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Abstract
In colorectal cancer, fibroblast growth factor 14 (FGF14) was selectively methylated (CRC). In this work, we sought 

to elucidate the biological action, molecular mechanism, and epigenetic control of FGF14 in CRC. By using PCR 
and Western blot, the expression of FGF14 in CRC cell lines, normal human colon epithelial cell lines, CRC tissues, 
and matched neighbouring normal tissues was found. FGF14 blocked the PI3K/AKT/mTOR pathway and caused 
mitochondrial death. In conclusion, FGF14 is a new tumour suppressor that activates the PI3K/AKT/mTOR pathway to 
mediate cell death and restrict cell growth.
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Introduction
The second greatest cause of cancer-related mortality in both sexes 

in the US is colorectal cancer (CRC). Colon and rectal cancers were 
predicted to be the cause of 51,020 fatalities among digestive system 
locations in 2019 [1]. Unfortunately, the mechanism that prevents 
the development of cancer is incredibly complicated and diverse, thus 
using omics technology and early diagnosis are now the greatest ways 
to increase the likelihood that a therapy will be effective [2]. However, 
there is new evidence indicating a tumor-suppressing role for FGF14. 
Overexpression of fibroblast growth factor (FGF) in patients with 
colorectal cancer is often related with tumour development. This 
dual action provides new diagnostic possibilities for early FGF 
biomarker screening to personalise treatments. There is currently little 
information available on FGFs and if using them as a predictive tool 
for cancer treatment would be beneficial. According to reports, most 
known FGFs may be overexpressed in late-stage CRC patients, which 
might promote the differentiation and growth of cancer cells [3-5]. As a 
result, various strategies for using multikinase inhibitors and antibodies 
as targeted therapies to disrupt the FGF pathway have been published 
[6]. There are now 37 FDA-approved kinase inhibitors, but only one of 
these, Regorafenib, targets several tyrosine kinases, including the FGF 
receptor 1 and is specifically indicated for the treatment of metastatic 
colon cancer [7,8].

These kinase treatments have manifested unanticipated side effects 
that can be successfully avoided by using a tailored strategy with the 
use of cancer biomarkers [9]. Four monoclonal antibodies that bind 
to VEGF and EGFR are among the antibody treatments that are often 
utilised in CRC in conjunction with chemotherapy or radiation therapy 
[10]. These strategies are all geared on directly inhibiting signalling 
pathways in CRC cells. However, a newly released research by Su and 
colleagues [11] revealed that the signalling suppression in CRC needs 
activation of the FGF14 gene whose expression has been suppressed.

A member of the fibroblast growth factor family and an 
intracellular protein, FGF14 is found on chromosome 13q33. Su et al. 
[11] shown through a genome-wide screening strategy that promoter 
methylation silences FGF14, and that therapy with the authorised 
DNA methyltransferase inhibitor 5-Aza suppresses the methylation 
process in CRC, leading to gene suppression. These results imply 
that FGF activation by contemporary epigenetics functioning as 
methyltransferase inhibitors can successfully reduce cancer cell 

viability.

Surprisingly, FGF14 silence or down regulation was found in every 
CRC (10/10) cell, highlighting the possibility that promoter methylation 
may be a key factor in the growth of cancer. Su and colleagues also 
carried out a transfection investigation using the complementary 
DNA matching to the gene to ascertain if the restoration of the gene 
reduces cell growth. The outcomes demonstrated that malignant cells’ 
expression of the FGF14 gene increases apoptosis. It was discovered 
that this was caused by mitochondrial activation of death pathways.

Using the appropriate apoptotic markers, the cleavage of PARP, 
cleaved-caspase-3, cleaved-caspase-7, and Bax was detected. Su et al. 
[11] hypothesised that overexpression of FGF14 can be exploited for 
cancer suppression since they were aware that this pathway’s poor 
expression is linked to the development of colon tumours. The findings 
of the Western blot analysis confirmed what was predicted, with the 
overexpression of FGF14 inhibiting the activity of the well-known 
signalling proteins PI3K, Akt, and mTOR. This significant discovery 
showed that practically all human malignancies, including colon 
cancer, have dysregulated PI3K/AKT/mTOR signalling pathways. 
Activation of the FGF14 gene may be a triple inhibitor of these proteins. 
A very appealing focus of current research is the development of novel 
inhibitors of this system. Idelalisib is the only PI3K inhibitor that the 
FDA has approved, however several other medications are being tested 
in clinical studies [3,12]. Therefore, for the 60–70% of CRC patients 
who have PI3K/Akt mutations, activating FGF14 in conjunction with 
receptor tyrosine inhibitors may be a highly effective treatment [13]. 
Additionally, Su and colleagues in vivo tumorigenicity investigation 
on nude mice transfected with the gene validated the suppressive role 
of FGF14. The data obtained after 4 weeks of FGF14 injection showed 
a significant decrease in xenografted tumour volume (P<0.001). The 
significance of FGF14 as a promoter in CRC was therefore shown by 
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research using both in vitro and animal models. Therefore, rather than 
blocking all FGFs, doctors should concentrate on evaluating the genes 
that are expressed often before deciding whether to block or activate 
FGFs [14]. The discovery of the first FGF suppressor gene by Su et al. 
in CRC among known FGFs highlights the necessity to identify any 
further FGF suppressors that could be present within the same FGF11 
subfamily. A new wave of personalised therapeutics for colon cancer 
and other diseases may become possible as a result of the enigma 
surrounding the distinct and varied signalling system of FGF genes, 
receptors, and their ligands. Treatment for CRC is evolving, and maybe 
reframing existing therapeutic modalities might involve screening for 
FGF genes in patients. Separately, research on FGF2 and FGF10 proteins 
in CRC by Matsuda et al. [4] and Qazvini et al. [3] proposed the use of 
anti-FGF receptor therapy to stop the overexpression of those receptors 
and restrain tumour growth. Therefore, the combination of FGF14 
receptor activators with methyltransferase inhibitors that can activate 
the FGF14 gene opens up new therapeutic possibilities. Additionally, 
Jibiki et al’s. research [15] revealed that FGF levels tend to fluctuate 
and advance in patients with advanced cancer; as a result, measuring 
the expression of FGF genes may potentially be able to determine the 
clinical stage of CRC for the individualization of the therapy.

Currently, the FDA has authorised a panel of tests with an epigenetic 
component to check blood and stool samples from CRC patients for the 
presence of mutant alterations in the epigenome. The most used test is 
FIT for detecting haemoglobin in faeces. Other procedures concentrate 
on analysing the methylation level of the genes BMP3, SEPT9, and 
CDC2 in stool or blood to determine the stage of the malignancy. A 
further test makes use of the biomarker miR-31-3p that was taken from 
the main tumours of colon cancer patients. Depending on its findings, 
a patient may require anti-VEGF or anti-EGFR medication. As a 
result, there are effective, commercially accessible diagnostics based on 
epigenetics that may determine the stage of CRC and the therapy [16]. 
Therefore, the development of new epigenetic biomarkers will advance 
precision medicine.

Since little is known about the roles of each FGF gene within 
the subfamilies, the remaining question is how soon we will be able 
to develop FGF biomarkers for CRC patients. Although there has 
been some improvement in identifying cardiometabolic disorders 
in patients using the FGF-21 biomarker and cancer, heart disease, 
and non-vascular illnesses in patients using the FGF-23 biomarker. 
Since the FGF marker does not fully depict the pathophysiology of a 
disease, this is often done in conjunction with other markers linked 
to that illness [17]. These indicators are often either proteins that are 
important to CRCs or tumour antigens and antibodies to them [18]. 
Notably, the screening was carried out using Olink PEA technology, 
which only allows for the detection of 92 proteins, among which FGF 
2,5,19,21, and 23 are already present. Antibodies that are specific for 
a target protein that has been identified by microfluidic qPCR are 
used in this cutting-edge method. Although there aren’t many FGFs 
currently on the market, the business is concentrating on expanding 
its protein library so that FGF14 might possibly be tested in colon 
cancer patients. So, diagnostic assays for FGF gene identification 
are now available; it is only a matter of time until doctors start using 
novel FGF biomarkers. Although most tests are expensive and difficult 
to use, there is hope that in the future they will be less complicated 
and less expensive. The discovery of the functions of each of the 23 
FGFs and the molecules involved in its signalling pathway should be 
the primary focus of current research. It is necessary to design tests 
that can be used by doctors once biomarkers have been identified and 
verified. Although it may seem like there is a lot of research to be done, 

there is significant potential for the advancement of precision medicine 
and the potential implementation of effective biomarkers in clinical 
practise. The fact that tailored medicine is replacing the one-size-fits-
all approach in today’s pharmaceuticals suggests that biomarkers will 
continue to play a significant role in the future. Some of them already 
provide individualised genomic analyses that make it possible to find a 
successful therapy.

Discussion
The development of FGF indicators would undoubtedly enhance 

knowledge of a patient’s illness progression, particularly for cancer, 
which continues to be the second biggest cause of mortality worldwide. 
Early detection of cancer using FGF biomarkers would reveal how 
severe the disease is and which treatment is most likely to be effective 
for the patient. We currently use biomarkers to understand the nature 
of the disease, so why not keep developing new markers and diagnostic 
procedures to provide precision medicine.

Conclusion
According to the evidence presented here, FGF14 operates as a new 

tumour suppressor that triggers cell death by suppressing PI3K/AKT/
mTOR signalling, and its decreased or silent expression is controlled by 
DNA methylation of this gene. To the best of our knowledge, this work 
is the first to analyse in detail the epigenetic control, biological role, 
and molecular mechanism of FGF14 in CRC. This analysis may help to 
clarify the role of FGF14 and the PI3K/AKT/mTOR signalling pathway 
in the development of colorectal cancer.
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