




 
 
Figure 2. On-chip culture of human cortical organoids under flows. (a) The simulation
results indicate the 3D distribution (left) and side view (right) of flow profiles within the device. (b
The experimental results describe the flow speed under different rocking angles (rocking
frequency = 0.1 rpm). (c) The illustration shows the protocol and time of the on-chip culture of
human cortical brain organoids. (d) Top-down view images of organoids during the
differentiation and on-chip culture process (organoids in yellow dashed circles). Scale bar: 1 mm
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Figure 3. Characterization of on-chip cultured organoids. (a) Viability of on-chip cultured
human cortical organoids (on-chip hCOs) during long-term culture. (b) Cross-section staining
showing VZ/SVZ (PAX6 and MAP2 neuron) distribution inside the on-chip hCO at day 29. (c)
Cluster heatmaps of differentially expressed genes (DEGs) in the on-chip hCOs and the
conventional human cortical organoids (hCOs). (d) Volcano map of DEGs with red (increased
expression) and green (decreased expression) dots. (e) KEGG pathway enrichment bubble
chart showing high-level functions and utilities in the on-chip hCOs than the conventional hCOs.
Scale bar: 500 µm. 
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Figure 4. Characterization of monocyte-driven brain organoid aging. (a) Comparison of
infiltration capacity of monocytes isolated from old donors (> 60-year-old) into on-chip cultured
human cortical organoid (oMs+hCO)  with monocytes isolated from young donors (20 to 30-
year-old) into on-chip cultured human cortical organoid (yMs+hCO). (b) Quantification of
infiltrated monocytes (n=3, p<0.05) in ‘yMs+hCO’ and ‘oMs+hCO’ groups. Scale bar: 200 μm. (c
The plot of gene expression change (2−ΔΔCT) heatmap of the ‘yMs+hCO’ and ‘oMs+hCO’ groups
on day 29 under the same experimental conditions. (d) Comparison of pro-inflammation genes
(COX-2 and TNF-alpha) and senescence genes (p16INK4a and p21CIP1) in on-chip cultured
monocytes isolated from old donors (> 60-year-old) and human cortical organoid (oMs+hCO)
and these in on-chip cultured monocytes isolated from young donors (20 to 30-year-old) and
human cortical organoid (yMs+hCO) on day 29. 2−ΔΔCT calculated as 'delta Ct' (∆∆Ct) of GAPDH
and target gene normalized against on-chip cultured human cortical organoid only on the same
day. (e) Immunofluorescence staining of the p16 expression in neighboring astrocytes
monocytes in the ‘yMs+hCO’ and ‘oMs+hCO’ groups. Scale bar: 5 μm. (f) Quantification of p16
protein expression in GFAP+ astrocytes neighboring infiltrated monocytes using mean
fluorescence intensity, p<0.005, n=30.  
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