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ABSTRACT
In this study, we demonstrate cell culture platforms that can provide a microenvironment similar to in
vivo conditions so that in vivo-compatible drug testing results can be obtained from the in vitro experi-
ments. To realize such in vivo microenvironment-mimetic platforms, different culture platforms such as
a three-dimensional (3D) cell aggregate film, fluidic environment within a microfluidic system or extra-
cellular matrix (ECM) coating were established. The tumor cell growth rate and sensitivity to doxorubi-
cin (DOX) were studied using the glioblastoma cell line T98G. When 3D spheroids were cultured, they
grew significantly slower than under other culture conditions. When the cells were treated with DOX,
the anticancer drug could not efficiently penetrate the 3D spheroids to inhibit cell growth. When cul-
tured on the Matrigel-coated culture vessel, T98G cells grew even in the presence of DOX, demonstrat-
ing chemoresistance. Nonetheless, in the 2D culture plate and in the microfluidic chip, cell growth
decreased with DOX treatment and the binding ability was lost. These results indicate that the cells
reacted differently to the same anticancer drug depending on the culture microenvironment. We
believe that the development of a more physiologically relevant tumor cell culture platform will lead to
more reliable antitumor drug responses.
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Introduction

The drug discovery pipeline in the pharmaceutical industry
requires substantial resources and manpower because it is
time consuming and costly [1,2]. Generally, it is known that
developing a new drug requires approximately 12–15 years of
time and costs over $100 million before the drug can be uti-
lized in the clinical stage [3]. During the development of such
new drugs, numerous drug candidates (usually a few thou-
sand) are screened in a high-throughput manner using cells
cultured in plastic culture dishes and fewer than 100 effective
candidates are selected. Then, the cytotoxicity of drug candi-
dates is tested in a dose-dependent manner using the same
two-dimensional (2D) culture dishes [4,5]. In the next preclin-
ical stage, �115 million animals are used worldwide each
year for experiments to ensure these drugs safety and effi-
cacy [6]. In spite of these long and costly processes, many
drugs that have passed the in vitro and animal studies have
ultimately failed in the clinical trials [7,8]. This situation indi-
cates that the results obtained in vitro and in animal studies
are inconsistent with the drug responses in humans [9,10].

According to the US Food and Drug Administration (FDA),
only 8% of the drugs that have passed animal testing have
had their safety and effectiveness proven [11]. Among the
pharmaceutical classes of compounds that repeatedly fail
as described above, anticancer drugs are the most

common [12,13]. The main reason for this high failure rate is
that the existing in vitro models do not precisely recapitulate
the complex microenvironment of a human body, which
operates under 3D, extracellular-rich and fluidic conditions.
Furthermore, animal models have inherent limitations such as
genetic heterogeneity with humans [14,15]. Therefore, to
obtain in vivo-compatible results at the preclinical stage that
can be translated to the actual clinical trials, a new platform
is urgently needed. With in vivo condition-mimicking plat-
forms, the existing problems can be overcome and the cost
and time required for drug development can be reduced.

In this study, we selected a brain tumor cell line with the
aim to develop a platform that simulates the microenviron-
ment of native tumor cells in vitro. There are several distinct-
ive features in the native tumor microenvironment [16,17].
First, in general, tumor cells do not grow in a 2D morph-
ology; rather, they grow as 3D cell aggregates [18,19].
Second, the tumor mass is consistently exposed to the fluidic
shear stress caused by interstitial flow [20]. It is noted that
fluidic shear stress is an important factor in the growth and
metastasis of tumors and tumor cells are sensitive to shear
stress [21]. Third, tumor cells interact with the surrounding
extracellular matrix (ECM) and stromal cells using receptor or
junctional proteins [22,23]. These cell-ECM and cell-cell inter-
actions are important because not only can they modulate
the growth kinetics of tumor cells by the limited diffusion of
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oxygen and nutrients in the tumor, but they can also induce
cell adhesion-mediated drug resistance [24] and subsequently
change the sensitivity upon drug treatment [25,26].
Therefore, we attempted to implement these native features
of the tumor microenvironment into the engineered tumor
cell culture platforms. For this purpose, T98G, a brain tumor
(glioblastoma) cell line, was cultured on each platform includ-
ing the 3D tumor spheroid film, the microfluidic chambers
and the ECM-coated culture vessel and the sensitivity to (and
specificity of) DOX was evaluated in each environment.

Material and methods

Cancer cell preparation

Human brain tumor cell line T98G was purchased from
Korean Cell Line Bank (Seoul, Korea). The tumor cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) sup-
plemented with 10% of fetal bovine serum and 1% of a peni-
cillin solution in an incubator set to 5% carbon di oxide (CO2)
and 37 �C. To transfer the cells into engineered cell culture
platforms, the cultured cells were removed from the culture
dish using a 0.25% trypsin-EDTA solution (Life Technologies,
Grand Island, NY) and the cell density was adjusted to a
suitable value for each cell culture platform.

3D spheroid cancer cell culture using the 3D
SpheroFilmTM

A commercially available SpheroFilmTM (Incyto, Republic of
Korea) was purchased and used to grow cancer cells in a 3D
spheroid form. SpheroFilmTM is made of a silicone elastomer
and has an array of concave microwells that helps grow cells
into large 3D spheroid structures. When cells are dispensed
above the microwell array, they gravitate into the microwells.
If the cell–cell affinity is stronger than that between cells and
the surface of the film, the cells spontaneously aggregate
into a spheroid form. The microwells have an internal diam-
eter of 500 lm and a depth of 100 lm. To control cell density
within the microwells, the films were cut into 0.5 cm2 pieces
and placed in 96-well plates. Prior to cell culture, 100% etha-
nol was introduced to avoid the formation of air bubbles.
The ethanol was removed after 10min and the wells were
rinsed thoroughly with phosphate-buffered saline (PBS). After
the washing step, the cells were seeded uniformly on the
SpheroFilmTM with a cell density of 106 cells/mL and the cell-
seeded film was immersed in the culture medium. The sys-
tem was kept in an incubator for 24 h. The culture medium
was changed every day in such a manner that one-third of
the culture medium contained in the existing microwells was
aspirated and the same volume was replenished.

Live-dead cell staining

To directly visualize the viability of 3D cancer spheroids, we
stained the cells with two dyes. The Hoechst nuclear stain
was applied to identify the total number of cells and the
dead cells were identified by propidium iodide (PI) staining.
First, cells were seeded on SpheroFilmTM, and spheroid cells

were collected every day from day 1 to 4 and transferred
onto a glass slide. A drop of NucBlueTM Live ReadyProbesTM

Reagent (Thermo Fisher, Waltham, MA) was applied to stain
the nuclei of whole cells and the dead cells were stained by
diluting PI (Life Technologies) to 1 g/mL in PBS. The cells
were incubated at 37 �C in an incubator for 20min, was gen-
tly pressed with a coverslip to convert the 3D spheroid into a
2D cell layer for visualization, and further incubated for
20min. The viability of cells was confirmed via fluorescence
microscope imaging. In the case of the conventional 2D cul-
ture dish, microfluidic channels and ECM-coated platforms,
the culture medium was removed and the vessels were
washed with phosphate buffered saline (PBS). The Calcein-AM
(Life Technologies) and PI solutions, which were diluted
to1 g/mL in PBS, were incubated at 37 �C for 20min. Live and
dead cells were confirmed by fluorescence microscopy.

Cancer cell culture in the microfluidic chip platform

To prepare a microchannel mold, SU-8 (MicroChem Corp.,
Westborough, MA) was patterned on a silicon wafer by
photolithography and the prepared mold was replicated with
the polydimethylsiloxane (PDMS) Sylgard 184 (Dow Corning,
Midland, MI). In brief, the PDMS prepolymer and the cross-
linker were mixed at a ratio of 10:1 and poured onto the
microchannel mold. The bubbles were removed prior to cur-
ing in a vacuum desiccator and then the degassed PDMS was
placed in an oven and allowed to cure at 80 �C for more than
2 h. The cured PDMS was peeled off from the mold and cut
into pieces. For the complete microfluidic cell culture plat-
form, the PDMS piece was treated with oxygen plasma and
assembled with a glass slide. The microchannel was coated
with poly-D-lysine hydrobromide (PDL; 0.1mg/mL; Sigma-
Aldrich, St. Louis, MO) solution for 3 h to allow cell adhesion.
Later, the PDL solution was removed and the vessel was
rinsed three times with PBS.

The brain tumor cell line T98G was removed from the cul-
ture dish and the cell density was adjusted to 105 cells/mL.
The suspension was introduced into the microchannels.
Immediately after dispensing, the flow was halted for 24 h so
that the cells could adhere to the surface of the microchan-
nel. To prevent the drying in the incubator, culture medium
was added by inserting 1mL tips containing medium at the
inlet and outlet of the microchannels. After 24 h, a syringe
pump was connected and shear stress of 0.1 dyn/cm2 was
applied to the cells.

Cancer cell culture on the ECM-coated culture vessel

A fence made of PDMS was fabricated to contain the culture
medium and it was bonded to the glass slide. To study the
difference between the receptor-mediated binding and the
surface charge-mediated binding, Matrigel (Dow Corning) and
PDL solutions were applied to two glass slides at a concentra-
tion of 0.1mg/mL and incubated for 3 h. After that, the glass
slides were rinsed thoroughly as described above. T98G cells
were dispensed (1ml) into the two coated glass slides with
the density adjusted to 105 cells/mL. The chips were kept in
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an incubator set to 5% CO2 and 37 �C and the culture
medium was changed every three days.

DOX treatment of cancer cells cultured on the
different platforms

To compare cellular sensitivity and resistance to drugs on
different platforms, DOX was selected as a representative
anticancer drug. DOX was first completely dissolved in
dimethyl sulfoxide and diluted to a total concentration of
1lg/mL in the culture medium or PBS. DOX-supplemented
culture medium was introduced in each culture platform and
incubated for three days and cell growth or changes induced
by the drug were examined.

Cell growth rate and chemoresistance analysis

For the analysis of cell growth, the culture medium
was removed from each platform and the vessels were
washed with PBS and treated with 0.25% trypsin-
Ethylenediaminetetraacetic acid (EDTA). The detached cells
were recovered and counted. In the case of the 3D cancer
spheroid, the total number of cells was directly counted and
analyzed by Hoechst nuclear staining as described in the
Section “Live-dead cell staining”. On the third day after DOX
treatment, the effect of drug sensitivity was measured by col-
lecting cells from each platform and determining the number

of cells. In the case of the 3D spheroid cells, the effects of
DOX were measured by two methods: (i) changes in the
diameter of the spheroids and (ii) the ratio of PI-positive
(dead) cells to the total cells (Hoechst fluorescence staining).

Results and discussion

To emulate the in vivo microenvironment of a native tumor
with engineering techniques, three types of cell culture meth-
ods:—3D cancer spheroid culture, microfluidic chip culture
for stimulation of shear stress by interstitial flow and ECM-
coated surface culture for receptor-mediated adhesion—were
utilized. The cellular behaviors, such as growth rate and che-
moresistance, were compared with those of the conventional
2D monolayer cell culture models, and we characterized the
changes of cells in each microenvironmental platform
(Scheme 1). First, T98G cells were cultured on each platform
to confirm the growth rate and viability. After the growth
rates were compared, the changes in anticancer drug sensitiv-
ity in each environment were confirmed by treatment with
DOX. This assay was designed to confirm the differences
related to anticancer drug sensitivity between the culture
models, thereby suggesting the requirements of an in vivo-
like tumor model for the high-throughput screening of
drug candidates.

Scheme 1. Culture of tumor cells on the tumor microenvironment-mimetic platforms. (A) The conventional 2 D monolayer cell culture method. (B) A 3 D spheroid
cell culture method that can mimic the tight cell-cell interaction and high cell density of native tumors. (C) A method for culturing cells in the microfluidic channels
capable of simulating a fluidic microenvironment in which an interstitial flow is present. (D) The culture of cancer cells in an ECM-coated substrate capable of repro-
ducing the cell-ECM interaction between the receptors of cancer cells and the ligands of ECM matrices.
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Figure 1. Microscopic images of 3D cancer spheroids. (A) T98G cells were cultured with SpheroFilmtrTM to obtain a 3D spheroid form, and the appearance of sphe-
roids was confirmed by optical microscopy (scale bar: 200 lm). (B–D) To count viable whole cells and dead cells in a 3D spheroid, the spheroid was transferred onto
a glass slide, mounted with a coverslip, stained with Hoechst and PI, and examined under a fluorescence microscope. (B) Hoechst nuclear staining confirmed the
total number of cells. (C) Dead cells were identified among whole cells by PI staining. (D) An overlay of Hoechst and PI staining images. (E) Analysis of viability of 3D
spheroid cells by fluorescence staining as a function of culture time.

Figure 2. Microfluidic chip and cell culture images in microchannels. (A, B) A schematic diagram of the microfluidic chip and an image of the chip fabricated with
PDMS. (C, D) Micrographs showing that T98G cells grow well in the PDL-coated microfluidic chip (scale bar: 200 lm).
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Comparative analysis of cancer cell growth on
different platforms

To confirm tumor cell growth in the 3D spheroid environ-
ment, T98G cells were cultured for four days in the microwells
of SpheroFilmTM (Figure 1(A)) as a spheroid form. The growth
of cancer cells cultivated in the 3D environment can be con-
firmed by indirect methods such as an ATP assay or [3–(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (MTT)
assay. However, in this study, embryo cell staining was per-
formed for direct confirmation of 3D cell growth. After the
immunohistochemical staining with Hoechst (Figure 1(B)), the
nuclei of the grown cells were stained to count the whole
population of cells, and the number of dead cells was deter-
mined by PI staining (Figure 1(C)) to confirm the total cell
growth rate and the percentage of dead cells (Figure 1(D,E)).
Therefore, the viability can be determined by the ratio of the
number of PI-positive cells (dead cells) to the number of
Hoechst-positive nuclei (total cells). As a result, it was con-
firmed that after four days, the number of dead cells
increased approximately fivefold, while the total number of
cells increased approximately fourfold (Figure 1(E)).

The cancer cells were cultured in a microfluidic chip
(Figure 2(A,B)) to identify the effect of fluidic shear stress
on the cellular behaviors. To this end, the cells were initially
introduced into the fluid channel and allowed to adhere to
the chip for one day without applying culture media flow.
From the second day, the cells were exposed to the fluidic
condition at a constant flow rate using a syringe pump.
The fluidic culture condition was adjusted to ensure shear
stress of 0.1 dyn/cm2, which is comparable to the values
observed in in vivo tumors (Figure 2(C,D)). After four days
of cell culture, the cells were harvested by trypsin treatment
and the number of cells was measured by a trypan blue
dye exclusion assay. It was confirmed that the cell number
increased by �15-fold as compared with the initial
cell number.

To confirm the growth of tumor cells in the presence of
ECM, 105 cells were cultured in pretreated PDL-coated chips
and Matrigel-coated chips (Figure 3(A)). In both PDL- and
Matrigel-coated chips, cells showed an approximately 15-fold
increase in cell number as compared with the initial number
of seeded cells (Figure 3(B,C)).

Overall, when tumor cells were cultured in the platforms
coated with PDL and Matrigel, they increased in number by

Figure 3. The chip for comparison of receptor- and charge-mediated adhesion of cancer cells. (A) Photograph of the wells made of PDMS to contain PDL, Matrigel
solutionand culture media. The well was bonded with a glass slide to prevent potential leakage of solutions. (B) Micrographs of T98G cells cultured on a PDL-coated
chip and (C) T98G cells cultured on a Matrigel-coated chip (scale bar: 200lm).

Figure 4. A comparison of cell growth rates depending on the culture platform.
In the traditional 2D culture dish, microfluidic culture chip and ECM-coated plat-
form, cells expanded by �15-fold in four days, while the 3D spheroids showed
only a fourfold increase in cell number. These results demonstrate that the cul-
ture dimension (2D or 3D) can significantly affect the expansion rate of cancer
cells. (����: p� .0001)

Figure 5. Changes in cell growth on each platform after DOX treatment. The
growth of T98G cancer cells with and without DOX treatment. When treated
with 1lg/mL DOX, the cells cultured on the 2 D culture dish, PDL-coated micro-
fluidic chip, and 3D spheroid film did not show growth, whereas T98G cells cul-
tured on the Matrigel-coated chips showed marginal growth of 2.5-fold. In
addition, when shear stress was administered in the presence of DOX, the cells
lost their adhesion and were completely washed out. (��: p� .01,����: p� .0001)
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approximately 15-fold over the same incubation period,
which was similar to the results obtained from the microflui-
dic culture platform. This finding was also similar to the
results of cells cultured on a traditional 2D platform.
Nevertheless, when the cells were cultured in a 3D spheroid
form, the number of cells increased approximately fourfold
during the same incubation period and the growth rate was
remarkably slow as compared with other culture platforms
(Figure 4).

The difference in growth rate seems to originate from the
culture dimension. In the case of 2D-based culture models in
which cells are cultured in a monolayer form, cells are con-
sistently exposed to the culture media and thereby have
unlimited access to oxygen and nutrients [27]. These mono-
layer-based culture platforms include plastic culture dishes,
microfluidic chips and ECM-coated culture vessels. On the
other hand, the 3D cancer spheroids do not have sufficient
access to nutrients and oxygen due to the high cell density.

Figure 6. The morphological changes of T98G cells treated with 1lg/mL DOX on the different cell culture platforms: a 2D cell culture plate, shear stress (SS) chip,
PDL-coated chip or Matrigel-coated chip. When DOX treatment was administered, the cells did not proliferate in the culture dish; the lamellipodia and filopodia
were not protruding from the cell body and the cell morphology changed to an aberrant form. In the microfluidic chip coated with PDL, T98G cells were almost
completely washed out. This result suggests that the cells that lost their binding ability were separated by the flow. On the other hand, despite the DOX treatment
in the Matrigel-coated chip, the morphology was unchanged and cell proliferation was observed (scale bar: 200 lm).
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Indeed, the native tumor mass and the tumor spheroid have
multiple distinct layers depending on the distance from the
outer layer: a proliferating outer layer in which zone cells pro-
liferate aggressively, a quiescent zone in which zone cells nei-
ther proliferate nor die and a necrotic core where cells are
dying because of the limited oxygen and nutrient transport
[28]. In the case of the tumor spheroid, proliferation can
occur only in the thin outer cell layer and thus the growth

rate of the 3D spheroid is slower than that of other cell
monolayer-based culture models.

Chemoresistance against the antitumor drug

After comparing the cell growth rates, we conducted experi-
ments to compare the sensitivity and resistance of the cancer

Figure 7. Fluorescent images of cancer cells in the 3D spheroid platform and in a microfluidic chip after DOX treatment. According to the fluorescent images, cancer
cells in the 3D spheroid form showed a limited effect of DOX as confirmed by the increased cell number and PI-positive cell number. PI staining (B,D,F: dead cells)
confirmed that only the cells of the outer layer of the 3D spheroid were dying, indicating that only the surface cells exposed to DOX were affected, whereas the
interior cells were not affected. Additionally, in the presence of flow in the PDL-coated microfluidic channel, the cells were washed out. On the other hand, in the
Matrigel-coated channel, cells demonstrated a relatively strong resistance to DOX even in the presence of flow. (A: nuclei/Hoechst, B,D,F: dead cells/PI, and C,E: live
cells/Calcein-AM). (scale bar: 200 lm).
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cells to DOX. When cells were cultured for three days in the
conventional 2D culture dish, PDL-coated and Matrigel-coated
chips and the microfluidic chip without DOX treatment, the
cells expanded approximately sevenfold in number, while the
3D spheroid-cultured cells showed only a fourfold increase in
cell number. However, when cultured with DOX-incorporated
media for three days, the cells cultured in the 2D culture
dish, PDL-coated chip or 3D spheroid film showed no
changes in cell number, indicating an efficacy in the suppres-
sion of cancer growth (Figure 5). By contrast, in the case of
the Matrigel-coated chip, the number of cells increased by
2.5-fold over three days, even in the presence of DOX,
although the growth rate was slower than in the non-treated
case (sevenfold increase in the non-treated case), demonstrat-
ing a chemoresistance against DOX (Figure 5).

Furthermore, when the cancer cells were cultured with
DOX in a 2D culture dish or PDL-coated chip, which are static
culture conditions, the cells showed aberrant morphology,
such as limited cell spreading area and loss of lamellipodia
and filopodia; however, the cell number did not change at
the early stage. (Figure 6(A,B,E,F)). In addition, after three
days of incubation, the cells were washed out during
exchange of the culture medium because of their weakened
binding ability.

In the case of the PDL-coated microfluidic chip, the cells
disappeared when they were incubated for three days under
the fluidic shear stress condition (Figure 6(C,D)). This finding
indicates that cells lost the binding ability under the influ-
ence of DOX and were washed out by the flow of the culture
media (Figure 7(C,D)). On the other hand, despite the DOX
treatment in the Matrigel-coated chip, the morphology was
unchanged and cell proliferation was observed. The fluores-
cent staining confirmed that the cells were well bound to the
surface of the chip and proliferating even during the continu-
ous flow of culture media (Figure 7(E,F)). In the case of 3D
culture, the appearance of viable tumor cells in the submar-
ginal region of the spheroids was observed (no effect of
DOX; Figure 7(A,B)). Although it was not clear whether the
underlying mechanism was due to cell–cell interactions or
tight junction, the effect of DOX was only limited to the outer
layer of the tumor cell spheroid (high concentration of
PI-positive cells at the boundary).

The PDL coating modifies the surface charge of the culture
platform into a positive form and promotes the electrostatic
interaction between the positively-charged surfaces and the
negatively-charged cell membrane. By doing so, the cells can
attach to the culture vessel [29]. On the other hand, the ECM-
coated surface can present surface ligands to which the
receptors in the cell membrane, such as integrin, can bind
and thereby mediate the cell-ECM interaction. Such– ligand-
receptor binding via cell-ECM interaction can “turn on” the
intracellular signaling and modulate various cellular behaviors
[29,30] that are not triggered by electrostatic interaction.
Especially in the case of cancer, it is known that the cell-ECM
interaction can induce cell adhesion-mediated drug resistance
(CAM-DR). For example, Matsunaga et al. [31] have demon-
strated that the interaction of b1 integrin on leukemia cells
with fibronectin can promote the acquisition of chemoresist-
ance. Matrigel is a mouse sarcoma-derived ECM matrix and is

known to contain various types of ECM components includ-
ing laminin, collagen IV, heparin sulfate proteoglycans and
entactin/nidogen, as well as a number of growth factors [32].
Therefore, the cell-ECM interaction could induce chemoresist-
ance against DOX when T98G cells were cultured in Matrigel-
coated substrates (Figure 6(G,H)).

In the case of the 3D cancer spheroids, the dense packing
of the cells can induce the following effects. First, the tight
cell-cell interaction and high cell density can hinder the
molecular transport of drugs into the deep core. Previous
studies indicated that spheroid cultures are characterized by
their limited drug and nanoparticle penetration compared
with monolayer cultures [33–38]. Representatively, a study
using fluorescent nanoparticles demonstrated the accumula-
tion of nanoparticles only in the outer cell layer [39,40].
Second, the hypoxic environment in the quiescent zone (sub-
marginal zone between the outer cell layer and the necrotic
core) can induce chemoresistance. For example, the expres-
sion of hypoxia-inducible factor-1 (HIF-1) caused by limited
oxygen supply is related to the chemoresistance in multiple
types of cancer cells [41]. Third, the tight junction expression
between the cells in the tumor spheroids may be involved in
the different drug responses. Some researchers proposed that
the tight junction mRNA may be involved in the acquisition
of multi-drug resistance in gastric cancer [42]. Although fur-
ther studies are needed to identify the factors that mainly
regulate drug responses, it is evident that the preparation of
test models can significantly influence the drug screen-
ing outcomes.

Conclusions

Although numerous laboratory animals have been sacrificed
for the fundamental study of human diseases or preclinical
testing of new drugs, it has been known that animal experi-
ments cannot predict outcomes in human clinical trials
[43,44]. In addition, in vitro cell culture-based experiments
involving conventional plastic culture dishes do not yield
results that are similar to those in vivo [45–47]. For these rea-
sons, the drug discovery pipeline requires excessive time and
resources to develop new drugs [48] and experimental plat-
forms that can predict efficacy and cytotoxicity similar to
those in clinical trials are urgently needed. In order to over-
come the limitation and problem of conventional 2D mono-
layer cell culture platform, various cell culture platforms that
address the physiology of the cancer microenvironment were
prepared. We found tumor cell growth and chemoresistance
were significantly different depending on the culture condi-
tions such as the culture dimensions, fluidic shear stress and
the presence of ECM. These results showed that the physio-
logical characteristics of tumor microenvironment have to be
considered to avoid potential misleading during anti-cancer
drug tests or in vitro tumor experiments. It is believed that if
multiple features of the tumor microenvironment are imple-
mented on a single platform, the outcomes can indicate the
efficacy of a drug in clinical trials. Further research and devel-
opment would be needed to design more physiologically
relevant cancer cell culture platform that is simple yet robust
to use in the laboratory. Then, in the near future, in vitro
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cancer platform may replace animal experiments and we
hope that they overcome the limitations of existing in vitro
experiments.
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