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ELASTOSENSTM BIO

in collaboration with

Viscoelasticity characterization of Gelomics 
LunaGelTM Photocrosslinkable Extracellular 
Matrices using ElastoSensTM Bio and its effect 
on cancer cells invasiveness
SUMMARY

 — The initial stiffness of 3D culture systems can be varied to study physiological and 
pathological processes in vitro.

 — Photocrosslinkable hydrogels are great candidates for 3D culture systems due to their 
similarity to the natural extracellular matrix and ease of controlling their final stiffness.

 — LunaGelTM Extracellular Matrix products from Gelomics were successfully photocross-
linked with visible light and their crosslinking kinetics were measured in real time in the 
ElastoSensTM Bio. 

 — The photocrosslinking reactions took place quickly in both the Low and High Stiffness 
LunaGelTM Kits. 

 — High Stiffness LunaGelTM kits resulted in higher stiffness than Low Stiffness kits.

 — Stiffness of LunaGelTM matrices increased with photocrosslinking duration.

 — The invasiveness of breast cancer cells significantly increased with ECM stiffness.

INTRODUCTION

All cells in the human body are exposed to mechanical forces which regulate cell func-
tion and tissue development, and each cell type is specifically adapted to the mechan-
ical properties of the tissue it resides in. The matrix properties of human tissues can also 
change with disease and in turn facilitate its progression. For example, normal mammary 
epithelial cell growth, survival, differentiation and morphogenesis are well-supported by 
interaction with a soft matrix similar to normal breast tissue stiffness. Following trans-
formation during breast cancer, however, the tissue becomes progressively stiffer [1] 
and tumor cells become significantly more contractile and hyper-responsive to matrix 
mechanical cues, ultimately driving epithelial to mesenchymal transition (EMT) and me-
tastasis [2,3]. The mechanistic investigation of the complex interplay between substrate 
properties and cellular behavior requires advanced cell culture methodologies that 
overcome the limitations associated with traditional culture approaches [4].

Gelomics LunaGelTM Extracellular Matrices (ECMs) are photocrosslinkable hydrogels 
that provide a controlled 3D cell culture system to study pathological and physiological 
process in vitro. Based on ECM components as collagen type I, III, IV, and V, as well 
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as connective tissue glycoproteins and proteoglycans, these ECMs closely mimic the 
natural extracellular matrix (ECM) surrounding cells in the human body and facilitate cell 
attachment, proliferation, differentiation, migration, and proteolytic ECM degradation. 
In addition, the photocrosslinking process allows scientists to have more control over 
their final stiffness. By simply varying the duration of crosslinking, the gel stiffness can 
be fine-tuned to mimic soft and hard tissues such as the brain, liver, breast, cartilage, 
among others, in both healthy and diseased conditions. For these reasons, they are ideal 
substrates for the culture and differentiation of a wide range of cell types and facilitate 
the examination of matrix stiffness induced changes to cellular behavior. 

ElastoSens™ Bio measures with no contact the viscoelastic properties of soft materi-
als. By applying gentle vibrations to the sample, the instrument is able to record the 
photocrosslinking kinetics at the desired wavelength. In this application note, LunaGelTM 
ECMs based on chemically modified porcine skin and bovine bone gelatin were both 
photocrosslinked while their crosslinking kinetics were assessed in real time in the 
ElastoSens™ Bio. To investigate the suitability of LunaGel™ ECMs to mimic pathophysio-
logical changes in tissue stiffness and its effects on cancer progression, breast cancer 
spheroids were cultured on substrates of varying stiffness and their morphologies were 
observed. 

MATERIALS AND METHODS

LunaGel™ ECMs based on chemically modified porcine skin gelatin, type A (LunaGelTM 
– Porcine Skin Gelatin - low and high stiffness, Gelomics) and bovine bone gelatin, type 
B (LunaGelTM – Bovine Bone Gelatin - low and high stiffness, Gelomics) were prepared 
according to the manufacturer’s instructions. Briefly, photoinitiator vials were dissolved in 
PBS and mixed with the photocrosslinkable ECM solutions at 37 °C. 2 mL of the products 
was pipetted in the sample holder of the ElastoSensTM Bio and the viscoelasticity test 
was immediately started at 37 °C using the following measurement sequences:

Sequence 405 nm light  
intensity (mW/cm2)

Time step between 
successive 

measurement (s)

Sequence duration
(min)

Sequence  
temperature (°C)

1 0 10 2 37

2 9 5
10

37
2, 4, 8, 10

3 0 10 15 37

Shear elastic modulus (G’) and tan(δ) were obtained directly from the ElastoSens™ Bio. 
Initial crosslinking time was determined from the crossover of G’ and G’’ (tan(δ) = 1). 

Average results are expressed as mean ± standard deviation (n = 3). Statistical analysis 
was performed using GraphPad Prism version 9 (GraphPad Prism software, La Jolla, 
CA, USA). Unpaired t-test with Welch's correction was applied to investigate differences 
between gelatin sources, as well as low and high stiffness kits. Significance was retained 
when p < 0.05. 

To investigate phenotypic changes of breast cancer cells cultured on biomimetic substrates 
of varying stiffness, LunaGel ECMs (Bovine Gelatin, Low Stiffness kit) were crosslinked in the 
LunaCrosslinker™ - Gelomics’ benchtop visible light crosslinking system - for 45 s, 2 min, and 
8 min to result in shear storage modulus of 110 Pa, 220 Pa and 440 Pa, respectively. MDA-
MB-231 breast cancer spheroids were formed using agarose overlay culture (2 000 cells per 
well) for 3 days, followed by seeding onto LunaGel ECMs. After 7 days, cultures were fixed 
with 4% w/v paraformaldehyde, permeabilized with 0.1% v/v Triton-X100 in PBS containing 
2% bovine serum albumin, and stained for cell nuclei (DAPI), β1-integrin (immunofluores-
cence staining), cell membrane (CellMask Orange Plasma Stain), and actin (Alexa Fluor 633 
Phalloidin). Stained samples were visualized using Confocal Laser Scanning Microscopy.
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RESULTS AND DISCUSSION

Photocrosslinkable LunaGel™ ECMs were firstly evaluated in terms of viscoelastic prop-
erties which can be described by the shear storage modulus (G’- elastic portion of the 
viscoelastic behavior) and the shear loss modulus (G’’- viscous portion of the viscoe-
lastic behavior). The ratio between G’’ and G’ (damping factor or tan(δ)) is also normally 
determined to show which behavior is predominant. 

Fig. 1 shows the evolution of the shear storage modulus (G’) as a function of crosslink-
ing time for low and high stiffness porcine (left) and bovine (right) photocrosslinkable 
LunaGel™ ECMs. Measurements were taken without light exposure during the first 2 min 
of the test. The light was then programmed to be switched on by the ElastoSensTM Bio 
instrument at 2 min and its effect was clearly observed with the increase in G’ after this 
time point up to 12 min (when the light was switched off). Measurements were continued 
for around 15 minutes to identify the final viscoelastic properties of the gel. Samples 
were homogeneously crosslinked after the test (Fig. 2).

The photocrosslinking started after around 0.5 min of light exposure for the high stiffness 
and around 1.5 min for the low stiffness hydrogels (Fig. 3). Final G’ was approximately 8 
times higher for the high stiffness compared to the low stiffness formulations. Low stiff-
ness formulations formed soft gels with a G’ of ~ 550 Pa while high stiffness hydrogels 
reached ~ 4 500 Pa and no statistical difference was found between porcine and bovine 
sources. However, significant differences between low and high stiffness formulations 
were observed for both gelatin types. Indeed, low and high stiffness LunaGelTM products 
contain different concentrations of the modified gelatin components to allow a precise 
control over a wide range of stiffness. Final tan(δ) was always lower than 0.1 showing that 
the elastic behavior (related to the shear storage modulus, G’’) is much more predomin-
ant than the viscous behavior (related to the shear loss modulus, G’’) in these hydrogels. 

Fig. 1: Shear storage modulus (G’, Pa) as a function of time for 
the porcine (left) and bovine (right) LunaGelTM ECM products.

Fig. 3: Initial crosslinking time (min), final G’ (Pa) and final tan(δ) of the photocrosslinked gels.

Fig. 2: Representative example of a LunaGelTM 
sample after the test.
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For both low and high stiffness formulations, the duration of light exposure can be varied 
to reach desired target stiffnesses that are lower or equal to the final G’. Fig. 4 shows the 
evolution of the shear storage modulus (G’, Pa) as a function of time for the high stiffness 
porcine LunaGelTM crosslinked with 9.0 mW/cm2 for 2, 4, 8 and 10 minutes, respectively. 
Similarly, the light was programmed to be switched on after 2 minutes of testing with 
the mentioned duration. As expected, the curves were nearly the same during the first 
4 minutes. After this time point, the G’ continued to substantially increase over time for 
the samples under longer light exposure.

To examine the effects of LunaGel ECM stiffness on breast cancer cell behavior, MDA-
MB-231 spheroids were seeded on ECMs with shear storage modulus (G’) of ~ 110, 220, 
and 440 kPa, respectively. After 7 days of culture, substantial differences in cellular mor-
phologies were observed between the different ECM stiffnesses (Fig. 5). Breast cancer 
cells invasiveness increased as a function of ECM stiffness, corroborating clinical data 
suggesting preferential occurrence of metastasis in breast cancer with higher tissues 
stiffness. A shift towards more migratory cell morphologies associated with metastasis 
(Fig 5, magnified inserts) was observed with increasing LunaGel ECM stiffness.

CONCLUSION

The viscoelastic evolution of LunaGelTM ECM products from Gelomics during photo-
crosslinking were successfully captured in real time using ElastoSensTM Bio. Final G’ 
was approximately 8 times higher for the high stiffness compared to the low stiffness 
formulations. The final viscoelastic properties of these hydrogels were easily tuned 
by varying the light exposure time during crosslinking (405 nm). The invasiveness of 
breast cancer cells significantly increased with ECM stiffness, demonstrating the ability 
of the LunaGelTM system to closely mimic physiological and pathophysiological tissue 
conditions.

PERSPECTIVES

 — LunaGelTM products facilitate the development of hydrogels with desired stiffness.

 — ElastoSensTM Bio is able to apply light (at different wavelengths) during the viscoe-
lasticity measurement of hydrogels providing their photocrosslinking kinetics in real 
time. 

 — Light intensities and exposure times during the photocrosslinking of hydrogels can 
be easily combined in the ElastoSensTM Bio to reach a target viscoelasticity for the 
specific application.Bio can be easily compared to native tissues.

 — LunaGelTM ECMs facilitate the study of cell behavior as a function of ECM stiffness.

Fig. 4: Shear storage modulus (G’, Pa) as a function 
of time for the high stiffness porcine LunaGelTM 

crosslinked with 405 nm light (9.0 mW/cm2) for 2, 
4, 8, and 10 minutes.
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Fig. 5: Breast cancer cell invasiveness increases with ECM stiffness. Images show MDA-MB-231 spheroids 
seeded on LunaGel Bovine Gelatin ECMs with shear storage modulus of (A) 110 Pa, (B) 220 Pa, and (C) 440 
Pa, respectively, following 7 days of culture. Cells/spheroids were stained for cell nuclei (blue), β1-integrin 

(green), cell membrane (orange), and actin (magenta). 
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