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SUMMARY: 31 

Presented here is a method for the 3D bioprinting of gelatin methacryloyl. 32 

 33 

ABSTRACT: 34 

Gelatin methacryloyl (GelMA) has become a popular biomaterial in the field of bioprinting. 35 

The derivation of this material is gelatin, which is hydrolyzed from mammal collagen. Thus, 36 

the arginine-glycine-aspartic acid (RGD) sequences and target motifs of matrix 37 

metalloproteinase (MMP) remain on the molecular chains, which help achieve cell 38 

attachment and degradation. Furthermore, formation properties of GelMA are versatile. The 39 

methacrylamide groups allow a material to become rapidly crosslinked under light irradiation 40 

in the presence of a photoinitiator. Therefore, it makes great sense to establish suitable 41 

methods for synthesizing three-dimensional (3D) structures with this promising material. 42 

However, its low viscosity restricts GelMA’s printability. Presented here are methods to carry 43 

out 3D bioprinting of GelMA hydrogels, namely the fabrication of GelMA microspheres, 44 
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GelMA fibers, GelMA complex structures, and GelMA-based microfluidic chips. The resulting 45 

structures and biocompatibility of the materials as well as the printing methods are discussed. 46 

It is believed that this protocol may serve as a bridge between previously applied biomaterials 47 

and GelMA as well as contribute to the establishment of GelMA-based 3D architectures for 48 

biomedical applications. 49 

 50 

INTRODUCTION: 51 

Hydrogels are thought to be a suitable material in the field of biofabrication1-4. Among them, 52 

gelatin methacryloyl (GelMA) has become one of the most versatile biomaterials, initially 53 

proposed in 2000 by Van Den Bulcke et al.5. GelMA is synthesized by the direct reaction of 54 

gelatin with methacrylic anhydride (MA). The gelatin, which is hydrolyzed by the mammal 55 

collagen, is composed of target motifs of matrix metalloproteinase (MMP). Thus, in vitro 56 

three-dimensional (3D) tissue models established by GelMA can ideally mimic the interactions 57 

between cells and extracellular matrix (ECM) in vivo. Furthermore, arginine-glycine-aspartic 58 

acid (RGD) sequences, which are absent in some other hydrogels such as alginates, remain on 59 

the molecular chains of GelMA. This makes it possible to realize the attachment of 60 

encapsulated cells inside the hydrogel networks6. Additionally, the formation capability of 61 

GelMA is promising. The methacrylamide groups on the GelMA molecular chains react with 62 

the photoinitiator under mild reaction conditions and form covalent bonds upon exposure to 63 

light irradiation. Therefore, the printed structures can be rapidly crosslinked to maintain the 64 

designed shapes in a simple way.  65 

 66 

Based on these properties, a series of fields utilize GelMA to carry out various applications, 67 

such as tissue engineering, basic cytology analysis, drug screening, and biosensing. 68 

Accordingly, various fabrication strategies have been also demonstrated7-14. However, it is still 69 

challenging to carry out 3D bioprinting based on GelMA, which is due to its fundamental 70 

properties. GelMA is a temperature-sensitive material. During the printing process, the 71 

temperature of the printing atmosphere has to be strictly controlled in order to maintain the 72 

physical state of the bioink. Besides, the viscosity of GelMA is generally lower than other 73 

common hydrogels (i.e., alginate, chitosan, hyaluronic acid, etc.). However, other obstacles 74 

are faced when building 3D architectures with this material15. 75 

 76 

This article summarizes several approaches for the 3D bioprinting of GelMA proposed by our 77 

lab and describes the printed samples (i.e., the synthesis of GelMA microspheres, GelMA 78 

fibers, GelMA complex structures, and GelMA-based microfluidic chips). Each method has 79 

specialized functions and can be adopted in different situations with different requirements. 80 

GelMA microspheres are generated by an electroassisted module, which forms extra external 81 

electric force to shrink the droplet size. In terms of GelMA fibers, they are extruded by a 82 

coaxial bioprinting nozzle with the help of viscous sodium alginate. In addition, the 83 

establishment of complex 3D structures is achieved with a digital light processing (DLP) 84 

bioprinter. Finally, a twice crosslinking strategy is proposed to build GelMA-based microfluidic 85 

chips, combining GelMA hydrogel and traditional microfluidic chips. It is believed that this 86 

protocol is a significant summary of the GelMA bioprinting strategies used in our lab and may 87 

inspire other researchers in relative fields. 88 



 89 

PROTOCOL: 90 

 91 

1. Cell culturing 92 

 93 

1.1. Prepare Dulbecco's modified Eagle medium (DMEM), supplemented with 10% fetal 94 

bovine serum (FBS) and 1% penicillin/streptomycin, used to culture human breast cancer cell 95 

(MDA-MB-231) lines and human umbilical vein endothelial cell (HUVEC) lines.  96 

 97 

1.2. Prepare DMEM with L-glutamine (DMEM/F-12), supplemented with 10% FBS and 1% 98 

penicillin/streptomycin, used to culture bone marrow mesenchymal stem cell (BMSC) lines.  99 

 100 

1.3. Set the culturing environment as 37 °C and 5% CO2. Culture MDA-MB-231, HUVEC, and 101 

BMSC, and passage the cells in a 1:2 ratio when 90% confluence is reached.  102 

  103 

2. Fabrication of GelMA microspheres 104 

 105 

2.1. Print the fixture as Figure 1A with polylactic acid (PLA) on a fused deposition modeling 106 

(FDM) printer. Place two metal ring electrodes in the fixture. 107 

 108 

2.2. Connect the two metal ring electrodes with ground and positive poles, respectively. Place 109 

the metal plate connected with the high voltage below the ring electrode and place a Petri 110 

dish with silicon oil on the metal plate as a droplet receiver.  111 

 112 

2.3. Dissolve freeze-dried GelMA (5% w/v) and lithium phenyl-2,4,6-113 

trimethylbenzoylphosphinate (LAP, 0.5% w/v) in Dulbecco’s phosphate-buffered saline (DPBS) 114 

as the bioink (10 mL). Filter the bioink through a 0.22 μm filter for sterility and heat it in a 115 

37 °C water bath for 15 min. 116 

 117 

2.4. Detach MDA-MB-231 cells with 3 mL of 0.25% trypsin-0.02% EDTA solution for 3 min at 118 

37 °C. Centrifuge cells in a 15 mL centrifugal tube at 100 x g for 5 min to obtain a cell pellet. 119 

 120 

2.5. Remove the supernatant. Mix the cell pellet with 1 mL of prepared bioink by slowly 121 

pipetting it to prevent the production of bubbles. 122 

 123 

2.6. Place 1 mL of bioink (MDA-MB-231) into a 3 mL sterile syringe. Feed the bioink by the 124 

force of compressed air (~0.5 kPa). Put the syringe on the fixture. 125 

 126 

NOTE: The printing environment should be strictly controlled at a temperature of 30 °C and 127 

humidity of 50%.  128 

 129 

2.7. Switch on the high voltage power and set the voltage as 0−4 kV. Simultaneously, turn on 130 

the 405 nm wavelength light to crosslink the GelMA droplets in 5 mL of silicon oil.  131 

 132 



2.8. Pour the most part of the silicon oil away by decanting the Petri dish. Transfer the 133 

remained silicon oil and the GelMA microspheres into a 15 mL centrifugal tube using a spoon. 134 

 135 

2.9. Add 5 mL of DPBS and shake the mixture uniformly. Centrifuge the tube at 100 x g for 5 136 

min and remove the supernatant fluid. 137 

 138 

2.10. Repeat step 2.9 3x.  139 

 140 

2.11. Take out the GelMA microspheres with a spoon and culture them in DMEM in a Petri 141 

dish at 37 °C and 5% CO2 for 3 days. 142 

 143 

2.12. Discard the medium and wash the microspheres with DPBS. Fix with 2 mL of 4% 144 

paraformaldehyde (PFA) for 30 min at room temperature (RT). 145 

 146 

2.13. Discard the PFA and wash the microspheres with DPBS. Permeabilize with 2 mL of 0.5% 147 

nonionic surfactant (i.e., Triton X-100) for 5 min at RT. 148 

 149 

2.14. Discard the nonionic surfactant and wash the microspheres with DPBS. Stain them with 150 

2 mL of tetramethylrhodamine (TRITC) phalloidin for 30 min in darkness at RT. 151 

 152 

2.15. Discard the TRITC and wash the microspheres with DPBS. Stain them with 2 mL of 4′,6-153 

diamidino-2-phenylindole (DAPI) for 10 min in darkness at RT. 154 

 155 

2.16. Discard the DAPI and wash the microspheres with DPBS. Capture the morphology with 156 

a confocal fluorescence microscope. 157 

 158 

3. Fabrication of GelMA fibers 159 

 160 

3.1. Prepare a coaxial nozzle as shown in Figure 2A. Fix an inner nozzle (25 G, OD = 510 μm, 161 

ID = 250 μm) and outer nozzle (18 G, OD = 1200 μm, ID = 900 μm) with soldering. Connect a 162 

glass tube (length = 50 mm, inside diameter = 1.2 mm) to the end of the coaxial nozzle. 163 

 164 

3.2. Dissolve sodium alginate (Na-Alg) powder that is sterilized under ultraviolet (UV) light for 165 

30 min in deionized water at 2% (w/v).  166 

 167 

3.3. Prepare a sterile bioink solution following step 2.3. Heat the GelMA bioink and Na-Alg 168 

solution in a 37 °C water bath for 15 min. 169 

 170 

3.4. Detach BMSCs cells with 3 mL of 0.25% trypsin-0.02% EDTA solution for 3 min at 37 °C. 171 

Centrifuge cells in a 15 mL centrifugal tube at 100 x g for 5 min to obtain a cell pellet. 172 

 173 

3.5. Remove the supernatant fluid. Mix the cell pellet with 2 mL of prepared GelMA bioink by 174 

slowly pipetting it to prevent the production of bubbles. 175 

 176 



3.6. Place 2 mL of bioink (BMSCs) into a 10 mL syringe. Place 2 mL of Na-Alg solution into 177 

another syringe (10 mL). Feed them with two syringe pumps, respectively (here, bioink at 50 178 

μm/min and Na-Alg solution at 350 μm/min). 179 

 180 

NOTE: The printing environment should be strictly controlled at a temperature of 30 °C and 181 

humidity of 50%.  182 

 183 

3.7. Turn on the 405 nm wavelength light to irradiate the transparent tube to crosslink the 184 

GelMA fibers. Use a Petri dish with DPBS to receive the fibers. 185 

 186 

3.8. Take out the GelMA fibers with a spoon from DPBS and culture them for 3 days in the 187 

prepared DMEM/F-12 in 37 °C and 5% CO2. 188 

 189 

3.9. Follow steps 2.12−2.16 to prepare the GelMA fibers for morphological observation with 190 

a confocal fluorescence microscope. 191 

 192 

4. Fabrication of complex 3D GelMA structures 193 

 194 

NOTE: Figure 3A shows the fabrication sketch of the complex 3D GelMA structures. 195 

 196 

4.1. Wipe the DLP bioprinter (Figure 3E) with 75% alcohol and expose it to the UV irradiation 197 

for 30 min for sterility. 198 

 199 

4.2. Dissolve the freeze-dried GelMA (10% w/v) and LAP (0.5% w/v) in DPBS. Add magenta 200 

edible pigment into the solution (3% v/v) to improve the printing accuracy.  201 

 202 

4.3. Filter the solution through a 0.22 μm filter for sterility and heat it in a 37 °C water bath 203 

for 15 min. 204 

 205 

4.4. Build the 3D models with computer-aided design (CAD) software. Import the model 206 

documents to the upper software (EFL) of the applied DLP bioprinter.  207 

 208 

4.5. Add 10 mL of prepared bioink into the trough of the DLP bioprinter.  209 

 210 

4.6. Set the printing parameters in the upper software as follows: light intensity = 12 mW/cm2, 211 

irradiation duration = 30 s, and slice height = 100 μm. Start printing.  212 

 213 

4.7. Remove the printed structure from the bioprinter and immerse it in DPBS in a Petri dish. 214 

 215 

4.8. Detach the MDA-MB-231s cells with 3 mL of 0.25% trypsin-0.02% EDTA solution for 3 min 216 

at 37 °C. Centrifuge cells at 100 x g for 5 min in a 15 mL tube to obtain a cell pellet. 217 

 218 

4.9. Remove the supernatant fluid and mix the cell pellet with 2 mL of DMEM.  219 

 220 



4.10. Add 100 μL of cell suspension on the printed structures. Culture them for 3 days in the 221 

prepared DMEM at 37 °C and 5% CO2. 222 

 223 

4.11. Follow steps 2.12−2.16 to prepare the complex 3D structures for morphological 224 

observation with a confocal fluorescence microscope. 225 

 226 

5. Fabrication of GelMA-based microfluidic chips 227 

 228 

NOTE: Figure 4A shows the fabrication sketch of the GelMA-based microfluidic chip. 229 

 230 

5.1. Dissolve the freeze-dried GelMA 10% (w/v) and LAP (0.5% w/v) in DPBS. Filter the GelMA 231 

solution through a 0.22 μm filter for sterility.  232 

 233 

5.2. Sterilize the gelatin powder under UV light for 30 min and add it to the GelMA-LAP 234 

solution prepared in step 5.1 to a final concentration of gelatin of 5% (w/v). Heat the mixture 235 

in a 37 °C water bath for 15 min. 236 

 237 

5.3. Design a group of molds (Figure 4B,C) with CAD software and manufacture them with 238 

photopolymer resin on a DLP printer.  239 

 240 

5.4. Fill the molds fully with the prepared bioink.  241 

 242 

5.5. Put the molds into a 4 °C refrigerator to crosslink the gelatin for 30 min. 243 

 244 

5.6. Remove the molds and demold with a blade the partially (physically) crosslinked hydrogel 245 

sheets from the molds. 246 

 247 

5.7. Combine the two demolded hydrogel sheets and bond them with the help of GelMA by 248 

irradiating at 405 nm for 1 min. 249 

 250 

5.8. Detach the HUVECs cells with 3 mL of 0.25% trypsin-0.02% EDTA solution for 3 min at 251 

37 °C. Centrifuge cells in a 15 mL centrifugal tube to obtain a cell pellet at 100 x g for 5 min. 252 

 253 

5.9. Remove the supernatant fluid and mix the cell pellet with 2 mL of DMEM.  254 

 255 

5.10. Fill the microchannel fully by injecting the cell suspension with a nozzle and syringe. 256 

 257 

5.11. Flip the chip upside down every 15 min during the next 3 h to achieve uniform and 258 

complete cell seeding. Culture the chips in the Petri dish for 3 days in the prepared DMEM at 259 

37 °C and 5% CO2. 260 

 261 

5.12. Follow steps 2.12−2.16 to prepare the microfluidic chips for morphological observation 262 

with a confocal fluorescence microscope. 263 

 264 



REPRESENTATIVE RESULTS: 265 

During the fabrication of GelMA microspheres, the GelMA droplets were separated by the 266 

external electric field force. When the droplets fell into the receiving silicon oil, they remained 267 

standard spheroid shape without tails. This is because the GelMA droplets were in an aqueous 268 

phase, while the silicon oil was in an oil phase. The surface tension that formed between the 269 

two phases caused the GelMA droplets to maintain a standard spheroid shape. In terms of the 270 

cell-laden microspheres, cells experienced the high voltage electric field force in this process. 271 

From the morphology of the stained MDA-MB-231s (Figure 1B−E), it was found that the 272 

encapsulated MDA-MB-231s maintained its spreading capability, verifying the 273 

biocompatibility of this electroassisted fabrication method. 274 

 275 

In terms of the GelMA fibers, GelMA and sodium alginate solution flowed in the inner and 276 

outer nozzles of the coaxial nozzle, respectively. As the sodium alginate had higher viscosity 277 

than GelMA, GelMA was restricted in the sodium alginate solution and maintained a line 278 

shape. The irradiation by light (405 nm wavelength) caused the inner GelMA to become 279 

crosslinked, forming the GelMA fibers (Figure 2B). Besides, BMSCs were encapsulated in the 280 

GelMA fibers (Figure 2C,D). As shown, the encapsulated BMSCs maintained spreading 281 

capability in the GelMA hydrogel networks after the fabrication process (Figure 2E). 282 

 283 

A DLP bioprinter was chosen to fabricate GelMA structures with more complex shapes. As 284 

shown in Figure 3B−D, the structures of “nose”, “ear”, and “multichamber” were established. 285 

On the surface of the crosslinked GelMA structures, the seeded HUVECs attached to the 286 

GelMA materials and spread (Figure 3F). This demonstrated the possibility that the 287 

establishment of GelMA complex 3D structures with the help of a DLP bioprinter holds great 288 

potential in applications in the field of tissue engineering. 289 

 290 

Unlike the traditional microfluidic chip that is based on materials without biodegradation 291 

properties16-20 (i.e, resin, glass, polydimethylsiloxane [PDMS], and polymethyl methacrylate 292 

[PMMA]), a GelMA-based microfluidic chip was fabricated here using a twice cross-linking 293 

strategy. Two components in the bioink were crosslinked successively. Chips with various 294 

microchannels were built by designing different molds on demand (Figure 4B,C). Besides, it 295 

was verified that HUVECs were seeded in the channels and attached to the channel wall, 296 

forming the macroscopic vessel shape (Figure 4D,E). 297 

 298 

FIGURE LEGENDS: 299 

Figure 1: GelMA microspheres. (A) Fabrication sketch of the GelMA microspheres. (B) Optical 300 

microscope image of the GelMA microspheres. (C) Optical microscope image of the MDA-MB-301 

231s in GelMA. (D) 2D view of the F-actin and nucleus of the encapsulated MDA-MB-231s. (E) 302 

3D view of the F-actin and nucleus of the encapsulated MDA-MB-231s.  303 

 304 

Figure 2: GelMA fibers. (A) Fabrication sketch of the GelMA fibers. (B) Optical microscope 305 

image of the GelMA fibers (with blue ink). (C) Confocal fluorescence microscope image of the 306 

GelMA fibers (with green fluorescence particles). (D) Optical microscope image of the BMSCs 307 

in GelMA fibers. (E) The F-actin and nucleus of the encapsulated BMSCs. 308 



 309 

Figure 3: GelMA complex 3D structures. (A) Fabrication sketch of the complex GelMA 3D 310 

structures. (B) Optical microscope image of the GelMA “nose”. (C) Optical microscope image 311 

of the GelMA “ear”. (D) Optical microscope image of the GelMA “multichamber”. (E) The 312 

applied DLP bioprinter. (F) The F-actin and nucleus of the seeded MDA-MB-231s. 313 

 314 

Figure 4: GelMA-based microfluidic chip. (A) Fabrication sketch of the GelMA-based 315 

microfluidic chip. (B,C) Optical microscope images of the GelMA-based microfluidic chip. (D) 316 

Optical microscope image of the seeded HUVECs on the channel wall. (E) The F-actin and 317 

nucleus of the seeded HUVECs on the channel wall. 318 

 319 

DISCUSSION: 320 

This article describes several strategies to fabricate GelMA 3D structures, namely GelMA 321 

microspheres, GelMA fibers, GelMA complex structures, and GelMA-based microfluidic chips. 322 

GelMA has promising biocompatibility and formation capability and is widely used in the field 323 

of biofabrication. Microsphere structures are suitable for controlled drug release, tissue 324 

culturing, and injection into organisms for further therapy21-25 . Because the viscosity of 325 

GelMA solution is low, its formation is challenging. Thus, during the fabrication of the GelMA 326 

microspheres, the electrohydrodynamic (EHD) principle was chosen to solve this problem. The 327 

voltage applied was relatively low, and the microdroplets were generated one-by-one. To 328 

fabricate microspheres of a smaller size, the applied voltage can be increased, and the fluid 329 

would be in another state with the Taylor cone26.  330 

 331 

Because of the Coulomb explosion phenomenon, the dropping droplets were further 332 

separated by their excessive electric density, resulting in smaller GelMA microspheres. 333 

Furthermore, monocomponent GelMA fibers were fabricated with the help of a coaxial nozzle 334 

and sodium alginate solution. A coaxial nozzle was applied here. As mentioned above, because 335 

of the low viscosity of GelMA, sodium alginate provided resistance to help maintain the shape 336 

of fiber. Hydrogel fiber structures are suitable for mimicking the fiber-shaped tissues in vivo 337 

(i.e., muscles, vessels, etc.27-32). For GelMA fibers with more complicated components, the 338 

applied bioprinting nozzle can be further modified. For example, a three-layer coaxial nozzle 339 

can be assembled to generate multilayer GelMA fibers.  340 

 341 

In the establishment of complex GelMA 3D structures, it was found that the DLP bioprinter 342 

breaks through the printing obstacle caused by the low viscosity of GelMA. With the help of 343 

CAD software, GelMA 3D structures were fabricated on demand. Finally, a new GelMA 344 

fabrication method, the twice cross-linking strategy, was demonstrated and applied to the 345 

combination of GelMA and a traditional microfluidic chip. The hydrogels have higher 346 

biocompatibility, and researchers can encapsulate cells inside the chip body. The proposed 347 

GelMA-based microfluidic chip can be further improved by encapsulating cells in the chips to 348 

serve as suitable models in vitro for drug screening, cellular interaction studies, etc. We 349 

believe that the methods for fabrication of GelMA described here will increase the rate of 350 

development in this field and can be applied in further biomedical research. 351 

 352 
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Name of Material/Equipment
0.22 μm filter membrane 

2-(4-amidinophenyl)-6-indolecarbamidine dihydrochloride (DAPI)

3D bioprinter

405nm wavelength light

co-axial nozzle

confocal fluorescence microscope

digital light processing (DLP) bioprinter

DLP printer

Dulbecco’s Phosphate Buffered Saline (DPBS)

Dulbecco's Modified Eagle Medium (DMEM)

Dulbecco's Modified Eagle Medium with L-glutamine (DMEM/F-12)

EFL Software

fetal bovine serum (FBS)

gelatin

gelatin methacryloyl (GelMA)

high voltage power

lithium phenyl-2, 4, 6-trimethylbenzoylphosphinate (LAP)

paraformaldehyde

penicillin/streptomycin

sodium alginate (Na-Alg)

TRITC phalloidin

Triton X-100
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Company Catalog Number Comments/Description
Millipore

Yeasen Biological Technology Co., Ltd., Shanghai, China

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

OLYMPUS FV3000 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

Tangpu Biological Technology Co., Ltd., Hangzhou, China

Tangpu Biological Technology Co., Ltd., Hangzhou, China

Tangpu Biological Technology Co., Ltd., Hangzhou, China

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

Tangpu Biological Technology Co., Ltd., Hangzhou, China

Sigma-Aldrich, Shanghai, China

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China 

SuZhou Intelligent Manufacturing Research Institute, SuZhou, China

Tangpu Biological Technology Co., Ltd., Hangzhou, China

Tangpu Biological Technology Co., Ltd., Hangzhou, China

Sigma-Aldrich, Shanghai, China

Yeasen Biological Technology Co., Ltd., Shanghai, China

Solarbio Co., Ltd., Shanghai, China



Dear Editors and Reviewers, 

Thanks for your letter and for the reviewers’ comments concerning our manuscript entitled “A 

Handbook about 3D Bioprinting of GelMA Hydrogel” (JoVE60545). Those comments are all 

valuable and very helpful for revising and improving our paper, as well as the important guiding 

significance to our researches. We have studied comments carefully and have made correction 

which we hope meet with approval. 

 

Response to Editorial comments: 

1. We have checked the spelling and grammar issues of this manuscript. 

2. We have checked the signed ALA to my Editorial Manager account. 

3. Thanks for your suggestions. The title has been modified. 
4. We have modified the keywords as: 3D Bioprinting; Gelatin methacryloyl (GelMA); Microsphere; 

Microfiber; Digital light processing (DLP); Microfluidic chip. 

5. We have added the E-mail of each author. 

6. We have added the Summary section. 

7. We have adjusted the numbering of the Protocol. 

8. We have modified 1000rpm to 100 x g. 

9. We have revised the Protocol section to contain only action items. 

10. We have added the detailed action in the Protocol section. 

11. We have added how to detached the cells in Step 2.6, 3.5, 4.9 and 5.10. 

12. We have added the liquid volume and the size of the syringe in Step 2.7, 3.6. 

13. We have added the volume of silicon oil and DPBS in Step 2.9-2.11. 

14. We have added the method to take out the microspheres and the culturing tool. 

15. The microspheres are fixed in the 30℃ environment. ( It is introduced in the Step 2.8.) 

16. The staining details have been added in Protocol 2-5. 

17. The Protocol have been revised. 

18. The scalebars have been added and the space between numbers and units have been added. 

19. Figure 4 has been referenced in the manuscript. 

20. The embedded figures have been removed. 

21. The figure legends have been placed together at the end of the Representative Results. 

22. The Discussion has been modified. 

23. The Disclosures section has been added. 

24. The Table of Materials have been made. 

 

Reviewer #1: 

In this study Xie et al., provide a wide variety of biomedical applications for the use of GelMA 

hydrogel. The authors describe in great detail how in their laboratory they are able to fabricate 

GelMA into microspheres, fibers, 3D complex structures, and microfluidic chips. The provided 

examples and protocols make it very easy to follow the stated protocols and would be very beneficial 

for any lab looking to potentially use GelMA in a specific example. Overall, this manuscript is 

appropriate for the journal and would be a beneficial handbook for the greater scientific community. 
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Response: We are very honor to have your comments and acceptance recommendation of this 

manuscript for publication. In terms of the issues you proposed to improve our paper, we have 

modified the corresponding parts as below. 

 

Major Concerns: 

Could you please comment and provide data for the viability of cells encapsulated with the 

different GelMA structures? Phalloidin and Dapi staining does not give any insight into whether the 

processing affects the encapsulated cell viability. 

Response: The viability has been examined in the corresponding references. Furthermore, the 

cells spread can be a strong evidence to verify the high viability. 

 

It would be beneficial to show a comparison between your CAD files imported into the DLP 

Printer and what is eventually printed. How does the resolution compare? Is there some loss of 

design with this approach? It is hard to tell without seeing an original CAD file. Please also comment 

on this within the discussion section. 

Response: The CAD files have been added in Figure 3. In this part, we can see the structure is 

well reproduced. The detailed accuracy is not important here because this paper is aimed at the 

introduction of different printing methods of GelMA. 

 

Please make all the scale bars for the figures more noticeable, as they currently stand, it is hard 

to read them within your figures making it impossible to fully comprehend the sizing of your 

different GelMA structures. 

Response: The scalebars have been added. 

 

Could you please provide either data or at the very least comment on how your GelMA 

microfluidic devices compare to a more traditional PDMS microfluidic device in regards to its fluid 

flow patterns. 

Response: The comment on the GelMA microfluidic devices compared to traditional ones has 

been added in Discussion. 

 

Minor Concerns: 

Please remove the graphing background found in all figures 

Response: The background has been removed. 

 

Pg 4 line 90-  

Response: We have added the heating duration (15min) in all corresponding protocol steps. 

 

Figure 1, image A needs to be made clearer and in reference to the text of the article. Please look 

into making a flow diagram showcasing the order of things. In the protocol for the "GelMA Complex 

3D structures", please direct the reader to the Figure 3 for the diagrams and images from this section 

of the article. In the protocol for the "GelMA-Based Microfluidic Chips", please direct the reader 

to the Figure 4 for the diagrams and images from this section of the article. 

Response: Actually, in the Figure1, Figure3, Figure 4, the protocol have been showed in detail 

according to the article. The main devices have been displayed in the figures. 



 

In the Representative Results, when referring to specific results from your figures, please direct the 

reader to those specific results. For example: "From the morphology of the stained MDA-MB-231s 

(Figure 1B-D), we could find that the encapsulated MDA-MB-231s remained the spreading 

capability, verifying the biocompatibility of this electro-assisted fabrication methods." 

Response: The text have been modified. 

 

 

Reviewer #2: 

The article is well framed and doesn't have much corrections. It can be accepted. 

I read the article and it quite good. 

Response: We are very honor to have your comments and acceptance recommendation of this 

manuscript for publication.  

 

Reviewer #3: 

Manuscript Summary: 

The manuscript covered about the general protocol for various GelMA 3D printing method, 

including microspheres, fibers and complicated structure. It also showed the representative result 

regarding to the fabrication method. 

Response: We are very honor to have your comments and acceptance recommendation of this 

manuscript for publication. In terms of the issues you proposed to improve our paper, we have 

modified the corresponding parts as below. 

 

Minor Concerns: 

1. In the protocol part, the reviewer suggests that the authors supplement the reason why HUVEC 

and HBMEC were employed in this project for elementary researchers, who refer the article. 

Response: Actually, the cells are just used for verifying the biocompatibility of the materials and 

fabrication methods without special choosing. 

 

2. At the "2. Fabrication of GelMA Microspheres" part, the reviewer also suggests that the author 

additionally explain how to mix the cell into bioink in which way, the pellet or cell suspension. The 

encapsulation method can effect on cell viability. 

Response: The cells are mixed with pipette. It has been introduced in the corresponding parts. 

 

3. Regarding to the part of "Fabrication of GelMA Fibers", the reviewer suggests that the author 

refer additional article which is related to co-axial printing method. The article can show the cutting 

edge of application for co-axial printing method. 

- Gao, G., Lee, J. H., Jang, J., Lee, D. H., Kong, J. S., Kim, B. S., ... & Cho, D. W. (2017). Tissue 

engineered bio‐ blood‐ vessels constructed using a tissue‐ specific bioink and 3D coaxial cell 

printing technique: a novel therapy for ischemic disease. Advanced Functional Materials, 27(33), 

1700798. 

Response: The references has been added. 

 

4. The reviewer asks the author add information for cell viability after printing. The reviewer 



suggests that the article include live and dead assay result, which can be the reference for the readers 

of this article. 

Response: The viability has been examined in the corresponding references. Furthermore, the 

cells spread can be a strong evidence to verify the high viability. 
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Title of Article: 

Author(s):  

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video – Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. 
6. Grant of Rights in Video – Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
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