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Introduction 

Growth factors play an important role in the formation, 

organization, and maturation of blood vessels. In order to 

successfully employ growth factors to control the 

vascularization of an engineered tissue, a high level of 

temporal and spatial control on the availability of the 

factors is needed. Current strategies for the localization 

of growth factors mainly focuses on the immobilization 

of the factors or coupling of growth factors within the 

engineered matrix (hydrogel) via metalloproteinase-

sensitive linker. These approaches allows passive release 

rate and growth factor delivery on demand, but do not 

have the ability to adapt its release rates based on the 

needs of spatial or temporal changes during the course of 

tissue development. To tackle this challenge, nucleic acid 

aptamers were applied. . These systems are able to bind 

the growth factors with high affinity and specificity; load 

different growth factors sequentially and release growth 

factors on demand within the hydrogel. Nucleic acid 

aptamers are an emerging class of affinity ligands that 

can be selected from DNA/RNA libraries to recognize 

any type of protein with high affinity and specificity.1 

They are small-size, stable structures with low 

immunogenicity.2 In the present study, we have 

developed an aptamer-functionalized hydrogel and 

evaluated its potential for growth factor sequestering and 

controlled release. This system was further used with 

cells to validate the developed system’s functionality in 

vitro. 

  

Aim 

To develop aptamer conjugated gelatin methacrylate 

(GelMA) hydrogels for programmable release of 

vascular endothelial growth factor (VEGF) and evaluate 

its effect on angiogenic properties of human umbilical 

vein derived endothelial cells (HUVECs) and 

mesenchymal stem cells (MSCs) in co-culture 

conditions. 

 

Materials and Methods 

The programmable hydrogels were prepared by 

photopolymerization of GelMA and acrydite 

functionalized aptamers with Irgacure 2959 as 

photoinitiator. The VEGF specific aptamers were 

purchased from Integrated DNA Technologies, Inc., 

USA. The conjugation of aptamers with their 

complementary sequences (CSs) were evaluated using 

native polyacrylamide gel electrophoresis (PAGE); for 

testing the aptamer incorporation within hydrogel 

fluorescence microscope was used. The effect of aptamer 

conjugation on the hydrogel’s morphology was studied 

using scanning electron microscopy (SEM). The 

programmable release of VEGF from the hydrogels were 

evaluated by using VEGF ELISA kits. For co-culture 

experiments HUVECs (passage-7) and MSCs (passage-

5) were used and cell viability and migration within the 

gel were investigated 

 

Results and Conclusions 

The results obtained from native PAGE analysis 

confirmed the successful hybridization of the VEGF 

specific aptamers to their complementary sequence. The 

fluorescent microscopy results revealed that the acrydite 

modified aptamers conjugated within the hydrogels 

could sustain till 14 days effectively, in contrast to the 

aptamers which were not covalently cross-linked within 

the GelMA polymer network (control aptamers without 

acrydite modification). The SEM results of the 

programmable hydrogel revealed interconnected 

microporous structure of the hydrogels with or without 

aptamers. The VEGF ELISA release experiments 

demonstrated that acrydite functionalized aptamers could 

sustain a controlled release till 10 days, if no CSs for 

these VEGF specific aptamers were provided. However, 

in the presence of CSs, triggered release of VEGF was 

observed. The amount of VEGF released was observed 

to be a function of aptamer: CSs molar ratio. In co-

culture experiments, the developed programmable 

hydrogels supported the growth of HUVECs and MSCs 

in terms of cell viability and vascular network formation 

over a span of 7 days within the hydrogels (VEGF release 

was triggered on day 3 and 5).  

 

Future Plans 

In the present study, we have optimized the 

programmable hydrogel conditions in terms of its VEGF 

release capacity and its effect on co-culture conditions 

with HUVECs and MSCs. In future, the optimized results 

from this study will be used for patterning VEGF specific 

aptamers within the hydrogel. Further study will also be 

conducted to investigate the effect of the programmable 

release of VEGF on the vascularization potential of 

HUVECs/MSCs co-culture. 
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