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Abstract 

Multicellular tumor spheroids (MCTS) demonstrate a physiologically relevant microenvironment, similar 
growth kinetics, and almost identical cell-cell and cell-extracellular matrix interaction as those in vivo. MCTS can be 
cultured in a laboratory with various techniques; one of them is the liquid overlay technique that has not been performed 
in Asian oral cancer cell lines; ORL-48 and ORL-136. This technique is inexpensive and straightforward, with ease of 
maintenance and easy access to spheroids. The cancer cells are inhibited from adherence to the culture plates’ surface by 
the liquid overlay technique to enable 3-dimension (3D) spheroid formation. This study aimed to grow and characterize 
the 3D spheroids of ORL-48 and ORL-136 with the liquid overlay technique. 10,000 and 25,000 cells per well of ORL-
48 and ORL-136 were grown for seven days in U-bottomed 96-well plates pre-coated with 1% agarose. The 
characterization of spheroids’ morphology, including shape, size, growth, surface characteristics, and core structure, was 
evaluated. The spheroids of two cell lines demonstrated different sizes but similar shape and growth characteristics. The 
spheroids of both cell lines showed a greater diameter with a cell density of 25,000 cells/well compared with a cell density 
of 10,000 cells/well. Besides, ORL-136 spheroids showed relatively smaller diameters for both cell densities as compared 
with ORL-48 spheroids. The spheroids became more compact on day 7 as compared with day 1. The hematoxylin and 
eosin-stained sections of the spheroids demonstrated densely packed sheets of pleomorphic squamous epithelial cells at 
their cores and 2-3 layers of squamous epithelial cells at their periphery. In conclusion, ORL-48 and ORL-136 spheroids 
were successfully developed via the liquid overlay technique. This model can be further studied to utilize for in vitro 
anticancer drug screening and could provide a suitable platform for future research on novel anticancer drugs’ 
cytotoxicity. 

 
Keywords: multicellular tumor spheroids, oral squamous cell carcinoma cell lines, 3D microenvironment, liquid 
overlay technique 
 

1. Introduction 
Among all malignant tumors, head and neck cancer is ranked the sixth most common, with 65,000 

new cases per year, causing 35,000 deaths (Polz-Gruszka et al., 2014). Oral cancer, an essential subtype of 
head and neck cancer, is the third most common cancer and the leading cause of death in South-Central Asia 
(Petersen, 2003). Around 96% of oral cancers are oral squamous cell carcinoma. Oral squamous cell 
carcinoma is common among the most devastating head and neck cancer subtypes, especially in South, South 
East, and South Central Asia (Torre et al., 2015; Wong et al., 2017). 

Despite the improvement in the treatment modalities including surgery, radiation, and 
chemotherapy, there is no improvement in prognosis for over 60 years, with only 50% of patients surviving 
for five years (Lee et al., 2014). The inferior prognosis of oral squamous cell carcinoma is due to local 
invasion, lymph node metastasis, and chemotherapy resistance (Chen et al., 2013). Increasing evidence has 
suggested that tumor microenvironment and tumor cell heterogeneity play an essential role in the 
determination of therapeutic response, causing resistance to chemotherapy (Silva et al., 2012). 

Cell cultures have been used as one of the platforms to study cell biology, mechanisms of diseases, 
drug action, and tissue engineering development. It has been used in cancer research including in vitro testing 
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of many anticancer drugs and studies on disease mechanisms. The selection of the most appropriate cell 
culture method is essential for the researchers to understand tumor physiology better and to optimize 
chemotherapy or radiotherapy, paving the way for novel treatment strategies (Kapałczyńska et al., 2018).  

The conventional 2D cell culture is the most frequently used method to investigate tumor cells in 
vitro. Despite its advantages such as ease of use, availability, and low maintenance cost, a 2D culture can 
differ considerably in its morphology with limited cell to cell and cell to extracellular matrix interactions. 
Furthermore, cells growing in a 2D culture differ from those cultured in a more physiological three-
dimensional (3D) environment and tumor in vivo (Kadletz et al., 2015). In cytotoxicity assays, 2D cells are 
exposed to uniform drug concentration in a homogenous environment where cell interactions with the 
extracellular matrix and cell-cell contacts are substantially reduced (Kochanek, Close, and Johnston, 2019; 
Shan et al., 2018). 2D cells fail to recapitulate the complex 3D architecture, cell-cell, cell-extracellular matrix 
interaction, microenvironment, drug diffusion kinetics, and drug response of solid tumors in vivo (Baker and 
Chen, 2012; Fang and Eglen, 2017; Hongisto et al., 2013). 

The tumor cells in vivo grow in 3 dimensions, exhibiting spatial arrangement of different cell zones, 
in dynamic interaction with their extracellular environment. This arrangement, in turn, affects their 
proliferation, differentiation, morphology, viability, gene expression, and cellular response to 
chemotherapeutic and radiotherapy treatment (Breslin and O'Driscoll, 2013). Since, the microenvironment 
within the 3D cell culture is more physiologically relevant, which recapitulates the in vivo microenvironment, 
resulting in cell-cell and cell-extracellular matrix signaling, the most analogous to a tumor in vivo is 
potentially 3D cell culture (Ryan et al., 2016). Besides, it can be a link between the traditional 2D cell culture 
and animal models (Breslin and O'Driscoll, 2013). 

Numerous techniques have been developed to grow different spherical cancer models. Four spherical 
cancer models have been reported, namely multicellular tumor spheroids (MCTS), tumorspheres, tissue-
derived tumorspheres (TDTS), and organotypic multicellular spheroids (OMS) (Weiswald, Bellet and 
Dangles-Marie, 2015). MCTS, one of the spherical cancer models, are generated from single-cell suspension 
culture in conventional, fetal bovine serum (FBS) supplemented medium without an exogenous extracellular 
matrix (ECM) in a non-adherent condition. MCTS exhibits growth kinetics similar to those in vivo, 
demonstrating inner necrotic core surrounded by quiescent cells and outer proliferating cells of 3-5 cell layers 
resulting in differential drug permeability (Sutherland, 1988). MCTS resembles avascular tumor nodules, 
micrometastasis, or intervascular regions of solid tumors (Ekert et al., 2014; Kochanek, Close, and Johnston, 
2019; Shan et al., 2018; Wang et al., 2014). For the generation of MCTS, three techniques are reported in the 
literature, namely suspension culture, gel embedding culture, and scaffold culture. For the suspension culture, 
it can be classified into 1) liquid overlay technique/static suspension culture, 2) hanging drop method, and 3) 
device-assisted culture (Weiswald, Bellet and Dangles-Marie, 2015). Liquid overlay technique (LOT) is one 
of the suspension culture methods in which cells are inhibited from the adherence to the culture plates’ 
surface. U-bottomed well plates are coated with a thin layer of agarose, agar or poly-HEMA, to prevent cells’ 
adherence. Pre-coating with agarose has been used to successfully grow spheroids of the SCC9 cell line (Chen 
et al., 2012), SCC25 cell line (Lee et al., 2014), and OSCC cell lines (Sievers et al., 2018). Due to pre-coating, 
a cell-cell interaction is greater than a cell-surface interaction, therefore, allowing the aggregation and 
compaction of cells to form spheroids within 1-3 days for most cancer cell lines. The formation of spheroids 
occurs in three stages, comprising the first stage in which the assembly of dispersed cells as loose aggregates 
is found, followed by the second stage in which the cells pause to tightly aggregate as there is an accumulation 
of E-cadherin. Finally, the third stage shows the strong hemophilic interaction between E-cadherins to form 
compact spheroids (Costa et al., 2018; Lin et al., 2006). 

Compared with other techniques of 3D cell culture, the spheroids generated by MCTS techniques, 
particularly liquid overlay technique, is simple, inexpensive with ease of maintenance, low shear force, easy 
access to spheroids, a high success rate of initiation, better tumor growth, and suitable for high throughput 
drug screening (Costa et al., 2018; Weiswald, Bellet and Dangles-Marie, 2015). LOT is one of the most 
powerful techniques to generate spheroids reproducibly with a high yield rate (Metzger et al., 2011). 
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In literature, there have been reports on the characterization of 3D spheroids/MCTS in HNSCC (head 
and neck squamous cell carcinoma) cell lines (CAL33, CAL27, FaDu, Um-22B, Um-SCC-1, SCC9, Detroit-
562, BICR56, OSC-19, PCI-52, and PCI-13), human tongue cancer cell line (SAS), human gingival SCC cell 
line (OECM) (Chen et al., 2012; Kochanek, Close and Johnston, 2019) and two reports on the characterization 
of spheroids in an ORL-48 cell line (Furqan et al., 2019; Wong et al., 2017). Wong et al. (2017) used the 
flicking technique, whereas Furqan et al. (2019) used the gel embedding technique to generate the ORL-48 
cell lines’ spheroids. 

Malaysia’s research group established ORL-48 and ORL-136 cell lines as Asian oral cancer cell 
lines in 2006. Both cell lines are human oral squamous cell carcinoma cell lines derived from surgically 
resected human gingiva and tongue specimens, respectively (Hamid et al., 2007). 

There is no report on the characterization of spheroids derived from ORL-48 and ORL-136 cell lines 
using the liquid overlay technique to the best of our knowledge. Therefore, this study aimed to grow and 
characterize the 3D spheroids of ORL-48 and ORL-136 generated by the liquid overlay technique. The 
spheroids were characterized with respect to their shape, size, growth, surface, and core characteristics.  

2. Objectives 
1) To create spheroids of ORL-48 and ORL-136 using the liquid overlay technique 
2) To determine the characteristics of ORL-48 and ORL-136 spheroids 
3) To compare the differences in morphology of oral cancer spheroids, including shape, size, surface, 

and growth among spheroids of the same cell line growing in different days and between two oral cancer 
spheroids for each day of cell culture 

 
3. Materials and methods 
3.1 Study design: The study was experimental laboratory research, in which the characterization of the ORL-

48 and ORL-136 cancer cell lines’ spheroids was carried out. 
 

3.2 Cell lines used in the study: Two oral squamous cell carcinoma cell lines, namely ORL-48 and ORL-136 
cell lines, were used for the characterization of Asian oral cancer cell lines’ spheroids. Both cell lines 
were kindly provided by Prof. Cheong Sok Ching of the Head and Neck Cancer Research Team, Cancer 
Research Malaysia, Malaysia. 

 
3.3 2D cell culture: ORL-48 and ORL-136 cells were cultured in DMEM/F12medium (GibcoTM, NY, USA) 

supplemented with 10% fetal bovine serum (GibcoTM, NY, USA), 0.4 µg/ml of hydrocortisone (Sigma-
Aldrich, MO, USA), and 1% antibiotic-antimycotic (GibcoTM, NY, USA). Cells were grown in a T25 
flask (Corning®, VA, USA) and incubated in a humidified atmosphere of 5% CO2 at 37oC. 

 
3.4 Trypsinization and cell counting: The old medium was removed followed by a PBS (phosphate-buffered 

saline, GibcoTM, NY, USA) wash. The monolayer was trypsinized with 0.25% Trypsin (GibcoTM, NY, 
USA) and incubated in a humidified atmosphere of 5% CO2 at 37oC for 5 minutes. The cell numbers 
were calculated using a hemocytometer. The cell densities used were 1×104 cells/well and 2.5×104 
cells/well for each of the cell lines of ORL-48 and ORL-136. 

 
3.5 Pre-coating the U-bottomed 96-well plates with agarose: 1% agarose solution (Vivantis, Selangor Darul 

Ehsan, Malaysia) was prepared in PBS and sterilized (Metzger et al., 2011). Subsequently, each well of 
the U-bottomed 96-well plates (Corning®, VA, USA) was coated by a thin layer of agarose. After 
coating, the well plates were left to dry for 30 minutes to 1 hour under the cell culture hood. 

 
3.6 Generation of 3D spheroids: Seeding of 1×104 cells/well and 2.5×104 cells/well in 200 µl of DMEM/F12 

complete medium per well were carried out in U-bottomed 96-well plates. The well plates were then 
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centrifuged at room temperature at 1,000 rpm for 10 minutes. Then, they were incubated in a humidified 
atmosphere of 5% CO2 at 37oC for seven days. The medium change was performed after three days.  

3.7 Re-plating of spheroids: After seven days, the spheroids in the U-bottomed 96-well plate were transferred 
to a flat-bottomed 96-well plate (Corning®, VA, USA) using wide-bore pipette tips (Axygen, CA, USA). 
This re-plating procedure was carried out to demonstrate that the spheroids formed were a true spheroid. 
After re-plating, if the spheroids were disaggregated into a monolayer, it indicated that it was only an 
aggregation of cells. The morphology of spheroids in flat-bottomed wells was subsequently observed 
under the inverted phase-contrast microscope (ZEISSAXIO, Deutschland, Germany). 

3.8 Hematoxylin and eosin staining of spheroids: After seven days, the spheroids were fixed overnight with 
4% paraformaldehyde after a PBS wash in the U-bottomed 96-well plate. Then, the fixed spheroids were 
transferred from the U-bottomed 96-well plates to 1.5 ml microcentrifuge tubes. Paraformaldehyde was 
removed, followed by a PBS wash. After PBS wash, the spheroids were suspended in 100 µl of 0.35% 
agarose gel in the 6-well plates. Then, for embedding and cutting steps, the spheroids were dehydrated 
by an ethanol gradient from 70% to 100%. The spheroids were further dehydrated by 100% ethanol, 
followed by verification with xylene and impregnation with paraffin wax. Then, the spheroids were 
embedded in paraffin blocks and cut by MICROM HM 34OE (Thermo Scientific, Walldorf, Germany) 
microtome into 6 µm paraffin ribbons. For the staining process, the sections were deparaffinized, and 
hydrated followed by staining with Mayer’s hematoxylin for 15 minutes. After being differentiated with 
acid alcohol (1 dip) and ammonia water (1 minute), it was counterstained with eosin for 5 seconds. 
Finally, the sections went through a series of dehydration and clearing (5 minutes each) followed by 
mounting. Then, the spheroids were observed under the optical microscope (ECLIPSE E200, Nikon, 
Tokyo, Japan). 

3.9 Analysis of the morphology of spheroids/MCTS: The daily images of the MCTS were captured using 
the inverted phase-contrast microscope and image-ProPlus7 software with 5× and 10× magnification. 
The same software was used to measure the diameters (in micrometers) of the spheroids.  

3.10 Statistics: The characteristics of the spheroids were presented by descriptive statistics. The sizes of 
spheroids were shown as the mean and SD, calculated by SPSS version 19 software. 
 

4. Results and Discussion 
4.1 Morphology of spheroids/MCTS 

The cell lines, ORL-48 and ORL-136, formed spheroid/MCTS within 24 hours as observed under 
the inverted phase-contrast microscope (Figure 1). Most of both cell lines’ spheroids were round in shape 
with an even periphery (Figure 1). Among ORL-48 and ORL-136 spheroids successfully formed, some had 
irregular shapes with an uneven periphery. There were some differences between ORL-48 and ORL-136 
spheroids, and it was noticed that almost 100% of ORL-48 spheroids formed single rounded spheroids. 
However, for ORL-136 spheroids, it was 81% that formed single rounded spheroids. Also, ORL-136 
spheroids appeared to create multiple small spheroids first and fused to form larger spheroids in due course 
of time. The spheroids of both cell lines showed inner darker core surrounded by outer lighter periphery like 
previously reported spheroids of HNSCC (Cal33, FaDu, Cal27, and PCI-13 cell lines) cell lines (Kochanek, 
Close and Johnston, 2019). The outer layer was mostly two to three layers of cell thickness, as observed on 
the seventh day. The inner core became more condensed on the second day but remained almost the same 
over seven days. Comparing the inner core on the first day and the seventh day, the spheroid on the seventh 
day showed a darker center. This appearance could indicate that the spheroids were becoming compacted 
faster on the second day. Then the compaction of spheroids became slower after the second day till the seventh 
day. In contrast, in previously reported HNSCC cell lines (Kochanek, Close, and Johnston, 2019), the 
spheroids became progressively darker with due course of time. ORL-48 and ORL-136 cell lines were 
resected from different anatomical sites, from the gingiva (stage IV, T4N2aMx) and tongue (stage I, T1N0M0), 
respectively. The expression of MDM2 protein and epidermal growth factor receptor (EGFR) are different in 
both cell lines. Besides, there are slight differences in gene mutations, hypermethylation, and gene deletion 
of tumor suppressor genes among the two cell lines (Hamid et al., 2007). The complexity and heterogeneity 
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of cancer cell lines are likely to have contributed to various spheroid formation sizes and spheroid formation 
success rates. 

 
4.2 Size and growth of the spheroids  

The size of the spheroids depended on the cell density per well. As expected, the spheroids with a 
cell density of 1×104 cells/well were relatively smaller than those spheroids with a cell density of 2.5×104 
cells/well for both cell lines (Figure 1 and Figure 2). The mean diameters of the ORL-48 spheroids with a cell 
density of 1×104 cells/well from Day 1 to Day 7 were 245.61±14.62, 234.18±16.01, 227.81±13.57, 
220.40±9.62, 211.69±12.74, 203.34±13.10, and 199.22±10.98 µm, respectively, and for a cell density of 
2.5×104 cells/well, they were 334.94±22.58, 305.57±18.75, 295.92±19.54, 282.96±14.95, 272.02±17.81, 
261.07±17.64, and 252.42±19.44 µm, respectively. Similar measurements for diameters of ORL-48 spheroids 
generated with different techniques and cell densities were reported (Wong et al., 2017). The MCTS of other 
HNSCC cell lines’ spheroids demonstrated similar measurements for their diameters (Kochanek, Close, and 
Johnston, 2019; Sievers et al., 2018). The mean diameters of the ORL-136 spheroids with a cell density of 
1×104 cells/well from Day 1 to Day 7 were 189.07±4.29, 180.14±6.13, 178.56±6.65, 181.00±5.04, 
172.80±8.45, 166.18±10.54, and 159.84±8.90 µm, respectively and for a cell density of 2.5×104 cells/well, 
they were 272.02±8.35, 251.42±9.65, 247.10±8.72, 246.53±9.35, 238.46±11.88, 231.55±13.61, and 
222.91±11.79 µm, respectively.  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 1 Growth of ORL-48 and ORL-136 MCTS /spheroids from day 1 to day 7 (representative images taken from the 
same well for each cell density and each cell line in U-bottomed 96-well plates) (Scale bar:300 µm) 

Figure 1 shows the spheroids of ORL-48 and ORL-136 cell lines cultured in DMEM/F12 complete 
medium from day 1 to day 7 in agarose (1%) coated U-bottomed 96-well plates. The spheroids of both cell 
lines showed a greater diameter with a cell density of 2.5×104 cells/well compared with a cell density of 
1×104cells/well. However, ORL-136 spheroids showed relatively smaller diameters for both cell densities 
as compared with ORL-48 spheroids. The spheroids became more compact on day 7 as compared with day 
1. The size of the spheroids in both cell lines did not increase with time but showed a slight decline in sizes 
from day 1 to day 7. 
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The growth of the spheroids of different HNSCC cell lines showed varying growth patterns 
(Kochanek, Close, and Johnston, 2019). It varied depending on the cell lines, where some cell lines showed 
progressively increasing sizes while others showed diminishing sizes over time. However, some remained 
dormant, without showing any increase or decrease in sizes. Nonetheless, in the present study, there was a 
slight diminishing growth of spheroids, which could be due to the spheroids becoming tightly aggregated and 
compacted from loose aggregates over time.  

  

 

 

 

 

 

 

 

 

   

   

 
 

Figure 2 Changes in the mean diameters of the ORL-48 and ORL-136 cell lines’ spheroids/MCTS for both cell 
densities (1×104 cells/well and 2.5×104 cells/well) from day 1 till day 7  

Figure 2 shows the daily mean diameter of the spheroids of ORL-48 and ORL-136 cell lines grown 
every day from day 1 to day 7. The ORL-48 spheroids showed greater declining growth as compared with 
the spheroids of ORL-136 cell lines. The ORL-136 spheroids showed almost a dormant growth, particularly 
with a cell density of 1×104 cells/well. 

 
4.3 The core structure of spheroids  

The hematoxylin and eosin-stained sections of the spheroids of ORL-48 and ORL-136 cell lines at 
the seventh day showed the histological appearance of their core structures (Figure 3). The spheroids showed 
two distinct regions, the inner densely packed sheets of dysplastic squamous epithelial cells and the outer 2-
3 layers of well-differentiated dysplastic squamous epithelial cells. The outer cell layers have maintained an 
epithelial architecture, while the inner core showed more pleomorphic cells. The inner core demonstrated 
apoptotic cells and keratin formation. The inner core occupied most of the spheroid structure as compared 
with few layers of outer cells. Ma et al. (2012) stated that the compact spheroid demonstrated three states of 
cells, the innermost necrotic cells, surrounded by quiescent cells, and outermost proliferative cells. Similarly, 
in the present study, the proliferative cells on the outermost cells demonstrated intact cell membrane with 
nuclear hyperchromatism. Besides, the inner core showed apoptotic cells, while quiescent cells showed 
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cellular and nuclear pleomorphism. The compacted sheets of dysplastic squamous epithelium in the inner 
core could explain the spheroids’ inner darker core as observed under the inverted phase-contrast 
microscope. The thin 2-3 layers of squamous epithelial cells at the periphery could be the reason for the 
narrow outer, lighter region as observed under the inverted phase-contrast microscope. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Hematoxylin and eosin-stained spheroids at day 7 for cell density of 10,000 cells/well for each cell line (400× 
magnification) 

4.4 Spheroid re-plating 
The re-plating of spheroids was carried out on day 7 to demonstrate that the spheroid is not merely 

an aggregation of cells. The spheroid will disaggregate into a monolayer in a flat-bottomed plate if it is just 
an aggregation of cells. If it remained intact as a spheroid, it indicates a true spheroid. Similar re-plating was 
also carried out in spheroids of ORL-48 cell lines cultured with a flicking technique (Wong et al., 2017). 
This result indicated that the spheroids formed in our laboratory setting were not merely an aggregation of 
cells but a compact spheroid (Figure 4).  

 
 

 
 
 

 
 
 
 
 

 

 

 

Figure 4 Re-plated spheroids of ORL-48 and ORL-136 cell lines in flat-bottomed 96-well plates at day 7 
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Figure 4 shows the spheroids of ORL-48 and ORL-136 cell lines after re-plating in flat-bottomed 
96-well plates. The spheroids of both the cell lines for both cell densities were transferred from U-bottomed 
96-well plates to flat-bottomed 96-well plates. The spheroids remained intact after re-plating on flat-bottomed 
96-well plates. 

 
5. Conclusion 

The researchers have successfully generated the multicellular tumor spheroids of ORL-48 and ORL-
136 cell lines using a liquid overlay technique. The characterization of their morphology, including shape, 
size, surface, growth characteristics, and inner core structure, was carried out by allowing the spheroids to 
grow for seven days. The sizes and success rate of spheroid formation were different among the cell lines. 
The spheroids of ORL-48 cell lines demonstrated larger diameters and a higher success rate of spheroid 
formation. The hematoxylin and eosin-stained sections of the spheroids demonstrated their core structures’ 
histological appearance, which showed densely packed sheets of pleomorphic squamous epithelial cells at 
their cores and 2-3 layers of squamous epithelial cells at their periphery. This appearance explained the darker 
inner core and the lighter outer edge. These preliminary results suggest that this multicellular tumor model 
can be used as a 3D culture to screen novel anticancer drugs and study oral cancer pathogenesis. Further 
studies are required to improve and thoroughly examine the characteristics of oral cancer spheroids to apply 
for the development of patient-derived oral cancer spheroids in the future. 
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