
Comet with FpG on Caco-2 cells
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Comet without FpG on Caco-2 cells
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Importance of the cell differenciation state in genoto xicity 
using the in vitro Single Cell Gel Electrophoresis assay
(Comet assay) in Caco-2, HT-29 and T-84 human cells
ANR Project Melodie – Rêve (Métaux Lourds, Désordres Immunitaires, Ecotoxicologie Intestinale & (bio) – Remédiation in vivo ) – ANR 09-CES-A-016

Background

Cadmium (Cd) is an important toxic environmental heavy metal. The 
general population is exposed via the intestinal absorption following 
ingestion of contaminated food. This heavy metal (HM) accumulates in the 
body and we hypothesize that alterations of the intestinal ecosystem 
following chronic HM exposure can influence the mucosal immunity, which 
in turn may promote and facilitate pre-existing gastrointestinal diseases.

Treatment

•Short treatment : 4h
•Cell viability ≥≥≥≥ 70%

In vitro Comet assay
Performed as described by Singh et al. (A 
simple technique for quantitation of low levels of DNA 
damage in individual cells. Exp Cell Res. 175:184-191, 
1988)

•Scoring of tail intensity (% Tail DNA = 
migrated DNA) at least 100 cells / conc. 
•Statistical analysis: Mann-Whitney test 
(*: p<0.05)

Cell culture

3 days   8-10 days           21 days

Chemical

•Cadmium chloride (CdCl2)
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Aim

Three different human intestinal cell models, Caco-2, HT-29 and T-84 were used to assess in vitro
genotoxicity by the Comet assay in order to select the most predictive of the effects observed in vivo. In this 
view, the cell lines were compared according to the experimental conditions (state of differentiation, presence 
or not of the FpG, etc.) and their consequences on the in vitro CdCl2 genotoxicity results. These human 
intestinal cell lines were also compared in their ability to handle and to cope with Cd in terms of toxicity and its 
impact on barrier function followed by transepithelial electrical resistance (TEER).

Evolution of the resistance of Caco-2, HT-29 and T-84 
cells on inserts 3 microns / 0.33 cm2

�In vitro, the decrease in the cell monolayer’s 
permeability was an indicator of tight junction 
maturation and was  measured by variations 
in TEER.

�Caco-2 and T-84 resistances increased with
the number of weeks of culture, which
coincided with the spontaneous differentiation
of these cells accompanied by tight junctions.

�The resistance of HT-29 cells did not change 
or little, which coincided with the non-
differentiation that characterizes them.

Materials and Methods
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Introduction Results and discussion

Cd response highly differed depending on cell type and cell differentiation state of intestinal epithelial lines. In this study, we demonstrated that undifferentiated T-84 cells were more 
sensitive to genotoxic effects of Cd. In parallel, DNA damage was observed both in presence or in absence of FpG. This enzyme slightly increased the percentage of tail DNA, which shows 
a non-exclusive oxidizing component. Other phenomena are responsible for such damage. These results confirmed the importance of the cell model and cell culture conditions in the 
intestinal predictivity of the in vivo intestinal genotoxicity. Thus, we assume that changes induced by factors affecting tight junction permeability such Cd are also highly variable, depending 
on the cellular type.
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Comet assay results for Caco-2 cells

�CdCl2 was found to be genotoxic in UD Caco-2 cells only at very high dose (2000 µM) both with and without 
FpG without no significant differences between these two conditions. CdCl2 was found to be genotoxic in D 
Caco-2 cells at highest analysable dose of 1360 µM, and only in the absence of FpG.
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�CdCl2 was found to be genotoxic in UD HT-29 cells from 1360 to 2000 µM without FpG. This effect was 
observable at a lower dose in the presence of FpG (680 µM) meaning that CdCl2 may have induced oxidative 
damage in UD HT-29 cells. Interestingly, CdCl2 was found to be genotoxic in D HT-29 cells from 1360 to 2000 
µM, but only in the absence of FpG.

Comet assay results for HT-29 cells
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Discussion
Results obtained with Fpg allowed the identification of oxidative damage. However, since these effects were not clearly dose-related, they could be caused by different phenomenon 
depending on the dose level. Indeed, it has been shown that CdCl2 could generate ROS and this mechanism seems to play a major role in its cytotoxic and genotoxic effects. CdCl2 could 
indirectly induce oxidative stress by disturbing the balance between oxidant and anti-oxidant processes. The use of differentiated intestinal cells is thought to better represent the gut 
physiology, especially when the functionality of the epithelial barrier and related permeability are addressed. However, there are huge discrepancies among the various cell lines, their 
physiologic responses and specific properties, which turn the choice of a dedicated cell line tricky. Indeed, specific capacities of maturation of tight junctions during intestinal cell 
differentiation are accompanying the distinct decrease of permeability measured by variations of TEER. Therefore, we assume that changes induced by factors affecting tight junction 
permeability such Cd are also highly variable.

Conclusion

�CdCl2 was found to be highly genotoxic in UD T-84 cells down to 68 µM with and without FpG, but it was not 
genotoxic in D T-84 cells either with or without FpG .

Comet assay results for T-84 cells
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Comet without FpG on HT-29 cells
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Comet with FpG on HT-29 cells
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Comet without FpG on T-84 cells
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Comet with FpG on T-84 cells
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Cells

•Caco-2 (ATCC, Manassas, VA): derived from a moderately well-differenciated human colon 
adenocarcinoma, undergo spontaneous in vitro enterocytic differenciation leading in 2-3 weeks to the 
formation of a monolayer of highly polarised adherent cells, joined by functional tight junctions, with well 
developed and organised microvilli on the apical membrane.
•HT-29 (ATCC, Manassas, VA): derived from a human colon adenocarcinoma grade II. These are adherent 
cells with a slight capacity to differentiate in vitro. Morphologically undifferentiated cells grow in multilayers
and are not polarized. This cell line has a mucus secretion function.
•T-84 (ATCC, Manassas, VA): derived from a lung metastasis of a human colon carcinoma. These adherent 
cells spontaneously express differentiation characteristics of mature enterocytes by forming a polarized 
monolayer with an apical brush border, tight junctions and desmosomes between adjacent cells, and 
presence of brush border-associated hydrolases in the exponential phase as well as in the stationary phase. 


