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The fibroblast growth factor family contains 22 members. Fibroblast growth factors such as 2, 9, and 18 are mainly

associated with the differentiation of osteoblasts and in bone regeneration. FGF-18 stimulates the PI3K/ERK

pathway and smad1/5/8 pathway mediated via BMP-2 by blocking its antagonist, which is essential for bone

formation.

bone regeneration  fibroblasticgrowth factors  gene

1. Introduction

Bone is a metabolically active organ comprising both organic and inorganic components with a plethora of

functions to maintain homeostasis . Bone loss happens in hereditary, deficiency, and pathological conditions as

well as in trauma ; in these conditions, replacement certainly becomes vital for the survival of the patient.

Autografts are regarded as the gold standard technique in the case of bone regeneration due to their aspects such

as no risk of immunogenicity and their immediate availability from the donor, but the replacement of the donor site

affects its morbidity, and restricted amounts of available graft make us reconsider the option. Allograft is an

alternative option and is also greatly considered due to its ready availability and lack of requirement for a donor

site. However, again it requires appropriate storage and sterilization techniques and carries a risk of

immunogenicity . Keeping in mind the complexity of the grafts and the structure, function, and composition of the

bone itself, innovations are being conducted with new materials and methods to bio-mimic natural bone tissue.

Tissue engineering is an integrative field in which biological tissues are engineered accordingly to repair, replace,

or regenerate lost tissues. This field uses a variety of materials ranging from natural to synthetic ones, and

methods use various technologies to achieve its purpose . The three important triads of tissue engineering are

scaffolds, biological/mechanical cues, and cells . Scaffolds are being developed to mimic the natural environment

by binding certain bioactive molecules, while drugs are also being used to achieve this purpose . Growth factors

act either in an autocrine or in a paracrine manner and influence the cells around the scaffolds . However, the

problem arises when researchers expect regeneration for larger defects. Hence, synthetic bone grafts have been

widely used in clinical scenarios due to their favorable properties to augment such large defects and stimulate bone

regeneration . Synthetic grafts can also be made osteoconductive/osteoinductive by the appropriate selection

of graft materials . The incorporation of fibroblastic growth factors (FGFs) has enhanced the performance of

these synthetic grafts . Fibroblastic growth factors play an important role in many physiological processes

(i.e., inflammation, angiogenesis, etc.); one among these is skeletal development , where continuous
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bone remodeling happens in the presence of osteoblasts and osteoclasts ultimately necessitating the inevitable

involvement of fibroblastic growth factors . In the FGF family (Figure 1), FGF-2, -9, and -18 plays a significant

role in bone regeneration . Though in previous studies, more emphasis was laid on FGF-2, researchers here

highlight the potential of FGF-18 when incorporated with hydrogel and scaffolds showing implicit bone

regeneration.

Figure 1. Schematic diagram representing different members of the fibroblastic growth factors (FGF) family and

their subfamilies .

2. FGF-18 in Regeneration of Bone

FGF-18 was first reported in 1998 and was initially known for its activity in soft tissue proliferation, such as in the

liver and intestine. The purified FGF-18 from mice contains 207 amino acids. FGF-18 is a glycoprotein with the first

26 amino acids forming a signal peptide sequence . FGF-18 belongs to the paracrine FGF-8 subfamily. It exerts

its action through FGFR-1, -2, and -3 (Figure 2) . The gene which encodes for this protein is located in the

fifth chromosome (5q35.1) . The biological function of this growth factor is mainly through the proliferation of

cells such as osteoblasts, chondrocytes, and osteoclasts .
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Figure 2. Diagram represents different types of receptors of the FGF family and FGF-18 action on selective

receptors .

Liu et al. demonstrated that FGF-18 acts as a ligand for FGFR-3 and mice lacking FGF-18 and showed delayed

ossification and the reduction in osteogenic gene expression . Ohbayashi et al. proved that FGF-18 is required

for skeletal development by using an FGF-18  deficient mouse model, which showed the delayed closure of

sutures in calvarial bone . Shimoka et al. also showed that FGF-18 may compensate for the role of FGF-2 on

bone and cartilage since it is as equally potent as the latter . FGF-18, along with other factors, regulates gene

expression during skeletal development . Recently, FGF-18 was immunostained in a developing fetal spine

showing its importance in cellular proliferation and bone formation . Recombinant FGF-18 improved the

osseointegration of implants and prevented peri-implant fibrous response in FGFR-3  mice . Behr et al.

showed that decreased FGF-18 affected the expression of RUNX2 and osteocalcin in FGF-18  mice . They

also observed that the haploinsufficiency could not be compensated with other FGF ligands and bone morphogenic

proteins (BMP)-2 in FGF-18  mice. Wan et al. proved that the suppression of noggin-stimulated osteogenesis in

vitro accelerated the same in vivo . FGF-18-suppressed noggin is a BMP antagonist which positively augments
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the action of the bone morphogenic protein towards osteogenic differentiation . BMP-2 is a potential

osteoinductive growth factor , and FGF-18 further helps it in enhancing this property by inhibiting noggin .

In a study conducted by Hamidouche et al., the fact that FGF-18 promotes osteoblastic differentiation was

experimentally confirmed by checking for osteoblastic markers, such as RUNX-2, ALP, and COL1A1 in C3H10T1/2,

after treating them with the recombinant fibroblastic growth factor (rh FGF)-18. This was further corroborated by

checking for alkaline phosphate (ALP) activity and in vitro matrix mineralization in the same cells. The authors

displayed that FGF-18 enhanced osteogenic differentiation through the activation of the Extracellular signal-

regulated kinase 1/2(ERK1/2) and Phosphatidylinositol 3-kinase (PI3K) pathway acting through FGFR-1 and 2 .

Fujioka-Kobayashi et al. studied the effect of different FGFs-8, 9, 17 and 18 on MC3T3-E1 cells, which are

immature murine osteoblastic cells from mice, where FGF-18 alone with BMP-2 was sufficient to show significant

osteogenic potential . Behr et al. looked at the bone regeneration potential of FGFs-2, 9, and 18 in the cranial

bone defects of adult mice. The results showed that FGF-18 was able to show higher healing potential compared

to other growth factors (FGF-2 and 9). After the injury of the cranial defects, FGF-18  mice showed no RUNX-2

expression, even though the weak expression was observed in fibroblastic growth factor (FGF)-9  mice . Jeon

et al. showed the early osteogenic differentiation of FGF-18 on rat bone marrow-derived stem cells (BMSCs) by

upregulating genes such as RUNX-2, Col1, and BMP-4 . Nagayama et al. demonstrated that FGF-18 not only

promotes osteogenic differentiation through BMP-2 but also supports the expression of FGFR-1, 2, and 3 in

osteoblasts in the fetal coronal suture of mice . A summary of the aforementioned pathways is given here (see

Figure 3).
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Figure 3. Schematic representation of FGF-18’s role in osteogenic differentiation. FGF-18 inhibits noggin which is

a BMP-2 antagonist . BMP activates the smad 1/5/8 pathway which activates early osteoblastic markers such as

ALP, Col1, OCN and RUNX-2 . FGF-18 themselves activate PI3K-ERK pathway which also activates the

RUNX-2 gene  which is an important marker for osteogenic differentiation.
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