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Abstract: Droplet microfluidics technology offers refined control over the flows of multiple
fluids in micro/nano-scale, enabling fabrication of micro/nano-droplets with precisely adjustable
structures and compositions in a high-throughput manner. With the combination of proper
hydrogel materials and preparation methods, single or multiple cells can be efficiently
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encapsulated into hydrogels to produce cell-loaded hydrogel microspheres. The cell-loaded
hydrogel microspheres can provide a three-dimensional, relatively independent and controllable
microenvironment for cell proliferation and differentiation, which is of great value for
three-dimensional cell culture, tissue engineering and regenerative medicine, stem cell research,
single cell study and many other biological science fields. In this review, the preparation
methods of cell-loaded hydrogel microspheres based on droplet microfluidics and its
applications in biomedical field are summarized and future prospects are proposed.

Keywords: droplet microfluidics; cell-loaded hydrogel microspheres; three-dimensional cell

culture; single-cell analysis; tumor vaccine
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Characteristics and microchannel geometry of the passive method for droplets formation

Passive method Channel characteristics

Channel geometry

T-junction
and narrow size range
Flow-focusing
nanometers
Co-flow
the effect of shear force on the droplets

The droplets’ sizes are well controllable and can be down to a few hundred

The co-flow geometry avoids the droplets contacting the channel wall and prevents

The device is simple to fabricate, but the droplets generated have low monodispersity —‘
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Table 2 Principles and characteristics of the active method for droplets formation

Active method  Principle

Characteristic

Electric force
phases under the action of electric force
Magnetic force

dispersed phase under the action of magnetic force
Centrifugal force Droplets are generated under the combined action of

centrifugal force and surface tension

Droplets are generated by the interface displacement of two

Droplets are generated by the continuous phase shearing the

Easier control; low efficiency; harmful to
biological samples

Fast response speed; good biocompatibility;
complex operating procedures; high cost
High efficiency; capable of generating
complex droplets; low monodispersity
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Figure 1

Preparation methods of cell-loaded hydrogel microspheres. A: Photo-induced cross-linking. B:

Ionic-induced cross-linking. C: Temperature-induced cross-linking.
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Figure 2 The applications of cell-loaded hydrogel microspheres in biomedical fields.
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. B: The mechanism of forming Janus microgels
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