Abstract
Multicellular tumor spheroid cultures (MCTS), have a wide variety of uses in the
field of cancer treatment. Current methods, however, do not provide spheroids adequate
large for therapy testing. In order to circumvent this problem, a bioreactor made using
Polydimethylsiloxane (PDMS) was constructed to allow the adequate growth of spheroid
clusters. Liver Hepatic Carcinoma cells (Hep G2) and Anaplastic Thyroid Carcinoma
(SW 1736) were cultured and isolated. They were then further matured using the
“hanging drop” method, involving spheroid formation using gravity. The optimal growth
time for hanging drop cultures was determined to be 72 hours. PDMS wells of different
diameter were then constructed using a 24-well plate as a base, and clusters of cells were
transferred into them for MCTS formation. The wells were fabricated using PDMS as a
mold, then carving out wells for cell growth. Development of the spheroids in the
bioreactor was monitored using microscopy paired with various staining techniques, and
measurements and media changes were done daily. Cell cluster volume and height were
analyzed as a function of PDMS well diameter. Optimum spheroid formation occurred in
5mm diameter wells, with peaking growth around 10 days.
Further research was done regarding cancer cells and HIFU (High Intensity
Focused Ultrasound) and Ethanol treatments, as tests of combination cancer therapies.
Cells were first treated as cell pellets, then using the spheroid method above. The use of
combination therapies proved more effective than either therapy alone. Chemo-ablation is
also an upcoming therapy method to be used in combination therapies.
This research can be used as a starting point for larger spheroid formation, and
eventually in vivo testing of cancer therapies. Further analysis can be done to compare
these models for comparison of shape, viability, and the effects of anti-cancer treatments.
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Chapter 1: Introduction
Cancer is one of the leading causes of death in the world, and thus, its causes and
treatments have been subject to intensive investigation. Cancer accounts for one in every
eight deaths worldwide, which is more than HIV/AIDS or any other disease (Cancer
Facts& Figures 2011). It has been reported that in 2008, there were an estimated 12.7
million cases of cancer diagnosed and 7.6 million deaths from cancer around the world.
Therefore, it is clear that cancer research for treatment is extremely critical for advances
in human healthcare.
Although the severity of the cancer problem worldwide is acknowledged, the
exact mechanisms of cancer are still under much examination. It is known that cancer
arises from the rapid and uncontrolled proliferation of one’s own cells, usually due to a
mutation in the cell’s genome. However, this is not always the case, and the wide variety
of circumstances that surround each case indicates to us that the causes of cancer are
complex and the treatment of the disease is difficult.
Most of the current treatments for cancer involve radiation and chemical ablation.
These methods, though effective, expose the host’s body to considerable harm. The
purpose of this project is to allow testing of different cancer treatments on tumors outside
of a host body. By growing Multicellular Tumor Spheroid cultures (MCTSs) in vitro,
more extensive tests can be done on isolated tumors, allowing for more accurate results
than are currently available from in vivo models. While there have been several other
efforts for growing in vitro tumor models, they have been inadequate in size to properly
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mimic properties of tumors in the body, especially when dealing with cancer in epithelial
cells. This project attempts to address the problem of small tumor size by developing a
method to grow liver carcinoma tumors larger than 0.3mm in diameter. However, tumors
naturally occurring in the body can range from 3-5 cm in diameter, and the getting larger
tumors comparable to those naturally occurring is the eventual goal of this project.
The cell lines Hep G2 (Figure 1) and SW 1736 (Figure 14) were used to observe
cell growth. Liver carcinoma cells were chosen because of their robustness and high
proliferation rate. Liver cancer was chosen because of the Ethanol treatments that are to
be used later. Later, SW 1736 Thyroid carcinoma cell line was used to verify the effects
across multiple cell lines. A PDMS bioreactor was the final step for achieving the largersized of the tumor spheroids. The bioreactor designed to grow the spheroids allowed for
both larger sized spheroids and innovation with add-ons to the fabrication design. The
newly designed easily modifiable bioreactor could potentially lead to even greater
efficiency and larger spheroid size in the future.

Figure 1: A comparison between in vivo Human Carcinoma (A) and Hep G2 cultures (B) (S. Wilkening et
al, 2003).
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Having designed the bioreactor, combination cancer therapies were tested, with
the hypothesis that combination of chemical and physical therapies on cancer cells would
yield more desirable outcomes for treatment. We explored the use of high-intensity
focused ultrasound (HIFU) and Ethanol treatments in combination, since the BRAFV600E
gene mutations are associated with an aggressive phenotype of papillary thyroid cancer
(PTC) that can progress to anaplastic tumor cancer (ATC) characterized by >80%
mortality within months (W. S. Samowitz et al, 2005). High-intensity focused ultrasound
(HIFU) with or without ethanol injection was tested to deduce whether it reduces the
viability and proliferation rate of the human ATC cell line SW1736 harboring this
mutation.
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Chapter 2: Background
II.1 Tumor Spheroids
A variety of methods for culturing tumor spheroids currently exist. However, few
methods have successfully developed full tumors in vitro. Tumors require more cell to
cell interaction, and have qualities, such as a necrotic core, that distinguish them from
cells just clumped by physical forces. The most simple method involves just culturing
cells in round-bottomed wells, which would simply force the cells to congregate at the
bottom to form a cluster via gravity; this method is not desirable on its own because the
cells have no meaningful interaction with each other: they simply are clumped next to
each other by virtue of being next to each other. This method, however, can be used as a
preliminary step in other methods, due to its simplicity and convenience.
A more advanced approach involves altering the cell surface receptors of the cells
in question to promote binding in between cells (X. Xiang et al, 2011). This method
involves genetically altering the protein production in the cells to promote E-Cadherin
binding among the cells, effectively forcing them to clump together. The study found that
there was multicellular resistance to antibodies when strong E-Cadherin bonds were
present.
Several approaches utilize no surfaces. One of these is the spinner flask method
(A.M Sutherland et al, 1971), which places cells in a constantly moving medium in which
they do not touch any surface, and therefore can only bind to one another. One of the
drawbacks of this method is that it places severe strain on the cells, as they are constantly
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under mechanical stresses by the fluid. Another method that is less violent involves
growing cells in plates that are not adhesive to the cells. This method has become more
commonly known as the “liquid overlay” method (J. M. Yuhas et al, 1977). This method
uses agarose gels suspended in media to promote 3-D growth of spheroids. It has been
shown that cells grown in such conditions are able to form strong cell-to-cell interactions
and develop into multicellular spheroids (K. C. O’Connor & M. Z. Venczel, 2005).
A common intermediate method that has been used when developing multicellular
spheroids is centrifugation of cells to force them to clump together. This method can be
scaled up by expanding the size of the media container, as well as supplying oxygen to
the unit (S. L. Nyberg et al, 2005). The spheroids in this method are clumped by a
continuous rocking motion, instead of a spinning motion. Also, the motion is gentler than
spinning, as it was found that the optimum oscillation was 0.25 Hz, which promoted
hepatocyte-hepatocyte interaction while not harming the cells via mechanical stress.
II.2 Hanging Drop
The Hanging drop method is an easily administered technique that only utilizes
gravity to form initial cancer cell clusters. It can be modified to include addition of
agarose and be performed in conjunction with a large assortment of other methods (J. M.
Kelm et al, 2003). Its greatest asset is the ease of methodology. This method is explained
in more detail below in the methods section.
II.3 Scaffolds and Fabrication
Many new innovations in three-dimensional spheroid formation have included the
fabrication of specialized scaffolds to promote a desired growth shape. Popular substrates
for cell attachments are hydrogels (J. W. Nichol et al, 2010). One of the polymers used
5

for such purposes is gelatin Methacrylate (GelMA), which allows for clear cell adhesion
and modification. An example of such modification is the inclusion of micro channel
arrays post fabrication to simulate vasculature inside the body. In addition to being an
effective substrate for binding, cells that have been encapsulated in GelMa have been
shown to elongate and proliferate extensively.
Another popular polymer used for fabrication of cell substrates is
Polydimethylsiloxane (PDMS). This compound has been used to grow a variety to cells,
and shows remarkable similarities to the Extra-Cellular Matrix (H.C. Moeller, 2008). An
interesting property of PDMS is that it does not necessarily promote cell adhesion, but
still facilitates adequate cell growth.
Some tumor culture methods utilize micro-channels. Devices have been made in
which the lower surface has “rifts” (e.g. in the form of a hemi-sphere) produced as a
result of micro fabrication. Flowing tumor cells captured in these rifts eventually form
spheroids. The size of the spheroids produced by this method is small because it cannot
exceed the rift diameter. The requirement for the cells to flow in the channels discourages
simple tumor generation for proper growth. A possible way to circumvent this problem is
to perfuse free floating cells together with rigid microspheres coated with cell adhesion
molecules. Tumor cells will be able to attach to these particles and form large size
spheroids (L. Yu et al, 2010). The problem with this approach is that the center of a tumor
spheroid is not a necrotic core as in natural tumors or MCTSs produced by other
methods, but it is a synthetic structure. The presence of this material creates different
conditions for cell growth compared with the conditions existing in natural tumors.
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II.4 HIFU
High Intensity focused ultrasound (HIFU) is the upcoming technology for
noninvasive or minimally invasive tumor ablation via the localized acoustic energy
deposition at the focal region within the tumor target. In the past, ultrasound techniques
have been used to image tumors (R. Souchon et al, 2003). Figure 2 shows how the
presence of cavitation bubbles had been shown to improve the therapeutic effect of HIFU
(G. ter Haar, 2007).

Figure 2: Ultrasound excitation of microbubbles attached to the cell membrane via receptor-ligand binding
(A) and Instrumentation method for starting cavitation (B) (Z. Fan et al, 2012).
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Chapter 3: Objectives
III.1 Significance
The multicellular spheroid model is an intermediate between the cancer cell
monolayer and in vivo tumors (Sutherland et al, 1976). The multicellular model can also
be used to simulate the microenvironments that are present in the tumors, including
vasculature and cell necrosis. In particular, it is difficult to force epithelial cells to form
clusters, let alone spheroids, as they naturally are made to spread to cover a surface.
Thus, the development of methods to make tumor spheroids is important for providing
adequate models for treatment testing.
III.2 Therapies
Although several feasible methods of destroying cancer tumors exist, it is hard to
carry out preliminary safety tests with them because tumors occur inside a host. In
addition to simplicity, the decrease in necessity for mouse models reduces the need for
animal sacrifice, and thus is a more humane approach to scientific experimentation. Even
when using in vivo tumor models in mice, the hassle of dealing with live animals and
variability of the results form mouse to mouse masks the fine differences between
treatments. The use of Ethanol injection for percutaneous treatment has been used before
(M. Ebara et al, 1990). Percutaneous Ethanol injection (PEI) is shown to ablate small
tumor spheroid in predominantly liver and thyroid tumors of size 3 cm or below. In
addition, it is low cost and minimally invasive compared to resection. However, it
8

requires a diagnostic imaging guidance. Side effects include pain after treatment and
healthy tissue being damaged due to high volume of ethanol injected. However, the
combination effect of Ethanol injection and HIFU has yet to be explored. In this study,
we show some of the combination effects of these therapies, used on both cellular
clusters and in vitro tumor models.
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Chapter 4: Materials and Methods
IV.1.1 Hep G2 Cell Culture
Cells from the established Hep G2 cell line were purchased from ATCC
(Manassas, Virginia). They were grown under the 37°C 5% CO2 conditions in T-75
culture flasks in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10%
Fetal Bovine Serum (FBS), and ~1% antibiotics/antimycotics. When reaching more than
80% confluence, the cells were detached by using 0.05% Trypsin and re-suspended in a
new flask. These procedures repeated until the cells reached passage 4 or 5.
IV.1.2 SW 1736 Cell Culture
Cells from the established SW 1736 cell line were acquired from Dr. Emad
Kandil (Tulane School of Medicine, Department of Surgery). They were grown at 37°C
in 5% CO2 in T-75 culture flasks in Dulbecco's Modified Eagle's Medium (DMEM)
supplemented with 10% Fetal Bovine Serum (FBS), and ~1% antibiotics/antimycotics.
When reaching more than 80% confluence, the cells were detached by using 0.05%
Trypsin and re-suspended in a new flask.
IV.2 Hanging Drop Method
The hanging drop method (N. E. Timmins and L. K. Nielsen, 2007) was utilized to
generate initial clusters of cells for MCTSs. Cells from passage 4-5 were taken at a
concentration of ~ 106 cells/ml. Cell concentration was measured by using Trypan Blue
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dye to count live cells in each sample. Droplets of cell concentration measuring 31 µl
were placed on the lid of a 24 well plate. The lid was then inverted and the droplets were
allowed to hang for several days (Figure 3). Clusters reached the maximum size of about
300 µm in three days, thus they were harvested after about 72 hours (Figure 4). These
clusters were then transferred to micro-centrifuge tubes via gentle suction by a pipette
and centrifuged at 125 x G for 5 minutes to ensure the strong attachment between cells.
The pellets were then transferred to the PDMS wells to further grow into MCTSs.

A

B

Figure 3: A: Schematic of how the hanging drop method creates cell clusters.
B: 24 hanging drop cultures, with droplet sizes of 10, 25, 20, 25, 30, 35 µl.
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300 µm
Figure 4: Top down view of hanging drop cultures. Clusters under microscope, 100X magnification. Image
includes a scale, where 1 tick mark=10 µm. Image was taken using Nikon Coolpix 12 Megapixel camera.

IV.3 PDMS Wells
Thirty six grams of liquid PDMS (Skylgard 184 Silicone Elastomer Base) was
mixed with 3.6 g (10% weight/weight) of Skylgard 184 Silicone Elastomer Curing Agent
(Ellsworth Adhesives, Germantown, WI). The resulting solution was poured equally into
each well of a 24 well plate around metal rods of different diameters (Figure 6&7), and
allowed to solidify in a Fisher Scientific Isotemp 500 series oven at 80°C for 3 hrs. Cell
pellets were placed into these PDMS wells and grew at 37°C in 5% CO2 in a New
Brunswick Galaxy 48 R incubator for 5 to 14 days (Figure 5&9). The growth medium
was changed in the wells every day from day 1 to 10 and then every 12 hours after day
10.
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A

B

5mm wells

4mm wells 3mm wells

C

D

10 µm

E

Figure 5: A: schematic of PDMS wells;
B: Full view of 5, 4, 3, 2, 1 mm wells
C: Close up of 5, 4, 3 mm wells with cells inside.
D: Cells inside PDMS wells, 400X magnification, picture taken with scale in foreground (1 mark = 10 µm).
E: Cells in side PDMS well, 400X magnification, Image was taken using Nikon Coolpix 12 Megapixel
camera.
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Figure 6: Well plate cover (top). Rods used for molds (bottom left). Completed PDMS well plates (bottom
right).

Figure 7: PDMS mold rods in place over solidifying PDMS.
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Figure 8: Hep G2tumor spheroids grown in 5 mm diameter PDMS wells for 7 days. Images taken using a
green filter and red filter, with the red filtered image superimposed on top of the green filter image. The
background was darkened for these images.

Figure 9: Gallery of Hep G2 Spheroids grown in PDMS wells
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IV.4 HIFU Apparatus
The HIFU system used consists of several parts, as can be seen in Figure 10. A
built-in arbitrary function generator produces an input sinusoidal signal that passes
through a fixed gain (50 dB) power amplifier (ENI 2100L, Rochester, NY) and then
enters the HIFU transducer (H102, Sonic Concepts Inc, Bothell, WA)(Figure 11). The
HIFU transducers have stainless steel housing with active diameter of 64 mm and
opening center of diameter 22.6 mm for housing of confocal hydrophone used as passive
cavitation detection (PCD). The HIFU transducers operate at center frequency of 1.1
MHz with maximum pulsed power level of 400 W (Graph 1). The PCD signal is detected
via a confocal hydrophone (y107, Sonic Concepts Inc., Bothell, WA) located confocally
with the HIFU transducer. Another Parametric hydrophone (NDT V320, Parametrics
Inc.) is also used to detect cavitation signals and is placed perpendicular to the
propagation direction of the HIFU beam and 20 mm away from the sample (Figure 12).
Signals from both hydrophones are monitored and saved using a 2 Gsamples/ seconds
oscilloscope (InfiniiVision DSO-X-2014A, Agilent Technology ). Temperature profile
during HIFU sonication is collected via embedding type K or type E thermocouples
within the sample and is monitored via a 4 channels temperature meter (Extech SDL200,
Waltham Massachusetts). Both samples and the HIFU transducer are immersed inside a
20 gallon tank filled with degassed water. The tank is filled with 55 liter of water
degassed to less than 2 ppm using 60 gram of sodium sulfite. The water is constantly
checked with oxygen test kits to maintain the degased status.
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Oscilloscope +
Function generator
(Agilent InfiniiVision 2000X)

Positioning System

Tank

Sample

Power Amplifier
(ENI 2100L Power Amplifier)

Y 107 hydrophone
(Sonic Concepts Inc.)
Matching Network
1.1 MHz
(Sonic Concepts)

H102 Transducer
(Sonic Concepts Inc.)

Heater

Thermometer
(Extech SDL200)
Figure 10: HIFU system setup. Black dashed line showed signals that were collected by the oscilloscope;
black solid line represented transmitted signal from the function generator toward the HIFU transducer; the
yellow line represents the type K thermocouple inserted into the samples to measure temperature rise
during HIFU sonication.

Level

Vinput(mV)

Voutput (V)

Acoustic Power (W)

1
2
3
4
5
6
7

65
100
130
200
230
270
300

22.5
35.625
44.375
66.875
79.375
90
106.25

1.17
2.73
4.09
8.72
11.974
15.1
20.52

Graph 1: HIFU Power Levels.
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(A)

(B)

Figure 11: Setup with (A) electronic component consisting of function generator, oscilloscope, power
amplifier and (B) tank and HIFU transducer, 3D positioning system, thermometer, tanks, and commercial
heater to maintain water at 37 °C.
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Figure 12: Experimental set up for HIFU sonication of HepG2 cells.

IV.5 Combination Therapy Experiments
Several experiments were done in which both cell pellets and spheroids were
used, testing combination therapies of HIFU and Ethanol. For pellet description, see
section IV.5.2. Spheroid experiments were done after day 7 of development. The
spheroids were harvested using a broken tip pipette, and injected with the appropriate
amount of fluid (40µl or 100µl of Ethanol and/or Media).
IV.5.1 Making Pellets for Combination Therapy Experiments
Cells (both Hep G2 and SW 1736) were grown to ~80% confluency
(~

cells/ml). They were grown under the 37°C 5% CO2 conditions in T-75 culture
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flasks. The cells were detached by using 0.05% Trypsin and then spun at 1000X RPM for
5 min. The supernatant was removed and the pellet was re-suspended until it reached
~

Cells/ml. Then 200µl were spun down in 200µl thin wall micro-centrifuge tubes.

Treatments were administered, and then the cells were allowed to incubate for at least 24
hours in hanging drop form.
IV.6 Data Acquisition and Analysis
The data were plotted and statistically analyzed by using GraphPad Prism 5.0.2
(GraphPad Software, La Jolla, CA) and Microsoft Excel. Statistical significance was
determined by ANOVA and Student’s t-test.
The growth of cell clusters was measured daily for two weeks by using a Nikon
Eclipse TiS microscope with a high-speed camera (Q Imaging Retiga EXi). Notches in
the fine adjustment knob of the microscope were used as a ruler to investigate the height
and volume of the clusters, with each notch equal to 0.1 mm in height according to the
manufacturer information. This data was verified by using Z-stack images of tumor
spheroids, with only a 10% maximum difference between results gained between the zstack and knob turning methods. The aggregate volume V was estimated from its height h
and PDMS well diameter d using a cylindrical model: V = πhd2/4 and a semi-ellipsoidal
cap model: V = πhd2/6.Staining was done using Propidium Iodide and SYTOX® Green
dye and C12-resazurin Red dye (Figure 8&13). At least four independent experiments per
each diameter of the PDMS well were conducted. Viability after HIFU experiments was
measured using flow cytometry with Propidium Iodide and Annexin V staining.
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Chapter 5: Results
V.1: Hanging Drop Culture
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Graph 2: Hanging Drop Cluster Volume time course.

According to Graph 2, the growth of the hanging drop clusters halted around 62
hours, making the best time to harvest the cells around day 3.
V.2: PDMS well Spheroids
Graph 3 shows the effect of the PDMS well diameter on the volume of tumor cell
aggregates. The maximum volume increased from 0.1 mm3 at day 0 to the value between
10 mm3 (in ≤3 mm wells) and 44 mm3 (in ≥5 mm wells) at day 10. ANOVA shows
statistically significant difference (P < 0.0001) in the aggregate volume between ≥5 mm
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wells and ≤3 mm wells. The effective diameter of the aggregates in 5 mm PDMS wells is
around 2.2 mm, which is seven times more than the mean size of initial clusters prepared
using the hanging drop method (310 µm).
Graphs 3 and 4 show the effect of the PDMS well diameter on the volume and
diameter of MCTSs. As seen in Graph 3, the optimum volume is obtained around 10
days. A t-test analysis showed that there was no significant difference among the 3mm,
4mm, and 5mm wells (there was a P-value of 0.41 for each of them), while the 2mm
wells showed significantly less growth (P-value < 0.0001). The mean and standard
deviation (SD) of the data were plotted in Graph 4. According to this data, there is a
significant difference in the means of 3mm, 4mm, and 5mm wells by comparison to all
the others, via a one way ANOVA, which has a p-value of less than 0.0001.

Graph 3: Volume of HepG2 aggregates growing in PDMS wells of different diameters, calculated using
the cylindrical model.
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Cap Approximation
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Graph 4: Volume of HepG2 aggregates growing in PDMS wells of different diameters, calculated using
the Semi Ellipsoidal Cap model.
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Graph 5: Comparison of diameters between hanging drop and non-hanging drop clusters.
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Figure 13: Hep G2tumor spheroids grown in 5 mm diameter PDMS wells for 5 days. Image of a spheroid
taken using a green filter (left). Bright green fluorescence indicates dead cells. Overlay of spheroid images
taken using green and red filters (right). Red fluorescence indicates live cells.

Figure 14: SW 1736 Spheroids in 5mm well (left) and 8mm well (right).

V.3 HIFU Pellet Experiments
From the pellet data of SW 1736, we saw that there was a strong correlation in
viable cells in day 1 as we increased HIFU power levels. Late apoptotic cells (indicative
of complete cell death) were also observed, and increased significantly from the HIFU
only treatment compared to the combination treatment.
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Graph 6: SW 1736 Pellet data. U stands for Ultrasound only, EU stands for combination Ultrasound and
Ethanol (1:1, Volume Ethanol:Volume Media). Numbers on the x-axis correspond to power level of HIFU.
Y-axis is percentage of total cells in each viability section.
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Graph 7: Hep G2 Pellet data. U stands for Ultrasound only, EU stands for combination Ultrasound and
Ethanol (1:1, Volume Ethanol:Volume Media). Numbers on the x-axis correspond to power level of HIFU.
Y-axis is percentage of total cells in each viability section.
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Chapter 6: Discussion and Conclusion
The results show that the optimum diameter of the wells for spheroid growth is
from 3-5mm, since the 2mm and 6-10mm wells showed significantly less growth. The
time course experiment shows that the clusters reach a critical mass around 10 days, and
then decrease in size, perhaps due to senescence and/or mechanical stress.
In summary, this dissertation presents a simple method to grow and mature Hep
G2 MCTS’s using a PDMS scaffold, for use in in vitro tumor models. The method more
than doubled the size of the existing cluster produced from the hanging drop method.
This newer method can potentially be applied to other tumor cell models, and by
extension other types of cells, such as stem cells. The technique presents immense
potential for modification, especially regarding amendment of the PDMS scaffolding;
perhaps to allow for increased nutrient input to the spheroid. For example, microchannels
can be added into the PDMS at varying heights to induce cell growth at varying heights
and to promote more 3-D development. These microchannels could be greatly utilized to
fine tune the shape and growth of cells inside these wells. In addition, the nature and
malleability of PDMS allow for it to be easily molded into different shapes; the next
iteration of our current PDMS wells involves a spherical chamber in which MCTS’s
would grow, hopefully leading to a better 3-D shape.
Many cancer therapies are mainly ablation methods (with alcohol and/or
ultrasound). Most of the existing ultrasound means deal with the insertion of a metal rod
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directly into the tumor, forcing invasive destruction (S. N. Goldberg et al, 2001). The
proposed PDMS well configuration provides a good base for adjustment, and can be of
general interest to an array of other cancer research areas, such as chemotherapy and
ablation.
With regard to the pellets, we found that there was a great deal of correlation in
increasing the treatment power level, and adding Ethanol; clearly showing that an
increased HIFU level paired with Ethanol is a great cancer therapy.
Thus, in conclusion, this thesis presents a simple method in which Hep G2
Multicellular Tumor Spheroid Cultures, also known as MCTS’s, can be grown for the
testing of cancer therapy. Future innovations may allow for even larger spheroid growth,
eventually resulting in therapies using spheroids made by this novel method. Currently
we are Collaborating to combine HIFU and drugs (protein).
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