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Fragments of fibroblast growth factors useful in regenerative medicine components

Katarzyna Czerczak-Kwiatkowska?, Adrianna Wierzbicka®, Dorota Bociaga®, Justyna
Fraczyk?® Beata Kolesinska®
Institute of Organic Chemistry, £6d? University of Technology, Zeromskiego 116, 90-924
Lodz, Poland
bInstitute of Materials Science and Engineering, Lodz University of Technology,
Stefanowskiego. 1/15, 90-924 Lodz, Poland

Introduction

Tissue engineering and/or regenerative medicine is a field of life science using different
methods to create a new tissues/organs and/or to promote the regeneration of damaged or
diseased tissues/organs. Materials used as scaffolds must ensure appropriate micro-environment
of the cells, adhesion, proliferation, differentiation and finally the reproduction of the parent
tissue [1,2]. Concentrated Growth Factors (CGFs) are the newest and safest therapy in
regenerative medicine. CGF is a new-generation autologous platelet concentrate containing
equivalent or higher levels of TGF-B1, PDGF-BB, and VEGF than platelet-rich plasma (PRP)
concentrates. CGFs has been shown to stimulate cell proliferation [3.,4], allowing for use in
regenerative medicine. [5]. CGF is easily obtained by centrifuging intravenous blood of the
patient and does not require any synthetics or biomaterials to make a gel; hence, it is free from
the risk of cross-contamination [6]. The fibroblast growth factor (FGF) family represents a
broad group of signaling proteins with structural similarities and related actions. FGFs are
involved in a number of processes taking place in the cells; they are involved in wound
regeneration, angiogenesis or regulation of metabolism, among others. The FGF family consists
of 22 proteins. Apart from FGF15 and FGF19, the remaining FGFs have analogous mouse and
human structures (homology about 90%). FGFs have very similar biological effects and a
similar mechanism of gene expression Fibroblast growth factor 1 (FGF1) is also known as
acidic fibroblast growth factor (aFGF). It consists of 155 amino acid residues, the main chain
includes residues 16-155. FGF1 occurs as a monomer or homodimer. FGF1 binds to all
receptors FGFR (FGFR1-FGFR4). In addition to homodimers, FGF1 forms a complex with
fibroblast growth factor binding protein 1 (FGFBP1) and FGF2. Fibroblast growth factor 2 is
also known as basic fibroblast growth factor (bFGF). The FGF2 chain consists of 288 amino
acid residues, residues 1-142 constitute the propeptide. The main chain includes amino acids
143-288. It occurs as a monomer or homodimer. It binds to FGFR1, FGFR2, FGFR3 and
FGFR4 receptors. FGF2 levels are increased in acute wounds, supporting the formation of
granulation tissue, re-epithelialization and reconstruction of the damaged site [7]. It also
regulates the synthesis and function of ECM components and increases the migration of
keratinocytes and fibroblasts [8]. In the case of chronic wounds, the level of FGF2 is reduced
[9]. Recombinant FGF2 applied directly to the wound shows promising effects in the treatment
of pressure ulcers [10]. Promising effects have also been shown in the treatment of diabetic foot
[11]. Currently, derivatives of fibroblast growth factors are available for the treatment of ulcers
and burns. FGF proteins are recommended by the American Wound Healing Society and the
European Wound Management Association for the treatment of refractory ulcers. Studies on the
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family of these proteins show that FGF2, FGF7 and FGF10 are key in the regeneration of skin
wounds.

The aim of the study was to find a set of short fragments of native FGFs involved in repairing
damaged tissues. These sets should reproduce the outer sphere of proteins and have biological
properties similar to native proteins due to their ability to interact with receptors. We focused
our attention on the search for FGF1 and FGF2 fragments.

Results and discussion

Using the SPOT method, libraries of FGF 1 and FGF2 fragments immobilized on cellulose were
obtained [12]. Based on the Dot-blot test, fragments of both proteins were selected forming an
outer sphere of proteins capable of interacting with the corresponding receptor.
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Fig. 1. a) Scan of a cellulose sheet containing the whole library of FGF1 fragments after reaction with
antibodies. FGF1 map. 74 decapeptides, reading frame: 2 AA. b) Scan of a cellulose sheet containing
the whole library of FGF?2 fragments after reaction with antibodies. FGF2 map: 140 decapeptides,
reading frame: 2 AA. ¢) FGF1 found fragments, AlphaFold model (Uniprot P05230). d) FGF2 found
fragments, AlphaFold model (Uniprot P09038).

In the case of the FGF1 fragment library, 37 fragments able to interact with polyclonal
antibodies were found based on the Dot-blot assay, including 17 fragments showing strong/very
strong interaction. For the FGF2 fragment library, 20 fragments able to interact with polyclonal
antibodies were found, of which 14 fragments showed strong/very strong interaction. The found
fragments of FGF1 and FGF2 were synthesized on 2-chlorochlorotrityl resin using a triazine
coupling reagent [13]. In the next step, FGF fragments were used in studies on NIH/3T3 cells
to investigate their effect on the viability of cells incubated in a medium with the addition of
FGF fragments.
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The results of the assessment of the viability of NIH/3T3 fibroblasts after 24-hour incubation with growth factor fragments
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The results of the assessment of the viability of NIH/3T3 fibroblasts after 72-hour incubation with growth factor fragments
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Fig. 2 Viability of NIH/3T3 cells grown in the presence of FGFI and FGF?2 fragments. Incubation for
24 h (top panel), incubation for 72 h (bottom panel).

Studies have shown that all FGF1 and FGF2 fragments have no negative effect on cell viability
at concentrations of 1 and 0.1 pg/mL. However, at a concentration of 10 pg/mL, only one FGF1
fragment (cultured for 72 hours) showed a slight decrease in cell viability.

Conclusions

Selected FGFs fragments are useful in the regeneration of skin damage and treatment of
difficult-to-heal wounds.
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