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In the era of burgeoning breakthroughs around medical and 
biomedical technologies, personalizing our medicine still 
sounds like a dream yet to be realized.

Take cancer as an example, while the pool of anti-cancer 
therapeutic agents is tremendously large, pinpointing a drug 
or a combination of drugs that would always work out well 
for a given patient, remains quite impossible—in fact, we are 
not even close to this ideal scenario. Such an incapability, of 
course, originates primarily from the overly complex, volu-
metrically structured and dynamic microenvironments in a 
patient’s tumor, meaning that the same tumor as seen on Day 
1 might be entirely different than when seen again a month 
later. Even worse, this is only the intratumor heterogeneity 
within a single patient. Intertumor heterogeneity further adds 
soils to the grave—Patient 1 can be dramatically different 
from Patient 2 despite that they bear the same tumor type, 
and by the next time they both show up in the clinic, such a 
difference between them may have well-changed again. Huh!

And it seems that we all know these problems, but what 
can be done, really, that will lead us closer toward our goal 
of personalizing medicine? Let us take a look. In the past 
decades with significant advancements in human genom-
ics, the concept of precision medicine has emerged, which 
relies on molecular and genetic profiling of a patient’s tumor 
for the selection of therapeutics for this specific patient [1]. 
Nevertheless, translation into a successful clinical outcome 
through finding a particular biomarker has not been as 

efficient as desired, at a typically below 30% rate, whether 
in chemotherapy [2, 3] or in immunotherapy [4].

As such, it has been increasingly understood that the spa-
tiotemporal distribution of the cancer cells and associated 
cells, along with the matrix that pulls them together in the 
tumor microenvironment, plays a critical role in determin-
ing how a tumor would progress, disseminate, respond to 
therapeutics, and potentially acquire resistance. Realizing 
that the conventional planar, static cell culture models may 
not provide a biosimilar configuration with their respective 
native tissues, people have started pondering about alter-
native ways that could be more reliable. In tackling per-
sonalized cancer treatment, a neat idea lies in the use of 
the patient-derived xenograft (PDX) models, where cancer 
biopsy tissues obtained from a patient are implanted back 
into an animal host, typically mice, to reconstitute partially 
humanized tumor growth that carries the patient’s tumor 
characteristics. Unfortunately, the excessively high costs 
associated with the animals, the labor, the timescale (as 
long as 6–8 months), and the low success rate (10–30%) 
have significantly limited the use of these PDX models [5]. 
While we have so far elaborated on cancer as an example of 
the personalized medicine problem, it is almost universally 
existent for many other disease types.

More recently, with also our growing capacity in a 
series of engineering technologies, a new field of tissue 
model engineering has emerged. Building on top of the 
long-existing tissue engineering concept [6], yet opposed 
to its aims at generating tissue substitutes to maintain, 
repair, or augment functions of the human body, tissue 
model engineering rather seeks to produce miniature cop-
ies of the human tissues or organs in vitro, potentially at 
a higher throughput, for applications in drug development 
and therapeutics screening [7]. Comparing to the conven-
tional planar, static monolayer cell cultures in a dish, engi-
neered tissue models are usually three-dimensional (3D), 
or oftentimes at least compartmentalized, which when 
combined with suitable physicochemically dynamic cues, 
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would to a decent degree emulate desired human tissues 
in their architecture and functions. Sometimes, organ-level 
functionality is also possible, through meticulous bio-
design and manufacturing, and reverse-engineering [8, 9].

Among the collection of tissue model engineering strat-
egies, those based off bioprinting and organ-on-a-chip 
technologies have been most popular so far (Fig. 1).

Bioprinting refers to 3D positioning of a bioink or 
a combination of multiple bioinks into a structurally 
defined volumetric tissue construct through robotically 
programmed operations [10, 11]. Unlike how the tissues 
are fabricated before, 3D bioprinting due to its automation 
process enables complexity and reproducibility not quite 
previously possible. Such unique features of bioprinting 
have facilitated its adoption in tissue model engineering, 
with vast amount of exciting examples already pushed out 
into the literature, spanning across human-based models 
of the brain [12], the heart [13], the liver [14], the kidney 

[15], the vasculature [16], and the tumor [17, 18], among 
others.

On the other hand, organ-on-a-chip easily brings in the 
advantages of compartmentalization and dynamic physico-
chemical cues that are also characteristic of most human 
tissues, such as fluidic shear stresses, mechanical actuations, 
electrical signals, and circulating cells, growth factors, and 
cytokines [19]. Notable examples of human tissue models 
engineered with the on-a-chip platforms include the breath-
ing lung-on-a-chip [20], the contracting heart-on-a-chip 
[13], the dilating/constricting blood vessel-on-a-chip [21], 
the renal reabsorption-on-a-chip [15], the peristaltic gut-on-
a-chip [22], the foreign body response-on-a-chip [23], and 
of course the tumor-on-a-chip (e.g., tumor immunotherapy-
on-a-chip [24])as well.

Interestingly, if our readers are careful enough reading 
through the past two paragraphs, they will perhaps notice 
that some literature cited have overlapped [13, 15]. Indeed, 

Fig. 1  Engineering in vitro 
personalizable, human-based 
tissue models through bioprint-
ing, organ-on-a-chip, and/or 
their combination. Illustration 
by Zixuan Wang, used with 
permission
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the two technologies are not entirely separate but are quite 
connected, and most frequently complementary to each 
other, provoking us to truly think about their potential com-
binations, i.e., bioprinting of a volumetric and structurally 
complex tissue model directly into a chip device [15] or 
post-loaded [13], where the chip further provides the addi-
tional compartmentalization and physicochemical cues 
needed for functional maturation and/or maintenance [25]. 
Other considerations include biosensor integration to make 
in-line, continual, and non-invasive monitoring of microtis-
sue behaviors and responses possible [26], as well as multi-
organ integration to allow for investigations into intertissue 
interactions and simultaneous examination of efficacy and 
side toxicity [27]. These all-human, precisely engineered, 
volumetric, dynamic, and personalizable systems will hope-
fully one day help us achieve true precision/personalized 
medicine [28].

To this end, we have put up together an exciting Special 
Issue on the topic of “in vitro tissue models”, emphasizing 
the bio-design and manufacturing aspects involved in engi-
neering a range of tissue model types. We begin with an Edi-
torial by He et al. [29] furthering the discussions about the 
rationale behind choosing 3D bioprinting for the fabrication 
of in vitro tissue models toward utilization in drug screen-
ing. The editorial outlines, through a comic-style presenta-
tion, the dilemmas of current drug screening, advantages of 
in vitro 3D models, as well as different bioprinting strategies 
and classification of these models, ending by projecting key 
challenges and key attributes.

A collection of Research Articles then ensues. Ma et al. 
[30] focuses on the bioprinting of the central nervous system 
using hyaluronic acid, the most abundant brain extracellular 
matrix component, as the main component of the bioink. 
The effect of the bioink formulation as well as bioprint-
ing conditions was optimized for encapsulation of the glial 
cells, laying down a foundation for future modeling of brain 
lesions such as glioblastoma. Xie et al. [31] proposes a novel 
tumor array chip system featuring a ‘layered cake’ structure, 
where hydrogel droplet-encapsulated breast tumor cells were 
automatically deposited on a substrate with electrohydro-
dynamic 3D bioprinting, achieving higher-throughput drug 
screening. The third article by Sharifi et al. [32] presents a 
new dual chamber-on-a-chip platform to study hepatocellu-
lar carcinoma metastasis and treatment. One of the chambers 
was used as the primary hepatocellular carcinoma tissue, 
whereas the second was designated as the bone metastatic 
site; an interesting observation, i.e., the mineral-dependent 
seeding of the metastatic hepatocellular carcinoma cells in 
the bone-mimetic chamber, was made. The platform was 
subsequently applied toward examining the effects of a 
phytochemical anti-cancer drug thymoquinone, in both free 
form and nanoparticulate form, on inhibiting the metastasis 
process.

The Special Issue finally gathers five excellent reviews 
scattered across a few different important areas of in vitro 
tissue model engineering. Thakor et al. [33] cover the appli-
cation of hydrogels as the biomaterials to engineer 3D tissue 
models utilizing brain tumor cells, via microscale bioman-
ufacturing technologies such as electrospinning and bio-
printing. Therapeutic potentials of hydrogels toward brain 
tumor were also briefly mentioned. In a related way, the next 
review by Ma et al. [34] expands on how 3D bioprinting in 
particular may be taken advantages of in the construction of 
in vitro tumor models, focusing on the bioprinting strategies 
and bioink designs with a subsequent illustration of cur-
rently reported bioprinted tumor models. The third review by 
Zubizarreta et al. [35] elaborates on a fairly new topic of the 
field, i.e., the bioengineering of the female reproductive sys-
tem. Given the growing concerns over the female reproduc-
tive health and fertility, there is an ever-increasing demand 
to develop representative, effective, and efficient in vitro 
human-based models for studying this uniquely important 
yet largely overlooked system, for which the recent advances 
have been covered in the review. Li et al. [36] then follow by 
discussing methods of using the cost-effective paper-based 
biomaterials for the fabrication of in vitro tissue models, 
to enable convenient, disposable, and rapid means suitable 
for drug screening, potentially at the bedside using patient-
derived materials. Lastly, we further tune the topic to bio-
sensing integration into organ-on-a-chip systems, where 
Yang et al. [37] specifically summarize imaging-based bio-
analysis of heart-on-a-chip models through built-in photonic 
crystal-enabled optical sensors.

Ultimately, these examples only highlight the large body 
of work that is being done in the engineering of in vitro 
human tissue models. It is hoped that this Special Issue will 
serve as a collection of research and views from different 
angles, to spur further endeavors across disciplines that are 
aimed toward advancing this young field that nonetheless, 
will likely change how personalized medicine is practiced 
in the future.
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