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Editorial

Unlocking the Therapeutic Potential of Glucagon-Like 
Peptide-1 Analogue and Fibroblast Growth Factor 21 
Combination for the Pathogenesis of Atherosclerosis in 
Type 2 Diabetes
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Division of Endocrinology and Metabolism, Department of Internal Medicine, Bucheon St. Mary’s Hospital, College of 
Medicine, The Catholic University of Korea, Bucheon, Korea

As a member of the fibroblast growth factor (FGF) superfamily, 
FGF21 has attracted considerable attention owing to its endo-
crine actions and potential beneficial effects on metabolic disor-
ders, including obesity, type 2 diabetes, dyslipidemia, and non-
alcoholic steatohepatitis (NASH) [1,2]. More recently, adminis-
tration of exogenous FGF21 was also found to ameliorate vas-
cular inflammation and atherosclerosis in various models [3,4]. 
It was suggested that FGF21 exerts its pleiotropic effects against 
obesity-related complications by coordinating inter-organ com-
munications between the brain, adipose tissue, liver, muscle, 
and blood vessels [5,6]. 

However, the clinical and pre-clinical studies of FGF21 ana-
logues so far are controversial, with mixed results [6]. Recent 
studies have shown limited efficacy of FGF21 analogues on 
lowering blood glucose levels and body weight control, but bet-
ter efficacy on NASH [1,6]. These findings may preclude 
FGF21 as a stand-alone medication for type 2 diabetes. Further-
more, FGF21 in its native form has a poor pharmacokinetic pro-
file, with a short half-life of only 0.5 to 2 hours in vivo [7]. In 
addition, FGF21 analogues and mimetics are susceptible to pro-
teolytic cleavage with a high tendency for aggregation under 

physiological conditions [8,9]. These properties affect the clini-
cal applicability of FGF21.

Recent studies have shown that FGF21 and glucagon-like 
peptide-1 (GLP-1) have interplays in energy expenditure, body 
weight control and glucose metabolism; specifically, GLP-1 an-
alogues can stimulate hepatic FGF21 production and activate 
the invariant natural killer T cell-FGF21 axis [10,11]. These 
findings indicate that GLP-1 and FGF21 have promising syner-
gistic functions in vivo, and the complementary functions of 
GLP-1 and FGF21 have stimulated interest in testing whether a 
combination of these two pleiotropic hormones could provide a 
superior effect on treating type 2 diabetes and its comorbidities. 

Indeed, recent studies explored the potential synergistic ac-
tions of FGF21 with GLP-1 by generating a GLP-1-FGF21 fu-
sion protein connected by an elastin-like polypeptide linker 
(GLP-1-ELP-FGF21) or GLP-1-Fc-FGF21 [12,13]. These stud-
ies showed that FGF21 activation acts synergistically with GLP-
1 activation to allow greater weight loss and more potent glu-
cose-lowering efficacy than what can be achieved with GLP-1 
or FGF21 alone. 
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[14] evaluated the effects of a low-dose combination of a GLP-
1 analogue and FGF21 on the pathogenesis of atherosclerosis, 
as well as body weight and blood glucose concentration, in a 
type 2 diabetes mouse model and in vitro studies. Notably, they 
showed that a 6-week treatment with a low-dose combination of 
liraglutide (0.1 mg/kg/day) and FGF21 (2.5 mg/kg/day) reduced 
atheromatous plaque areas in the aorta to a significantly greater 
extent than either liraglutide alone or FGF21 alone in high-fat 
diet-induced obese mice. These mice with a low-dose combina-
tion of liraglutide and FGF21 treatment had lower body weight, 
food intake, and blood glucose concentrations and higher adipo-
nectin levels than the control mice. The low-dose combination 
of liraglutide and FGF21 reduced the initiation and progression 
of atherosclerosis by alleviating inflammation in vascular 
smooth muscle cells. This research contributes to our under-
standing of how the combination of a GLP-1 analogue and 
FGF21 interact, and the findings could inform promising thera-
peutic approaches to treat atherosclerosis in type 2 diabetes. 

Interestingly, the low-dose combination of liraglutide and 
FGF21 was more potent than the control treatments, liraglutide 
alone, or FGF21 alone in terms of the mRNA expression of un-
coupling protein-1 (UCP1) in liver cells, which remains an in-
triguing question. Since the regulatory promoter region of the 
UCP1 gene contains two putative cyclic AMP (cAMP)-respon-
sive elements [15], to explore the pathways that mediate UCP1 
expression, measuring tissue-specific cAMP level responses to 
the combination of GLP-1 and FGF21 could be considered as a 
direction for future research. 

A recent study by Pan et al. [13] showed that, in HEK293 
cells expressing both GLP-1 receptor and β-Klotho, a novel 
long-acting dual agonist (GLP-1-Fc-FGF21) was 10-fold more 
active than GLP-1 alone in terms of the cAMP activation path-
way, which could be mediated by high-affinity binding of GLP-
1-Fc-FGF21 to β-Klotho, which recruited GLP-1 to the cell sur-
face and increased its local concentration. The results suggest 
that the combination of GLP-1 and FGF21 could synergistically 
increase cAMP levels and achieve stronger activation than is 
possible with either liraglutide alone or FGF21 alone. 

Because blood vessels (with undetectable β-Klotho expres-
sion) are not the direct target of FGF21, the anti-atherogenic ef-
fect of FGF21 could be attributed to its actions in adipose tissue 
and the liver. Thus, it is important to further elucidate the tissue-
specific signaling pathways by which the GLP-1/FGF21 combi-
nation exerts its effects on adipocytes and hepatocytes. Addi-
tionally, regarding the atherosclerosis process, it would be valu-
able to evaluate the effects of GLP-1/FGF21 combination on 

endothelial dysfunction, foam cell formation, and cholesterol 
biosynthesis.

It is certainly time for further research on combinations of 
FGF21-based pharmacotherapy with GLP-1 analogues or other 
glucose-lowering agents, and the findings of Kim et al. [14] are 
sufficiently encouraging to confirm the importance of such 
studies in type 2 diabetes.
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