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Abstract. The Balb/c 3T3 cell transformation assay (CTA) is presently undergoing
extensive pre-validation testing but its potential for routine chemical screening
remains to be fully exploited due it being more costly and more time consuming than
other CTAs. To downscale the assay 24-well plates were used to score foci and then
compared to the standard T25 culture bottles. Furthermore, it was also attempted an
adaptation to a perfusion cell culture model in order to achieve a closer equivalent to
the in vivo carcinogenic processes. The miniaturized approach was successfully
correlated to the standard technique. A reproduction in smaller culture plates can
provide an alternative for a faster and more practicable handling by smaller
laboratories. The assay failed to produce positive results in the fluidic model and
further testing is necessary to determine the role medium flow in the in vitro
carcinogenesis process.
Introduction
In vitro cell transformation assays (CTAs) for the screening of chemical carcinogenic
potential are becoming increasingly relevant as they aim to reduce or substitute rodent
life-time bioassays that have been shown to be costly, time-consuming and,
furthermore, true predictivity of animal carcinogenicity data to humans has been
questioned [1-7].
One of the CTAs undergoing pre-validation testing by the European Center for
Validation of Alternative Methods (ECVAM) is the Balb/c 3T3 assay which analyzes
chemical induced morphological transformed foci [8].
This assay was developed by Kakunaga in 1973 using a A31-714 clone derived
from the mouse Balb/c 3T3 A31 embryonic cell line [9] which demonstrated a high
degree of contact inhibition, growing in a single monolayer and, never piling up,
unless when treated with a carcinogen at the beginning cultivation [10].
The standard assay involves the seeding of 60 mm culture dishes or 25 cm2 culture
flasks with approximately1x104 cells that are treated 24 hours after seeding with a test
chemical for 72 hours after which cells are cultured for an additional four to six weeks
[11]. A Colony Forming Efficiency test (CFE) may be performed followed by the
Morphological Transformation Assay (MTA), in which seven doses may be tested in
addition to a control test and negative control test allowing for a better
standardization and inter-laboratories reproducibility[12, 13].
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The assay has undergone some modifications, such as the use of DMEM/F12
medium supplemented with 2% Bovine Serum [14] and the implementation of a two
stage transformation assay for the screening of initiating and promoting activities of
chemicals. At the beginning of cultivation cells are treated with a sub-threshold dose
of a carcinogen, a tumor initiator, and, afterwards, with a tumor promoter thus
mimicking in vivo two-stage carcinogenesis process [15, 16]. Both modifications
were found to be relevant, improving the scoring of foci for different tested
substances [17].
Even with these modifications and the substantial amount of data on reproducibility,
sensitivity and specificity collected, the Balb/c 3T3 CTA remains to be fully exploited
since it’s technically more difficult, expensive and time consuming than other in vitro
genotoxicity tests [13].
Recently a study performed on the miniaturization another widely used CTA, the
Syrian Hamster Embryo (SHE) cells assay, demonstrated not only that the test was
reproducible in a smaller scale but that is allowed for faster performance while
utilizing a smaller number of cells [18].
A miniature approach can also facilitate the adaptation of the assay to a perfusion
cell culture, which may, in turn, provide a closer approximation to an in vivo
environment furthering our understanding of the carcinogenesis process.
Perfusion cell culture can provide a good alternative to static cell culture by
incorporating a system of nutrient supply and waste removal keeping a more stable
environment [19].The medium flow can mimic vascular flow responsible for
distribution of soluble factors [20]. However, fluidic systems also present their own
set of obstacles: cell seeding might be compromised by the shear stress of fluidic flow
and, the constant flow can remove essential soluble biomolecular factors involved in
cell-cell dynamic [19-22].
In this study we aimed to downscale the standard Balb/c 3T3 two-stage
transformation assay. We also attempted to implement the assay in a perfusion cell
culture technique to access the possible effects of a continuous fluidic flow on the cell
transformation process.
Materials and Methods
Cell Line and Culture Maintenance
Balb/c 3T3 cells were provided by the State Key Laboratory for Infectious Disease
Prevention and Control, National Institute for Viral Disease Control and Prevention,
Chinese Center for Disease Control and Prevention. They were originated from ATCC
CCL-163 Balb/c mouse whole embryo cultures. These cells possess the ability to
divide indefinitely and are highly sensitive to post-confluence inhibition of cell
division.
Cells were kept in T25 culture flasks at 37oC, 5% CO2 and were passaged every
three days before reaching 70% confluence.
DMEM/10F medium was used in routine cell maintenance and initial stage of the
two-stage transformation protocol. Medium was kept at 4o and contained Dulbecco’s
Modified Eagle’s Medium (Hyclone), 10% (v/v) Fetal Bovine Serum (FBS, Hyclone)
and 1% (v/v) Penicillin/Streptomycin solution (10,000units/ml, Hyclone).
DMEMF12/2F medium was used in later stage of the two-stage transformation
protocol and contained DMEM/F12 (1:1) (Hyclone) complemented with 2% FBS, 1%
Penicillin/Streptomycin solution and 0.2% (v/v) ITES (containing 1.0mg/ml
recombinant human insulin, 0.55mg/ml human transferrin,0.5μg/ml sodium selenite,
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0.2mg/ml ethanolamine, from Sigma-Aldrich).
Two Stage Transformation Assay
In the traditional assay 1x104 cells are seeded into T25 (25 cm2 culture area) cell
cultures flasks or 60mm culture plates (aprox. 400 cells/ cm2). Since Corning 24-well
culture plates have an actual growth area of 2cm2,, the initial seeding concentration
was calculated to be 800 cells/well, however this concentration failed to achieve
confluence before treatment with tumor promoter and the seeding concentration was
rounded up to 1000 cells/well (1x103).
Time Line
Day 0: Cells were seeded into T25 cultures flasks (Corning) and 24-well plate and
kept overnight on DMEM/10F medium at 37oC, 5% CO2. Day 1: 24 hours after
seeding, the culture medium was replaced for DMEMF12/2F medium containing
0.2µg/ml 3-methylcholanthrene (MCA). Day 4: 72 hours after exposure the treatment
medium was replaced with DMEMF12/2F medium. On Day 7 the medium was
replaced with DMEMF12/2F containing 0.1µg/ml of tumor promoter 12-Otetradecanoylphorbol (TPA). Cells were treated with TPA for a week with one
replacement of fresh, TPA added DMEMF12/2F medium either on Day 10 or 11. A
week after treatment (Day 14) medium was once again replaced with DMEMF12/2F
(without TPA) which was replaced every 3 days until day 26. On Day 31 (5 days after
last medium change) cells were stained in Giemsa solution, air dried and number of
foci was recorded. The assay was repeated twice (groups A and B), each time five T25
culture flasks + control and three 24-well plates (60 treatment wells and12 control)
were used.
Culture in TissueFlex® Micro Bioreactors (TFBR) System
The TFBR consists of a four well unit (TG 4-well) formed from a gas permeable
biocompatible polymer. Each well has an inlet and outlet port allowing for medium
intake and waste removal respectively. Each inlet has a syringe connector tube that
allows individual perfusion. Perfusion rates can be precisely controlled and adapted to
the two-stage assay medium changes. The TFBR is kept in a specially designed bench
top incubator which incorporates a PID controller for temperature selection and CO2
levels are maintained by tubing connecting its lid to a CO2 a control unit. The
incubator can hold two TFBR at a time and four repetitions were performed (32 wells:
24 testing + 8 controls).
Since the Balb/c 3T3 two-stage transformation assay relies on disruption of the
post-confluence cell division inhibition, cells were kept in a monolayer for a 2D
perfusion cultures. Assuming that the wells of the TG 4-well bioreactor are
comparable in size with the wells of a 24-well plate, cells were seeded at
concentrations of 1000 cells/well. After seeding cells were kept for 24 hours in regular
CO2 incubator. On Day 1 medium was removed and cells were transferred to the
bench top incubator. Syringes were filled with 3ml of MCA added DMEM/10F
medium, 1ml was injected in each well and the remaining 2ml was injected at a rate
of 0.46µl/minute for the next three days. All medium changes were done in this
manner and corresponded to the same time line described above.
*TissueFlex® Micro Bioreactors (TG-4 wells) and supportive machinery (TissueFlex® Incubator,
TissueFlex® Syringe Pump) were purchased from Zyoxel Ltd.
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Foci Scoring
Foci containing more than 50 cells or measuring more than 2mm in diameter were
scored. In addition, the photo catalogue for the classification of foci in the BALB/c
3T3 cell transformation assay by Sasaki et al. 2012a [23] and Urani et al. 2013 [7]
were used as a visual aid for the identification of Type III foci.
Results
Foci Scoring in 24-well Plates and T25 Culture Flask
Number of foci in 24-well plates was scored per 24cm2 area (12 wells) designated as
W (Table 1) and only Type III foci were scored (Fig. 1). Number of foci per W area
was relatively low (≤ 10/scoring area) with a total of 81 foci for the ten tested W areas.
Table 1. Foci distribution in 24-well plates

.
The number of foci scored did not differ significantly between T25 flask and 24-well
plates (Fig. 2) Overall Type III foci number was low in both culture vessels, with foci
numbers remaining ≤ 10 per flask and per 24 cm2(W). In total 71 foci were scored in
the T25 culture flask trial.

Figure 1. Transformed foci in: A) T25 culture flask and B) 24 well plate.
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Figure 2. Type III foci scored per T25 culture flask and 24 cm2 of 24-well plate (W).

The average number of transformed foci per T25 culture flask and W area were 7.8
and 8.1 respectively. No significant difference was found between the means of the
two groups when compared by T-test [p≥0.05].
Table 2.Comparison between the means of foci number/T25 flask vs W (12wells)

Adaptation of Balb/c 3T3 Assay to Perfusion Bioreactor
On the initial phase of the assay cells seeded into the TFBR presented a more even
distribution of cells and rapid cell growth compared to the static wells where, cells
tend to first grow around the periphery slowly moving to the center. In addition,
confluence was achieved faster, however, the experiment failed to produce a
significant number of Type III foci. A second trial was attempted with a seeding
concentration of 2x103 cells/well. It also failed to produce foci that could be
considered be scored. In both trials, small transformed foci were observed but failed
to achieve the sizes of foci observed in the standard assay (Fig. 3).

Figure 3. A) Border section of Type III foci in T25 flask presenting deep basophilic staining in contrast
with the small foci on TFBR with B)1x103 seeding concertation and C) 2x103 seeding concertation.
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Discussion
Miniature Culture Area VS Standard Culture Area
To predict the carcinogenic potential of chemical compounds, life-time rodent
bioassays have, traditionally, been the standard method [1-3]. Such assays are time
consuming and expensive, usually taking up to three years and involving the use of
600–800 animals per chemical and the histo-pathological examination of more than
40 tissues [4, 5]. In vitro transformation assays are faster, more cost efficient and
display a multistep process that closely models the multistage process of
carcinogenesis [1, 8].
They have not yet become the standard method in screening chemicals partly
because they are still under validation analyses, but also because some are not simple
for routine tests [24].
The main goal of this study was to attempt a downscaling the Balb/c 3T3 two-stage
transformation assay in order to facilitate smaller laboratories or laboratories where a
vast number of chemical are screened to reproduce the assay in a more efficient
manner.
For a better correlation to the 25cm2culture area of the T25 culture flask the foci on
the 24-well plate were scored per 12 wells for an approximate culture area of 24cm2
(presented as W area in this study).
We observed that the total number and means of foci did not differ much between
the T25 culture flask and W area (78 and 81; 7.8 and 8.1 respectively). In both T25
flasks and 24-well plates presented a low number of foci per scoring area (≤ 10)
suggesting that this may be due to the cell batch. The total number of foci was slightly
higher in the scoring area of the 24 well plates; this might be due to a higher
concentration of cells per cm2. Conversely, a trial experiment with a seeding
concentration of 2x103cells/well only presented Type I and II foci (data not shown).
Our results suggest that the two-stage Balb/c 3T3 assay can be reproducible in
smaller culture areas which could facilitate the handling and repetition of the assay.
Nevertheless, more studies, further repetition and testing are necessary to establish if
these results can be reproduced in different laboratories and in order to collect data for
a more robust statistical analysis.
Additionally, since in this study, only the basic two-stage compounds where tested
( MCA & TPA), it would be necessary to conduct experiments with different dose
levels of chemicals to confirm if miniaturization will allow for a concentration based
analysis. It is also important to mention that, many of the recent validation studies of
the Balb/c 3T3 transformation assay have been focused on the one stage assay, with
the establishment of improved protocols and new statistical approaches [12, 13, and
25]. It would be therefore, crucial to focus on a miniaturization approach on the one
stage assay as well.
Balb/c 3T3 Assay in TFBR Perfusion Culture
One of the advantages of miniaturization approach is the possibility was to adapt the
protocol to other cell culture techniques such as the perfusion model. This technique
can provide a carcinogenicity onset model closer to the in vivo vascular flow
environment.
On the initial phase of the perfusion bioreactor trial cells presented a more even
distribution and achieved confluence at a faster rate but failed to produce sizeable
transformed foci with characteristics that would allow scoring. This may indicate that
the constant removal of soluble factors interferes with the expansion of transformed
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cells. Recently, studies on tumor microenvironment have suggested that, cancer
proliferation does not only rely on somatic mutation, but on soluble factors that act in
intracellular mitogenic pathways and can also be signaled to neighboring cells.
In a 2011 review study, Hanahan & Weinberg remarked that the growth factor
signals controlling cell number and position within tissues are thought to be
transmitted in a temporally and spatially regulated fashion from one cell to its
neighbors in a process that is difficult to analyze experimentally [26]. Other studies
have discussed the difficulties of incorporating tumor micro environment factors in
standard carcinogenic studies [27, 28]. These studies point to the complexity of
modeling screening test that can truly mimic human tissue physiology. The CTAs can
mimic the multistage carcinogenesis process but, many chemicals which test positive
in the in vitro assays fail to induce tumors in the animal model. It is possible that more
detailed analysis on molecular soluble factors implicated in the carcinogenic
processes using a perfusion model may prove useful for the understanding of such
disparity and a may provide better insight on the in vivo carcinogenic process.
Conclusion
This miniaturization attempt showed that it is possible to downscale the two stage
protocol of the Balb/c 3T3 assay. To continue with a miniaturization approach it will
be necessary, in the future to analyze if smaller vessels can provide enough data for
dose response curves and if it can be adapted to the standard one stage assay.
However considering the long term applications of the assay and, its advantage in foci
scoring and no need of irradiation, compared to the SHE assay [13], a downscale
approach can aid in the development and increasing of practicality and reproducibility
of the assay.
Unfortunately, the perfusion cell culture model, for the conditions that we test seems
to be impracticable for the scoring of transformed foci. Nevertheless, the perfusion
model may provide an insight ion the role of tumor microenvironment soluble factors
in cancer proliferation. Such studies could help develop screening test that better
reflect the in vivo cell and tissue physiology without the ethical and cost burdens
presented by animal testing.
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