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1. Movies: 

- Movie S1: Time lapse of hMSCs on scaffold. 

- Movie S2: Time lapse of primary human lung fibroblasts (phLFs) on scaffolds. 

- Movie S3: Confocal zStack movie of stained hMSCs on scaffold. 

- Movie S4: 3D rendered volume of printed alveoli geometry with phLFs. 

2. Tables: 

- Table S1: Literature on protein-based TPS printing.  

- Table S2: Printing times. 

- Table S3: CAD designs. 

- Table S4: Detailed Sample Data regarding AFM measurements. 

3. Figures: 

- Figure S1: Fluorescence images of phLFs on high-precision 3D printed scaffolds. 

- Figure S2: Process parameters for GM10-LAP. 

- Figure S3: Shading correction of image tiles. 
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Movie S1: Time lapse movie of hMSCs cultured on BSA high-precision 3D printed scaffolds 

for 60 hours (Figure 2). 

Movie S2: Time lapse movie of primary human lung fibroblasts (phLFs) cultured on GM10 – 

RB (top left and middle) and coated with fibronectin (top right), GelMa-RB (bottom left and 

middle) and BSA&GelMA-RB high-precision 3D printed scaffolds (Figure 2). 

Movie S3: Confocal z-stack of hMSCs on BSA-RB mesh-like high-precision 3D printed 

scaffolds (Figure 2). 

Movie S4: 3D rendering of a confocal stack of TPS printed alveoli geometry with GM10 and 

LAP (grey) and colonized with with phLFs for 96 hours (phalloidin staining, red, Figure 6). 

 

 



Table S1: Literature on scaffolds printed with TPS and protein-based resins for cellular 

applications. Scaffolds printed with bovine serum albumin (BSA) and rose bengal (RB) are 

marked in pink, scaffolds printed with a gelatin methacryloyl derivative and lithium-(2,4,6-

trimethylbenzoyl)-phenylphosphinate (LAP) in grey. Individual resin recipes are separated by 

a comma, whereas individual components of one resin recipe are separated by ‘&’.   

photo-polymer photo-

initiator 

scaffold 

geometry 

cell type cellular 

response 

ref. 

type I, II, IV 

collagen, BSA 

RB, 

benzophenone 

dimer  

lines dermal fibroblasts cell adhesion Basu et 

al. 

2005[1] 

BSA (& 

laminin) 

RB arches  H9 embryonic stem 

cell derived human 

mesenchymal stem 

cells (MSCs) 

cell interaction Su et al. 

2012[2] 

BSA, avidin, 

lysozyme 

Eosin Y, 

methylene blue 

(MB) 

unconstrained 3D 

structures 

none  Spivey et 

al. 

2013[3] 

BSA RB pillars mouse 3T3  

fibroblasts (ATCC)  

3D 

morphology 

 

Chan et 

al. 

2014[4] 

BSA RB  crosses none  Lay et al. 

2016[5] 

BSA, 

fibronectin 

RB pillars human mesenchymal 

stem cells 

maturation of 

fibrillar 

adhesion 

Ma et al. 

2017[6] 

BSA RB ring mouse fibroblasts 

(L929) 

modulation of 

single cell 

behavior 

Nishiguc

hi et al. 

2020[7] 

BSA, collagen 

type-IV, avidin, 

IP-L 

flavin adenine 

dinucleotide 

(FAD), 

rhodamine B 

icosahedral unit 

and patterns 

embedded in 

photoresist 

backbone  

NIH/3T3 cells, Rat 

adrenal 

pheochromocytoma 

PC12 cells 

adhesion, 

migration and 

interaction 

Serien 

and 

Takeuchi 

2017[8] 

collagen type I, 

gelatin, 

hyaluronic acid 

MB perforated 3D 

disc 

human iPSCs, rat 

retinal cells 

cell viability Shrestha 

et al. 

2019[9] 

GelMOD Irgacure 2959 woodpiles human adipose-

derived stem cells 

(ASCs) 

adhesion, 

proliferation, 

differentation 

Ovsianik

ov et al. 

2010[10] 

gelatin 

methacrylamide 

(Gel-MAAm) 

 

Irgacure 2959 lines primary chondrocytes adhesion and 

orientation 

Engelhar

dt et al. 

2011[11] 

GelMa &  

PEGDA  

P2CK 

(benzylidene 

cycloketone-

based) 

woodpiles human BJ (hBJ) 

foreskin fibroblasts  

adhesion, 

viability and 

structural 

invasion  

 

Brigo et 

al. 

2017[12] 

gel-MOD-

AEMA 

P2CK logo mouse fibroblast cells 

(L929), mouse 

calvaria-derived 

preosteoblast cells 

(MC3T3-E1) 

metabolic 

activity 

Van 

Hoorick 

et al. 

2017[13] 

 

acrylamide-

modified 

gelatin  

azo-crosslinker 

& Irgacure 369  

hollow cylinders human dermal 

fibroblasts (neonatal 

HDF 106-05n 

ECACC) 

alignment and 

orientation 

Pennacch

io et al. 

2018[14] 



GelMOD-

AEMA 

lithium-(2,4,6-

trimethylbenzo

yl)-

phenylphosphi

nate (LAP) 

 

hydrogel 

membrane 

human umbilical-

vein endothelial cells 

(HUVEC) and human 

choriocarcinoma 

cells (BeWo B30)  

cell-layer 

formation 

Mandt et 

al. 

2018[15] 

GelMA, 

Chitosan 

eosin Y woodpiles human dental pulp 

stem cells (DPSCs) 

adhesion and 

proliferation 

Parkatzid

is et al. 

2019[16] 

silk fibroin MB microwire and 

microdot arrays  

mouse fibroblast cell 

line, L929 

biocompa-

tibility 

Sun et al. 

2015[17] 

silk fibroin none y-shape human mesenchymal 

stem cells (hMSCs), 

human foreskin 

fibroblasts 

n.a. Applegat

e et al. 

2015[18] 

chitosan-g-

Oligolactide, 

PEGDA 

Irgacure 2959 pillars none n.a. Demina 

et al. 

2017[19] 

BSA (& 

GelMa)  

RB alveolar 

scaffolds, 

patterned 

substrates with 

(sub-) cellular 

resolution, mesh 

on posts 

human mesenchymal 

stem cells (hMSCs), 

mouse tendon 

stem/progenitor cells 

(mTSPCs), murine 

NIH3T3 fibroblast 

wildtype cells 

(NIH3T3 WT), 

human umbilical vein 

endothelial cells 

(HUVECs), primary 

human lung 

fibroblasts (phLFs), 

mouse myoblast cells 

(C2C12) 

good adhesion 

with 

fibronectin 

coating 

this 

study 

GM10 LAP, RB good adhesion 

enhanced by 

fibronectin 

coating, 

cellular actin 

alignment 

within 

constrained 

topographies 

 

 

Table S2: Theoretical printing times of alveolar print template for print volumes of 

0.00513 mm3 and 1 mm3 with laser scan speeds of 35 mm s-1 and 70 mm s-1 calculated by 

Describe slicer software (Nanoscribe GmbH) with 0.3 μm z-slicing and 0.2 μm x/y-hatching 

for a 63x objective or 1 μm z-slicing and 0.5 μm x/y-hatching for a 25x objective. For the solid 

settings, the structure’s interior is fully, whereas for shell settings it is only partially printed. In 

this example, the parameters for shell settings were chosen to fully print the alveolar wall 

structure (Figure 1A). However, time differences arise in comparison to solid settings due to a 

modified laser path.  

 

  

volume   

[mm3] 

scan speed   

[mm s-1] 

63x - solid 25x - solid 25x - shell 

0.00513 35  1:47:00 h 0:06:31 h  0:06:02 h  

0.00513 70 2:14:00 h 0:06:01 h 0:05:14 h 

1.0 35 347:45 h 21:11 h 19:36 h 

1.0 70 435:30 h 19:33 h 17:00 h 



Table S3: CAD designs of high-precision 3D printed scaffolds. The respective STL-files are 

provided. 

   

 

Table S4: Detailed sample data regarding AFM measurements including the number of 

individal samples, the number of individual measurements and the evaluated indentation depth.  

diagram name samples measurements indentation depth 

[µm] 

number of indentations 1 100 / 400 / 1600 0 - 2  

positions 2 98 / 99 / 372 / 97 0 - 2  

cell culture conditions 1 503 / 510 0 - 1  

PBS 1 503 / 512 / 509 0 - 1  

scan speed & laser power 1 256 0 - 1  

number of laser passes 1 384 / 267 top: 0 - 1; bulk: 1 - 2 

objective magnification  1 236 / 155 0 - 1  

BSA - GelMa & RB 1 500 – 1000 / time point 0 - 1 

BSA & RB 1 385 / 493 top: 0 - 1; bulk: 1 - 2 

GM10 & LAP 1 798 / 710 top: 0 - 1; bulk: 1 - 2 

 

 

 

 

 

design D1 

 

 

   design D4 

 

design D2 

D2-frame 

D2-top mesh (5 µm) 

D2-bottom mesh (2.5 µm)  

 

 

  design D5 

 

 

design D3 

 

 

 design D6 



 

Figure S1: phLFs stained with phalloidin for the actin cytoskeleton (red) and with DAPI for 

the cell nuclei (blue) cultivated on GM10 – RB (top, left and middle) and coated with 

fibronectin (top right), GelMa-RB (bottom left and middle) and BSA&GelMA-RB high-

precision 3D scaffolds. Images were taken after 48 h of cell colonization. 

 

 

Figure S2: Printing results for GM10-LAP resin compositions printed with 60 mW laser power 

and scan speeds ranging from 5 – 95 mm s-1. 

 

 



Figure S3: Shading correction of image tiles. The ImageJ Plugin BaSiC[20] was applied prior 

to stitching in order to correct illumination shadings. Shown is an example before (left) and 

after (right) correction. Arrows indicate the stitch-interfaces of the four tiles that were stitched. 
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