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Teach people what you learned in 5 
seconds (takeaway, not title) 

The advanced 3D Hepoid model of human hepatocytes allows concomitant proliferation and differentiation of human

hepatocytes (primary and HepaRG cells) cultured in collagen matrix. Cells rapidly organize into characteristic small polarized

hollow spheroids of differentiated hepatocytes exhibiting high levels of liver-specific functions and xenobiotic metabolism

enzymes expression and activities after a few days of culture and for at least 4 weeks. 
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A relevant tool for in vitro genotoxic and mutagenesis assay 

Hepoid, a highly differentiated human 3D culture model to study of genotoxic and mutagenic compounds in human liver 
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gH2AX Comet MN

MMS **** *** **

MMC **** - **

Colchicine - - ***

Vinblastine - - **

AFB1 * * *

DMH *** ** **

DEHP - - -

Methylcarbamate - - -

Ethionamide - - -

Hepoid is relevant to sensitively and specifically
discriminate carcinogenic vs non carcinogenic compounds  

Methods

Some heterocyclic aromatic amines cause DNA damage 
at physiological relevant concentrations in highly
differentiated human hepatocytes

g 2
HA

X

0 5 10 20
0

5

10

15

20

Concentration (µM)

γH
2A

x 
po

si
tiv

e 
ce

lls

AαC

0 5 10 20
0

5

10

15

20

Concentration (µM)

IQ

0 5 10 20
0

5

10

15

20

Concentration (µM)

PhIP

0 5 10 20
0

5

10

15

20

Concentration (µM)

MeIQx

M
N

Ctrl 10 20 50
0

5

10

15

MMS

Concentration (µg/ml)

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

20

25

MMC

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

Vinblastine

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2 4
0

5

10

15

Colchicine

Concentration (µM) 

%
 M

N 
in

 M
NC ***

Ctrl 0.5 1 2
0

5

10

15

AFB1

Concentration (µM) 

%
 M

N 
in

 M
NC *

*

Ctrl 2.5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DMH

Ctrl 0,7
5 1,5 3

0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

Ethio

Ctrl 1,2
5 2,5 5

0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DEHP

Ctrl 2,5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

Methylcarbamate

0 5 10 20
0

5

10

15

Concentration (µM) 

IQ

0 5 10 20
0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

AaC

0 5 10 20
0

5

10

15

Concentration (µM) 

PhIP

0 5 10 20
0

5

10

15

Concentration (µM) 

MeIQx

Ctrl 10 20 50
0

5

10

15

MMS

Concentration (µg/ml)

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

20

25

MMC

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

Vinblastine

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2 4
0

5

10

15

Colchicine

Concentration (µM) 

%
 M

N 
in

 M
NC ***

Ctrl 0.5 1 2
0

5

10

15

AFB1

Concentration (µM) 

%
 M

N 
in

 M
NC *

*

Ctrl 2.5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DMH

Ctrl 0,7
5 1,5 3

0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

Ethio

Ctrl 1,2
5 2,5 5

0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DEHP

Ctrl 2,5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

Methylcarbamate

0 5 10 20
0

5

10

15

Concentration (µM) 

IQ

0 5 10 20
0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

AaC

0 5 10 20
0

5

10

15

Concentration (µM) 

PhIP

0 5 10 20
0

5

10

15

Concentration (µM) 

MeIQx

Ctrl 10 20 50
0

5

10

15

MMS

Concentration (µg/ml)

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

20

25

MMC

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

Vinblastine

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2 4
0

5

10

15

Colchicine

Concentration (µM) 

%
 M

N 
in

 M
NC ***

Ctrl 0.5 1 2
0

5

10

15

AFB1

Concentration (µM) 

%
 M

N 
in

 M
NC *

*

Ctrl 2.5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DMH

Ctrl 0,7
5 1,5 3

0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

Ethio

Ctrl 1,2
5 2,5 5

0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DEHP

Ctrl 2,5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

Methylcarbamate

0 5 10 20
0

5

10

15

Concentration (µM) 

IQ

0 5 10 20
0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

AaC

0 5 10 20
0

5

10

15

Concentration (µM) 

PhIP

0 5 10 20
0

5

10

15

Concentration (µM) 

MeIQx

Ctrl 10 20 50
0

5

10

15

MMS

Concentration (µg/ml)

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

20

25

MMC

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2
0

5

10

15

Vinblastine

Concentration (µM) 

%
 M

N 
in

 M
NC

**

Ctrl 0,5 1 2 4
0

5

10

15

Colchicine

Concentration (µM) 

%
 M

N 
in

 M
NC ***

Ctrl 0.5 1 2
0

5

10

15

AFB1

Concentration (µM) 

%
 M

N 
in

 M
NC *

*

Ctrl 2.5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DMH

Ctrl 0,7
5 1,5 3

0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

Ethio

Ctrl 1,2
5 2,5 5

0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

DEHP

Ctrl 2,5 5 10
0

5

10

15

Concentration (mM) 

%
 M

N 
in

 M
NC

Methylcarbamate

0 5 10 20
0

5

10

15

Concentration (µM) 

IQ

0 5 10 20
0

5

10

15

Concentration (µM) 

%
 M

N 
in

 M
NC

AaC

0 5 10 20
0

5

10

15

Concentration (µM) 

PhIP

0 5 10 20
0

5

10

15

Concentration (µM) 

MeIQx

Co
m
et

0 1.5 3 6
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AFB1

*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)
%

 D
NA

 in
 ta

il

DMH

**

0 1.25 2.5 5
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

DEHP

*
*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

Methylcarbamate

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Ethionamide 

Bilan comètes HepaRG 24h Kruskal Wallis

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Vinblastine

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

MMC

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Colchicine

0 90 225 450
0

10

20

30

40

Concentration (µM)

%
 D

NA
 in

 ta
il

MMS

***

0 5 10 20
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AαC

*

0 5 10 20
0

2

4

6

8

Concentration (µM)

IQ
**

**

0 5 10 20
0

2

4

6

8

Concentration (µM)

PhIP

0 5 10 20
0

2

4

6

8

Concentration (µM)

MeIQx

0 1.5 3 6
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AFB1

*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)
%

 D
NA

 in
 ta

il

DMH

**

0 1.25 2.5 5
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

DEHP

*
*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

Methylcarbamate

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Ethionamide 

Bilan comètes HepaRG 24h Kruskal Wallis

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Vinblastine

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

MMC

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Colchicine

0 90 225 450
0

10

20

30

40

Concentration (µM)

%
 D

NA
 in

 ta
il

MMS

***

0 5 10 20
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AαC

*

0 5 10 20
0

2

4

6

8

Concentration (µM)

IQ
**

**

0 5 10 20
0

2

4

6

8

Concentration (µM)

PhIP

0 5 10 20
0

2

4

6

8

Concentration (µM)

MeIQx

0 1.5 3 6
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AFB1

*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)
%

 D
NA

 in
 ta

il

DMH

**

0 1.25 2.5 5
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

DEHP

*
*

0 2.5 5 10
0

2

4

6

8

Concentration (mM)

%
 D

NA
 in

 ta
il

Methylcarbamate

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Ethionamide 

Bilan comètes HepaRG 24h Kruskal Wallis

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Vinblastine

0 0.75 1.5 3
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

MMC

0 0.5 1 2
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

Colchicine

0 90 225 450
0

10

20

30

40

Concentration (µM)

%
 D

NA
 in

 ta
il

MMS

***

0 5 10 20
0

2

4

6

8

Concentration (µM)

%
 D

NA
 in

 ta
il

AαC

*

0 5 10 20
0

2

4

6

8

Concentration (µM)

IQ
**

**

0 5 10 20
0

2

4

6

8

Concentration (µM)

PhIP

0 5 10 20
0

2

4

6

8

Concentration (µM)

MeIQx

*
**

**

Ad
du

ct
om

ic

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

50

100

150

dG
-C

8 
pe

r 1
07  b

as
es

AαC

*

HepaRG

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

PhIP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

IQ

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

MeIQx

PHH 2D

Hep
oid-P

HH
0

100

200

300

AαC

dG
-C

8 
pe

r 1
07  b

as
es

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

PhIP

dG
-C

8 
pe

r 1
07  b

as
es

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

IQ

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

MeIQx

HHP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

50

100

150

dG
-C

8 
pe

r 1
07  b

as
es

AαC

*

HepaRG

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

PhIP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

IQ

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

MeIQx

PHH 2D

Hep
oid-P

HH
0

100

200

300

AαC

dG
-C

8 
pe

r 1
07  b

as
es

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

PhIP

dG
-C

8 
pe

r 1
07  b

as
es

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

IQ

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

MeIQx

HHP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

50

100

150

dG
-C

8 
pe

r 1
07  b

as
es

AαC

*

HepaRG

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

PhIP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

IQ

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

MeIQx

PHH 2D

Hep
oid-P

HH
0

100

200

300

AαC

dG
-C

8 
pe

r 1
07  b

as
es

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

PhIP

dG
-C

8 
pe

r 1
07  b

as
es

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

IQ

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

MeIQx

HHP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

50

100

150

dG
-C

8 
pe

r 1
07  b

as
es

AαC

*

HepaRG

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

PhIP

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

IQ

Hep
aR

G 2D

Hep
oid-H

ep
aR

G
0

10

20

30

40

50

MeIQx

PHH 2D

Hep
oid-P

HH
0

100

200

300

AαC

dG
-C

8 
pe

r 1
07  b

as
es

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

PhIP

dG
-C

8 
pe

r 1
07  b

as
es

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

IQ

✱✱

PHH 2D

Hep
oid-P

HH
0

10

20

30

40

50

dG
-C

8 
pe

r 1
07  b

as
es

MeIQx

HHP

*

> in line with the in vivo situation

8h treatment
20µM

Nucleus
Albumine

MRP2

%
 p

os
it

iv
e 

ce
lls


