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Figure 1 (Color online) The schematic of inkjet printing. (a) is thermal
inkjet printing, small volumes of the printing fluid are vaporized by a
micro-heater to create the pulse that expels droplets from the print head;
(b) is piezoelectric inkjet printing, a direct mechanical pulse is applied to
the fluid in the nozzle by a piezoelectric actuator, which causes a shock
wave that forces the bioink through the nozzle”
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Figure 2 (Color online) (a) Schematic of the cell dispensing with low-temperature processing method; (b), (c) surface and side views of magnified
images illustrating the pore structures; (d), (e) cell (MG63) viability with processing temperature of —10°C in the DLTM. Fluorescence images indicat-

ing live (d) and dead (e) cells in the same region
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Figure 3 (Color online) Schematic of DLW. (a) Beam focusing; (b) laser writing; (c) development; (d) completed structure!®’
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(a) SuU-8

Ni/Ti bilayer coating
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Figure 4 The fabrication of helical micromachines using DLW. (a)
The schematic of fabrication procedure: helical swimming microm-
achines are from SU-8 or IP-L using DLW, which are coated with Ni
and Ti; (b)—(f) details and a horizontal array of micromachines (the scale
bars are 2 um from (b) inset to (e) and 10 um in (b) overview and (f));
(g) and (h) SEM microscopy images show cells rested on the horizontal
array of IP-L helices after 3-day culture; (i) and (j) SEM microscopy
images show cells rested on the vertical array of SU-8 helices after 3-day
culture™”
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Figure 5 (Color online) Schematic of digital mirror device projection
printing (DMD-PP) system, including UV light source, digital mirror

array, projection lens assembly, sample stage, gel-injection system.
The 3-D structures are made layer by layer’®?!
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Figure 6 (Color online) PEGDA scaffolds. (a) Schematic of fabrication: The microfabricated PEGDA scaffold was placed in a mold, and the pre-gel
solution containing GeIMA and a photoinitiator was added. Subsequent UV-initiated polymerization led to scaffold-reinforced hydrogel formation; (b)
GelMA hydrogels at 5 wt% had a weak structural integrity whereas the structural integrity of the scaffold-reinforced GeIMA hydrogel at the same con-

centration was well maintained. (c) SEM image of a cross-section of scaffold-reinforced GelMA hydrogels (scale bar: 200 pm). (d) Fluorescent micro-
scopic images of GeIMA and scaffold-GeIMA hydrogels, encapsulated with fibroblasts at days 1, 5 and 10 (Outside circle: live cells, Inside circles:

dead cells), scale bar: 100 pm®?
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Figure 7 (Color online) The fabrication of vascular network using inkjet printing and UV photocrosslink. (a)—(f) Schematic of microchannels fabrica-
tion made by bioprinting of agarose template fibers and photocrosslink hydrogel; (a) A bioprinter equipped with a piston fitted inside a glass capillary
aspirates the agarose (inset). After gelation in 4°C, agarose fibers are bioprinted at predefined locations; (b) a hydrogel precursor is casted over the
bioprinted mold and photocrosslinked; (c) the template is removed from the surrounding photocrosslinked gel; (d) fully perfusable microchannels are
formed; (e) 3-D branching agarose templates embedded in a GeIMA hydrogel construct; (f) confocal image of GFP/DAPI/CD31 markers from a HU-

VEC monolayer inside a 500 pm channel (scale bar 250 pm)©
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Figure 9 Fabrication of 3-D porous ceramic scaffolds made by cosoli-

dated hydroxyapatite powder. (a) The vertical view of the 3-D porous
ceramic scaffold, the overall dimensions of the parts are 7.8 mmx7.8
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Figure 8 (Color online) Double-network hydrogels can improve me-
chanical strength. (a), (b) Comparing the ability of resisting slicing and
sustaining compression between SN(single-network) and DN, (a) SN, (b)
DN; (c) stress-stain curves for hydrogels under uniaxial compression.
Circles: PAMPS-1-4 SN gel; squares: PAAm-2-0.1 SN gel; triangles:
PAMPS-1-4/PAAm-2-0.1 DN gel™”

6

mm, grid test part with wall thickness of 330 um; (b) 3-D rendering of
the CAD model; (c) SEM of typical surface texture of a sintered part.
The shape of the powder granules is preserved™
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Figure 10 Microatterns made of EGF crosslinked by UV light. (a)
Micrographs of photomask; (b) corresponding fluorescence micrographs
of EGF immobilized in a stripe pattern; Phase-contrast micrograph of

CHO-ER cells on EGF immobilized in a stripe pattern with a 100 um
width before culture (c) and after a 48 h culture (d)!*!
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Figure 11 (Color online) The design of the Micro-ecological Envi-
ronment Simulation. (a) The system of Micro-ecological Environment
Simulation and four main components; (b) “Galaxy”-the 3-D micro-
device for research of cancer cellular network; (c) schematic of cancer

cells’ configuration in the array of units and evolution, movement, inter-
action in the channels.
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Micro-ecological environment simulation for biological
research
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In approach to simulate biological and medical issues, traditional soft lithography and micro-processing technology are
facing extreme difficulties in building complex biological structures where living cells are able to live and proliferate. It
is highly necessary for some methods or technology that could mimic the three-dimensional (3-D) microenvironment of
organisms (such as human tissues) in vitro. Currently the 3-D printing technique combined with biocompatible material
is a very promising key for meeting this demand. The 3-D printing technique used in biology and organ engineering
could also be called 3-D bioprinting, which solidifies biological materials, biochemicals and living cells layer-by-layer to
fabricate 3-D microstructures and microenvironments. This report systematically presents a brief review of the
background and developments in the related fields of 3-D printing technology, including inkjet printing, direct laser
writing (DLW) , and digital micromirror device projection printing (DMD-PP). Inkjet printing uses micro-heaters or
piezoelectric actuators to control volumes of liquid from the print heads. Direct laser writing and digital micromirror
device projection printing are based on photo-crosslinking reaction. Because of the different focus modes they may
present different ranges of layer thickness and machining dimension. Corresponding with these most commonly 3-D
printing approaches, there exist several kinds of 3-D printing materials, such as synthetic polymers, inorganic material
and natural polymers, which have biocompatibility, printability, and structural and mechanical properties . But in the
future, the 3-D printing technique need to break through in four main areas: (1) Biocompatibility and biodegradable
material combining mechanical properties similar to organs ; (2) omnidirectional observation of 3-D microstructures; (3)
precise manipulation of cells in microenvironment; (4) manufaction of non-uniformity, complex microstructures
integrating different types of techniques and materials. On account of the particularity of three-dimensional biological
structures and biological 3-D printing materials, development of both 3-D printing technique and materials are equally
important and urgent for the new challenges. Therefore, we propose to establish a new system (Micro-ecological
Environment Simulation)containing hydrogel multilayer controller, UV stereo-lithography, light sheet imaging and nano
pipette. And in combination with 3-D in situ monitoring program, the system is hopefully able to greatly facilitate the
study of high-dimensional biological systems. In the future, 3-D printing technology will become a key means to human
organs reconstruction, mechanization experimental operation and biological microenvironment simulation. Even it may
be no longer a dream to replace animal experiments, and that might be the real success of this revolutionary technology.

micro-ecological environment simulation, 3-D printing, biocompatible material biophysics
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