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Organ-on-chip: definition

Bioengineered microfluidics devices that 

recapitulate key functional aspects of organs and 

tissues (and body !)

▪ integration of multiple cell types to reflect a more physiological balance of cells 

 (i.e. parenchymal, stromal, vascular and immune cells and/or microbiome)

▪ presence of biomechanical forces relevant to the tissue being modelled 

 (i.e. stretch forces for lung tissues or haemodynamic shear forces for vascular tissues)



Why using organ-on-chip?

In vitro In vivo



▪ Simple

▪ Human cells

▪ Controlled environment

▪ Reproducibility

▪ Low costs 

▪ High-throughput (fast)

▪ Monolayer

▪ Few cell-cell and cell-matrix interactions

▪ Static environment

▪ Adhesion to high stiffness substrate (cellular 

morphology alteration)
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HuMiX

Gut-on-chip



HuMiX (Human-Microbioal Crosstalk): Gut-on-chip

Lacombe et al. Lab on a chip (In revision) 

HuMiX platform model



HuMiX (Human-Microbioal Crosstalk): Gut-on-chip

Anaerobic or aerobic bacterial 

culture differentially affects human 

transcriptional responses

HuMiX recapitulates intestinal barrier
HuMiX platform model

Formation of intestinal villi

Lacombe et al. Lab on a chip (In revision) 
Shah et al. Nat Commun. 2016 May 11:7:11535. 



HuMiX to study the effects of space radiation on human gut 

microbiome and intestinal cells

Irradiation at Brookhaven National Laboratory (BNL)
NASA Space Research Laboratory (NSRL)

HuMiX device in NSRL beam

Sampling and experimental design:

 - Radiation types: 28Si, 56Fe, 

 - Space-relevant radiation doses: 0.75 Gy for 28Si, 56Fe

 - LGG vs. no LGG 

 - RNA sequencing, functional assays



HuMiX to study the effects of space radiation on human gut 

microbiome and intestinal cells

At the transcriptomic level, LGG-exposed cells respond differently to both ⁵⁶Fe and ²⁸Si 

radiation compared with cells not co-cultured with LGG

Lacombe et al. Lab on a chip (In revision) 
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HuMiX to study the effects of space radiation on human gut 

microbiome and intestinal cells

LGG decreased DNA damage in human intestinal cells after 56Fe and 28Si exposure

Lacombe et al. Lab on a chip (In revision) 

Zhang et al. Microbiol Res. 2024:286:127821. 

Riehl et al. Gut. 2019;68(6):1003-1013. 

Ciorba et al. Gut. 2012;61(6):829-38



Combining organ-on-chip 
and 3D cell culture

Takebe et al. Cell Stem Cell. 2017. 7;21(3):297-300.  



ASTEROIDS: combination of 3D cell culture with organ-on-chip

ASTEROIDS: Apparatus to Simulate Tumor Environment and Reproduce Organs using an Interactive and Dynamic System

Lacombe et al. iScience. 2025 Nov 26;29(1):114236



ASTEROIDS: combination of 3D cell culture with organ-on-chip

Lacombe et al. iScience. 2025 Nov 26;29(1):114236

Spheroids grow overtime and maintain their zonal architecture.

ASTEROIDS maintains cell viability and tissue morphology after 7-day culture 

Endothelial cells and fibroblasts are co-cultured for 7 days

Endothelial cells form functional barrier 
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ASTEROIDS: combination of 3D cell culture with organ-on-chip

Lacombe et al. iScience. 2025 Nov 26;29(1):114236

ASTEROIDS allows biochemical communication and reproduces in vivo cellular interactions
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ASTEROIDS: combination of 3D cell culture with organ-on-chip

Lacombe et al. iScience. 2025 Nov 26;29(1):114236

ASTEROIDS allows biochemical communication and reproduces in vivo cellular interactions

T
E

R
T

C
C

N
D

2
S

R
S

F
1

M
Y

C
L

N
B

N
C

H
E

K
1

C
D

K
N

2
B

B
A

X
T

P
5

3
G

C
L

C
M

A
X

S
N

R
P

B
N

A
P

1
L

1
P

A
2
G

4
C

C
T

5
C

C
N

B
1

Y
B

X
3

E
IF

4
E

R
P

L
1

3
P

T
E

N
S

H
M

T
1

D
K

C
1

O
D

C
1

T
O

P
1

N
M

E
1

M
S

H
2

P
P

A
T

T
Y

M
S

T
P

I1
C

S
D

E
1

R
P

L
5

A
P

E
X

1
M

A
T

2
A

P
C

N
A

L
T

A
4

H
C

B
X

3
A

T
F

4
P

IA
S

2
P

P
P

2
R

4
Z

F
P

3
6
L

1
R

P
L
2
7

A
H

N
R

N
P

A
1

C
D

K
4

N
P

M
1

C
T

S
C

P
D

K
1

P
O

L
D

2
N

C
L

E
IF

4
B

R
P

L
2

3
M

G
S

T
1

D
D

X
1

0
M

A
Z

U
B

E
2

C
D

D
X

3
9

B
H

K
2

P
S

M
G

1
G

N
L

3
C

K
S

2
M

T
H

F
D

1
R

P
S

5
E

IF
4
A

1
C

D
K

N
1

B
IT

G
B

1
C

D
C

2
5

A
M

Y
C

E
2
F

1
C

S
T

B
P

H
B

IL
K

N
O

L
C

1
A

IM
P

2
H

N
R

N
P

A
2
B

1
ID

3
R

P
L
1

9
P

Y
C

R
1

S
R

M
E

X
O

S
C

8
E

N
O

1
F

A
S

N
P

A
IC

S
C

A
D

B
C

A
T

1
M

Y
C

N

-2

-1

0

1

2 Myc target genes - AH vs. H

L
o
g
2
 F

C

0

50

100

150

200

P
B

M
C

s
/m

m
2

TNFα

A549 - +

-+

-

-

+

+

✱

✱

✱✱✱✱

ns

✱✱✱✱

✱✱✱✱

Immune cells flow in ASTEROIDS, interact and communicate with cancer and stromal cells



Organ-on-chip studies interface with many core facilities

Bioimaging core

Sequencing core

Tissue biobanks

Flow cytometry core

Radiation facilities

Molecular discovery core

iPSCs core

Bioinformatics core



Organ-on-chip technology as a core facility



Organ-on-chip technology as a core facility

A wide range of OoC architecture…

Two-channels PDMS OoC

Functional, perfusable 3D microvascular chambers

Multiplexed array

Hanging-drop microfluidic networkMulti-organ device

Spheroid-on-chip

Mechanically compliant OoC

Bauer et al. Scientific Rep. 7: 14620 (2017)

Kim et al. Lab Chip, 2012, 12, 2165–2174

Sobrino et al. Sci. Rep. 2016, 6:31589

Trietsch et al. Lab Chip, 2013, 13, 3548–3554

Lind et al. Nat Mater. 2017 Mar;16(3):303-308

Patra et al. Biomicrofluidics. 2013 Oct 8;7(5):054114.

Frey et al. Nat Commun. 2014 Jun 30:5:4250

Trietsch et al. Nat Commun. 2017 Aug 15;8(1):262

Membrane-free 3 

compartments device



Organ-on-chip technology as a core facility

A wide range of OoC architecture… … reproducing multiple tissues/organs/functions…

Two-channels PDMS OoC

Functional, perfusable 3D microvascular chambers

Multiplexed array

Hanging-drop microfluidic networkMulti-organ device

Spheroid-on-chip

Mechanically compliant OoC

Eye mechanobiology

Bauer et al. Scientific Rep. 7: 14620 (2017)

Kim et al. Lab Chip, 2012, 12, 2165–2174

Sobrino et al. Sci. Rep. 2016, 6:31589

Trietsch et al. Lab Chip, 2013, 13, 3548–3554

Lind et al. Nat Mater. 2017 Mar;16(3):303-308

Patra et al. Biomicrofluidics. 2013 Oct 8;7(5):054114.

Frey et al. Nat Commun. 2014 Jun 30:5:4250

Trietsch et al. Nat Commun. 2017 Aug 15;8(1):262

Driver & Mishra. BioChip J 17, 1–23 (2023)

Seo et al. Nat Med, 2019, 25(8):1310-1318

Xiao et al. Nat Commun. 2017 Mar 28:8:14584

Adnan et al. Adv Sci (Weinh). 2026 Mar;13(14):e08934

Maternal-fetal interface in 

the human placenta

Reproductive tract and 28-day menstrual cycle

Patient-derived 

pancreas TME
Membrane-free 3 

compartments device



Organ-on-chip technology as a core facility

… for a wide range of applications…

• Disease Modelling

 Investigation of both inherited and acquired disease in a human setting

• Probing and mimicking the cell microenvironment

 Effect of different environmental factors (such as shear stress, 

autocrine/paracrine soluble factors, cell–cell and cell–ECM interactions, etc.)

• Single-organ tissue function

• Drug screening/Multi-organ functions in ADME-Tox

 Predicting efficacy and toxicity pf pharmacological compounds

• Personalized Medicine



Organ-on-chip technology as a core facility

…with different needs… for a wide range of applications…

• High physiological fidelity

Reproduce relevant tissue architecture, cellular diversity, 

extracellular matrix, and biochemical and mechanical cues

• Disease Modelling

 Investigation of both inherited and acquired disease in a human setting

• Probing and mimicking the cell microenvironment

 Effect of different environmental factors (such as shear stress, 

autocrine/paracrine soluble factors, cell–cell and cell–ECM interactions, etc.)

• Single-organ tissue function

• Drug screening/Multi-organ functions in ADME-Tox

 Predicting efficacy and toxicity pf pharmacological compounds

• Personalized Medicine

• High throughput

Support many conditions and replicates in parallel, with 

efficient handling and readouts

• Reproducibility

Deliver consistent device performance and biological 

responses across chips, batches, operators, and 

laboratories

• Human and patient relevance

Accommodate primary cells, patient-derived tissues, or 

iPSC-derived cells while preserving relevant 

characteristics

• Long-term stability

Maintain tissue viability and function throughout extended 

culture and repeated exposures



Organ-on-chip technology as a core facility

• Access: OoC technology available to labs 

without specialized engineering expertise

• Fit-for-purpose models: large choice of 

platforms to align complexity and 

capabilities with the desired application 

• Reliability: standardized methods, quality 

control

• Efficiency: cost-effective, possibility to have 

multiple chips for high throughput 

An organ-on-chip core could bridge 

diverse research needs with appropriate 

models, shared expertise, and reliable 

experimental workflows.



New Approach Methodologies (NAMs)

- Organ-on-chip

- Organoids

- In Silico (AI, ML, Digital twins, etc.)

- Microfluidic chip design and fabrication

- Photolithography, wet etching, soft lithography, and hot pressing

- Plasma-activated and thermal bonding of glass and polymeric elements

- Testing of microfluidic chip performance

Organ-on-chip technology as a core facility

• Access: OoC technology available to labs 

without specialized engineering expertise

• Fit-for-purpose models: large choice of 

platforms to align complexity and 

capabilities with the desired application 

• Reliability: standardized methods, quality 

control

• Efficiency: cost-effective, possibility to have 

multiple chips for high throughput 

An organ-on-chip core could bridge 

diverse research needs with appropriate 

models, shared expertise, and reliable 

experimental workflows.



Organ-on-chip technology as a core
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