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Human Lymphoblast in the Evaluation of Comet and Micronucleus 

43 Mater ia l  and Methods 
The culture system is comprised of human lymphoblastic TK6 cells co-cultured with a 3D liver sandwich model. The system
allows for communication between two compartments and performance of the comet assay in the liver model and the
micronucleus assay in TK6 cells. The liver model (extracellular matrix, endothelial cells, HepaRGTM cells, and MatrigelTM) was
maintained in a 96 or 24-well-plate and the TK6 cells were cultured on top of the plates using transwells. Both compartments
were treated for 24 and 3 hours prior to collection with either negative control (untreated), direct mutagen methyl
methanesulfonate (MMS) or indirect mutagen benzo[a]pyrene (BaP). The 3D liver sandwich system was dissociated into single
cell suspensions that were collected for comet assay evaluation, while TK6 cells were collected for the micronucleus assay.

1 Introduct ion
The liver metabolic capacity evaluated in the current pre-clinical genetic toxicology
test battery does not reflect the specific and complex metabolism of the human liver
as this parameter is assessed by addition of a metabolic activation system (induced
rat S9 mix) in the in vitro assays or by evaluating rodent liver in the in vivo assays. In
recent years it has been reported that HepaRGTM cells, derived from human
hepatocellular carcinoma, retain similar metabolic capacity when compared to
primary human hepatocytes1. Moreover, it is known that 2D cell culturing methods
tend to fail to precisely capture the relevant complexity observed in 3D models.
Therefore, we suggest that in vitro 3D liver models could help to mitigate the risk of
liver damage induced in humans and improve genetic toxicology testing.

2 Object ive

The objective of this study was to demonstrate a proof of concept for the creation of 
a metabolic competent 3D liver sandwich model system co-cultured with TK6 cells, 
human spleen lymphoblast cells, that can be applied to genotoxicity assessment. 

Resul ts  and Discussion
The culture system has shown promising results to combine an integrated co-culture metabolically
competent human 3D sandwich liver model with TK6 cells, a system able to detect different genotoxic
parameters, i.e. induction of chromosomal damage or damage to the mitotic apparatus (micronucleus
test) and DNA strand breakage (comet assay), within a single model. Although the capability of the
system to identify direct mutagens and a pro-mutagen (BaP) are promising, additional metabolic testing
is ongoing to further characterize the metabolic activation and sensitivity to a wider number of
genotoxicants.
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Table 2:  Comet assay and micronucleus analysis results from the bottom compartment using 3D liver
model co-cultured with TK6 cells.

Table 3: Dose-response observed from treatment of increasing doses of MMS in TK6 cells co-cultured with the 3D liver model.  

Resul ts  and Discussion

Figure 1: Representative scheme of the 3D liver sandwich model co-cultured with TK6 cells followed by analysis of single cells suspension for the comet assay
and for micronucleous evaluation using flow-cytometer. 

Initially, 24-well plates were used to evaluate the capability of the co-culture system to determine a direct
mutagen (MMS). The results shown in Table 1, indicate that the cell dissociation of the 3D sandwich liver
model did not compromise cell integrity, as a high % viability was observed. Furthermore, the treatment with
MMS increased the median % tail intensity in cells from the 3D liver model and also increased the % of
micronucleated cells in TK6. These results indicate that MMS responded as an adequate positive control in
the co-cultured tested system, allowing determination of DNA strand breaks in the liver model and induction
of chromosomal damage or damage to the mitotic apparatus in TK6 cells.

Table 1:  Comet and micronucleous test results from co-cultured system treatment using 24 well plates. 
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Furthermore, the 3D sandwich liver system co-cultured with TK6 cells was tested using 96-well plates connected to 96 transwells support plates. The results shown in Table 2, demonstrate a low level of DNA damage in
the negative control (untreated) cultures, and a clear increase in micronucleated cells for cultures treated with MMS and BaP. The results indicate that the 3D liver model can metabolize a pro-mutagen (BaP) in vitro and
that the DNA reactive metabolites were dispersed up to the transwell compartment eliciting genotoxicity in TK6 cells. Table 3 indicates an increase of the % of micronucleated cells in a dose-response manner, following
treatment of increasing concentrations of the direct mutagen (MMS) in TK6 cells. In addition, the negative control (untreated) in Tables 1 and 2 presented high %viability, low %hedgehog counts and low median % tail
intensity in the comet assay for the 3D liver, in addition to low apoptosis and %MN for the TK6 cells when compared to the treated groups.

 
Micronucleus Test 

(TK6 cells) 

Treatment 
% 

Apoptosis % MN 
MMS 1.25 µg/ml 14 11.0 
MMS 2.5 µg/ml 22 28.2 
MMS 5 µg/ml 57 58.5 
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Comet Assay 

(3D liver) 
Micronucleus Test 

(TK6 cells) 

Treatment %Viability 
% 

Hedgehog 
% Median 

Tail Intensity 
% 

Apoptosis % MN 
Untreated 87.5 7.4 0.54 8 1.5 
MMS 5 µg/mL 91.5 10.7 5.88 10 10.8 
Untreated 92.6 12.3 0.13 10 2.2 
BaP 10 µg/mL 97.8 5.7 0.63 29 25.9 

 

 
Comet Assay 

(3D liver) 
Micronucleus Test 

(TK6 cells) 

Treatment %Viability 
Mean % 

Hedgehog 

Mean % 
Median Tail 

Intensity 
% 

Apoptosis % MN 
Untreated 96.1 9.1 0.22 3.4 1.7 
MMS 7.5 µg/ml 92.5 7.4 7.80 6.7 58.4 
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