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ABSTRACT
Research scientists are exploring new physiological pathways and 
new therapeutics to regulate glucose in people living with type 
2 diabetes. Studies have shown that fibroblast growth factor 21 
(FGF-21) has the ability to regulate blood glucose levels; however, 
these effects are temporary. In another promising development, 
activation of the fibroblast growth factor receptor-1 (FGFR-1) using 
a specifically designed antibody has shown to be effective in regu-
lating glucose and is capable of long residence times in the blood. 
Scientists are also exploring the role of FGF-1, another member 
of the FGF family, in fat remodeling and glucose regulation. It is 
possible that the regulation of blood glucose levels by FGF-1 might 
actually involve regulation of a neural pathway (as opposed to a 
systemic metabolic pathway). People living with diabetes can have 
hope that scientists are close to developing novel therapeutics to 
regulate glucose over an extended period of time.
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INTRODUCTION
Hope.  In the case of serious disease, it is an essential element 
for a favorable outcome in medical treatment. Such hope 
emerges from patient confidence in the knowledge and 
skill of their physician, and the technology and medicine 
at their disposal. In the case of type 2 diabetes, there have 
been exciting new developments in the understanding of 
glucose regulation and insulin sensitization that appear 
to involve entirely new physiological mechanisms – thus, 
opening the door to entirely novel therapeutic approaches 
to the effective treatment of this disease.

FGF-21 AND GLUCOSE REGULATION
In 2005, Dr. Alexei Kharitonenkov at Eli Lilly & Co. pub-
lished a research report showing that fibroblast growth 
factor 21 (FGF-21) reduced plasma glucose and triglycerides 
to near normal levels when administered subcutaneously to 
two types of mice with diabetes [1]. This result identified 
FGF-21 as a previously unknown and potent regulator of 
glucose uptake. FGF-21 is a member of the FGF family of 
proteins – recognized primarily for their ability to stimulate 
different types of cells to divide and grow. The ability of 
FGF-21 to regulate blood glucose levels was therefore unex-
pected. Regular dosing appeared to be necessary because 
the pharmacokinetic profile of FGF-21 showed that it was 
rapidly cleared after an injection, and therefore, the glucose 
lowering effects were only temporary (lasting 24 hours).

ANTIBODY ACTIVATION  
OF FGF RECEPTOR-1
In 2011, a report was published by Dr. Junichiro Sonoda at 
Genentech, Inc. which showed that an antibody designed to 
stimulate one of the known receptors for fibroblast growth 
factors could temporarily lower blood glucose in mice that 
had type 2 diabetes [2]. Briefly, FGF-21 was assumed to 
exert its function via its ability to stimulate one or more 
receptors of the FGF family of proteins (FGFR). These 
scientists hypothesized that a molecule able to stimulate 
the appropriate FGFR could mimic the action of FGF-
21. Furthermore, if such a novel molecule also had a long 
half-life in the body, then its effects would be much lon-
ger lasting that those of FGF-21. These scientists focused 
their attention upon designing a monoclonal antibody able 

to activate FGF receptor-1 (FGFR-1), one of the major 
receptors for the FGF family of proteins. The antibody 
they designed not only recognized and bound to FGFR-1, 
but also activated it (much like FGF-21 would do when it 
binds). Antibodies are known to be capable of long residence 
times in the blood (and can be further modified for this 
property). Thus, they identified another means by which 
to pursue a novel and potentially effective therapeutic to 
treat type 2 diabetes.

FGF-1 IN FAT REMODELING  
AND GLUCOSE REGULATION
During 2012-2016, Dr. Ronald Evans at the Salk Institute 
published a series of papers showing that another member 
of the FGF family, FGF-1, had a very potent activity related 
to fat remodeling and glucose regulation [3-5]. This was 
another unexpected result, since previous studies of FGF-1 
knockout mice (genetically modified mice with inactive 
FGF-1 genes) identified no physiological effect. In other 
words, mice with no trace of FGF-1 developed normally 
and also had no identifiable health problem as adults. Thus, 
prior to this report, it was felt that FGF-1 was non-essential 
in the body (presumably due to other members of the FGF 
family being able to compensate for any important activity 
of FGF-1). What Evans and colleagues showed was that 
mice that lacked FGF-1 were unable to correctly adjust the 
extent of their fat tissue when placed on an alternating diet 
of high fat (which normally requires increasing/decreasing 
of fat tissue). Furthermore, these researchers showed that 
in addition to regulation of fat tissue in response to caloric 
intake, FGF-1 also regulated blood glucose levels. They 
showed that subcutaneous injection of FGF-1 lowered blood 
glucose levels in mice with diabetes – producing normal 
levels for a potentially longer period of time than FGF-21.

Such results naturally lead to an urgent need to understand 
FGF-1’s mechanism of action (since it appeared to be novel). 
A recent 2016 research report published in Nature Medicine 
by Michael Schwartz at the University of Washington pro-
vides critical insight into understanding the mechanism of 
action of FGF-1 in controlling blood glucose levels [6]. In 
this report, a remission of diabetes in mice, sustained over 
a period of several weeks, was achieved after injection of 
FGF-1 into the ventricles of the brain. This result suggests 
that the regulation of blood glucose levels by FGF-1 might 
actually involve regulation of a neural pathway (as opposed 
to a systemic metabolic pathway); thus, attention is focusing 
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upon a previously unknown role of FGF-1 in neurological 
regulation of metabolism. Schwartz’s paper concludes with 
a statement that effective delivery of therapeutic doses of 
FGF-1, for sustained regulation of blood glucose, might 
be possible via an intranasal spray (since most people do 
not like having injections into their brain). 

FGF-1 PROTEIN STABILIZATION
For the past 22 years at Florida State University (FSU), 
research in my laboratory has utilized FGF-1 as a model 
protein to understand principles of protein folding, evo-
lution, and design. Over this period we have generated 
a number of stabilized and “hyperactive” variants of the 
FGF-1 protein. It turns out that such variants are of keen 
interest to drug companies wanting to develop FGF-1 as a 
therapeutic agent. In practical terms, FGF-1 is a poor choice 
of a protein to develop as a practical drug – mainly because 
it has extremely poor stability and tends to aggregate and 
degrade. We have a number of variants of FGF-1 that are 
substantially stabilized. We also performed a pharmacoki-
netic study of FGF-1 in 2012 that showed how to design 
variants with significantly increased mean residence time 
in the body [7]. Additionally, from a commercialization 
standpoint, FGF-1 is in the public domain and cannot be 
patented. Thus, resources spent to develop it as a drug can 
potentially be immediately circumvented by a compet-
ing generic form. In the absence of patent protection (i.e. 
without “a composition of matter” patent) no investor will 
commit to drug development. Fortunately, the variants of 
FGF-1 that we have developed are patentable. FSU has been 
issued a number of patents for these variants, and has also 
successfully licensed this intellectual property to interested 
commercial partners. Additionally, we recently published a 
2016 report on a mutant FGF-1 that might serve as a lead 
compound in the novel treatment of type 2 diabetes [8].

CONCLUSION
Patients with type 2 diabetes can have evidenced-based hope 
that research scientists are in the process of elucidating an 
entirely new physiological pathway of glucose regulation, 
and that novel therapeutics to regulate this pathway are 
being developed. Such therapeutics offer the potential reg-
ulation of normal glucose levels over a hitherto unrealized 
extended period of time. 

CONFLICT OF INTEREST DISCLOSURES
The author has completed and submitted the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. Dr. Blaber 
reports grants from Trefoil Therapeutics, outside the submit-
ted work;  In addition, Dr. Blaber has a patent U.S. Patent 
Application 61/149,823 pending. No other disclosures were 
reported. 

REFERENCES:
1. Kharitonenkov A, Shiyanova TL, Koester A, Ford AM, 

Micanovic R, Galbreath EJ, et al. FGF-21 as a novel meta-
bolic regulator. J Clin Invest. 2005;115(6):1627-35. DOI: 
http://dx.doi.org/10.1172/JCI23606. PubMed PMID: 
15902306; PubMed Central PMCID: PMC1088017.

2. Wu AL, Kolumam G, Stawicki S, Chen Y, Li J, Zavala-Solorio 
J, et al. Amelioration of type 2 diabetes by antibody-mediated 
activation of fibroblast growth factor receptor 1. Sci Transl 
Med.  2011;3(113):113ra126-113ra126. DOI: http://dx.
doi.org/10.1126/scitranslmed.3002669. PubMed PMID: 
22174314.

3. Jonker JW, Suh JM, Atkins AR, Ahmadian M, Li P, Whyte 
J, et al. A PPAR�-FGF1 axis is required for adaptive adi-
pose remodelling and metabolic homeostasis. Nature. 
2012;485(7398):391-4. DOI: http://dx.doi.org/10.1038/
nature10998. PubMed PMID: 22522926; PubMed Central 
PMCID: PMC3358516.



  Vol. 2 | No. 2 | Fall 2016    65www.ThePlaidJournal.com

4. Suh JM, Jonker JW, Ahmadian M, Goetz R, Lackey D, 
Osborn O, et al. Endocrinization of FGF1 produces 
a neomorphic and potent insulin sensitizer. Nature. 
2014;513(7518):436-9. DOI: http://dx.doi.org/10.1038/
nature13540. PubMed PMID: 25043058; PubMed Central 
PMCID: PMC4184286.

5. Liu W, Struik D, Nies VJ, Jurdzinski A, Harkema L, de 
Bruin A, et al. Effective treatment of steatosis and steato-
hepatitis by fibroblast growth factor 1 in mouse models of 
nonalcoholic fatty liver disease. Proc Natl Acad Sci U S A. 
2016;113(8):2288-93. DOI: http://dx.doi.org/10.1073/
pnas.1525093113. PubMed PMID: 26858440; PubMed 
PMCID: PMC4776526.

6. Scarlett JM, Rojas JM, Matsen ME, Kaiyala KJ, Stefanovski 
D, Bergman RN, et al. Central injection of fibroblast growth 
factor 1 induces sustained remission of diabetic hyperglyce-
mia in rodents. Nat Med. 2016;22(7):800-6. DOI: http://
dx.doi.org/10.1038/nm.4101. PubMed PMID: 27213816; 
PubMed Central PMCID: PMC4938755.

7. Xia X, Babcock JP, Blaber SI, Harper KM, Blaber M. Phar-
macokinetic properties of 2nd-generation fibroblast growth 
factor-1 mutants for therapeutic application. PLoS ONE. 
2012;7(11):e48210. DOI: http://dx.doi.org/10.1371/jour-
nal.pone.0048210. PubMed PMID: 23133616; PubMed 
Central PMCID: PMC3486806.

8. Xia X, Kumru OS, Blaber SI, Middaugh CR, Li L, 
Ornitz DM. An S116R phosphorylation site mutation 
in human fibroblast growth factor-1 differentially affects 
mitogenic and glucose-lowering activities. J Pharm 
Sci. 2016:105(12):3507-3519. DOI: http://dx.doi.
org/10.1016/j.xphs.2016.09.005. PubMed PMID: 
27773526.


