lonov L. Digital Light Processing Bioprinting Advances
for Microtissue Models. ACS Biomater Sci Eng. 2022;8(4):1381-95. Epub 2022/04/01. doi:
10.1021/acsbiomaterials.1c01509. PubMed PMID: 35357144,

26. Enrico A, Voulgaris D, Ostmans R, Sundaravadivel N, Moutaux L, Cordier A, et al. 3D
Microvascularized Tissue Models by Laser-Based Cavitation Molding of Collagen. Adv Mater.
2022;34(11):e2109823. Epub 2022/01/15. doi: 10.1002/adma.202109823. PubMed PMID: 35029309.
27. Brunel LG, Hull SM, Heilshorn SC. Engineered assistive materials for 3D bioprinting: support baths
and sacrificial inks. Biofabrication. 2022;14(3). Epub 2022/04/30. doi: 10.1088/1758-5090/ac6bbe.
PubMed PMID: 35487196.

28. Wang H, Yu H, Zhou X, Zhang J, Zhou H, Hao H, et al. An Overview of Extracellular Mattix-Based
Bioinks for 3D Bioprinting. Front Bioeng Biotechnol. 2022;10:905438. Epub 2022/06/02. doi:
10.3389/fbioe.2022.905438. PubMed PMID: 35646886; PubMed Central PMCID: PMGPMC9130719.
29. Zhou K, Sun, Yang J, Mao H, Gu Z. Hydrogels for 3D embedded bioprinting: a focused review on
bioinks and support baths. J Mater Chem B. 2022;10(12):1897-907.« Epub 2022/02/26. doi:
10.1039/d1tb02554f. PubMed PMID: 35212327.

30. Shrestha S, Lekkala VKR, Acharya P, Siddhpura D, Lee MY. Receht advances in microarray 3D
bioprinting for high-throughput spheroid and tissue culture ahd analysis. Essays in biochemistry.
2021;65(3):481-9. doi: 10.1042/ebc20200150. PubMed PMID: 34296737.

31. Touya N, Devun M, Handschin C, Casenave S, Ahmed Omar N, Gaubert A, et al. In vitroandin
vivocharacterization of a novel tricalcium silicate-basedhink for bone regeneration using laser-assisted
bioprinting. Biofabrication. 2022;14(2). doi: 10.1088/1758-5090/ac584b. PubMed PMID: 35203068.
32. Mondschein RJ, Kanitkar A, Williams €By. Verbridge SS, Long TE. Polymer structure-property
requirements for stereolithographic 3D frinting of soft tissue engineering scaffolds. Biomaterials.
2017;140:170-88. doi: 10.1016/j.biomatéfials.2017.06.005. PubMed PMID: 28651145.

33. Sharma R, Restan Perez M, da Silva VA, Thomsen J, Bhardwaj L, Andrade TAM, et al. 3D bioprinting
complex models of cancer,.Bidmaterials science. 2023;11(10):3414-30. Epub 2023/04/01. doi:
10.1039/d2bm02060b. PGbMed PMID: 37000528.

34. Li W, Wang M, Ma\H, Chapa-Villarreal FA, Lobo AO, Zhang YS. Stereolithography apparatus and
digital light processing-based 3D bioprinting for tissue fabrication. iScience. 2023;26(2):106039. Epub
2023/02/11. do6i;>10.1016/j.isci.2023.106039. PubMed PMID: 36761021; PubMed Central PMCID:
PMCPM(C9906021.

35. @Udapati H, Dey M, Ozbolat I. A comprehensive review on droplet-based bioprinting: Past, present
and future. Biomaterials. 2016;102:20-42. Epub 2016/06/20. doi: 10.1016/j.biomaterials.2016.06.012.
PubMed PMID: 27318933.

36. Liu J, Shahriar M, Xu H, Xu C. Cell-laden bioink circulation-assisted inkjet-based bioprinting to
mitigate cell sedimentation and aggregation. Biofabrication. 2022;14(4). doi: 10.1088/1758-
5090/ac8fb7. PubMed PMID: 36067747.

37. Habeshian S, Merz ML, Sangouard G, Mothukuri GK, Schittel M, Bognar Z, et al. Synthesis and
direct assay of large macrocycle diversities by combinatorial late-stage modification at picomole scale.
Nature communications. 2022;13(1):3823. doi: 10.1038/s41467-022-31428-8. PubMed PMID:
35780129.

38. DornhofJ, Zieger V, Kieninger J, Frejek D, Zengerle R, Urban GA, et al. Bioprinting-based automated



deposition of single cancer cell spheroids into oxygen sensor microelectrode wells. Lab on a chip.
2022;22(22):4369-81. doi: 10.1039/d21c00705c. PubMed PMID: 36254669.

39. Chen H, Du L, LiJ, Wu Z, Gong Z, Xia Y, et al. Modeling cancer metastasis using acoustically bio-
printed patient-derived 3D tumor microtissues. Journal of materials chemistry B. 2022;10(11):1843-52.
Epub 2022/03/01. doi: 10.1039/d1tb02789a. PubMed PMID: 35224593.

40. Huang D, Gibeley SB, Xu C, Xiao Y, Celik O, Ginsberg HN, et al. Engineering liver microtissues for
disease modeling and regenerative medicine. Advanced functional materials. 2020;30(44). Epub
2021/01/05. doi: 10.1002/adfm.201909553. PubMed PMID: 33390875; PubMed Central PMCID:
PMCPMC7774671.

41. Datta P, Barui A, Wu Y, Ozbolat V, Moncal KK, Ozbolat IT. Essential steps in bioprinting: From pre-
to post-bioprinting. Biotechnology advances. 2018;36(5):1481-504. Epub 2018/06/18. doi:
10.1016/j.biotechadv.2018.06.003. PubMed PMID: 29909085.

42. Askari M, Afzali Naniz M, Kouhi M, Saberi A, Zolfagharian A, Bodaghi M. Recent\progress in
extrusion 3D bioprinting of hydrogel biomaterials for tissue regeneration: a comprehgnsive review with
focus on advanced fabrication techniques. Biomater Sci. 2021;9(3):535-73, Epub 2020/11/14. doi:
10.1039/d0bm00973c. PubMed PMID: 33185203.

43. Ballyns JJ, Gleghorn JP, Niebrzydowski V, Rawlinson JJ, Potter HG,*Mahet SA, et al. Image-guided
tissue engineering of anatomically shaped implants via MRI and miero-CT using injection molding.
Tissue engineering Part A. 2008;14(7):1195-202. Epub 2008/07/03.  doi: 10.1089/ten.tea.2007.0186.
PubMed PMID: 18593357.

44. Sun L, Yang H, Wang Y, Zhang X, Jin B, Xie F, et al. Application of a 3D Bioprinted Hepatocellular
Carcinoma Cell Model in Antitumor Drug Research. Frontiers in oncology. 2020;10:878. Epub
2020/06/26. doi: 10.3389/fonc.2020.00878. PybMed PMID: 32582546; PubMed Central PMCID:
PMCPMC7283506.

45. Sbirkov Y, Molander D, Milet C, Boddrov |, Atanasov B, Penkov R, et al. A Colorectal Cancer 3D
Bioprinting Workflow as a Platform for Risease Modeling and Chemotherapeutic Screening. Frontiers in
bioengineering and biotechnology.2021;9:755563. Epub 2021/12/07. doi: 10.3389/fbioe.2021.755563.
PubMed PMID: 34869264; PubhMed Central PMCID: PMCPMC8638705.

46. DerakhshanfarS, Migéleek R, Xu K, Zhang X, Zhong W, Xing M. 3D bioprinting for biomedical devices
and tissue engineering: A review of recent trends and advances. Bioactive materials. 2018;3(2):144-56.
doi: 10.1016/j.bioattmat.2017.11.008. PubMed PMID: 29744452.

47. Bishop ES,"Mostafa S, Pakvasa M, Luu HH, Lee MJ, Wolf JM, et al. 3-D bioprinting technologies in
tissue engineering and regenerative medicine: Current and future trends. Genes & diseases.
2017;4(4)185-95. Epub 2018/06/19. doi: 10.1016/j.gendis.2017.10.002. PubMed PMID: 29911158;
PubMed Central PMCID: PMCPMC6003668.

48. Nakielski P, Rinoldi C, Pruchniewski M, Pawlowska S, Gazinska M, Strojny B, et al. Laser-Assisted
Fabrication of Injectable Nanofibrous Cell Carriers. Small. 2022;18(2):€2104971. Epub 2021/11/22. doi:
10.1002/smll.202104971. PubMed PMID: 34802179.

49. Kanaki Z, Chandrinou C, Orfanou IM, Kryou C, Ziesmer J, Sotiriou GA, et al. Laser-Induced Forward
Transfer Printing on Microneedles for Transdermal Delivery of Gemcitabine. Int J Bioprint. 2022;8(2):554.
Epub 2022/06/08. doi: 10.18063/ijb.v8i2.554. PubMed PMID: 35669329; PubMed Central PMCID:
PMCPM(C9159537.

50. Douillet C, Nicodeme M, Hermant L, Bergeron V, Guillemot F, Fricain JC, et al. From local to global

matrix organization by fibroblasts: a 4D laser-assisted bioprinting approach. Biofabrication. 2022;14(2).



Epub 2021/12/08. doi: 10.1088/1758-5090/ac40ed. PubMed PMID: 34875632.

51. Zheng, Chen J, Craven M, Choi NW, Totorica S, Diaz-Santana A, et al. In vitro microvessels for the
study of angiogenesis and thrombosis. Proceedings of the National Academy of Sciences of the United
States of America. 2012;109(24):9342-7. Epub 2012/05/31. doi: 10.1073/pnas.1201240109. PubMed
PMID: 22645376; PubMed Central PMCID: PMCPMC3386137.

52. Chirivi M, Bearzi C, Rosa P, Miglietta S, Petronella F, De Falco E, et al. Biomimetic Keratin-Coated
Gold Nanoparticles for Photo-Thermal Therapy in a 3D Bioprinted Glioblastoma Tumor Model.
International journal of molecular sciences. 2022;23(17). doi: 10.3390/ijms23179528. PubMed PMID:
36076927.

53. Hakobyan D, Médina C, Dusserre N, Stachowicz ML, Handschin C, Fricain JC, et al. Laser-assisted
3D bioprinting of exocrine pancreas spheroid models for cancer initiation study. Biofabrication.
2020;12(3):035001. doi: 10.1088/1758-5090/ab7cb8. PubMed PMID: 32131058.

54. Ali M, Pages E, Ducom A, Fontaine A, Guillemot F. Controlling laser-induced jet«formation for
bioprinting mesenchymal stem cells with high viability and high resolution?,*Biofabrication.
2014;6(4):045001. Epub 2014/09/13. doi: 10.1088/1758-5082/6/4/045001. PubMed PMID: 25215452,
55. Guillemot F, Souquet A, Catros S, Guillotin B, Lopez J, Faucon M, et<al.“High-throughput laser
printing of cells and biomaterials for tissue engineering. Acta Biomatéer, “2010;6(7):2494-500. Epub
2009/10/13. doi: 10.1016/j.actbio.2009.09.029. PubMed PMID: 19819356.

56. Guillotin B, Souquet A, Catros S, Duocastella M, Pippengef B, Bellance S, et al. Laser assisted
bioprinting of engineered tissue with high cell density and\microscale organization. Biomaterials.
2010;31(28):7250-6. Epub 2010/06/29. doi: 10.1016/jblomaterials.2010.05.055. PubMed PMID:
20580082.

57. Zhang Z, Chai W, Xiong R, Zhou L, Huang Y*Printing-induced cell injury evaluation during laser
printing of 3T3 mouse fibroblasts. Biofabrication. 2017;9(2):025038. Epub 2017/06/21. doi:
10.1088/1758-5090/aabed9. PubMed PMID: 28631624.

58. Xiong R, Zhang Z, Chai W, Huang\Y.Chrisey DB. Freeform drop-on-demand laser printing of 3D
alginate and cellular construets.s Biofabrication. 2015;7(4):045011. Epub 2015/12/24. doi:
10.1088/1758-5090/7/4/045011."PubMed PMID: 26693735.

59. Mardikar SH, Niranjan-K»Observations on the shear damage to different animal cells in a concentric
cylinder viscometer. Biotechnology and bioengineering. 2000;68(6):697-704. Epub 2000/05/09. doi:
10.1002/(sici)109740290(20000620)68:6<697::aid-bit14>3.0.co;2-6. PubMed PMID: 10799996.

60. Peele BN,WallinTJ, Zhao H, Shepherd RF. 3D printing antagonistic systems of artificial muscle using
projection-~stereolithography. Bioinspiration & biomimetics. 2015;10(5):055003. doi: 10.1088/1748-
3190/40/5/055003. PubMed PMID: 26353071.

61. Wang Z, Abdulla R, Parker B, Samanipour R, Ghosh S, Kim K. A simple and high-resolution
stereolithography-based 3D bioprinting system using visible light crosslinkable bioinks. Biofabrication.
2015;7(4):045009. Epub 2015/12/24. doi: 10.1088/1758-5090/7/4/045009. PubMed PMID: 26696527.
62. Unagolla JM, Jayasuriya AC. Hydrogel-based 3D bioprinting: A comprehensive review on cell-laden
hydrogels, bioink formulations, and future perspectives. Applied materials today. 2020;18. Epub
2020/08/11. doi: 10.1016/j.apmt.2019.100479. PubMed PMID: 32775607; PubMed Central PMCID:
PMCPMC7414424.

63. Jiao A, Trosper NE, Yang HS, Kim J, Tsui JH, Frankel SD, et al. Thermoresponsive nanofabricated
substratum for the engineering of three-dimensional tissues with layer-by-layer architectural control.
ACS nano. 2014;8(5):4430-9. Epub 2014/03/19. doi: 10.1021/nn4063962. PubMed PMID: 24628277,



PubMed Central PMCID: PMCPMC4046788.

64. Ma X, Yu C, Wang P, Xu W, Wan X, Lai CSE, et al. Rapid 3D bioprinting of decellularized extracellular
matrix with regionally varied mechanical properties and biomimetic microarchitecture. Biomaterials.
2018;185:310-21. Epub 2018/09/29. doi: 10.1016/j.biomaterials.2018.09.026. PubMed PMID:
30265900; PubMed Central PMCID: PMCPMC6186504.

65. Tang M, Tiwari SK, Agrawal K, Tan M, Dang J, Tam T, et al. Rapid 3D Bioprinting of Glioblastoma
Model Mimicking Native Biophysical Heterogeneity. Small (Weinheim an der Bergstrasse, Germany).
2021;17(15):e2006050. doi: 10.1002/smll.202006050. PubMed PMID: 33502104.

66. LilJ, Chen M, Fan X, Zhou H. Recent advances in bioprinting techniques: approaches, applications
and future prospects. Journal of translational medicine. 2016;14:271. doi: 10.1186/s12967-016-1028-0.
PubMed PMID: 27645770.

67. HeY, Gu Z, Xie M, Fu J, Lin H. Why choose 3D bioprinting? Part II: methods and bioprinters. Bio-
Design and Manufacturing. 2020;3(1):1-4. doi: 10.1007/s42242-020-00064-w.

68. Gentilin E, D'Angelo E, Agostini M, Astolfi L. Decellularized normal and cancer tissdes as tools for
cancer research. Cancer gene therapy. 2022;29(7):879-88. Epub 2021/11/18. d0j:10.1038/s41417-021-
00398-2. PubMed PMID: 34785762.

69. Ramesh S, Harrysson OLA, Rao PK, Tamayol A, Cormier DR, Zhang.Y, etal. Extrusion bioprinting:
Recent progress, challenges, and future opportunities. Biophinting. 2021;21:e00116. doi:
https://doi.org/10.1016/j.bprint.2020.e00116.

70. Augustine R, Kalva SN, Ahmad R, Zahid AA, Hasan S, Nayeem'A, et al. 3D Bioprinted cancer models:

Revolutionizing personalized cancer therapy. Translational Oncology. 2021;14(4):101015. doi:
https://doi.org/10.1016/j.tranon.2021.101015.

71. Lowe SB, Tan VTG, Soeriyadi AH, Davis TP, Goading JJ. Synthesis and High-Throughput Processing
of Polymeric Hydrogels for 3D Cell Culturex Bioconjugate Chemistry. 2014;25(9):1581-601. doi:
10.1021/bc500310v.

72. Hospodiuk M, Dey M, Sosnoski D,"OZbolat IT. The bioink: A comprehensive review on bioprintable
materials. Biotechnolegy advances. 2017;35(2):217-39. doi:
https://doi.org/10.1016/j.bioteechadv.2016.12.006.

73. Mobaraki M, GhaffatiMy Yazdanpanah A, Luo Y, Mills DK. Bioinks and bioprinting: A focused review.
Bioprinting. 2020;18:e00080. doi: https://doi.org/10.1016/].bprint.2020.e00080.

74. Benwood C, Ghrenek J, Kirsch RL, Masri NZ, Richards H, Teetzen K, et al. Natural Biomaterials and

Their Use asgBioinks for Printing Tissues. Bioengineering (Basel, Switzerland). 2021;8(2). Epub
2021/03/07.doi: 10.3390/bioengineering8020027. PubMed PMID: 33672626; PubMed Central PMCID:
PMCRM(C7924193.

75. Hedegaard CL, Redondo-Gomez C, Tan BY, Ng KW, Loessner D, Mata A. Peptide-protein
coassembling matrices as a biomimetic 3D model of ovarian cancer. Science advances. 2020;6(40). Epub
2020/10/04. doi: 10.1126/sciadv.abb3298. PubMed PMID: 33008910; PubMed Central PMCID:
PMCPMC7852381.

76. Gebeyehu A, Surapaneni SK, Huang J, Mondal A, Wang VZ, Haruna NF, et al. Polysaccharide
hydrogel based 3D printed tumor models for chemotherapeutic drug screening. Scientific reports.
2021;11(1):372. Epub 2021/01/13. doi: 10.1038/s41598-020-79325-8. PubMed PMID: 33431915;
PubMed Central PMCID: PMCPMC7801509.

77. Kim BS, Cho WW, Gao G, Ahn M, Kim J, Cho DW. Construction of Tissue-Level Cancer-Vascular

Model with High-Precision Position Control via In Situ 3D Cell Printing. Small methods.



2021;5(7):€2100072. Epub 2021/12/21. doi: 10.1002/smtd.202100072. PubMed PMID: 34928000.

78. Yi HG, Jeong YH, Kim Y, Choi YJ, Moon HE, Park SH, et al. A bioprinted human-glioblastoma-on-a-
chip for the identification of patient-specific responses to chemoradiotherapy. Nature biomedical
engineering. 2019;3(7):509-19. Epub 2019/06/01. doi: 10.1038/s41551-019-0363-x. PubMed PMID:
31148598.

79. Uhl FE, Zhang F, Pouliot RA, Uriarte JJ, Rolandsson Enes S, Han X, et al. Functional role of
glycosaminoglycans in decellularized lung extracellular matrix. Acta Biomaterialia. 2020;102:231-46. doi:
https://doi.org/10.1016/j.actbio.2019.11.029.

80. Aisenbrey EA, Murphy WL. Synthetic alternatives to Matrigel. Nature Reviews Materials.
2020;5(7):539-51. doi: 10.1038/s41578-020-0199-8.

81. Mancha Sanchez E, Gémez-Blanco JC, Lopez Nieto E, Casado JG, Macias-Garcia A, Diaz Diez MA, et

al. Hydrogels for Bioprinting: A Systematic Review of Hydrogels Synthesis, Bioprinting Parameteérs, and
Bioprinted Structures Behavior. Frontiers in bioengineering and biotechnology. 2020;8:776. doi:
10.3389/fbioe.2020.00776. PubMed PMID: 32850697.

82. Liu F, Wang X. Synthetic Polymers for Organ 3D Printing. Polymets: 2020;12(8). doi:
10.3390/polym12081765. PubMed PMID: 32784562.

83. Singh SP, Schwartz MP, Tokuda EY, Luo Y, Rogers RE, Fujita M, et al: Asynthetic modular approach
for modeling the role of the 3D microenvironment in tumor ‘progression. Scientific reports.
2015;5:17814. Epub 2015/12/08. doi: 10.1038/srep17814. PubMéd,PMID: 26638791; PubMed Central
PMCID: PMCPMC4671067.

84. Roudsari LC, Jeffs SE, West JL. Lung Adenocarcinoma Cell Responses in a 3D in Vitro Tumor
Angiogenesis Model Correlate with Metastatic Capacity. ACS biomaterials science & engineering.
2018;4(2):368-77. Epub 2018/02/12. doi: 10.102 1/acsbiomaterials.7b00011. PubMed PMID: 33418731.
85. Gill BJ, Gibbons DL, Roudsari LC, SaikAlE, Rizvi ZH, Roybal JD, et al. A synthetic matrix with
independently tunable biochemistry and siechanical properties to study epithelial morphogenesis and
EMT in a lung adenocarcinoma modelNCancer research. 2012;72(22):6013-23. Epub 2012/09/07. doi:
10.1158/0008-5472.Can-12-0895~\CPubMed ~ PMID:  22952217; PubMed Central PMCID:
PMCPMC3632398.

86. Shi X, Cheng Y, Wafg,J, Chen H, Wang X, Li X, et al. 3D printed intelligent scaffold prevents
recurrence and distal\ metastasis of breast cancer. Theranostics. 2020;10(23):10652-64. doi:
10.7150/thno.47933, PubMed PMID: 32929372.

87. Gungor-Qzkerim PS, Inci |, Zhang YS, Khademhosseini A, Dokmeci MR. Bioinks for 3D bioprinting:
an overview./Biomaterials science. 2018;6(5):915-46. doi: 10.1039/c7bm00765e. PubMed PMID:
29492503.

88. Lee HW, Lee JI, Lee SJ, Cho HJ, Song HJ, Jeong DE, et al. Patient-derived xenografts from non-small
cell lung cancer brain metastases are valuable translational platforms for the development of
personalized targeted therapy. Clin Cancer Res. 2015;21(5):1172-82. Epub 2015/01/01. doi:
10.1158/1078-0432.CCR-14-1589. PubMed PMID: 25549722.

89. Benien P, Swami A. 3D tumor models: history, advances and future perspectives. Future Oncol.
2014;10(7):1311-27. Epub 2014/06/21. doi: 10.2217/fon.13.274. PubMed PMID: 24947267.

90. Ozbolat IT, Peng W, Ozbolat V. Application areas of 3D bioprinting. Drug Discov Today.
2016;21(8):1257-71. Epub 2016/04/18. doi: 10.1016/j.drudis.2016.04.006. PubMed PMID: 27086009.
91. Germain N, Dhayer M, Dekiouk S, Marchetti P. Current Advances in 3D Bioprinting for Cancer
Modeling and Personalized Medicine. Int J Mol Sci. 2022;23(7). Epub 2022/04/13. doi:



10.3390/ijms23073432. PubMed PMID: 35408789; PubMed Central PMCID: PMCPMC8998835.

92. Mal, WuY, Li Y, Aazmi A, Zhou H, Zhang B, et al. Current Advances on 3D-Bioprinted Liver Tissue
Models. Advanced healthcare materials. 2020;9(24):e2001517. doi: 10.1002/adhm.202001517.
PubMed PMID: 33073522.

93. Thakor J, Ahadian S, Niakan A, Banton E, Nasrollahi F, Hasani-Sadrabadi MM, et al. Engineered
Hydrogels for Brain Tumor Culture and Therapy. Biodes Manuf. 2020;3(3):203-26. doi: 10.1007/s42242-
020-00084-6. PubMed PMID: 32754347.

94. Venkataramani V, Schneider M, Giordano FA, Kuner T, Wick W, Herrlinger U, et al. Disconnecting
multicellular networks in brain tumours. Nat Rev Cancer. 2022;22(8):481-91. Epub 2022/04/30. doi:
10.1038/s41568-022-00475-0. PubMed PMID: 35488036.

95. Varn FS, Johnson KC, Martinek J, Huse JT, Nasrallah MP, Wesseling P, et al. Glioma progression is
shaped by genetic evolution and microenvironment interactions. Cell. 2022;185(12):2184-99.e16.' Epub
2022/06/02. doi: 10.1016/j.cell.2022.04.038. PubMed PMID: 35649412; PubMed Central PMCID:
PMCPM(C9189056.

96. Lin K, Gueble SE, Sundaram RK, Huseman ED, Bindra RS, Herzon SB. Mechanism-based design of
agents that selectively target drug-resistant glioma. Science. 2022;377(6605):502-11. Epub 2022/07/29.
doi: 10.1126/science.abn7570. PubMed PMID: 35901163.

97. Gallego Perez-Larraya J, Garcia-Moure M, Labiano S, Patino-Garcjay&, Dobbs J, Gonzalez-Huarriz M,
et al. Oncolytic DNX-2401 Virus for Pediatric Diffuse Intrinsic,Pontine Glioma. N Engl J Med.
2022;386(26):2471-81. Epub 2022/06/30. doi: 10.1056/NEJM0aZ2202028. PubMed PMID: 35767439.
98. Wang X, Li X, Dai X, Zhang X, Zhang J, Xu T, et al. Bioprinting of glioma stem cells improves their
endotheliogenic potential. Colloids and surfaces B, Biainterfaces. 2018;171:629-37. Epub 2018/08/15.
doi: 10.1016/j.colsurfb.2018.08.006. PubMed PMIB: 30107336.

99. Wang X, Dai X, Zhang X, Ma C, Li X, Xu T~et.al. 3D bioprinted glioma cell-laden scaffolds enriching
glioma stem cells via epithelial-mesenchymal transition. Journal of biomedical materials research Part
A.2019;107(2):383-91. Epub 2018/10/24Cdoi: 10.1002/jbm.a.36549. PubMed PMID: 30350390.

100. Dai X, Ma C, Lan Q, Xu T. 3P-hioprinted glioma stem cells for brain tumor model and applications
of drug susceptibility. Biofabrication. 2016;8(4):045005. Epub 2016/10/12. doi: 10.1088/1758-
5090/8/4/045005. PubMé&gPMID: 27725343.

101. Dai X, Liu L, Ouyang J, Li X, Zhang X, Lan Q, et al. Coaxial 3D bioprinting of self-assembled
multicellular heterGgeneous tumor fibers. Scientific reports. 2017;7(1):1457. Epub 2017/05/05. doi:
10.1038/s41598-017-01581-y. PubMed PMID: 28469183; PubMed Central PMCID: PMCPM(C5431218.
102. Dai X,Shao Y, Tian X, Cao X, Ye L, Gao P, et al. Fusion between Glioma Stem Cells and Mesenchymal
Stem Cells Promotes Malignant Progression in 3D-Bioprinted Models. ACS applied materials & interfaces.
2022;14(31):35344-56. doi: 10.1021/acsami.2c06658. PubMed PMID: 35881920.

103. Wang X, Li X, Dai X, Zhang X, Zhang J, Xu T, et al. Coaxial extrusion bioprinted shell-core hydrogel
microfibers mimic glioma microenvironment and enhance the drug resistance of cancer cells. Colloids
and surfaces B, Biointerfaces. 2018;171:291-9. Epub 2018/07/27. doi: 10.1016/j.colsurfb.2018.07.042.
PubMed PMID: 30048904.

104. Tang M, Xie Q, Gimple RC, Zhong Z, Tam T, Tian J, et al. Three-dimensional bioprinted glioblastoma
microenvironments model cellular dependencies and immune interactions. Cell research.
2020;30(10):833-53. doi: 10.1038/s41422-020-0338-1. PubMed PMID: 32499560.

105. Haring AP, Thompson EG, Tong Y, Laheri S, Cesewski E, Sontheimer H, et al. Process- and bio-

inspired hydrogels for 3D bioprinting of soft free-standing neural and glial tissues. Biofabrication.



2019;11(2):025009. Epub 2019/01/30. doi: 10.1088/1758-5090/ab02c9. PubMed PMID: 30695770.
106. DePalma TJ, Sivakumar H, Skardal A. Strategies for developing complex multi-component in vitro
tumor models: Highlights in glioblastoma. Advanced drug delivery reviews. 2022;180:114067. Epub
2021/11/26. doi: 10.1016/j.addr.2021.114067. PubMed PMID: 34822927.

107. Tang M, Rich JN, Chen S. Biomaterials and 3D Bioprinting Strategies to Model Glioblastoma and
the Blood-Brain Barrier. Advanced materials (Deerfield Beach, Fla). 2021;33(5):e2004776. doi:
10.1002/adma.202004776. PubMed PMID: 33326131.

108. Heinrich MA, Bansal R, Lammers T, Zhang YS, Michel Schiffelers R, Prakash J. 3D-Bioprinted Mini-
Brain: A Glioblastoma Model to Study Cellular Interactions and Therapeutics. Adv Mater.
2019;31(14):e1806590. Epub 2019/02/01. doi: 10.1002/adma.201806590. PubMed PMID: 30702785.
109. Gomez-Roman N, Chalmers AJ. Patient-specific 3D-printed glioblastomas. Nat Biomed Eng.
2019;3(7):498-9. Epub 2019/06/01. doi: 10.1038/s41551-019-0379-2. PubMed PMID: 31148599.

110. Neufeld L, Yeini E, Reisman N, Shtilerman Y, Ben-Shushan D, Pozzi S, et al. Micreengineered
perfusable 3D-bioprinted glioblastoma model for in vivo mimicry of tumor microenviroriment. Science
advances. 2021;7(34). doi: 10.1126/sciadv.abi9119. PubMed PMID: 34407932.

111. Hubert CG, Rivera M, Spangler LC, Wu Q, Mack SC, Prager BC, et al. A Three=Dimensional Organoid
Culture System Derived from Human Glioblastomas Recapitulates the°HypoXic Gradients and Cancer
Stem Cell Heterogeneity of Tumors Found In Vivo. Cancer Res. 2016;76(8):2465-77. Epub 2016/02/21.
doi: 10.1158/0008-5472.CAN-15-2402. PubMed PMID: 26896279; PubMed Central PMCID:
PMCPMC4873351.

112. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality"Worldwide for 36 Cancers in 185 Countries. CA
Cancer J Clin. 2021;71(3):209-49. Epub 2021/82/05. doi: 10.3322/caac.21660. PubMed PMID:
33538338.

113. Bobo D, Robinson KJ, Islam J, Thureeht,KJ, Corrie SR. Nanoparticle-Based Medicines: A Review of
FDA-Approved Materials and Clinical Trials’to Date. Pharm Res. 2016;33(10):2373-87. Epub 2016/06/15.
doi: 10.1007/s11095-016-1958-5=PdbMed PMID: 27299311.

114. Anselmo AC, Mitragotxi 7S’ Nanoparticles in the clinic: An update. Bioeng Transl Med.
2019;4(3):e10143. Epub819/10/02. doi: 10.1002/btm2.10143. PubMed PMID: 31572799; PubMed
Central PMCID: PMCPNM€6764803.

115. Pickup MW, Mouw JK, Weaver VM. The extracellular matrix modulates the hallmarks of cancer.
EMBO Rep. 2014;15(12):1243-53. Epub 2014/11/10. doi: 10.15252/embr.201439246. PubMed PMID:
25381661;-PubMed Central PMCID: PMCPMC4264927.

116. Bonnans C, Chou J, Werb Z. Remodelling the extracellular matrix in development and disease. Nat
Rev Mol Cell Biol. 2014;15(12):786-801. Epub 2014/11/22. doi: 10.1038/nrm3904. PubMed PMID:
25415508; PubMed Central PMCID: PMCPMC4316204.

117. Bissell MJ, Radisky D. Putting tumours in context. Nat Rev Cancer. 2001;1(1):46-54. Epub
2002/03/20. doi: 10.1038/35094059. PubMed PMID: 11900251; PubMed Central PMCID:
PMCPM(C2975572.

118. Zhu Y, Wu Y, Zhang H, Zhao Y, Ren Y, Hu W, et al. A national survey on how to improve traditional
Chinese medicine learning internationally: Perceptions from both teachers and students. Integrative
medicine research. 2022;11(4):100895. doi: 10.1016/j.imr.2022.100895. PubMed PMID: 36386571.
119. Chaji S, Al-Saleh J, Gomillion CT. Bioprinted Three-Dimensional Cell-Laden Hydrogels to Evaluate
Adipocyte-Breast Cancer Cell Interactions. Gels. 2020;6(1). Epub 2020/03/28. doi: 10.3390/gels6010010.



PubMed PMID: 32214026; PubMed Central PMCID: PMCPMC7151014.

120. Vinson BT, Phamduy TB, Shipman J, Riggs B, Strong AL, Sklare SC, et al. Laser direct-write based
fabrication of a spatially-defined, biomimetic construct as a potential model for breast cancer cell
invasion into adipose tissue. Biofabrication. 2017;9(2):025013. Epub 2017/04/07. doi: 10.1088/1758-
5090/aabbad. PubMed PMID: 28382922.

121. Blanco-Fernandez B, Rey-Vinolas S, Bagci G, Rubi-Sans G, Otero J, Navajas D, et al. Bioprinting
Decellularized Breast Tissue for the Development of Three-Dimensional Breast Cancer Models. ACS Appl
Mater Interfaces. 2022;14(26):29467-82. Epub 2022/06/24. doi: 10.1021/acsami.2c00920. PubMed
PMID: 35735173; PubMed Central PMCID: PMCPM(C9264314.

122. Mollica PA, Booth-Creech EN, Reid JA, Zamponi M, Sullivan SM, Palmer XL, et al. 3D bioprinted
mammary organoids and tumoroids in human mammary derived ECM hydrogels. Acta Biomater.
2019;95:201-13. Epub 2019/06/25. doi: 10.1016/j.actbio.2019.06.017. PubMed PMID: 31233891,
PubMed Central PMCID: PMCPM(C6710129.

123. Kingsley DM, Roberge CL, Rudkouskaya A, Faulkner DE, Barroso M, Intes X, et @k, taser-based 3D
bioprinting for spatial and size control of tumor spheroids and embryoid bodies. Acta Biomater.
2019;95:357-70. Epub 2019/02/19. doi: 10.1016/].actbio.2019.02.014. PubMed PMID: 30776506;
PubMed Central PMCID: PMCPMC7171976.

124. Langer EM, Allen-Petersen BL, King SM, Kendsersky ND, TurnidgeyMA, Kuziel GM, et al. Modeling
Tumor Phenotypes In Vitro with Three-Dimensional Bioprinting, Cell’'Rep. 2019;26(3):608-23 e6. Epub
2019/01/17. doi: 10.1016/j.celrep.2018.12.090. PubMed PMID: 30650355; PubMed Central PMCID:
PMCPMC6366459.

125. Duchamp M, Liu T, van Genderen AM, Kappings.V},@klu R, Ellisen LW, et al. Sacrificial Bioprinting of
a Mammary Ductal Carcinoma Model. Biotechnol J. 2019;14(10):e1700703. Epub 2019/04/10. doi:
10.1002/biot.201700703. PubMed PMID: 30963705; PubMed Central PMCID: PMCPMC6844259.

126. Cheng F, Cao X, Li H, Liu T, Xie X, Hudahg D, et al. Generation of Cost-Effective Paper-Based Tissue
Models through Matrix-Assisted Sagrificial 3D Printing. Nano Lett. 2019;19(6):3603-11. Epub
2019/04/24. doi: 10.1021/acs.nanglett.9b00583. PubMed PMID: 31010289; PubMed Central PMCID:
PMCPMC6820351.

127. Burks HE, PhamduydB;Azimi MS, Saksena J, Burow ME, Collins-Burow BM, et al. Laser Direct-Write
Onto Live Tissues: A Novel Model for Studying Cancer Cell Migration. Journal of cellular physiology.
2016;231(11):233348. Epub 2016/03/01. doi: 10.1002/jcp.25363. PubMed PMID: 26923437; PubMed
Central PMCID:'RMCPMC4946993.

128. ZhouX,"2hu W, Nowicki M, Miao S, Cui H, Holmes B, et al. 3D Bioprinting a Cell-Laden Bone Matrix
for Br€ast Cancer Metastasis Study. ACS applied materials & interfaces. 2016;8(44):30017-26. Epub
2016/10/30. doi: 10.1021/acsami.6b10673. PubMed PMID: 27766838.

129. Belgodere JA, King CT, Bursavich JB, Burow ME, Martin EC, Jung JP. Engineering Breast Cancer
Microenvironments and 3D Bioprinting. Front Bioeng Biotechnol. 2018;6:66. Epub 2018/06/09. doi:
10.3389/fbioe.2018.00066. PubMed PMID: 29881724; PubMed Central PMCID: PMCPMC5978274.
130. Jiang T, Munguia-Lopez JG, Gu K, Bavoux MM, Flores-Torres S, Kort-Mascort J, et al. Engineering
bioprintable alginate/gelatin composite hydrogels with tunable mechanical and cell adhesive properties
to modulate tumor spheroid growth kinetics. Biofabrication. 2019;12(1):015024. Epub 2019/08/14. doi:
10.1088/1758-5090/ab3a5c. PubMed PMID: 31404917.

131. Swaminathan S, Hamid Q, Sun W, Clyne AM. Bioprinting of 3D breast epithelial spheroids for
human cancer models. Biofabrication. 2019;11(2):025003. Epub 2019/01/08. doi: 10.1088/1758-



5090/aafc49. PubMed PMID: 30616234; PubMed Central PMCID: PMCPMC7731635.

132. Hong S, Song JM. 3D bioprinted drug-resistant breast cancer spheroids for quantitative in situ
evaluation of drug resistance. Acta Biomater. 2022;138:228-39. Epub 2021/11/01. doi:
10.1016/j.actbio.2021.10.031. PubMed PMID: 34718182.

133. Nam KH, Jeong CB, Kim H, Ahn M, Ahn SJ, Hur H, et al. Quantitative Photothermal Characterization
with Bioprinted 3D Complex Tissue Constructs for Early-Stage Breast Cancer Therapy Using Gold
Nanorods. Adv Healthc Mater. 2021;10(18):e2100636. Epub 2021/07/09. doi:
10.1002/adhm.202100636. PubMed PMID: 34235891.

134. Chen Y, Xu L, Li W, Chen W, He Q, Zhang X, et al. 3D bioprinted tumor model with extracellular
matrix enhanced bioinks for nanoparticle evaluation. Biofabrication. 2022;14(2). Epub 2022/01/07. doi:
10.1088/1758-5090/ac48e4. PubMed PMID: 34991080.

135. Degasperi E, Colombo M. Distinctive features of hepatocellular carcinoma in non-alcaholic fatty
liver disease. Lancet Gastroenterol Hepatol. 2016;1(2):156-64. Epub 2017/04/14. doi:10,1016/52468-
1253(16)30018-8. PubMed PMID: 28404072.

136. Masuzaki R, Tateishi R, Yoshida H, Sato T, Ohki T, Goto T, et al. Assessing liver tumor stiffness by
transient elastography. Hepatol Int. 2007;1(3):394-7. Epub 2007/09/01. doi: 10.1807/s12072-007-9012-
7. PubMed PMID: 19669335; PubMed Central PMCID: PMCPMC(C2716830Q;

137. Ling W, LuQ, Lu C, Quan J, Mal, LiJ, et al. Effects of vascularity andydifferentiation of hepatocellular
carcinoma on tumor and liver stiffness: in vivo and in vitro studies. Ultrasound Med Biol.
2014;40(4):739-46. Epub 2014/01/15. doi: 10.1016/j.ultrasmedbio.2013.08.011. PubMed PMID:
24412176.

138. Kondo F. Histological features of early hepatocellularcarcinomas and their developmental process:
for daily practical clinical application : Hepatocelltslar carcinoma. Hepatol Int. 2009;3(1):283-93. Epub
2009/08/12. doi: 10.1007/s12072-008-9107-95PubMed PMID: 19669379; PubMed Central PMCID:
PMCPM(C2712315.

139. Zhang R, Ma M, Dong G, Yao RR,LiJH) Zheng QD, et al. Increased matrix stiffness promotes tumor
progression of residual hepateeellular carcinoma after insufficient heat treatment. Cancer Sci.
2017;108(9):1778-86. Epub 2037/07/13. doi: 10.1111/cas.13322. PubMed PMID: 28699238; PubMed
Central PMCID: PMCPMG5581508.

140. You Y, Zheng Q,~-Dong Y, Wang Y, Zhang L, Xue T, et al. Higher Matrix Stiffness Upregulates
Osteopontin Expression in Hepatocellular Carcinoma Cells Mediated by Integrin betal/GSK3beta/beta-
Catenin Signaling Pathway. PLoS One. 2015;10(8):e0134243. Epub 2015/08/19. doi:
10.1371/jouraal.pone.0134243. PubMed PMID: 26280346; PubMed Central PMCID: PMCPMC4539226.
141. Schrader J, Gordon-Walker TT, Aucott RL, van Deemter M, Quaas A, Walsh S, et al. Matrix stiffness
modulates proliferation, chemotherapeutic response, and dormancy in hepatocellular carcinoma cells.
Hepatology. 2011;53(4):1192-205. Epub 2011/03/29. doi: 10.1002/hep.24108. PubMed PMID:
21442631; PubMed Central PMCID: PMCPMC3076070.

142. Liu C, Liu Y, Xie HG, Zhao S, Xu XX, Fan LX, et al. Role of three-dimensional matrix stiffness in
regulating the chemoresistance of hepatocellular carcinoma cells. Biotechnol Appl Biochem.
2015;62(4):556-62. Epub 2014/10/03. doi: 10.1002/bab.1302. PubMed PMID: 25274163.

143. Li Y, Zhang T, Pang Y, Li L, Chen ZN, Sun W. 3D bioprinting of hepatoma cells and application with
microfluidics for pharmacodynamic test of Metuzumab. Biofabrication. 2019;11(3):034102. Epub
2019/05/30. doi: 10.1088/1758-5090/ab256¢c. PubMed PMID: 31141796.

144. Hwang HH, You S, Ma X, Kwe L, Victorine G, Lawrence N, et al. High throughput direct 3D



bioprinting in multiwell plates. Biofabrication. 2021;13(2). Epub 2020/04/17. doi: 10.1088/1758-
5090/ab89ca. PubMed PMID: 32299077.

145. Ying GL, Jiang N, Maharjan S, Yin YX, Chai RR, Cao X, et al. Aqueous Two-Phase Emulsion Bioink-
Enabled 3D Bioprinting of Porous Hydrogels. Advanced materials (Deerfield Beach, Fla).
2018;30(50):e1805460. doi: 10.1002/adma.201805460. PubMed PMID: 30345555.

146. Polez RT, Morits M, Jonkergouw C, Phiri J, Valle-Delgado JJ, Linder MB, et al. Biological activity of
multicomponent bio-hydrogels loaded with tragacanth gum. International journal of biological
macromolecules. 2022;215:691-704. doi: 10.1016/j.ijbiomac.2022.06.153. PubMed PMID: 35777518.
147. Zhang Z, Li Q, Hatakeyama M, Kitaoka T. Injectable cell-laden hydrogels fabricated with cellulose
and chitosan nanofibers for bioprinted liver tissues. Biomedical materials (Bristol, England). 2023;18(4).
Epub 2023/05/12. doi: 10.1088/1748-605X/acd49a. PubMed PMID: 37168003.

148. Mao S, He J, Zhao Y, Liu T, Xie F, Yang H, et al. Bioprinting of patient-derived in vitro intrahepatic
cholangiocarcinoma tumor model: establishment, evaluation and anti-cancer, drug testing.
Biofabrication. 2020;12(4):045014. Epub 2020/07/01. doi: 10.1088/1758-5090/aba0¢3, PubMed PMID:
32599574.

149. Xie F, Sun L, Pang Y, Xu G, Jin B, Xu H, et al. Three-dimensional bio-printing of primary human
hepatocellular carcinoma for personalized medicine. Biomaterials. 2021;265*120416. Epub 2020/10/03.
doi: 10.1016/j.biomaterials.2020.120416. PubMed PMID: 33007612,

150. Force USPST, Davidson KW, Barry MJ, Mangione CM, Cabana_ IV, Caughey AB, et al. Screening for
Colorectal Cancer: US Preventive Services Task Force.“\Recommendation Statement. JAMA.
2021;325(19):1965-77. Epub 2021/05/19. doi: 10.1001/jama.2021.6238. PubMed PMID: 34003218.
151. Pelka K, Hofree M, Chen JH, Sarkizova S, Pirl dDjyYorgji V, et al. Spatially organized multicellular
immune hubs in human colorectal cancer. Cell2021;184(18):4734-52 e20. Epub 2021/08/28. doi:
10.1016/j.cell.2021.08.003. PubMed PMID: 34450029; PubMed Central PMCID: PMCPM(C8772395.
152. Kotsiliti E. Origin of CAFs in colorectaltancer. Nat Rev Gastroenterol Hepatol. 2022;19(2):79. Epub
2022/01/06. doi: 10.1038/s41575-021*08573-8. PubMed PMID: 34983959.

153. Becker WR, Nevins SA, Chea<DC/ Chiu R, Horning AM, Guha TK, et al. Single-cell analyses define a
continuum of cell state and composition changes in the malignant transformation of polyps to colorectal
cancer. Nat Genet. 2022;54(7):985-95. Epub 2022/06/22. doi: 10.1038/s41588-022-01088-x. PubMed
PMID: 35726067; PubMed Central PMCID: PMCPM(C9279149.

154. Becker LM, LéBleu VS. Endoglin Targeting in Colorectal Tumor Microenvironment. Clin Cancer Res.
2018;24(24):6110~1. Epub 2018/08/05. doi: 10.1158/1078-0432.CCR-18-2023. PubMed PMID:
30076135,

155. Rohtenova K, Veys K, Miranda-Santos |, De Bock K, Carmeliet P. Endothelial Cell Metabolism in
Health and Disease. Trends Cell Biol. 2018;28(3):224-36. Epub 2017/11/21. doi:
10.1016/j.tcb.2017.10.010. PubMed PMID: 29153487.

156. Bhat AA, Nisar S, Singh M, Ashraf B, Masoodi T, Prasad CP, et al. Cytokine- and chemokine-induced
inflammatory colorectal tumor microenvironment: Emerging avenue for targeted therapy. Cancer
Commun (Lond). 2022. Epub 2022/07/07. doi: 10.1002/cac2.12295. PubMed PMID: 35791509.

157. Chen H, Cheng Y, Wang X, Wang J, Shi X, Li X, et al. 3D printed in vitro tumor tissue model of
colorectal cancer. Theranostics. 2020;10(26):12127-43. Epub 2020/11/19. doi: 10.7150/thno.52450.
PubMed PMID: 33204333; PubMed Central PMCID: PMCPMC7667682.

158. Han H, Park Y, Choi YM, Yong U, Kang B, Shin W, et al. A Bioprinted Tubular Intestine Model Using
a Colon-Specific Extracellular Matrix Bioink. Adv Healthc Mater. 2022;11(2):e2101768. Epub



2021/11/09. doi: 10.1002/adhm.202101768. PubMed PMID: 34747158.

159. Cadamuro F, Marongiu L, Marino M, Tamini N, Nespoli L, Zucchini N, et al. 3D bioprinted colorectal
cancer models based on hyaluronic acid and signalling glycans. Carbohydrate polymers.
2023;302:120395. Epub 2023/01/06. doi: 10.1016/j.carbpol.2022.120395. PubMed PMID: 36604073.
160. Wang P, Sun L, Li C, Jin B, Yang H, Wu B, et al. Study on drug screening multicellular model for
colorectal cancer constructed by three-dimensional bioprinting technology. International journal of
bioprinting. 2023;9(3):694. Epub 2023/06/05. doi: 10.18063/ijb.694. PubMed PMID: 37273979;
PubMed Central PMCID: PMCPM(C10236483.

161. Burkholder-Wenger AC, Golzar H, Wu Y, Tang XS. Development of a Hybrid Nanoink for 3D
Bioprinting of Heterogeneous Tumor Models. ACS Biomater Sci Eng. 2022;8(2):777-85. Epub
2022/01/20. doi: 10.1021/acsbiomaterials.1c01265. PubMed PMID: 35045252.

162. Zhang Y, Wang Z, Hu Q, Luo H, Lu B, Gao Y, et al. 3D Bioprinted GeIMA-Nanoclay Hydrogels'Induce
Colorectal Cancer Stem Cells Through Activating Wnt/beta-Catenin Signaling. Small.
2022;18(18):e2200364. Epub 2022/03/02. doi: 10.1002/smll.202200364. PubMed PIID" 35229478.
163. Chen H, Wu Z, Gong Z, Xia Y, Li J, Du L, et al. Acoustic Bioprinting of Patient-Rerived Organoids for
Predicting Cancer Therapy Responses. Adv Healthc Mater. 2022;11(13):e2102784. Epub 2022/04/01.
doi: 10.1002/adhm.202102784. PubMed PMID: 35358375.

164. Zhao Y, Yao R, Ouyang L, Ding H, Zhang T, Zhang K, et al. Three-dimensional printing of Hela cells
for cervical tumor model in vitro. Biofabrication. 2014;6(3):035001. Epub 2014/04/12. doi:
10.1088/1758-5082/6/3/035001. PubMed PMID: 24722236.

165. Gospodinova A, Nankov V, Tomov S, Redzheb“M, Petrov PD. Extrusion bioprinting of
hydroxyethylcellulose-based bioink for cervical tumaorsmodel. Carbohydr Polym. 2021;260:117793.
Epub 2021/03/14. doi: 10.1016/j.carbpol.2021.1¥7793. PubMed PMID: 33712141.

166. Pang Y, Mao SS, Yao R, He JY, Zhou ZZ,keng L, et al. TGF-beta induced epithelial-mesenchymal
transition in an advanced cervical tumor m@del by 3D printing. Biofabrication. 2018;10(4):044102. Epub
2018/08/22. doi: 10.1088/1758-5090/aadbde. PubMed PMID: 30129928.

167. Becconi M, De Zio S, Falciani(F, Santamaria M, Malferrari M, Rapino S. Nano-Electrochemical
Characterization of a 3D Bioprinted Cervical Tumor Model. Cancers. 2023;15(4). Epub 2023/02/26. doi:
10.3390/cancers15041327)-PubMed PMID: 36831668; PubMed Central PMCID: PMCPM(C9954750.
168. Xu F, Celli J, Rizyvi¥, Moon S, Hasan T, Demirci U. A three-dimensional in vitro ovarian cancer
coculture model using a high-throughput cell patterning platform. Biotechnol J. 2011;6(2):204-12. Epub
2011/02/08. doi> 10.1002/biot.201000340. PubMed PMID: 21298805; PubMed Central PMCID:
PMCPMC3780785.

169. Wu T, Gao YY, Su J, Tang XN, Chen Q, Ma LW, et al. Three-dimensional bioprinting of artificial ovaries
by an extrusion-based method using gelatin-methacryloyl bioink. Climacteric. 2022;25(2):170-8. Epub
2021/05/18. doi: 10.1080/13697137.2021.1921726. PubMed PMID: 33993814.

170. Baka Z, Godier C, Lamy L, Mallick A, Gribova V, Figarol A, et al. A Coculture Based, 3D Bioprinted
Ovarian Tumor Model Combining Cancer Cells and Cancer Associated Fibroblasts. Macromolecular
bioscience. 2023;23(3):e2200434. doi: 10.1002/mabi.202200434. PubMed PMID: 36448191.

171. Luca R, Assenza MR, Maiullari F, Pieroni L, Maiullari S, Federici G, et al. Inhibition of the mTOR
pathway and reprogramming of protein synthesis by MDM4 reduce ovarian cancer metastatic
properties. Cell death & disease. 2021;12(6):558. doi: 10.1038/s41419-021-03828-z. PubMed PMID:
34052831.

172. Estermann M, Coelho R, Jacob F, Huang YL, Liang CY, Faia-Torres AB, et al. A 3D multi-cellular tissue



model of the human omentum to study the formation of ovarian cancer metastasis. Biomaterials.
2023;294:121996. doi: 10.1016/j.biomaterials.2023.121996. PubMed PMID: 36689832.

173. Yee C, Dickson KA, Muntasir MN, Ma Y, Marsh DJ. Three-Dimensional Modelling of Ovarian Cancer:
From Cell Lines to Organoids for Discovery and Personalized Medicine. Front Bioeng Biotechnol.
2022;10:836984. Epub 2022/03/01. doi: 10.3389/fbioe.2022.836984. PubMed PMID: 35223797,
PubMed Central PMCID: PMCPM(C8866972.

174. Mazzocchi A, Soker S, Skardal A. 3D bioprinting for high-throughput screening: Drug screening,
disease modeling, and precision medicine applications. Appl Phys Rev. 2019;6(1). Epub 2019/03/01. doi:
10.1063/1.5056188. PubMed PMID: 33738018; PubMed Central PMCID: PMCPMC7968875.

175. Wu D, Berg J, Arlt B, Rohrs V, Al-Zeer MA, Deubzer HE, et al. Bioprinted Cancer Model of
Neuroblastoma in a Renal Microenvironment as an Efficiently Applicable Drug Testing Platform. Int J
Mol Sci. 2021;23(1). Epub 2022/01/12. doi: 10.3390/ijms23010122. PubMed PMID: 35008547;PubMed
Central PMCID: PMCPMC8745467.

176. Nothdurfter D, Ploner C, Coraca-Huber DC, Wilflingseder D, Miiller T, Hermann M, et al. 3D
bioprinted, vascularized neuroblastoma tumor environment in fluidic chip_deévices for precision
medicine drug testing. Biofabrication. 2022;14(3). doi: 10.1088/1758-5090/ae5fb7. PubMed PMID:
35333193.

177. Monferrer E, Martin-Vano S, Carretero A, Garcia-Lizarribar A, Burgos-Panadero R, Navarro S, et al.
A three-dimensional bioprinted model to evaluate the effect of stiffness on neuroblastoma cell cluster
dynamics and behavior. Sci Rep. 2020;10(1):6370. Epub 2020/047/15. doi: 10.1038/s41598-020-62986-
w. PubMed PMID: 32286364; PubMed Central PMCID: PMCPMC7156444.

178. Lopez-Carrasco A, Martin-Vano S, Burgos-Panadero R, Monferrer E, Berbegall AP, Fernandez-
Blanco B, et al. Impact of extracellular matrix stiffness on genomic heterogeneity in MYCN-amplified
neuroblastoma cell line. J Exp Clin Cancer Res~2020;39(1):226. Epub 2020/10/29. doi: 10.1186/s13046-
020-01729-1. PubMed PMID: 33109237; RubMed Central PMCID: PMCPMC7592549.

179. Bordoni M, Karabulut E, Kuzmenkod.\V_Fantini V, Pansarasa O, Cereda C, et al. 3D Printed Conductive
Nanocellulose Scaffolds for the Bifférentiation of Human Neuroblastoma Cells. Cells. 2020;9(3). Epub
2020/03/15. doi: 10.3390/cells9030682. PubMed PMID: 32168750; PubMed Central PMCID:
PMCPMC7140699.

180. Hakobyan D, Medina C, Dusserre N, Stachowicz ML, Handschin C, Fricain JC, et al. Laser-assisted
3D bioprinting of¥exocrine pancreas spheroid models for cancer initiation study. Biofabrication.
2020;12(3):035001. Epub 2020/03/05. doi: 10.1088/1758-5090/ab7cb8. PubMed PMID: 32131058.
181. Wang-X,2Zhang X, Dai X, Wang X, Li X, Diao J, et al. Tumor-like lung cancer model based on 3D
bioprifiting. 3 Biotech. 2018;8(12):501. Epub 2018/12/01. doi: 10.1007/s13205-018-1519-1. PubMed
PMID: 30498674; PubMed Central PMCID: PMCPMC6258569.

182. Herrada-Manchon H, Celada L, Rodriguez-Gonzalez D, Alejandro Fernandez M, Aguilar E, Chiara
MD. Three-dimensional bioprinted cancer models: A powerful platform for investigating tunneling
nanotube-like cell structures in complex microenvironments. Mater Sci Eng C Mater Biol Appl.
2021;128:112357. Epub 2021/09/04. doi: 10.1016/j.msec.2021.112357. PubMed PMID: 34474904.
183. Wang X, Tolba E, Schroder HC, Neufurth M, Feng Q, Diehl-Seifert B, et al. Effect of bioglass on
growth and biomineralization of Sa0S-2 cells in hydrogel after 3D cell bioprinting. PLoS One.
2014;9(11):e112497. Epub 2014/11/11. doi: 10.1371/journal.pone.0112497. PubMed PMID: 25383549;
PubMed Central PMCID: PMCPMC4226565.

184. Fischetti T, Di Pompo G, Baldini N, Avnet S, Graziani G. 3D Printing and Bioprinting to Model Bone



Cancer: The Role of Materials and Nanoscale Cues in Directing Cell Behavior. Cancers (Basel).
2021;13(16). Epub 2021/08/28. doi: 10.3390/cancers13164065. PubMed PMID: 34439218; PubMed
Central PMCID: PMCPM(C8391202.

185. Zhu W, Castro NJ, Cui H, Zhou X, Boualam B, McGrane R, et al. A 3D printed nano bone matrix for
characterization of breast cancer cell and osteoblast interactions. Nanotechnology. 2016;27(31):315103.
Epub 2016/06/28. doi: 10.1088/0957-4484/27/31/315103. PubMed PMID: 27346678; PubMed Central
PMCID: PMCPM(C5192011.

186. Vanderburgh JP, Guelcher SA, Sterling JA. 3D bone models to study the complex physical and
cellular interactions between tumor and the bone microenvironment. J Cell Biochem.
2018;119(7):5053-9. Epub 2018/03/31. doi: 10.1002/jcb.26774. PubMed PMID: 29600556.

187. Qiao H, Tang T. Engineering 3D approaches to model the dynamic microenvironments of cancer
bone metastasis. Bone Res. 2018;6:3. Epub 2018/03/07. doi: 10.1038/s41413-018-0008-9:\PubMed
PMID: 29507817; PubMed Central PMCID: PMCPMC5826951.

188. Jasuja H, Kar S, Katti DR, Katti KS. Perfusion bioreactor enabled fluid-derived sheapstfess conditions
for novel bone metastatic prostate cancer testbed. Biofabrication. 2021;13(3). Fptib 2021/01/09. doi:
10.1088/1758-5090/abd9d6. PubMed PMID: 33418550.

189. Wu D, Wang Z, Li J, Song Y, Perez MEM, Wang Z, et al. A 3D-Bioprinted*Multiple Myeloma Model.
Adv Healthc Mater. 2022;11(7):e2100884. Epub 2021/09/25. doi: 10,1002/adhm.202100884. PubMed
PMID: 34558232; PubMed Central PMCID: PMCPMC8940744.

190. Duan J, Cao Y, Shen Z, Cheng Y, Ma Z, Wang L, et al. 3D Bieprinted GelMA/PEGDA Hybrid Scaffold
for Establishing an In Vitro Model of Melanoma. J Mickobiol Biotechnol. 2022;32(4):531-40. Epub
2022/01/22. doi: 10.4014/jmb.2111.11003. PubMed PMID: 35058399.

191. DiaoJ, Zhang C, Zhang D, Wang X, Zhang J, Ma'C, et al. Role and mechanisms of a three-dimensional
bioprinted microtissue model in promoting jareliferation and invasion of growth-hormone-secreting
pituitary adenoma cells. Biofabrication.2019;11(2):025006. Epub 2018/12/12. doi: 10.1088/1758-
5090/aaf7ea. PubMed PMID: 30537696,

192. Sbrana FV, Pinos R, Barbagliot; Ribezzi D, Scagnoli F, Scarfo L, et al. 3D Bioprinting Allows the
Establishment of Long-Term 3D Culture Model for Chronic Lymphocytic Leukemia Cells. Front Immunol.
2021;12:639572. Epub 2021/05/21. doi: 10.3389/fimmu.2021.639572. PubMed PMID: 34012434;
PubMed Central PMCIDN\PMCPMC(C8126722.

193. Zidtkowska-Sichanek I. Mimicking Tumor Hypoxia in Non-Small Cell Lung Cancer Employing Three-
Dimensional InrVitro Models. Cells. 2021;10(1). Epub 2021/01/16. doi: 10.3390/cells10010141. PubMed
PMID: 33445709; PubMed Central PMCID: PMCPMC7828188.

194. Grunewald L, Lam T, Andersch L, Klaus A, Schwiebert S, Winkler A, et al. A Reproducible Bioprinted
3D Tumor Model Serves as a Preselection Tool for CAR T Cell Therapy Optimization. Frontiers in
immunology. 2021;12:689697. Epub 2021/07/17. doi: 10.3389/fimmu.2021.689697. PubMed PMID:
34267756; PubMed Central PMCID: PMCPM(C8276678.

195. Aquino RP, Barile S, Grasso A, Saviano M. Envisioning smart and sustainable healthcare: 3D Printing
technologies for personalized medication. Futures. 2018;103:35-50. doi:
https://doi.org/10.1016/j.futures.2018.03.002.

196. Colombo E, Cattaneo MG. Multicellular 3D Models to Study Tumour-Stroma Interactions. Int J Mol
Sci. 2021;22(4). Epub 2021/02/11. doi: 10.3390/ijms22041633. PubMed PMID: 33562840; PubMed
Central PMCID: PMCPMC7915117.

197. Bleijs M, van de Wetering M, Clevers H, Drost J. Xenograft and organoid model systems in cancer




research. EMBO J. 2019;38(15):e101654. Epub 2019/07/10. doi: 10.15252/embj.2019101654. PubMed
PMID: 31282586; PubMed Central PMCID: PMCPMC6670015.

198. Datta P, Dey M, Ataie Z, Unutmaz D, Ozbolat IT. 3D bioprinting for reconstituting the cancer
microenvironment. NPJ Precis Oncol. 2020;4:18. Epub 2020/08/15. doi: 10.1038/s41698-020-0121-2.
PubMed PMID: 32793806; PubMed Central PMCID: PMCPMC7385083.

199. Bojin F, Robu A, Bejenariu MI, Ordodi V, Olteanu E, Cean A, et al. 3D Bioprinting of Model Tissues
That Mimic the Tumor Microenvironment. Micromachines (Basel). 2021;12(5). Epub 2021/06/03. doi:
10.3390/mi12050535. PubMed PMID: 34065040; PubMed Central PMCID: PMCPMC8151644.

200. Verbridge SS, Chandler EM, Fischbach C. Tissue-engineered three-dimensional tumor models to
study tumor angiogenesis. Tissue Eng Part A. 2010;16(7):2147-52. Epub 2010/03/11. doi:
10.1089/ten.TEA.2009.0668. PubMed PMID: 20214471; PubMed Central PMCID: PMCPMC4093914.
201. Li S, Yang K, Chen X, Zhu X, Zhou H, Li P, et al. Simultaneous 2D and 3D cell cultuge\array for
multicellular geometry, drug discovery and tumor microenvironment reconstruction Bioefabrication.
2021;13(4). doi: 10.1088/1758-5090/aclea8. PubMed PMID: 34407511.

202. Bray LJ, Werner C. Evaluation of Three-Dimensional in Vitro Models to Study\Tumor Angiogenesis.
ACS biomaterials science & engineering. 2018;4(2):337-46. doi: 10.1021/acsbiomaterials.7b00139.
PubMed PMID: 33418728.

203. Chwalek K, Bray LJ, Werner C. Tissue-engineered 3D tumor ‘angiogenesis models: potential
technologies for anti-cancer drug discovery. Advanced drug delivery reviews. 2014;79-80:30-9. doi:
10.1016/j.addr.2014.05.006. PubMed PMID: 24819220.

204. Wang C, Li J, Sinha S, Peterson A, Grant GA, Yang F. Mimicking brain tumor-vasculature
microanatomical architecture via co-culture of brain,*tUmor and endothelial cells in 3D hydrogels.
Biomaterials. 2019;202:35-44. Epub 2019/03/06doi: 10.1016/j.biomaterials.2019.02.024. PubMed
PMID: 30836243; PubMed Central PMCID: PMCPMC8740494.

205. Meng F, Meyer CM, Joung D, Vallera(DA, McAlpine MC, Panoskaltsis-Mortari A. 3D Bioprinted In
Vitro Metastatic Models via Retoustruction of Tumor Microenvironments. Adv Mater.
2019;31(10):e1806899. Epub 2049/01/22. doi: 10.1002/adma.201806899. PubMed PMID: 30663123;
PubMed Central PMCID: PMCRMC6996245.

206. Lu IN, Dobersalske @)Rauschenbach L, Teuber-Hanselmann S, Steinbach A, Ullrich V, et al. Tumor-
associated hematopojetic stem and progenitor cells positively linked to glioblastoma progression. Nat
Commun. 2021;12(1):3895. Epub 2021/06/25. doi: 10.1038/s41467-021-23995-z. PubMed PMID:
34162860; PubMed Central PMCID: PMCPM(C8222381.

207. Tatla,AS,Justin AW, Watts C, Markaki AE. A vascularized tumoroid model for human glioblastoma
angiogénesis. Sci Rep. 2021;11(1):19550. Epub 2021/10/03. doi: 10.1038/s41598-021-98911-y.
PubMed PMID: 34599235; PubMed Central PMCID: PMCPM(C8486855.

208. Miller IS, Stevens KR, Yang MT, Baker BM, Nguyen DH, Cohen DM, et al. Rapid casting of patterned
vascular networks for perfusable engineered three-dimensional tissues. Nat Mater. 2012;11(9):768-74.
Epub 2012/07/04. doi: 10.1038/nmat3357. PubMed PMID: 22751181; PubMed Central PMCID:
PMCPMC3586565.

209. Sousa CFV, Saraiva CA, Correia TR, Pesqueira T, Patricio SG, Rial-Hermida M, et al. Bioinstructive
Layer-by-Layer-Coated Customizable 3D Printed Perfusable Microchannels Embedded in
Photocrosslinkable Hydrogels for Vascular Tissue Engineering. Biomolecules. 2021;11(6). Epub
2021/07/03. doi: 10.3390/biom11060863. PubMed PMID: 34200682; PubMed Central PMCID:
PMCPM(C8230362.



210. Wang X, Li X, Ding J, Long X, Zhang H, Zhang X, et al. 3D bioprinted glioma microenvironment for
glioma vascularization. J Biomed Mater Res A. 2021;109(6):915-25. Epub 2020/08/12. doi:
10.1002/jbm.a.37082. PubMed PMID: 32779363.

211. Ruiz-Garcia H, Alvarado-Estrada K, Schiapparelli P, Quinones-Hinojosa A, Trifiletti DM. Engineering
Three-Dimensional Tumor Models to Study Glioma Cancer Stem Cells and Tumor Microenvironment.
Front Cell Neurosci. 2020;14:558381. Epub 2020/11/13. doi: 10.3389/fncel.2020.558381. PubMed
PMID: 33177991; PubMed Central PMCID: PMCPMC7596188.

212. Herreros-Pomares A, Zhou X, Calabuig-Farinas S, Lee SJ, Torres S, Esworthy T, et al. 3D printing
novel in vitro cancer cell culture model systems for lung cancer stem cell study. Mater Sci Eng C Mater
Biol Appl. 2021;122:111914. Epub 2021/03/02. doi: 10.1016/j.msec.2021.111914. PubMed PMID:
33641907.

213. Boumahdi S, de Sauvage FJ. The great escape: tumour cell plasticity in resistance to\targeted
therapy. Nat Rev Drug Discov. 2020;19(1):39-56. Epub 2019/10/12. doi: 10.1038/s41573°019-0044-1.
PubMed PMID: 31601994.

214. Demaria O, Cornen S, Daeron M, Morel Y, Medzhitov R, Vivier E. Harnessing\innate immunity in
cancer therapy. Nature. 2019;574(7776):45-56. Epub 2019/10/04. doi: 101038/s41586-019-1593-5.
PubMed PMID: 31578484.

215. Delalat B, Harding F, Gundsambuu B, De-Juan-Pardo EM, WunnehFM, Wille ML, et al. 3D printed
lattices as an activation and expansion platform for T cell therapyi Biomaterials. 2017;140:58-68. Epub
2017/06/20. doi: 10.1016/j.biomaterials.2017.05.009. PubMed\WPMID: 28628776.

216. Kim JH, Lee S, Kang SJ, Choi YW, Choi SY, Park JY‘et al. Establishment of Three-Dimensional
Bioprinted Bladder Cancer-on-a-Chip with a Microfluidic System Using Bacillus Calmette-Guerin. Int J
Mol Sci. 2021;22(16). Epub 2021/08/28. doi: (20.3390/ijms22168887. PubMed PMID: 34445591;
PubMed Central PMCID: PMCPM(C8396314.

217. Augustine R, Kalva SN, Ahmad R, Zahi@*AA, Hasan S, Nayeem A, et al. 3D Bioprinted cancer models:
Revolutionizing personalized cancer therdpy. Transl Oncol. 2021;14(4):101015. Epub 2021/01/26. doi:
10.1016/j.tranon.2021.101015. PubMed PMID: 33493799; PubMed Central PMCID: PMCPMC7823217.
218.Jameson JL, Longo DL. Precision medicine--personalized, problematic, and promising. N Engl J Med.
2015;372(23):2229-34. Egub2015/05/28. doi: 10.1056/NEJMsb1503104. PubMed PMID: 26014593.
219. Nieto D, JimenezG)Moroni L, Lopez-Ruiz E, Galvez-Martin P, Marchal JA. Biofabrication approaches
and regulatory framiework of metastatic tumor-on-a-chip models for precision oncology. Med Res Rev.
2022;42(5):1978-2001. Epub 2022/06/17. doi: 10.1002/med.21914. PubMed PMID: 35707911.

220. Bhuskute'H, Shende P, Prabhakar B. 3D Printed Personalized Medicine for Cancer: Applications for
Bettexment of Diagnosis, Prognosis and Treatment. AAPS PharmSciTech. 2021;23(1):8. Epub
2021/12/03. doi: 10.1208/s12249-021-02153-0. PubMed PMID: 34853934.

221. Wang J, Feng X, Li Z, Chen Y, Huang W. Patient-derived organoids as a model for tumor research.
Prog Mol Biol Transl Sci. 2022;189(1):259-326. Epub 2022/05/21. doi: 10.1016/bs.pmbts.2022.03.004.
PubMed PMID: 35595351.





