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INTRODUCTION

Fish-based hydrogels have been shown to enhance the growth of certain
cell types while exhibiting longer stability, a broader temperature range,
and cell compatibility stiffness compared to hydrogels derived from other
sources. They can be readily prepared through the polymerization of
salmon fibrinogen and thrombin, with the inclusion of fibronectin
providing early growth benefits. In addition, their elasticity and rigidity
can be tuned to meet specific experimental needs.

Salmonics is a leading provider of innovative biomedical products
designed for research, diagnostics, and clinical applications. Our
innovative cell adhesion and clotting proteins, blocking buffers,
customized formulations, and other components derived from farmed
salmon (Salmo salar) byproducts deliver performance comparable to
human, bovine, and porcine alternatives. By reducing aquaculture waste
and eliminating the risk of mammalian pathogen transfer, we also provide
an ethical alternative to fetal calf products. With promising applications
in stem cell research [1, 2], cancer biology, regenerative medicine, and
immunologic assays, Salmonics is helping to shape the future of
biomedical science through innovation, sustainability, and humane
sourcing.




\_'—__‘.-—-...k__

Salmonics

There is increasing recognition that the extracellular environment plays a
critical role in regulating cell behavior. Mechanical, structural, and
compositional cues, either individually or in concert, can significantly
influence cellular function. Biomaterials, particularly hydrogels, have
been engineered to present defined subsets of these cues, enabling the
study of diverse cellular processes and providing insight into
morphogenesis, aging, and disease [3]. Rapid degradation of hydrogel
scaffolds could be an advantage in wound sealing or other surgical
applications; however, long-term stability and mechanical integrity may
be essential for cells that require sufficient time and stiffness to produce
their tissue-specific matrix [4].

SALMON FIBRIN EXHIBITS SLOWER DEGRADATION KINETICS

Salmon fibrin has consistently demonstrated slower degradation kinetics
than mammalian fibrin, allowing for extended experimental timelines
[5,6,7]. For example, Sieminski and Gooch (2004) [8] reported that human
umbilical vein endothelial cells degraded human fibrin more rapidly than
salmon fibrin. Similarly, Ju et al. (2007) [9] compared fibrin gels from
salmon, bovine, and human sources, as well as Matrigel®, by seeding them
with equal numbers of mouse spinal cord neurons under identical media
and culture conditions. Control experiments confirmed that fibrin gels
from all three species remained stable in culture media for up to seven
days. When seeded with cells, however, degradation rates differed
markedly: human fibrin gels began degrading within a few days and was
almost completely digested after one week, while bovine fibrin gels
exhibited initial breakdown after approximately 5-6 days. In contrast,
salmon fibrin gels remained intact for as long as 2 weeks.
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COMPARATIVE GROWTH ACROSS PROTEIN SOURCES

Fish-derived extracellular matrix (ECM) proteins perform as well as, or
better than, those from mammalian sources across a variety of cells and
applications. Compared with mammalian fibrin, salmon fibrin promotes
greater neurite outgrowth, exhibits slower degradation kinetics, and has
demonstrated non-toxicity in animal models [9]. Laboratory studies
further show that salmon fibronectin enhances cell adhesion and
spreading, performing comparably to human fibronectin with fibroblasts,
melanoma cells, mouse spinal cord neurons, and human neutrophils. NIH
3T3 mouse embryonic fibroblasts grown on salmon fibronectin—-coated
matrices displayed growth equivalent to those on human fibronectin
(Cruz, pers. comm.), while comparative studies with rCHO cells revealed
significantly higher cell densities in salmon fibronectin cultures beginning
at day two post-inoculation, reaching more than twice the density of
human and bovine fibronectin by day three (Sawyer, pers. comm.).

{ Fig 1. Mouse spinal cord neurons embedded in
salmon, bovine or human fibrin for 3 days were
immunostained with TuJ1 or Map5/Maplb
antibodies to visualize neurites. Scale bar is 50
pum. The effect of the different matrices on neurite
growth was quantified by measuring the total
neurite length per cell (**p < 0.001 salmon fibrin
vs. bovine or human fibrin) [9].
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A recent study of salmon-derived fibrin confirmed greater endothelial
capillary sprout formation compared with human fibrin [8]. Although
salmon and human fibrin share functional similarities [10], subtle
structural differences may underline the enhanced biological
performance of salmon fibrin. In “Soft Materials to Treat Central Nervous
System Injuries: Evaluation of the Suitability of Non-Mammalian Fibrin
Gels,” Uibo et al. demonstrated that fish-derived fibrin supported
biocompatibility, minimized immune responses, and promoted neural
regeneration, highlighting its potential as a safer, more effective
biomaterial in medicine [11].

A study by Arulmoli et al. [2] showed that salmon fibrin stimulated greater
proliferation of human neuronal stem/progenitor cells (hnNSPCs) than
human fibrin. Their novel combination scaffolds composed of salmon
fibrin and hyaluronic acid, with and without laminin, generated hydrogels
matching brain tissue characteristics that provided proliferation and
differentiation of hNSPCs in addition to slower cell-mediated hydrogel
degradation than with fibrin alone. Furthermore, their combination
scaffolds containing salmon fibrin also supported vascularization,
showing enhanced vessel formation and complexity when using co-
cultures of human endothelial cells with hNSPCs.

Fish fibrin may be particularly well suited for neuronal growth because
fish possess remarkable regenerative capacity in the central nervous
system, and fibrin contains molecules implicated in this process.
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A study by Ju et al. [9] compared mammalian and salmon fibrin and
Matrigel® as scaffolds for mammalian CNS neurons and found that salmon
fibrin supported the greatest degree of neurite (dendrite and axon) growth
while also resisting degradation by cellular proteases. This effect was not
attributable to the thrombin used for polymerization or to copurifying
plasminogen, but instead purified salmon fibronectin partially accounted
for enhanced neurite growth, and blockade of fibrinogen/fibrin-binding
integrins significantly reduced the effect.

EXPANDED TEMPERATURE RANGE

Purified coagulation proteins from Atlantic salmon represent a potentially
safer, equally effective, and less costly alternative to mammalian fibrin
constructs in part because of the low ambient temperature of these
farmed animals and the absence of mammalian infectious agents and
immune effects[5]. In a direct application fish fibrin is a potential
biomaterial for neural injury treatment because it promotes neurite
outgrowth, is non-toxic, and clots readily at lower temperatures.
[12]Salmon fibrin clots readily at temperatures as low as 0°C, while human
fibrinogen activated by thrombin clots slowly below 23°C [5]

SOFT HYDROGELS FOR SPHEROID CULTURE

Tumorigenic cells selected using 3D salmon fibrin gels demonstrated
enhanced spheroid colony formation, accelerated growth, and
upregulation of stem cell markers [13]. Previous studies have shown that
hydrogel stiffness influences cell differentiation.
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Liu et al. [13] hypothesized that if self-renewing tumorigenic cells exist
within a heterogeneous cancer population, they may exploit the
mechanical properties of soft substrates to preferentially expand. Their
findings indicated that 3D salmon fibrin gels, due to their relative softness
compared to cancer cell stiffness, can regulate differentiation behaviors
and proliferation rates within tumor cell subsets.

HYDROGELS SUPPORT VERO CELL GROWTH

Vero cells, derived from African green monkey (Chlorocebus sp.) kidney
epithelial cells, are widely used in virology, cell biology, and vaccine
development. We selected Vero cells for the development of internal
quality control processes in the manufacture of our fibrinogen, thrombin,
and fibronectin products. Our protocol involves preparing hydrogels from
each production lot and evaluating their ability to support healthy cell
growth while also monitoring hydrogel stability over time. Hydrogels were
generated by combining fibrinogen at a final concentration of 3 mg/ml
with thrombin at 0.5 IlU/mlin MEM HBSS without antibiotics. At these
concentrations, hydrogels formed within 5 minutes, allowing adequate
time for cell incorporation and suspension. The gels were cultured in 12-
well plates with complete MEM and monitored for up to one month.

Among the hydrogels tested, results demonstrated robust viability,
spreading, and replication of Vero cells. Hydrogels prepared with 3 mg/ml
fibrinogen and 0.5 IU/ml thrombin achieved an effective balance of gel
strength, longevity, and cellular compatibility.




Salmonics

Supplementation with salmon fibronectin at a final concentration of 3%
enhanced early cell spreading. Overall, the hydrogels maintained
structural integrity for 2-4 weeks, and with weekly replacement of the
overlying media, they supported cell viability and proliferation
throughout the monitoring period.

CONCLUSION

Salmon-derived fibrinogen, thrombin, and fibronectin provide a
sustainable and biocompatible alternative to traditional mammalian
sources for supporting 3D cell growth. These proteins reliably generate
fibrin gels that maintain structural integrity, support cell viability, and
closely mimic the extracellular environment. Together, they represent a
promising platform for applications in tissue engineering, regenerative
medicine, and advanced research.
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