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Overexpression of fibroblast growth factor (FGF) in patients with
colorectal cancer is usually associated with tumour development,
however, there is fresh evidence for a tumour suppression role by
FGF14. This dual activity opens new diagnostic opportunities for early
screening of FGF biomarkers for the individualisation of therapies.
Currently, there is a little known about FGFs and whether it will be
worth implementing them as a prognostic tool for cancer treatment?

Colorectal cancer (CRC) is the second leading cause of cancer death
in both sexes in the United States. Among sites of the digestive system,
the colon and rectal cancers were estimated to cause 51,020 deaths in
2019 [1]. Unfortunately, the mechanism undelaying the development of
cancer is extremely complex and heterogeneous, so early detection and
use of ‘omics’ technologies are currently the best options to contribute
to treatment success [2].

Patients with CRC have been reported to potentially overexpress
most of the known FGFs at the late stages contributing to differentiation
and proliferation of cancer cells [3-5]. Therefore, different approaches
for blocking the FGF pathway with multikinase inhibitors and
antibodies have been reported as targeted therapeutics [6]. To this day,
there are 37 FDA approved kinase inhibitors, among which only one
multikinase inhibitor for the metastatic colon cancer- Regorafenib
that targets a number of tyrosine kinases including the FGF receptor
1 [7,8]. Such kinase therapies have shown unexpected toxicities that
can be successfully avoided by applying a personalised approach with
the help of cancer biomarkers [9]. Among antibody therapies, there
are four monoclonal antibodies that bind to VEGF and EGFR are
widely used in CRC in combination with chemotherapy or radiation
therapy [10]. All these approaches are focused on direct inhibition of
signalling pathways in CRC cells. However, recently published study by
Su and colleagues [11] showed that supressed expression of FGF14 gene
requires activation for the signalling inhibition in CRC.

FGF14 is an intracellular protein, a part of the fibroblast growth
factor family which is localized on chromosome 13q33. By using a
genome-wide screening approach, Su et al. [11] showed that FGF14
is silenced by promoter methylation and the treatment with approved
DNA methyltransferase inhibitor 5-Aza suppressing the methylation
process in CRC resulting in gene suppression. These findings suggest
that modern epigenetics acting as methyltransferase inhibitors can
effectively inhibit cancer cell viability through FGF activation.

Remarkably, FGF14 silencing or downregulation was observed
in all CRC (10/10) cells exposing the idea that promoter methylation
may be a predominant mechanism in the cancer development. In
addition, to determine whether the restoration of the gene suppresses
cell growth, Su and colleagues [11] performed a transfection study
with the complementary DNA corresponding to the gene. The
results confirmed that FGF14 gene expression promotes apoptosis of
malignant cells. The mechanism behind this was determined to be
induced via activation of death pathways by mitochondria. The cleavage
of PARP, cleaved-caspase-3, cleaved-caspase-7 and Bax was observed
by using the corresponding apoptotic markers. Knowing that impaired
expression of this pathway is associated with colon tumorigenesis, Su

et al. [11] assumed that upregulation of FGF14 can be used for cancer
suppression. As expected, the results of Western blot analysis showed
that upregulation of FGF14 resulting in inhibition of well-known
signalling proteins PI3K, Akt and mTOR.

This important finding identified that activation of the FGF14 gene
can potentially be a triple inhibitor of the most dysregulated PI3K/
AKT/mTOR signalling proteins in almost all human cancers including
the colon. Novel inhibitors of this pathway are a highly attractive
direction of today’s research. Only FDA approved drug suppressing
PI3K is Idelalisib, whilst a number of drugs are employed in clinical
trials [3,12]. Hence, the implementation of activation of FGF14 in
combination with the receptor tyrosine inhibitors can potentially be an
extremely beneficial therapy in 60-70% of CRC patients with mutations
in PI3K/Akt [13].

In addition, Su and colleagues [11] confirmed the suppression role
by FGF14 in vivo tumorigenicity study on nude mice transfected with
the gene. The data obtained after 4 weeks of FGF14 injection showed
a significant decrease in xenografted tumour volume (P<0.001). Thus,
both studies on animal models and in vitro determined the importance
of FGF14 as a promoter in CRC. So, instead of inhibiting all FGFs,
clinicians should focus on first screening the genes expressed in
abundance and then decide on whether to inhibit or activate FGFs [14].

Su et al. [11] breakthrough of the first FGF suppressor gene in CRC
among known FGFs indicates a need to find any other FGF suppressors,
which can potentially reside among the same FGF11 subfamily (Fig.1).
The mystery of a unique and diverse signalling system of FGF genes,
receptors and their ligands may open eyes to a new wave of personalised
therapies in colon cancer and many others. The field of CRC treatment
is changing and maybe the screening of FGF genes in individuals would
reframe current therapy approaches [2].

Independently, the findings by Matsuda et al. [4] and Qazvini et
al. [3] studying FGF2 and FGF10 proteins in CRC suggested the use
of anti-FGF receptor therapies to prevent the overexpression of those
receptors and suppress tumour growth. So, methyltransferase inhibitors
that can activate the FGF14 gene, in combination with the activators
of FGF14 receptors raise a new perspective for treatment. Besides,
the study by Jibiki et al. [15] showed that FGF levels tend to vary and
progress in patients with advanced cancer, therefore the measurement
of FGF genes expression may theoretically identify the clinical stage of
CRC for the individualisation of the therapy.
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Figure 1: FGF14- a suppressor amongst a promoter family. The phylogenetic tree of 23 human FGFs showing seven subfamilies, with those overexpressed in CRC -
FGF1-3, 7-10 and 18-20 (in orange), whereas ONLY FGF14 (in red) is recently found to be down regulated. Data was compiled from the available up to date sources about

FGFs4,11,16.

Currently, a panel of tests with the epigenetic component has
been approved by the FDA to screen CRC patients’ stool and blood
samples for the detection of mutated changes in the epigenome. The
most commonly used test is FIT for haemoglobin detection in stools,
other tests are focused on the analysis of the methylation level of genes
BMP3, SEPT9 and CDC2 in stool or blood to predict the cancer stage.
Additionally, another test involves using the biomarker miR-31-3p
extracted from the primary tumours of the patients with colon cancer.
Its results determine whether the individual will benefit from anti-
EGEFR or anti-VEGF therapy. Hence, there are successful commercially
available epigenetic-based tests that can identify the stage of CRC
and the therapy treatment [16]. So, the discovery of novel epigenetic
biomarkers will further contribute to the precision medicine.

The remaining question is how soon we will be able to create FGF
biomarkers for the CRC patients because there is not much known
about the functions of each FGF gene among the subfamilies [5].
Although, some progress has been made in screening patients with
FGF-21 marker for the identification of cardiometabolic disorder,
and FGF-23 biomarker as a risk factor of cardiovascular, nonvascular
diseases and cancer. However, this is usually done with additional
markers associated with a particular disease, because FGF marker
alone does not show a full picture of the pathophysiology of a disease
[17]. Such markers are usually either CRC-relevant proteins or tumour
antigens and antibodies against it [18]. Notably, the screening was
performed with Olink PEA technology that enables measurement of
only 92 proteins among which there are already FGF2,5,19,21,23. This
exclusive technology is using antibodies specific for a target protein that
has been detected by microfluidic qPCR. Despite the fact that there are
few FGFs available, the company is focused on the extension of protein
library, so FGF14 may be potentially screened in patients with colon
cancer [19].

So, diagnostic tests for the identification of FGF genes are already
available, it is just a matter of time when new FGF biomarkers will be
used by clinicians [20]. Although the vast majority of tests are expensive
and complicated to use, there is a future perspective that they will be

simplified and cost-effective [16]. For now, research should focus on
identification of the roles of all 23 FGFs and the molecules involved in
its signalling pathway. Once biomarkers are discovered and validated,
tests that are suitable for use by clinicians must be developed [21]. It
seems like a lot of research needs to be done, but there is great promise
that the development of successful biomarkers will improve precision
medicine that will be conceivably used in clinical practice. Seeing that
today’s medicines are on track to progress from a “one-size-fits-all”
approach to personalized medicine confirms that biomarkers will play
an important role in the future. Some of them are already offering the
analysis of personal genome allowing detecting an effective treatment
[20].

Certainly the creation of FGF markers will improve understanding
of the patients disease progression, specifically for cancer, that
remains the second most leading cause of death in the world. The early
screening with FGF biomarkers would detect how aggressive cancer
is and to which therapy the individual is most likely to respond well
to. Biomarker’s usage already help us to understand the nature of the
disease, so why not to continue to design novel markers and tests to
deliver precision medicine?
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