Re�na-on-Chip:

Modeling and trea�ng eye diseases in a dish.
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Background

• The human re�na is a highly organized structure consis�ng of neural re�na, re�nal pigment epithelial (RPE)
cell layer, and vasculature, called the choroid (Figure 1).
• Re�nal diseases lead to photoreceptor cell death, causing progressive blindness (1).
• We are inves�ga�ng two par�cular re�nal diseases:
• Inherited re�nal diseases (IRDs): Rare monogenic progressive disease with early age of onset.
• Age-related macular degenera�on (AMD): Mul�factorial complex disease with late age of onset.
• Animal models do not completely recapitulate the human disease.
• Current human cell models o�en lack three-dimensional (3D) complexity of the human re�na.

Aim of the project:

Develop a Re�na-on-Chip system based on stem cell technology to accelerate disease modeling,
therapeu�cs evalua�on, and preven�on for re�nal diseases.

Figure 1. Cellular structure of the human re�na.
Photoreceptors and re�nal pigment epithelial cells are o�en
aﬀected in re�nal diseases.

Vasculature

Re�nal organoids
• Re�nal organoids (ROs) are 3D iPSC-derived re�na-like structures.

• The interac�on between the RPE and choroidal vasculature is vital
for normal eye func�on (3).

• All re�na-speciﬁc cell types are represented in ROs, including
photoreceptor cells (2).
• A�er 140 days in vitro, photoreceptor cells
in ROs develop outer segments, o�en
referred to as brush borders (Figure 2).

A.

• To create a choroidal-like vasculature, iPSC-derived vascular smooth
muscle cells (vSMCs) and
endothelial cells (ECs) are
combined.

C.

• iPSC-derived vasculature
form rounded, closed vessels
(Figure 4).

B.
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Figure 2. Brigh�ield image of iPSC-derived ROs. A. ROs at 140 days in vitro. B. ROs at
189 days in vitro. C. At this stage, a clear brush border, represen�ng the outer segments
of photoreceptor cells, can be seen along the edge of the ROs.
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RPE cells

Diseased

• RPE cells have several func�ons in the human
re�na (3), including:
• Forma�on of the blood-re�nal barrier
• Photoreceptor outer segment renewal
• Important role in the visual cycle
• Nutrient and metabolite transport

Week 4 a�er pla�ng (DIV115) Week 8 a�er pla�ng (DIV143)

Microﬂuidic chip
• The Re�na-on-Chip (RoC) combines ROs, RPE,
vasculature, and microﬂuidics to simulate the
human re�na.

• iPSC-derived RPE cells form a �ght, pigmented barrier, when
cultured in transwell inserts. (Figure 3)
A.

Figure 4. Immunoﬂuorescent image of iPSC-derived vasculature using
vSMCs and ECs. Red = VE-cadherin, Blue = DAPI, scalebar= 100 µm

B.

• RPE cells are separated from the vasculature by
using a membrane of 2 µm thickness in order to
mimick the Bruch’s membrane (4).
• The microﬂuidic chip allows for cul�va�on and matura�on of both
iPSC-derived ROs as well as RPE cells (Figure 5).
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A.

A.
C.

Figure 3. RPE form a pigmented monolayer. A. Brigh�ield image of RPE cells cultured on transwell inserts 4 and 8 weeks a�er
pla�ng at P3 (115 days and 143 days in vitro, respec�vely). RPE increase in pigmenta�on over �me. B. TEER measurements
show that RPE form a �ght barrier which increases in strength over �me. Data represents mean ± SD ***p < 0.001

Conclusion

• We have reprogrammed pa�ent-derived cells into iPSCs.
• Successful genera�on of ROs, ECs, vSMCs, and RPE cells from iPSCs.
• First func�onal readouts are established and being analyzed.
• The ﬁrst prototype of the microﬂuidic chip has been designed.

Figure 5. Microﬂuidic chip design. A. Three-dimensional view of the microﬂuidic chip. B. Cross-sec�on and top view (C.) of the
microﬂuidic chip design.

Future plans

• Further development of the microﬂuidic chip.
• Establishing addi�onal func�onal readouts.
• Valida�on of func�onal readouts in disease models.
• First steps in combining cellular models on the Re�na-on-Chip.
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