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Table S1. Comparison study of oxygen permeability in various materials from literature search

References PDMS TPE PS

Robb.! 1968 B - 0.12 Barrer

Merkel et o) i1

al.2 2000 800 Barrer (33% silica filler) - -

Lamberti et 42-131 Barrer (5:1 m1x1ng ratlo).

al32014 270-573 Barrer (10:1 mixing ratio) - )
i 950-1502 Barrer (20:1 mixing ratio)

Domansky

etal4 2017 - 8.9 Barrer (Kraton G1645) -

McMillan et

al.s 2021 563 Barrer 4.04 Barrer (Fluoroflex) -

1 Barrer = 10-1cm? (STP) - cm/cm? - s - cm Hg.

Table S2. Literature search of the TPE-based microfluidic devices for cell culture and organ-on-a-chip

applications

References | Device characteristics Fabrication method Cell culture
Dlgar et Mul.tllayer l‘nl.CI'.OﬂuldIC Hot embossing Ohgods.endrocyte progenitor cells on chip
al. device for fluidic control separation
Borysiak Modified TPE materials with | Liquid TPE replica 3T3 fibroblasts and bovine pulmonary
etal.’2013 | polystyrene content molding arterial endothelial cells on the substrate
Domansky . Injection molding and | Lung epithelial NCI-H441 cells,
etal.*2017 TPE-TPE thermal bonding extrusion HUVECs and others cells on the substrate
LaCh? ux TPE-TPE thermal bonding Hot embossing D.C. 4.50 yeast cells cell growth and
etal.®2017 division
Lachaux TPE membrane-TPE thermal | Spin coating process Mononuclear cell culture for adhesion
etal.® 2019 | bonding on the epoxy molding | and proliferation
Schneider
et al.l” P(?lycarbp I}ate/TPE—glass Hot embossing HUVECSs monolayer

microfluidic device
2021
Schnlellder TPE-PMMA thermal . HUVEC:s culture and monitoring cell
et al. . . Hot embossing .

fusion bonding metabolism
2021
Our work TPE-PS thermal bonding Hot embossing FBs and HUVECs for 3D vessel networks




Figure S1. Bonding strength measurements. (a) A photograph of an assembled device for delaminating
pressure testing. As the applied pressure increases, the TPE chamber begins to delaminate from the PS

substrate, as indicated by a red arrow (inset). The scale bar is 200 um. (b) An in-house-built pneumatic
pressure testing box equipped with pressure regulation channels.
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Figure S2. Protein absorption study on the PDMS and TPE channels. Two identical microfluidic
channels were prepared on both PDMS and TPE slabs and bonded to the glass slide substrate. (a) We
introduced a concentration of 1 mg/mL FITC-Dextran (molecular weight 75 kDa) into the devices and
incubated them at 37 °C for 5 hr. After the washing step, we captured fluoresce images (b) with PDMS
channels and TPE channels. The dashed white lines represent microchannels and the red lines represent a
plot line of the fluorescent intensity. (c) Comparison graph of the protein absorption. The PDMS channels
show significantly higher protein absorption on the surface compared to the TPE channels (n=6 different
channels).
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Figure S3. TPE-based microfluidic cell culture. Images of MCF-7 cell seeding on different TPE-PS
devices (a and b) show the same cell seeding density, with approximately 8,000 cells seeded on each side
of the wells. Bright-field images of the patterned cells on the PS substrate after TPE slab removal (c) and
after trypsinization (d). A note that the image (d) has a different scale bar compared to Fig. 2(h) in the
main text.

B

g

w
=
o

N
<
o

-
=
o

Vessel area coverage (%)
Total number of junctions

- 8 8 38 8

e
o

Before After Before After Before After

Figure S4. Microfluidic-engineered microvessel network structures before (a and b) after (¢ and d) TPE
slab removal. Cultured tissue images of bright-field (a and ¢) and fluorescence (b and d). Upon TPE slab
removal (c and d), the tissue remains intact and the vessel network stays on the PS dish and without
damaging vessel networks. (e-g) Comparative analysis of vessel area coverage, total number of vessel
network junctions and total vessel length before and after TPE removal. There is no significant difference
before and after the TPE removal. (N = 3; mean = SD). The scale bar is 200 um.



Figure S5. Bright-field images of tissue growth after TPE slab removal (a) after removal, (b) 2 days and
(c) 4 days of culture and fluorescence images of the microvessel networks (d-f), respectively. Following
the TPE removal, the tissue continued to grow outward from the pattern area. Red arrows indicate
microvssel growth outside of the patterned area. A note that here, there is no flow and the culture media is
an under static flow condition. The scale bars are 500 pm.
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Figure S6. A proof-of-principle experiment to demonstrate the difference between staining with
irreversibly bonded PDMS devices (a-b) vs. accessible 3D tissue staining after TPE slab removal (c-d).
Note there are no open ports and the microvessel networks are not in a perfusable condition in both
conditions. (a) An irreversibly-bonded PDMS-glass microfluidic device. (b) Fluorescence image showing
only the tissue near channel boundaries are stained due to lack of access of staining solution to tissue core.
(¢) A reversibly-bonded TPS-PS microfluidic device after the TPE slab removal. (d) Fluorescence image
showing that the entire tissue on the PS substrate was fully stained.
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Figure S7. Images of harvested microvessel segments with fibroblasts (a-c) and microvessel fragments
(b-d). Microvessel segments are shown in GFP images (a, d), bright-field images (b, ¢), and merged
images (c, f). The tissue digestion process involves tissue collection from the microfluidic devices, and
dissociating it in a BAS-PBS solution containing Collagenase type I (2 mg/mL) and DNase I (1 mg/mL).
Throughout the centrifugation step, the dissociated segments were pooled and collected for imaging.
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Figure S8. Designs of (a) single vessel loading and (b) multi-vessel loading chambers. Key dimensions of
TPE slabs are depicted as: width of the cell loading channel = 1000 pm, width of the media flowing
channels = 500 um, gap between posts = 100 um, gap between two chambers of the multi-vessel loading
design = 500 um, length of the chamber = 4.5 mm, reservoir diameter = 6 mm, inlet and outlet diameters
= 1 mm, and height of the channel = 130 pm.
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