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Abstract : Three-dimensional cell culture methods revolutionize the field of anticancer drug discovery, forming an important
link-bridge between conventional in vitro and in vivo models and conferring significant clinical and biological relevant data.
The current work presents an affordable yet reproducible method of generating homogenous 3D tumor spheroids. Also, a new
open source software is adapted to perform an automated image analysis of 3D tumor spheroids and subsequently generate a
list of morphological parameters of which could be utilized to determine the response of these spheroids toward treatments.
Our data showed that this work could serve as a reliable 3D cell culture platform for preclinical cytotoxicity testing of natural
products prior to the expensive and time-consuming animal models.
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Introduction
Cancers are complex and heterogeneous pathological
‘organ’ that pose as life-threatening diseases which have
inflicted over 18.1 million cancer related deaths globally
in 2018 [1]. Despite the great effort shown in the post-genomics era by clinicians and researchers to optimize drug
efficacy and reduce side effects, a steady decline is still
evident in the success rate of new anticancer drugs entering early clinical development. This incident suggests that
majority of pre-clinical models has yet to produce satisfactory results that can modify outcome of human cancer
[2].

To date, majority of the pre-clinical in vitro models for
cancer drug discovery largely rely on the testing the efficacy of therapeutics in cancer cell lines cultured in two
dimensions (2D) which are generally highly reductionist,
thereby these models do not incorporate the complexity
arises from tumor heterogeneity and the microenvironment to which fail to capitulate in vivo-like growth of human solid tumors. In recent years, increasing interest in
three-dimensional (3D) cell models has been evidenced,
because the 3D cell models mimic more closely the native features of tumors in vivo as compared to the same
cells grown in classical 2D culture flasks. When cells
are grown in 3D environments, they express a number
of unique physiological characteristics, including the
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development of more elaborate extracellular matrix and
better intercellular communication [3-5]. Therefore, the
in vitro 3D-models have been proposed as the missing
link that could offer the systems biology as an approach
to bridge information from in silico, molecular target and
2D-cell based screening, with in vivo models to enhance
the predictability of cancer drug discovery [6, 7].

ed from turmeric (rhizome of Curcuma longa) has been
well known for its promising anticancer properties [18,
19]. The underlying anticancer mechanisms of curcumin
have been extensively elucidated [20, 21]; however, majority of these findings were reported from 2D-cell culture
while limited data was demonstrated in 3D-cell culture.

Natural products have contributed significantly to mankind for their wide variety of biological uses, particularly in human medicine, agriculture and industries [8].
Natural products are bioactive compounds originating
from various natural sources, including plants [9-11],
animals and microorganisms [12-15]. Among the different sources of natural products, plants represent one of
the important sources for bioactive products in anticancer drug discovery [16, 17]. For instance, a plant derived
natural product, curcumin, which is a polyphenol isolat-

Herein, we devised and optimized a protocol of tumor
spheroid culture generation for cytotoxicity testing of
natural products such as curcumin was selected as the test
agent in this study. Furthermore, the present work also
highlighted a simple yet affordable approach in generating tumor spheroids based on hanging drop and agaroseoverlay method and the use of a user-friendly image-based
efficacy analysis to ensure data robustness and minimum
bias before initiating expensive and time-consuming animal models (Figure 1).

Figure 1. Schematic flow chart of the protocol of homogenous HCT116 spheroids generation and image-based data analysis.

Method details

•

Homo sapiens colon colorectal carcinoma (HCT116)
cell line

•

Cell culture facility equipped with CO2 incubator,
biosafety cabinet, inverted bright-field microscope,
microwave and centrifuge.

Cell culture medium: RPMI 1640 medium (Gibco)
supplemented with 10% v/v of fetal bovine serum,
1% (v/v) of 100x Antibiotic-Antimycotic (Gibco).

•

Phosphate buffered saline 1x (pH 7.4)

Plastic consumables: cell culture flasks, sterile petri
dishes, serological pipettes, 15mL Falcon tubes, 96
well flat bottom plates, haemocytometer.

•

Agarose powder

•

TrypLETM Select 1x (Gibco)

•

Trypan blue stain 0.4% (w/v)

Preparation and generation of spheroid cultures
Materials
•

•
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Procedure
HCT116 cells utilized for the experiments should be at logphase of growth, approximately 70-80% confluent.
(Note: Spheroid cultivation time, morphology can vary for
different cell types. Therefore, initial cell seeding density
should be pre-optimized to determine the optimal cell density for spheroid formation)
1.

Remove used medium from cell culture. Rinse the
cells with pre-warmed PBS (37oC).

2.

Detach cells using 5mL of 0.25x of TrypLETM Select
solution (Gibco). Incubate for at least 5 minutes at
37oC, allowing complete detachment and dissociation
of cells into single cell suspension.

3.

Neutralise the detached cell suspension with 5mL of
cell culture medium.

4.

Collect the cell pellet by transferring the suspension
into 15mL Falcon tube and centrifuge for 5 minutes at
1000rpm

5.

Resuspend the cell pellet in appropriate (3-5mL) of
fresh cell culture medium.

6.

Aspirate a small volume of cell suspension for cell
counting. Mix 50μL of cell suspension with 450μL
Trypan blue and transfer 10μL into the haemocytometer.

7.

Measure the cell number and adjust the cell density to
approximately 100,000 cells/mL.

8.

Place the drops of cell suspensions (20μL) with adjusted density on the lid of petri dishes. Gently invert the lid over the dishes containing 10mL of sterile
phosphate buffer saline to prevent evaporation.

9.

product drug discovery, the dose-dependent cytotoxic
effect of curcumin on HCT116 spheroids is conducted.
Materials
•

Cell culture facility equipped with CO2 incubator,
biosafety cabinet, inverted bright-field microscope,
imaging and data analysis software.

•

Plastic consumables: serological pipettes, 96 well
flat bottom plates, microcentrifuge tubes.

•

Cell culture medium: RPMI 1640 medium (Gibco)
supplemented with 10% v/v of fetal bovine serum,
1% v/v of 100x Antibiotic-Antimycotic (Gibco).

•

Curcumin stock solution (25mg/mL) in DMSO

Procedure
1.

Measure the volume and sphericity of each spheroid before conducting the cytotoxicity experiment,
ensuring uniform volume and sphericity between
spheroid generated to improve the reproducibility of the experiment. Select spheroid with almost
similar volume [CV] of 5% to 10%. And exclude
the spheroid with low sphericity index (SI < 0.9).

1.1. Acquire a brightfield image of each spheroid using
inverted microscope.
1.2. Use AnaSP software (http://sourceforge.
net/p/anasp/) to automatically compute the
morphological parameters of each spheroid in
term of its volume and sphericity index (SI)
[22].
1.3. Use ReViSP software (http://sourceforge.
net/p/revisp/) to construct the 3D structure of

Allow the sedimentation of the cells in the droplets by
incubating the dishes in 5% CO2 incubator at 37oC for
24 hours.

2.

10. Harvest the cellular aggregates on the lid by using a
pipette and transfer each cellular aggregate into agarose-coated 96 well plate (50μL of 1% (w/v) agarose
in sterile 1xPBS).

Perform the cytotoxicity screening of the test agent
on the spheroids by adding 20μL of a serial concentration of curcumin at a ten-fold higher of the
desirable/test concentration.

3.

Monitor the spheroid growth after respective cultivation time and acquire the brightfield images of
the spheroids exposed to the test agent.

10.1. Preparation of agarose-coated 96 well plate –
dissolve 1% (w/v) agarose powder in 1xPBS,
facilitate the total dissolution of agarose by
heating the mixture with microwave.
10.2. Adjust the pipette to 10μL dispensing volume,
aspirate carefully the cellular aggregate from
the droplets on the lids.
10.3. Dispense the 10μL culture medium containing
the cellular aggregate into the agarose-coated
96 well plate pre-loaded with fresh 170μL culture medium.
11. Allow the cellular aggregates to undergo spheroidization (becoming spherical shape) by incubating in 5%
CO2 incubator at 37oC for another 24 hours.
Cytotoxicity testing of natural product (curcumin)
To validate the HCT116 3D-spheroid model for natural

each spheroid [23].

Method validation
Spheroid culture generation
To evaluate the spheroid uniformity in term of the sphericity and volume generated by this protocol, the morphological parameters of each spheroid was determined.
Our data showed that this protocol generated a set of
homogenous spheroids with a narrow spheroid volume
distribution of 0.0217 ± 0.0015 mm3 (n = ~ 60) (coefficient of variation [CV] 6%). We also found that majority
(>98%) of the generated HCT116 spheroids acquired a
spherical shape (SI ≥ 0.90).
Cytotoxicity testing of curcumin against HCT116 spheroids
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Figure 2. Uniformity of HCT116 spheroids (n ≥ 3) for each treatment group at
an initial seeding density of 2000 cells/20uL at day 0 (before treatment).

For instance, under the brightfield images showed that
the curcumin treatment at 15.63μg/mL resulted in a significant shrinkage of the HCT116 spheroids (Figure 4).
In summary, the present work demonstrated an affordable and reliable platform for cytotoxicity testing of
natural products in 3D cell culture system. On top of
that, the imaging-based analysis employed in this platform offers a non-invasive quantification method for assessing the spheroids growth. Therefore, this platform
allows easy recovery of the spheroids for further analysis. For instance, the post-exposed spheroids could be
harvested via gentle aspiration and transfer to another
appropriate well plate for further viability study. Taken
together, the data and the established protocol of this
study could serve a useful guide for future endeavours,
especially to those new to the field of 3D cell culturebased drug discovery.

Acknowledgement
This research was financially supported by External Industry Grant (Biotek Abadi – Vote No. GBA-81811A)
and MOSTI eScience funds (Project No. 02-02-10SF0215) awarded to B.-H.G.
Figure 3. Evaluation of cytotoxicity effect of curcumin on the HCT116 spheroids (n = 4). a) The HCT116 spheroids were treated without (control) and with
curcumin at 3.91, 7.81 and 15.63μg/mL for 9 days. The efficacy of curcumin was
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evaluated based on the inhibition of HCT116 spheroids growth/size (volume) by
measuring the estimated spheroid volume with the use of open source AnaSP
and ReViSP software tools. Data points are expressed as mean values ± SD.
b) Bar graph shows the growth inhibition effect of curcumin on the HCT116
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