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Abstract 

Background/Aim: Cancer research has been conducted using cultured cells as part of drug discovery testing, 
but conventional two-dimensional culture methods are unable to reflect the complex tumor 
microenvironment. On the other hand, three-dimensional cultures have recently been attracting attention as in 
vitro models that more closely resemble the in vivo physiological environment. The purpose of this study was to 
establish a 3D culture method for oral cancer and to verify its practicality. 
Materials and Methods: Three-dimensional cultures were performed using several oral cancer cell lines. 
Western blotting was used for protein expression analysis of the collected cell masses (spheroids), and H-E 
staining was used for structural observation. The cultures were exposed to cisplatin and cetuximab and the 
morphological changes of spheroids over time and the expression changes of target proteins were compared. 
Results: Each cell line formed spheroidal cell aggregates and showed enhancement of cell adhesion molecules 
over time. H-E staining showed tumor tissue-like structures specific to each cell line. Cisplatin showed 
concentration-dependent antitumor effects due to loss of cell adhesion and spheroid disruption in each cell 
line, while cetuximab exhibited antitumor effects that correlated with EGFR expression in each cell line.  
Conclusion: Spheroids made from oral cancer cell lines appeared to have tumor-like characteristics that may 
reflect their clinical significance. In the future, it may become possible to produce tumor spheroids from tissue 
samples of oral cancer patients, and then apply them to drug screening and to develop individualized diagnostic 
and treatment methods. 
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Introduction 
A commonly used in vitro experimental method 

in cancer research is two-dimensional (2D)-culture 
using dishes or flasks. However, the cellular 
environment under 2D culture is very different and 
often a poor reflection of the complex tumor 
microenvironment (TME) in vivo [1]. In 2D culture, all 
cells can proliferate at a relatively constant rate in a 
planar space, and can be provided uniform access to 
nutrients, oxygen or drugs. Furthermore, it is 
presumed that most of the characteristics inherent in 

cancer cells are lost. Therefore, it is difficult to propose 
that 2D culture accurately reflects the original growth 
state of tumor tissue. 

In recent years, a spheroid model produced by 
three-dimensional (3D)-culture has attracted attention 
as a better experimental model that is closer to the 
physiological environment in vivo [2]. The intra- and 
extra-cellular events that occur in 3D culture are 
similar to those in a physiological environment [3-5]. 
Specifically, it is possible to create site-specific 
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differences in the cell proliferation rate and cell 
morphology/function, imitate microenvironmental 
conditions such as hypoxia and particular nutritional 
gradients, and predict the biological response to drug 
treatment [6]. This is clinically important in analyzing 
the characteristics of intractable cancers, such as 
cancer treatment resistance and tumorigenicity. 

Cisplatin is the most widely used cell-killing 
anticancer drug for the treatment of oral cancer [7, 8]. 
It induces anticancer effects by causing cellular DNA 
damage and replication defects, transcriptional 
inhibition, and cell cycle arrest, resulting in apoptosis. 
On the other hand, cetuximab, an EGFR inhibitor, is 
the only molecular targeting agent currently available 
for head and neck cancer [9, 10]. Cetuximab exerts an 
antitumor effect by competitively binding to EGFR on 
the cell surface, thereby inhibiting the function of 
EGFR and blocking the signal transduction that 
mediates cell proliferation. The efficacy and 
mechanism of action of these and other anticancer 
drugs should be properly reproduced and evaluated 
in vitro to clarify their antitumor effects. 

In the present study, we aimed to establish a 
3D-culture model using oral cancer cells, and 
attempted to create a more useful in vitro disease 
model. In addition, in order to verify the practicality 
of this model, we compared the utility of 2D- and 
3D-culture models for analyzing the response of 
different oral cancer cell lines to cisplatin and 
cetuximab. 

Materials and methods 
Cell lines and 2D cell culture 

The human oral squamous cell carcinoma lines 
SAS, HSC-3, HSC-4, and OSC-19 were obtained from 
JCRB Cell Bank. All of these cell lines were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) 
(Thermo Fisher Scientific, Waltham, MA) 
supplemented with 10% heat-inactivated fetal bovine 
serum (FBS) and 1% penicillin-streptomycin. They 
were cultured in an atmosphere of 5% CO2 at 37 °C. 

Reagents 
Antibodies against EGFR (D38B1, #4267S), 

p-EGFR (D7A5, #3777S), E-cadherin (24E10, #3195S), 
cleaved caspase-3 (D175, 5A1E, #9664S), caspase-3 
(8G10, #9665), GAPDH (D16H11, #8884S) and Ki-67 
(D2H10, #9027S) were purchased from Cell Signaling 
Technology (Danvers, MA). HRP-conjugated 
anti-β-actin antibody (ab49900) was purchased from 
Abcam (Cambridge, MA). 

Chemicals and drugs 
Cisplatin (Randa® Injection) was obtained from 

Nippon Kayaku (Tokyo) and Cetuximab (Erbitux® 

Injection) was from MerckSerono (Tokyo). 

3D spheroid culture and morphological 
analysis 

3D spheroids were cultured in 96-well ultra-low 
attachment (ULA) plate (#7007; Corning, NY). 1.0×105 

cells were seeded in each well and cultured in the 
same environment as described above for the 2D 
culture. The same seeding methods were used for all 
four oral cancer cell lines. Medium was changed every 
three days and maintained at a volume of 100 µl/well. 
However, to avoid accidental aspiration of spheroids, 
only half the total volume of medium was exchanged 
on each occasion. Spheroid microplates were placed 
in a humidified incubator set at 37 °C and 5% CO2. 
Images of spheroids were captured using a 
bright-field microscope (IX81; Olympus, Tokyo). 

Drug treatment 
Cisplatin was added to the formed spheroids in a 

stepwise concentration (0, 1, 2 μg/ml) 24 h after cell 
seeding to the ULA plate (Fig. 3A). Cetuximab was 
also added to the formed spheroids in a stepwise 
concentration (0, 60, 90 nM) 24 h after cell seeding to 
the ULA plate (Fig. 4A). An appropriate amount of 
each drug was added to maintain the concentration 
during the medium changes every three days. 

For 2D culture, cells were seeded in a 96-well 
2D-culture plate in DMEM supplemented with 10% 
FBS for 24 h, and then the drugs were added and the 
cells were cultured for 48 h. 

Cell viability assay 
Cisplatin was added to the oral cancer cells 

under 2D and 3D culture in a half maximal inhibitory 
concentration (IC50) 24 h after cell seeding. PBS was 
added to the control group as a substitute for 
cisplatin. Cells and spheroids were detached or 
disassembled using Trypsin/EDTA at 24 h after the 
addition of cisplatin or PBS, and the number of cells 
was counted using a Countess® Automated Cell 
Counter (ThermoFisher Scientific). Cell viability was 
determined by converting the ratio of the number of 
cells in the cisplatin- and PBS-added groups. An MTT 
assay was performed to determine the IC50 of 
cisplatin on each oral cancer cell line under 2D 
culture. 

Whole cell lysate 
The whole cell lysate (WCL) was prepared as 

described previously [11]. Briefly, cells cultured in a 
10-cm dish were lysed in 150-200 μL/dish of RIPA 
buffer (1% NP-40, 0.1% SDS, and 0.5% deoxycholate, 
and EDTA-free protease inhibitor cocktail in PBS) and 
collected by using a cell scraper. Cells were further 
lysed using a 25-gauge syringe for 10 strokes and then 
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incubated for 30 min on ice. 3D spheroids were 
treated with ultrasonic crushing after lysing in RIPA 
buffer. The protein concentration of the WCL was 
analyzed using a BCA protein assay (Thermo Fisher 
Scientific). 

Western blotting (WB) 
WB was performed as described previously [11]. 

The same protein amounts of WCL were subjected to 
SDS-PAGE, followed by transfer to a PVDF 
membrane using semi-dry methods where 
appropriate. The membranes were blocked in 5% 
skim milk in Tris-buffered saline containing 0.05% 
Tween 20 for 60 min, incubated with primary 
antibodies, and then incubated with horseradish 
peroxidase (HRP)-conjugated secondary antibodies. 
Blots were visualized according to the Clarity ECL 
protocol (Bio-Rad, Hercules, CA). A ChemiDoc MP 
system (Bio-Rad) was used for analysis of the WB. 

Preparation of spheroid sections 
Pipetting or aspiration was used to remove as 

much media as possible without disturbing the 
spheroids. Spheroids were washed with PBS and 
fixed in 4% PFA for 30 min. Spheroids were 
additionally washed with PBS three times for 5 min 
each time and embedded in paraffin. Spheroid 
sections (3 µm thickness) were deparaffinized and 
hydrated through xylenes and a graded alcohol series. 
Antigen retrieval was performed by dunking in 
proteinase K for 5 min. Sections were additionally 
washed with Wash Buffer (Dako, Carpenteria, CA, 
USA) two times for 5 min each time, and then 
endogenous peroxidase activity was blocked by 
treatment with blocking solution (Dako) for 30 min at 
RT, and the sections were incubated with primary 
antibodies. 

Immunohistochemistry (IHC) 
We analyzed the expression of Ki-67 and cleaved 

caspase-3 in 3D spheroids by immunohistochemical 
analysis. The sections were incubated with anti-Ki-67 
antibody (dilution 1:200) or anti-cleaved caspase-3 
antibody (dilution 1:1000) overnight at 4 °C, followed 
by treatment with avidin-biotin complex (1:100, 
VECTASTEIN Elite ABC Kit; Vector Labs, 
Burlingame, CA, USA) for 60 min, and visualized 
with the use of a DAB substrate-chromogen solution 
(DAB Peroxidase Substrate Kit, ImmPACT; Vector 
Labs). The staining results were observed with an 
optical microscope BX53 (Olympus). 

For 2D IHC, cells were cultured on coverslips 
coated with collagen and fixed in 4% 
paraformaldehyde in PBS for 10 min at RT. Fixed cells 
were permeabilized for 10 min in PBS containing 0.1% 
Triton X-100. Endogenous peroxidases were blocked 

for 30 min in 1.5% H2O2 for 30 min. For blocking 
non-specific reactions of primary antibodies, cells 
were incubated for 30 min at RT in 1% bovine serum 
albumin (BSA) in PBS containing 0.1% Tween 20. The 
applied primary antibodies were follows: anti- 
E-cadherin antibody (dilution 1:100) and anti-EGFR 
antibody (dilution 1:100). The process from 
immunostaining to imaging is the same as above. 

Hematoxylin and eosin (H-E) staining 
Spheroids sections were deparaffinized in a 

series of xylene for 15 min, rehydrated in graded 
ethanol solutions, and washed well in distilled water. 
Then sections were incubated in Mayer’s hematoxylin 
solution for 7 min and rinsed in tap water until the 
water was colorless. Finally, after sequential 
treatment with hydrogen chloride and 80% ethanol 
solution, sections were incubated in eosin for 7 min. 

Statistical analysis 
Statistical significance was calculated using 

Microsoft Excel. Differences between two sets of data 
were examined with a paired Student's t-test; values 
of p<0.05 were considered to indicate statistical 
significance. Data were expressed as means ± S.D. 
unless otherwise specified. 

Results 
Morphological observation of oral cancer cell 
lines in 2D and 3D culture 

We used two oral cancer cell lines, SAS and 
HSC-3, that differed with respect to their cell 
morphologies, proliferation style and rate. The 
developmental dynamics of each cell line in 
monolayer culture were diverse, and the cell 
morphology varied from polygonal to paracircular to 
spindle-shaped (Fig. 1A). In order to further 
characterize each oral cancer cell line and examine 
whether differences in the expression of the cell 
adhesion molecule E-cadherin and epidermal growth 
factor receptor (EGFR) between cell lines affect the 3D 
spheroid growth and drug response, we first 
evaluated the cellular expression levels of E-cadherin 
and EGFR in 2D culture. Both oral cancer cell lines 
showed expression of E-cadherin, whereas EGFR 
expression was significantly higher in HSC-3 than in 
SAS cells (Fig. 1B). IHC staining of cultured cells 
showed similar levels of E-cadherin-positivity in both 
cell lines, but the level of EGFR-positivity was 
significantly higher in HSC-3 cells, which was similar 
to the WB results (Fig. 1C). Next, in order to examine 
whether the degrees of differentiation and 
malignancy affect the morphology and structure of 
spheroids, we transferred four oral cancer cell lines 
with different cell morphologies, colony formations 
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and degrees of differentiation, i.e., SAS, HSC-3, HSC-4 
and OSC-19, from 2D culture to 3D culture (Fig. 1D, 
S1, S2A) (Table 1) [12-14]. Specifically, the adhered 
cells in 2D culture were stripped and seeded into 
plates for 3D culture, and daily morphological 
observations of tumor masses (spheroids) were 
performed and collected as needed (Fig. 1D). In 3D 
culture, a single spherical mass was formed from the 
day after seeding, and the spheroids of all cell lines 
increased in size and showed distinct shading over 
time (Fig. 1E-G, S2B). However, while the sizes of all 
spheroids increased across time, the spheroids of SAS, 
HSC-3, and OSC-19 grew in a monolocular form, 
while HSC-4 spheroids grew in a multilocular form 
(Fig. S2B). The maximal major diameter of these 
spheroids 2 weeks after seeding was approximately 
600–800 μm for each of these cell lines (Fig. 1E). 
Spheroids of SAS and HSC-3 were collected on days 1, 
3, and 7 after seeding, and WB showed temporal 
enhancement of E-cadherin (Fig. 1F,G). Interestingly, 
SAS showed a trend of attenuated EGFR expression in 
3D culture compared to 2D culture, while conversely, 
HSC-3 showed a trend of enhanced EGFR expression 
in 3D culture compared to 2D culture (Fig. 1F,G). 
Incidentally, we similarly examined changes in 
E-cadherin and EGFR expression over time in 2D 
cultures, but the changes were not as clear as in 3D 
cultures (Fig. S3). 

These data showed that forcing oral cancer cell 
lines with different characteristics into a 3D-culture 
environment resulted in a successively enhanced 
intercellular adhesion in both cell lines, while tumor 
growth-related molecules such as EGFR showed 
cell-specific differences in their increased or decreased 
expression. 

Pathological evaluation of oral cancer 
spheroids 

To clarify the histology of the recovered 
spheroids, we embedded spheroids at each time, 
sectioned the paraffin-embedded blocks, stained the 
sections with H-E and DAB staining targeting specific 
proteins, and observed them using a microscope (Fig. 
2, S2C, S4). The spheroids were growing in a spherical 
shape in culture, but H-E staining revealed a 
remarkable luminal structure in all oral cancer 
spheroids (Fig. 2B, S2C). In addition, SAS spheroids 
had sparse cell density in the center and high density 
in the edges from the early stage of 3D culture, and 
with time, the center showed necrotic tissue-like 
structures (Fig. 2B, S4A). The cells constituting the 
spheroid showed pathological characteristics peculiar 
to each cell line. For example, in the spheroid of 
HSC-4, which is a well-differentiated oral cancer cell 
line, small basal cell-like cells with poor cytoplasm 

were arranged at the margin, whereas cells with rich 
cytoplasm and a tendency to keratinize were gathered 
in the center (Fig. S4B). This feature was consistent 
with the general pathological findings of 
well-differentiated oral cancer. On the other hand, in 
the spheroid of SAS, the majority of cells were small 
cells, and a large necrotic area was observed in the 
center (Fig. S4B). This feature was consistent with the 
pathological findings of highly malignant poorly 
differentiated oral cancer. Immunostaining using the 
cell proliferation marker Ki-67 revealed a large 
number of Ki-67-positive cells at each spheroid 
margin (Fig. 2B, S2C). 

These data suggested that the structure of 
spheroids made from oral cancer cells is likely to 
reflect the differentiation level and characteristics of 
the derived cancer cells. 

3D culture is more clinically reflective of drug 
responsiveness than 2D culture 

We then assessed the morphological and 
molecular changes in the spheroid upon exposure to 
anticancer drugs. First, we evaluated the effect of 
cisplatin, which is widely used in oral cancer (Fig. 
3A). Cisplatin has a cell-killing effect on cancer cells 
by inducing activation of the caspase pathway, which 
is a signaling pathway for apoptosis [15]. In 
particular, cisplatin activates DNase and induces 
apoptosis by promoting cleavage and activation of 
caspase-3 and caspase-7 (increase in cleaved caspase) 
(Fig. 3B). Interestingly, when we exposed oral cancer 
cells to the IC50 concentration of cisplatin determined 
in 2D culture and compared their viability after 24 
hours under 2D and 3D culture conditions, we found 
that the cell killing effect of cisplatin was 
predominantly downregulated under 3D culture 
conditions in both cell lines (Fig. S5). When we 
exposed SAS cells to graded concentrations of 
cisplatin under 2D-culture conditions, the cell density 
became increasingly sparse in a concentration- 
dependent manner (Fig. 3C). However, the WB data 
did not show any variation in E-cadherin, while it did 
show attenuation of caspase-3 and enhanced 
expression of cleaved caspase-3, with both effects 
being cisplatin-concentration dependent (Fig. 3C). On 
the other hand, when we exposed SAS cells to 
cisplatin under 3D-culture conditions, we observed a 
concentration-dependent disintegration of the 
spheroid, as well as attenuation of E-cadherin (Fig. 
3D). In addition, there was a concentration-dependent 
attenuation of caspase-3 and increased expression of 
cleaved caspase-3 (Fig. 3D). Similarly, we compared 
the response of HSC-3 cells to cisplatin in 2D and 3D 
cultures (Fig. 3E,F). We observed a concentration- 
dependent decrease in cell density and non-variation 
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of E-cadherin in HSC-3 under 2D cultures, and a 
concentration-dependent disintegration of spheroids 
and attenuation of E-cadherin in HSC-3 under 3D 
cultures, which were the same results as observed for 
SAS cells (Fig. 3E,F). We also obtained similar results 

for the concentration-dependent enhancement of 
cleaved caspase-3 expression, but notably, we did not 
observe any variation of caspase-3 in HSC-3 under 2D 
culture (Fig. 3E,F). 

 

 
Figure 1. Morphology of oral cancer cells in 2D and 3D culture. (A) Representative images of SAS and HSC-3 cells in 2D culture. Upper, low magnification images. 
Bottom, high magnification images. Scale bars, 200 µm. (B) WB showing the levels of E-cadherin and EGFR in SAS and HSC-3 cells. (C) IHC images showing positive staining for 
E-cadherin and EGFR in SAS and HSC-3 cells. Scale bars, 200 µm. (D) Schematic of the experimental protocol for achieving spheroid recovery over time. (E) Comparison of 
spheroid diameter changes over time. The experiment was performed in five independent culture wells. (F, G) Morphology and protein expression of oral cancer cells cultured 
as 3D spheroids in ULA 96-well plates. Scale bars, 200 µm. The WB results show the levels of E-cadherin and EGFR in (F) SAS cells and (G) HSC-3 cells. 

 

Table 1. List of human oral cancer cell lines used in the experiments 

Cell line Ref. Sex Age Primary site Histological type Sampling site Cell morphology Colony formation Differentiation 
SAS 12 F 69 tongue SCC primary tumor polygonal, circular islanded poorly 
HSC-3 13 M 64 tongue SCC metastatic LN spindle-shaped scattered poorly 
HSC-4 13 M 64 tongue SCC metastatic LN polygonal islanded well 
OSC-19 14 M 61 tongue SCC metastatic LN spindle-shaped islanded well 
F: female; M: male; SCC: squamous cell carcinoma; LN: lymph node. 
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Figure 2. Preparation and evaluation of oral cancer spheroid sections. (A) Schematic of the experimental protocol for preparation of spheroid sections. (B) 
Representative H-E staining images and IHC staining images showing Ki-67 in SAS and HSC-3 spheroids. Scale bar, 100 µm. 

 

These data suggested that the cytotoxic, 
apoptosis-inducing effect of cisplatin was 
characterized by spheroid disintegration associated 
with activation of caspase-3 and attenuation of 
E-cadherin. 

Next, we evaluated the efficacy of cetuximab, the 
only molecularly targeted drug available for oral 
cancer (Fig. 4A). Cetuximab exerts its antitumor effect 
by inhibiting the function of EGFR on the cell 
membrane and blocking cell proliferation signaling 
(Fig. 4B). When we exposed SAS cells to cetuximab 
under 2D-culture conditions at graded concentrations, 
cells formed island-like cell aggregates in a 
concentration-dependent manner (Fig. 4C). However, 
the WB data showed no variation in EGFR and its 
downstream molecules, let alone E-cadherin (Fig. 4C). 
On the other hand, when we exposed SAS cells to 
cetuximab under 3D-culture conditions, we observed 
neither concentration-dependent disintegration of the 
spheroid nor a concentration-dependent attenuation 
of E-cadherin, but the WB data showed a 
concentration-dependent inhibition of EGFR 
phosphorylation (Fig. 4D). We then compared the 
response of HSC-3 cells to cetuximab in 2D and 3D 
cultures in a similar manner (Fig. 4E,F). When we 
exposed HSC-3 cells to cetuximab under 2D-culture 
conditions at graded concentrations, the density of the 
cells became increasingly sparse in a concentration- 
dependent manner (Fig. 4E). However, the WB data 
showed a cetuximab concentration-dependent 
promotion of EGFR phosphorylation in addition to a 

constant level of E-cadherin (Fig. 4E). On the other 
hand, when we exposed HSC-3 cells to cetuximab 
under 3D-culture conditions, we observed a 
concentration-dependent inhibition of EGFR 
phosphorylation, and both of concentration- 
dependent disintegration of the spheroid and a 
concentration-dependent attenuation of E-cadherin 
(Fig. 4F). 

These data suggested that the EGFR 
expression-dependent antitumor effects of cetuximab 
were more prominently reproduced in 3D culture and 
were characterized by spheroid disintegration in 
association with attenuation of E-cadherin. 

Immunohistological drug responsiveness 
evaluation of oral cancer spheroids 

Finally, we examined the molecular changes 
resulting from the exposure of oral cancer spheroids 
to the anticancer drugs (Fig. 5). SAS spheroids 
subjected to the anticancer effect of cisplatin were 
collected and sectioned for various stainings (Fig. 5A). 
H-E staining showed a circular cross-sectional image 
with necrotic tissue in the center in spheroids without 
cisplatin, while the cross-sectional image was 
distorted in spheroids with cisplatin (Fig. 5B). IHC 
staining with cleaved caspase-3 showed a clear 
difference in positivity: spheroids without cisplatin 
tended to show positive cells at the margins, whereas 
spheroids with cisplatin showed positive cells 
throughout the entire area (Fig. 5B). 
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Figure 3. Anti-tumor effect of cisplatin on oral cancer spheroids. (A) Schematic diagram from cisplatin addition to spheroid recovery. (B) Schematic of the caspase 
cascade pathway during cisplatin-induced apoptosis. (C-F) Representative images of cells and changes in expression of E-cadherin and apoptosis-related molecules over 6 days 
of exposure to different concentrations of cisplatin. Scale bar, 200 µm. (C) SAS cells in 2D culture. (D) SAS cells in 3D culture. (E) HSC-3 cells in 2D culture. (F) HSC-3 cells in 
3D culture. 
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Figure 4. Anti-tumor effect of cetuximab on oral cancer spheroids. (A) Schematic diagram from cetuximab addition to spheroid recovery. (B) Schematic of the 
inhibition of the EGFR downstream signaling pathway by cetuximab. (C-F) Representative images of cells and changes in expression of E-cadherin, p-EGFR and EGFR over 6 days 
of exposure to different concentrations of cetuximab. Scale bar, 200 µm. (C) SAS cells in 2D culture. (D) SAS cells in 3D culture. (E) HSC-3 cells in 2D culture. (F) HSC-3 cells 
in 3D culture. 
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Figure 5. Spheroids as a tool for determining drug efficacy. (A) Schematic of the experimental protocol for preparation of drug-stimulated spheroid sections. (B) 
Representative bright field images, H-E staining images and IHC staining images showing cleaved caspase-3 in SAS spheroids with or without cisplatin for 6 days. Scale bar, 200 µm. 

 
These data suggested that the drug 

responsiveness of spheroids could be evaluated 
histologically, and demonstrated the utility of oral 
cancer spheroids as a drug screening model. 

Discussion 
Usefulness of the spheroid model in 3D culture 

There is a need to develop more effective 
treatments for many types of cancer. However, it is a 
major challenge to recreate the complex TME in vitro. 
As a result, although many drugs have shown good 
results in vitro, most have failed to transfer to in vivo 
models, and only a few of the newly approved 
anticancer drugs have shown antitumor activity in 
clinical trials [16]. In other words, it is clear that 
anticancer drug screening on a platform using 
2D-cultured cell lines cannot accurately select 
clinically effective compounds. 

In cancer research, the benefits of using 3D 
models for in vitro studies have been well reported 
over the past few years [17-19]. 3D cell culture may 
better mimic the TME in vivo and may help bridge the 
gap between 2D cell culture in vitro and living tissue 
in vivo, such as by maintaining the native cell 
phenotype and function [20-22]. In other words, it has 
been suggested that spheroid models could be used as 
a tool for preclinical research in place of in vivo 
models, including mouse models for drug screening 
[17, 23]. It is well known that 3D culture environments 

alter many cellular phenotypic and functional 
activities, such as proliferation, migration, viability, 
differentiation, drug sensitivity, and hypoxia, 
compared to 2D cultures [17, 24-27]. Cancer 
cell-derived organoid models of prostate, lung, and 
pancreatic cancers have also been established as in 
vitro systems to model tumor pathogenesis in vivo, 
including tumor-associated signaling pathways and 
chemotherapy resistance [28, 29]. In this study, we 
created a tumor tissue-like model by 3D culture using 
several types of oral cancer cell lines, and evaluated 
its tumor histology and drug responsiveness. 

Intercellular adhesion proteins expression and 
spheroid formation 

The role of intercellular adhesion proteins in 
tumor progression, invasion and metastasis, and 
treatment resistance is one of the most closely studied 
issues in cancer biology. Intercellular adhesion 
proteins are considered to be participants in the 
regulatory signaling cascade associated with cell 
proliferation [30]. Decreased amounts of intercellular 
adhesion proteins or loss of their function can be 
considered as a sign of malignant transformation 
acquisition [31]. We previously reported that 
extracellular vesicles (EVs) derived from a highly 
metastatic oral cancer cell line promoted malignant 
transformation by acting on the loss of intercellular 
adhesion protein function of an immortalized oral 
mucosal epithelial cell line [32]. At the same time, 
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however, the data on the involvement of adhesion 
proteins in carcinogenesis and tumor progression are 
conflicting. The prevailing view is that adhesion 
proteins are tumor suppressors, and their high 
expression in tumor cells is associated with an 
epithelial phenotype (i.e., reduced invasiveness), 
while their loss is associated with increased epithelial- 
mesenchymal transition (EMT), proliferative activity, 
and migration [32-36]. However, several reports have 
clearly demonstrated that overexpression of adhesion 
proteins also leads to malignant transformation. For 
example, in a variety of cancers, increased expression 
of desmoglein-2 has been shown to be associated with 
increased tumor grade [37-41]. 

Schmidt et al. reported that spheroid morpho-
logy in head and neck cancer is associated with 
E-cadherin and Ki67 expression [42]. E-cadherin is 
expressed on the cell surface of most epithelial tissues. 
The extracellular region of E-cadherin supports 
calcium-dependent trans-homophilic binding and 
provides specific interaction with neighboring cells. 
E-cadherin is a key molecule in the maintenance of 
epithelial integrity, is involved in the regulatory 
mechanisms of epithelial cell proliferation, differen-
tiation, and survival, and acts as a central regulator of 
processes involved in tumorigenesis and cancer 
progression, including invasion and metastasis [43]. 
In our present experiments, the morphology of the 
spheroids cultured for 7 days differed greatly 
between the two oral cancer cell lines, but both 
showed temporal enhancement of E-cadherin (Fig. 
1F,G). A similar situation has been previously 
reported in pancreatic adenocarcinoma cells and head 
and neck cancer cells, which exhibit stronger cohesion 
by binding cells together, ensuring tissue integrity 
during cell population migration [44-46]. Loss of 
epithelial phenotype and intercellular adhesion due to 
decreased expression of E-cadherin, a transmembrane 
protein at the junction of adherent cells expressed on 
differentiated and polarized epithelial cells, is an 
important early event during EMT and is considered 
to be a prerequisite for cancer to progress to 
metastatic disease [47]. However, tumors are 
heterogeneous, and cancer cells may retain certain 
epithelial properties, such as E-cadherin expression, 
to promote invasion. In fact, the loss of E-cadherin 
does not necessarily correlate with invasiveness [48]. 
Meanwhile, several studies have reported elevated 
levels of E-cadherin in tumor spheroids [43, 49, 50]. 
Xu et al. reported that E-cadherin expression is 
upregulated during spheroid formation in ovarian 
cancer cells compared to monolayer cells, and this 
change may contribute to cisplatin resistance [51]. In 
spheroids of anaplastic thyroid carcinoma, it has been 
shown that the expression of E-cadherin is increased 

compared to that in monolayer cells while the 
expression of tight junction proteins is lost [49]. In our 
oral cancer cell results, we observed a temporal 
enhancement of E-cadherin in spheroids (Fig. 1F,G). 

Histopathological evaluation of spheroids as 
cell aggregates 

Cell lines exhibiting an epithelial phenotype 
have also been shown to form more regular and 
uniform cell aggregates [52]. Eguchi et al. classified 
the types of cell aggregates formed by 67 cell lines 
cultured on 3D morphology-enhancing NanoCulture 
Plates (NCPs) and found that 49 cell lines formed 
spheroids of spherical shape, 8 cell lines formed 
grape-like aggregates, 8 cell lines formed other 
aggregates, and 3 cell lines formed monolayer sheets 
[17]. One advantage of 3D culture is that it allows for 
histopathological evaluation of cell aggregates (Fig. 
2). Arita et al. cultured spheroids of primary cancer 
cells from patient specimens for extramammary 
Paget's disease, for which cell lines have not yet been 
established, and used histopathological evaluation to 
determine drug efficacy, showing the possibility of 
selecting the most effective drug for each patient [53]. 
Maru et al. performed 3D cultures of 21 gynecological 
tumors and examined whether the proliferated 
organoids retained various features of the original 
tumors by histopathological examination and 
targeted genome sequencing [54]. As a result, they 
reported that in vitro analysis of the drug efficacy of 
paclitaxel and cisplatin were feasible using 
organoid-derived spheroids [54]. Sections prepared 
from our oral cancer cell spheroids also showed some 
pathological findings characteristic of actual oral 
cancer tissues (Fig. 2, S4). For example, the spheroid of 
HSC-4, a highly differentiated oral cancer cell line, 
had an array of small basal cell-like cells with poor 
cytoplasm at the margins, while the center had a 
cluster of cells with rich cytoplasm and a tendency 
toward keratinization (Fig. S4). This is consistent with 
the general pathological findings of highly 
differentiated oral cancer. On the other hand, the 
spheroids of SAS and HSC-3 showed extensive 
necrotic areas in the center with a majority of small 
cells. This is consistent with the findings of high-grade 
oral cancer with a tendency toward poor 
keratinization (Fig. 2, S4). Liao et al. also created 
spheroids using hepatocellular carcinoma (HCC) cells 
derived from two patients and performed 
immunohistochemical staining for ARG-1 (a highly 
sensitive and specific marker of HCC) using the 
primary tissue and spheroids [55]. This study showed 
that the spheroids not only maintained the ARG-1 
expression of the original tumor, but also showed 
differential expression according to the differentiation 
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level of the original tumor. Furthermore, the 
morphology of the cells also resembled that of HCC 
cells in vivo, indicating that the HCC in vivo was well 
simulated by the 3D spheroid model [55]. The analysis 
of in vitro spheroids, which have characteristics and 
histology more similar to those of real clinical tumor 
samples, has the potential to help overcome cancer. 

Spheroid culture as a tool for evaluating the 
efficacy of anticancer drugs 

One of the objectives of this study was to 
compare the two culture systems in terms of the 
survival of oral cancer cells after treatment with 
cisplatin and cetuximab (Fig. 3-5). Previous studies 
have shown that the 3D shape of the spheroid may 
affect drug penetration and that these phenomena 
may explain the high resistance to chemotherapy 
treatment [56]. Song et al. showed that the IC50 values 
for cisplatin and paclitaxel in ovarian cancer cell lines 
cultured in 3D on hydrogel, matrigel, and collagen I 
were significantly higher than those in 2D-cultured 
cells [16]. In other cancer types, 3D-cultured tumor 
cells have also shown very high resistance to 
chemotherapeutic agents or reversal of the cell 
phenotype [57, 58]. On the other hand, Kutova et al. 
showed that in ovarian cancer cell lines, the resistance 
of spheroids to the action of doxorubicin and HER2 
inhibitors was comparable to that of monolayer 
cultures [59]. They noted that the comparable 
responsiveness of monolayers and spheroids to 
doxorubicin treatment is consistent with the lower 
density of ovarian cancer spheroids and the absence 
of an “epithelial-like” cell layer. At the same time, the 
cell entry and subsequent toxic effects of HER2 
inhibitors are strongly dependent on the presence of 
HER2 on the cell surface. Even among the two 
anticancer drugs we used in this study, there were 
differences in the results of action on oral cancer 
spheroids between the cytotoxic agent and the 
molecular target-based agent (Fig. 3B, 4B). Cisplatin, a 
DNA-damaging agent, induces apoptosis in cancer 
cells and exhibits anti-tumor effects. It is a 
well-known anticancer drug widely used in 
chemotherapy for various human cancers, including 
oral cancer [39, 60, 61]. In our experiments, cisplatin 
treatment of 3D-cultured oral cancer cell spheroids 
resulted in concentration-dependent cell separation 
from the spheroids (tumor disintegration), 
attenuation of E-cadherin, and increased expression of 
cleaved caspase-3, an activator of the apoptosis- 
inducing factor caspase-3, in both cell lines (Fig. 3,5). 
Cetuximab, on the other hand, is highly dependent on 
the presence of EGFR on the cell surface, and shows 
anti-tumor effects by inhibiting its function and 
blocking cell growth signaling. When we treated 

3D-cultured oral cancer cell spheroids with 
cetuximab, the SAS spheroids showed no difference in 
morphology and no change in E-cadherin among the 
cetuximab concentrations, whereas the HSC-3 
spheroids showed a concentration-dependent 
disintegration of spheroids and attenuation of 
E-cadherin (Fig. 4). The finding that there was little 
tumor damage in SAS spheroids despite the inhibition 
of EGFR phosphorylation by cetuximab is probably 
attributable to the very low basal expression of EGFR 
in untreated SAS spheroids. Jedlinski et al. previously 
demonstrated that head and neck squamous cell 
carcinoma cell lines with lower EGFR expression than 
normal oral keratinocytes show increased 
proliferation rates after cetuximab exposure 
compared to untreated controls [62]. Luca et al. 
reported that colorectal cancer cell lines in 3D culture 
showed decreased EGFR expression and increased 
resistance to the EGFR tyrosine kinase inhibitor 
AG1478 compared to 2D culture [63]. We believe that 
the differences in the effects of these two drugs in this 
study may reflect the clinical significance of their 
respective antitumor properties. 

Future clinical applications of spheroid culture 
It has been reported that tumor spheroids that 

appear identical in shape may exhibit differential 
sensitivity to drugs that cannot be explained by 
molecular or metabolic variables [64]. Rather, specific 
characteristics of the cell or patient determine the 
outcome of the treatment. This suggests that in the 
absence of molecular predictors of chemotherapy 
drug selection, experimental drug screening using 
patient-derived cells should be used as an approach to 
personalized medicine [65]. Our 3D-culture model 
used in this study is an accessible and economical tool 
that can be used for such purposes. Since it does not 
require advanced technology or equipment, it could 
be widely implemented in many medical institutions. 

Conclusion 
In this study, we generated spheroids from oral 

cancer cell lines, and their structures appeared to have 
properties similar to the corresponding clinical tumor 
histology. Three-dimensional culture has been an 
important tool for developing assays to determine the 
drug chemosensitivity of cells as a platform for 
preclinical or clinical drug screening. In the future, 
spheroids/organoids could be generated from tissue 
samples obtained from patients with oral cancer and 
applied to drug screening and the development of 
individualized diagnosis and treatment while 
maintaining cancer-specific functionality (Fig. 6). 
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Figure 6. Future concepts using 3D cultures in oral cancer treatment. 

 

Abbreviations 
2D: two-dimensional; TME: tumor microenvi-

ronment; 3D: three-dimensional; ULA: ultra-low 
attachment; WCL: whole cell lysate; WB: western 
blotting; IHC: immunohistochemistry; H-E: hemato-
xylin and eosin; EGFR: epidermal growth factor 
receptor; EVs: extracellular vesicles; EMT: 
epithelial-mesenchymal transition. 

Supplementary Material  
Supplementary figures.  
https://www.medsci.org/v19p1320s1.pdf  

Acknowledgements 
This study was jointly funded by Japan Society 

for Promotion of Science (JSPS) KAKENHI Grants-in- 
Aid for Scientific Research (nos. 19K24072, 20H03889 
and 21K17115). 

Author Contributions 
Conceptualization, K.On. and A.S.; methodo-

logy, K.On.; validation, K.On., K.S., T.N., Y.Y., S.M., 
K.Y., H.K., K.U., and H.K.; investigation, K.On., K.S., 

H.K., K.Ob., Y.K., and T.O.; data curation, K.On., 
H.K., K.Ob., S.R., K.H., Y.K., and T.O.; writing - 
original draft preparation, K.On. and K.S.; writing - 
review and editing, T.N., H.K., K.Ob., S.R., K.H., Y.K., 
T.O., S.I., H.N., and S.A.; visualization, K.On., K.S., 
T.N., Y.Y., S.M., H.K., and H.K.; supervision, H.N. 
and A.S.; project administration, K.On., S.I., and A.S.; 
funding acquisition, K.On., and A.S. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Katt ME, Placone AL, Wong AD, Xu ZS, Searson PC. In vitro Tumor Models: 

Advantages, Disadvantages, Variables, and Selecting the Right Platform. Front 
Bioeng Biotechnol. 2016; 4: 12. 

2. Bidan N, Lores S, Vanhecke A, Nicolas V, Domenichini S, López R, et al. Before 
in vivo studies: In vitro screening of sphingomyelin nanosystems using a 
relevant 3D multicellular pancreatic tumor spheroid model. Int J Pharm. 2022; 
617: 121577. 

3. Taha EA, Sogawa C, Okusha Y, Kawai H, Oo MW, Elseoudi A, et al. Knockout 
of MMP3 Weakens Solid Tumor Organoids and Cancer Extracellular Vesicles. 
Cancers (Basel). 2020; 12. 

4. Eguchi T. Organoids and Liquid Biopsy in Oral Cancer Research. J Clin Med. 
2020; 9. 

5. Lovitt CJ, Shelper TB, Avery VM. Miniaturized three-dimensional cancer 
model for drug evaluation. Assay Drug Dev Technol. 2013; 11: 435-48. 



Int. J. Med. Sci. 2022, Vol. 19 

 
https://www.medsci.org 

1332 

6. Lazzari G, Couvreur P, Mura S. Multicellular tumor spheroids: a relevant 3D 
model for the in vitro preclinical investigation of polymer nanomedicines. 
Polymer Chemistry. 2017; 8: 4947-69. 

7. Ferrari D, Codecà C, Fiore J, Luciani A, Foa P. A review on the treatment of 
relapsed/metastatic head and neck cancer. Expert Opin Pharmacother. 2009; 
10: 2625-32. 

8. Posner MR, Hershock DM, Blajman CR, Mickiewicz E, Winquist E, 
Gorbounova V, et al. Cisplatin and fluorouracil alone or with docetaxel in 
head and neck cancer. N Engl J Med. 2007; 357: 1705-15. 

9. Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al. 
Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and 
neck. N Engl J Med. 2006; 354: 567-78. 

10. Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, et al. 
Platinum-based chemotherapy plus cetuximab in head and neck cancer. N 
Engl J Med. 2008; 359: 1116-27. 

11. Ono K, Eguchi T, Sogawa C, Calderwood SK, Futagawa J, Kasai T, et al. 
HSP-enriched properties of extracellular vesicles involve survival of 
metastatic oral cancer cells. J Cell Biochem. 2018; 119: 7350-62. 

12. Takahashi K. Establishment and characterization of a cell line (SAS) from 
poorly differentiated human squamous cell carcinoma of the tongue. J Jpn 
Stomatol Soc. 1989; 38: 20-8. 

13. Momose F, Araida T, Negishi A, Ichijo H, Shioda S, Sasaki S. Variant sublines 
with different metastatic potentials selected in nude mice from human oral 
squamous cell carcinomas. J Oral Pathol Med. 1989; 18: 391-5. 

14. Yokoi T, Homma H, Odajima T. Establishment and Characterisation of 
OSC-19 Cell Line in Serum-and Protein-free Culture. Tumor Res. 1989; 24: 
57-73. 

15. Ryumon S, Okui T, Kunisada Y, Kishimoto K, Shimo T, Hasegawa K, et al. 
Ammonium tetrathiomolybdate enhances the antitumor effect of cisplatin via 
the suppression of ATPase copper transporting beta in head and neck 
squamous cell carcinoma. Oncol Rep. 2019; 42: 2611-21. 

16. Song H, Cai GH, Liang J, Ao DS, Wang H, Yang ZH. Three-dimensional 
culture and clinical drug responses of a highly metastatic human ovarian 
cancer HO-8910PM cells in nanofibrous microenvironments of three hydrogel 
biomaterials. J Nanobiotechnology. 2020; 18: 90. 

17. Eguchi T, Sogawa C, Okusha Y, Uchibe K, Iinuma R, Ono K, et al. Organoids 
with cancer stem cell-like properties secrete exosomes and HSP90 in a 3D 
nanoenvironment. PLoS One. 2018; 13: e0191109. 

18. Nath S, Devi GR. Three-dimensional culture systems in cancer research: Focus 
on tumor spheroid model. Pharmacol Ther. 2016; 163: 94-108. 

19. Breslin S, O'Driscoll L. Three-dimensional cell culture: the missing link in drug 
discovery. Drug Discov Today. 2013; 18: 240-9. 

20. Huang Z, Yu P, Tang J. Characterization of Triple-Negative Breast Cancer 
MDA-MB-231 Cell Spheroid Model. Onco Targets Ther. 2020; 13: 5395-405. 

21. Gambara G, Gaebler M, Keilholz U, Regenbrecht CRA, Silvestri A. From 
Chemotherapy to Combined Targeted Therapeutics: In vitro and in vivo 
Models to Decipher Intra-tumor Heterogeneity. Front Pharmacol. 2018; 9: 77. 

22. Lee JM, Mhawech-Fauceglia P, Lee N, Parsanian LC, Lin YG, Gayther SA, et al. 
A three-dimensional microenvironment alters protein expression and 
chemosensitivity of epithelial ovarian cancer cells in vitro. Lab Invest. 2013; 93: 
528-42. 

23. Filipiak-Duliban A, Brodaczewska K, Kajdasz A, Kieda C. Spheroid Culture 
Differentially Affects Cancer Cell Sensitivity to Drugs in Melanoma and RCC 
Models. Int J Mol Sci. 2022; 23. 

24. Namba Y, Sogawa C, Okusha Y, Kawai H, Itagaki M, Ono K, et al. Depletion of 
Lipid Efflux Pump ABCG1 Triggers the Intracellular Accumulation of 
Extracellular Vesicles and Reduces Aggregation and Tumorigenesis of 
Metastatic Cancer Cells. Front Oncol. 2018; 8: 376. 

25. Sogawa C, Eguchi T, Okusha Y, Ono K, Ohyama K, Iizuka M, et al. A Reporter 
System Evaluates Tumorigenesis, Metastasis, β-catenin/MMP Regulation, and 
Druggability. Tissue Eng Part A. 2019; 25: 1413-25. 

26. Wang C, Tang Z, Zhao Y, Yao R, Li L, Sun W. Three-dimensional in vitro 
cancer models: a short review. Biofabrication. 2014; 6: 022001. 

27. Singh M, Close DA, Mukundan S, Johnston PA, Sant S. Production of Uniform 
3D Microtumors in Hydrogel Microwell Arrays for Measurement of Viability, 
Morphology, and Signaling Pathway Activation. Assay Drug Dev Technol. 
2015; 13: 570-83. 

28. Gao D, Vela I, Sboner A, Iaquinta PJ, Karthaus WR, Gopalan A, et al. Organoid 
cultures derived from patients with advanced prostate cancer. Cell. 2014; 159: 
176-87. 

29. Crystal AS, Shaw AT, Sequist LV, Friboulet L, Niederst MJ, Lockerman EL, et 
al. Patient-derived models of acquired resistance can identify effective drug 
combinations for cancer. Science. 2014; 346: 1480-6. 

30. Harjunpää H, Llort Asens M, Guenther C, Fagerholm SC. Cell Adhesion 
Molecules and Their Roles and Regulation in the Immune and Tumor 
Microenvironment. Front Immunol. 2019; 10: 1078. 

31. Janiszewska M, Primi MC, Izard T. Cell adhesion in cancer: Beyond the 
migration of single cells. J Biol Chem. 2020; 295: 2495-505. 

32. Ono K, Sogawa C, Kawai H, Tran MT, Taha EA, Lu Y, et al. Triple knockdown 
of CDC37, HSP90-alpha and HSP90-beta diminishes extracellular 
vesicles-driven malignancy events and macrophage M2 polarization in oral 
cancer. J Extracell Vesicles. 2020; 9: 1769373. 

33. Bruner HC, Derksen PWB. Loss of E-Cadherin-Dependent Cell-Cell Adhesion 
and the Development and Progression of Cancer. Cold Spring Harb Perspect 
Biol. 2018; 10. 

34. Hütz K, Zeiler J, Sachs L, Ormanns S, Spindler V. Loss of desmoglein 2 
promotes tumorigenic behavior in pancreatic cancer cells. Mol Carcinog. 2017; 
56: 1884-95. 

35. Fostok S, El-Sibai M, Bazzoun D, Lelièvre S, Talhouk R. Connexin 43 Loss 
Triggers Cell Cycle Entry and Invasion in Non-Neoplastic Breast Epithelium: 
A Role for Noncanonical Wnt Signaling. Cancers (Basel). 2019; 11. 

36. Bhat AA, Uppada S, Achkar IW, Hashem S, Yadav SK, Shanmugakonar M, et 
al. Tight Junction Proteins and Signaling Pathways in Cancer and 
Inflammation: A Functional Crosstalk. Front Physiol. 2018; 9: 1942. 

37. Brennan D, Mahoney MG. Increased expression of Dsg2 in malignant skin 
carcinomas: A tissue-microarray based study. Cell Adh Migr. 2009; 3: 148-54. 

38. Qin S, Liao Y, Du Q, Wang W, Huang J, Liu P, et al. DSG2 expression is 
correlated with poor prognosis and promotes early-stage cervical cancer. 
Cancer Cell Int. 2020; 20: 206. 

39. Zhou J, Kang Y, Chen L, Wang H, Liu J, Zeng S, et al. The Drug-Resistance 
Mechanisms of Five Platinum-Based Antitumor Agents. Front Pharmacol. 
2020; 11: 343. 

40. Tan LY, Mintoff C, Johan MZ, Ebert BW, Fedele C, Zhang YF, et al. 
Desmoglein 2 promotes vasculogenic mimicry in melanoma and is associated 
with poor clinical outcome. Oncotarget. 2016; 7: 46492-508. 

41. Overmiller AM, Pierluissi JA, Wermuth PJ, Sauma S, Martinez-Outschoorn U, 
Tuluc M, et al. Desmoglein 2 modulates extracellular vesicle release from 
squamous cell carcinoma keratinocytes. Faseb j. 2017; 31: 3412-24. 

42. Schmidt M, Scholz CJ, Polednik C, Roller J. Spheroid-based 3-dimensional 
culture models: Gene expression and functionality in head and neck cancer. 
Oncol Rep. 2016; 35: 2431-40. 

43. Song Y, Ye M, Zhou J, Wang Z, Zhu X. Targeting E-cadherin expression with 
small molecules for digestive cancer treatment. Am J Transl Res. 2019; 11: 
3932-44. 

44. Gagliano N, Celesti G, Tacchini L, Pluchino S, Sforza C, Rasile M, et al. 
Epithelial-to-mesenchymal transition in pancreatic ductal adenocarcinoma: 
Characterization in a 3D-cell culture model. World J Gastroenterol. 2016; 22: 
4466-83. 

45. Melissaridou S, Wiechec E, Magan M, Jain MV, Chung MK, Farnebo L, et al. 
The effect of 2D and 3D cell cultures on treatment response, EMT profile and 
stem cell features in head and neck cancer. Cancer Cell Int. 2019; 19: 16. 

46. Yilmaz M, Christofori G. Mechanisms of motility in metastasizing cells. Mol 
Cancer Res. 2010; 8: 629-42. 

47. Thiery JP. Epithelial-mesenchymal transitions in tumour progression. Nat Rev 
Cancer. 2002; 2: 442-54. 

48. Christiansen JJ, Rajasekaran AK. Reassessing epithelial to mesenchymal 
transition as a prerequisite for carcinoma invasion and metastasis. Cancer Res. 
2006; 66: 8319-26. 

49. Kim B, Im NR, Yang TD, Kim J, Jung KY, Kim TH, et al. Enhancement of 
aberrantly modified integrin‑mediated cell motility in multicellular tumor 
spheroids. Int J Oncol. 2020; 56: 1490-8. 

50. Labernadie A, Kato T, Brugués A, Serra-Picamal X, Derzsi S, Arwert E, et al. A 
mechanically active heterotypic E-cadherin/N-cadherin adhesion enables 
fibroblasts to drive cancer cell invasion. Nat Cell Biol. 2017; 19: 224-37. 

51. Xu S, Yang Y, Dong L, Qiu W, Yang L, Wang X, et al. Construction and 
characteristics of an E-cadherin-related three-dimensional suspension growth 
model of ovarian cancer. Sci Rep. 2014; 4: 5646. 

52. Berens EB, Holy JM, Riegel AT, Wellstein A. A Cancer Cell Spheroid Assay to 
Assess Invasion in a 3D Setting. J Vis Exp. 2015. 

53. Arita T, Kondo J, Kaneko Y, Tsutsumi M, Kanemaru M, Matsui M, et al. Novel 
ex vivo disease model for extramammary Paget's disease using the cancer 
tissue-originated spheroid method. J Dermatol Sci. 2020; 99: 185-92. 

54. Maru Y, Tanaka N, Itami M, Hippo Y. Efficient use of patient-derived 
organoids as a preclinical model for gynecologic tumors. Gynecol Oncol. 2019; 
154: 189-98. 

55. Liao W, Wang J, Xu J, You F, Pan M, Xu X, et al. High-throughput 
three-dimensional spheroid tumor model using a novel stamp-like tool. J 
Tissue Eng. 2019; 10: 2041731419889184. 

56. Fitzgerald KA, Malhotra M, Curtin CM, FJ OB, CM OD. Life in 3D is never flat: 
3D models to optimise drug delivery. J Control Release. 2015; 215: 39-54. 

57. Mi K, Xing Z. CD44(+)/CD24(-) breast cancer cells exhibit phenotypic 
reversion in three-dimensional self-assembling peptide RADA16 nanofiber 
scaffold. Int J Nanomedicine. 2015; 10: 3043-53. 

58. Weiswald LB, Richon S, Massonnet G, Guinebretière JM, Vacher S, 
Laurendeau I, et al. A short-term colorectal cancer sphere culture as a relevant 
tool for human cancer biology investigation. Br J Cancer. 2013; 108: 1720-31. 

59. Kutova OM, Sencha LM, Pospelov AD, Dobrynina OE, Brilkina AA, 
Cherkasova EI, et al. Comparative Analysis of Cell-Cell Contact Abundance in 
Ovarian Carcinoma Cells Cultured in Two- and Three-Dimensional In vitro 
Models. Biology (Basel). 2020; 9. 

60. Gu J, Yin L, Wu J, Zhang N, Huang T, Ding K, et al. Cetuximab and Cisplatin 
Show Different Combination Effect in Nasopharyngeal Carcinoma Cells Lines 
via Inactivation of EGFR/AKT Signaling Pathway. Biochem Res Int. 2016; 
2016: 7016907. 

61. Shen DW, Pouliot LM, Hall MD, Gottesman MM. Cisplatin resistance: a 
cellular self-defense mechanism resulting from multiple epigenetic and 
genetic changes. Pharmacol Rev. 2012; 64: 706-21. 

62. Jedlinski A, Ansell A, Johansson AC, Roberg K. EGFR status and EGFR ligand 
expression influence the treatment response of head and neck cancer cell lines. 
J Oral Pathol Med. 2013; 42: 26-36. 



Int. J. Med. Sci. 2022, Vol. 19 

 
https://www.medsci.org 

1333 

63. Luca AC, Mersch S, Deenen R, Schmidt S, Messner I, Schäfer KL, et al. Impact 
of the 3D microenvironment on phenotype, gene expression, and EGFR 
inhibition of colorectal cancer cell lines. PLoS One. 2013; 8: e59689. 

64. Chitcholtan K, Sykes PH, Evans JJ. The resistance of intracellular mediators to 
doxorubicin and cisplatin are distinct in 3D and 2D endometrial cancer. J 
Transl Med. 2012; 10: 38. 

65. Popova AA, Levkin PA. Precision Medicine in Oncology: In vitro Drug 
Sensitivity and Resistance Test (DSRT) for Selection of Personalized 
Anticancer Therapy. Advanced Therapeutics. 2020; 3: 1900100. 


