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FGF21 is an endocrine hormone that signals via a receptor complex consisting of FGF1 receptor and coreceptor
bKlotho. FGF21 is expressed in multiple peripheral tissues, including liver, skeletal muscle, pancreas, and white
and brown adipose tissue (8). Interest in FGF21 exploded
with the discovery that pharmacological administration of
FGF21 to diabetic rodents and primates increased insulin
sensitivity, energy expenditure, and weight loss (6). Moreover, administration of an FGF21 analog to humans with
obesity signiﬁcantly lowered body weight and decreased
LDL cholesterol and triglycerides while increasing HDL
cholesterol (9). These studies have spurred a number of
drug development programs designed to enhance FGF21
activity (10). Several preclinical animal studies have also
demonstrated that FGF21 could improve NAFLD/NASH
by reversing hepatic steatosis, counteracting obesity and
alleviating insulin resistance (11). The short half-life of
native FGF21 (;1–2 h) (12), however, has hampered
a successful translation of these FGF21 beneﬁts into the
clinic.
In this issue of Diabetes, Cui et al. assess the efﬁcacy of
a novel polyethylene glycolylated (PEGylated) and genetically modiﬁed long-acting FGF21 analog, called B1344, with
a half-life of $50 h, in improving NAFLD/NASH in obese
nonhuman primates and in lean mice. In one study, dietinduced obese (DIO) male cynomolgus monkeys, with more
than 10% hepatic fat content, were injected twice weekly
with 0.5, 1.0, or 2.0 mg$kg21 of B1344 for 11 weeks. An
additional group was injected only once a week with the high
dose of B1344. All doses of B1344 reduced body weight by
;5% relative to vehicle-treated controls. Most importantly,
liver-speciﬁc end points, assessed by magnetic resonance
imaging and liver biopsies, demonstrated that B1344 reduced hepatic fat content by 40%, decreased scarring,
and lowered markers of hepatic inﬂammation (Fig. 1A).
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Nonalcoholic fatty liver disease (NAFLD) describes a non–
alcohol-induced cluster of conditions related to excessive
fat stored in the liver. Deﬁned as 5% or more hepatic fat
content, NAFLD is prevalent, affecting ;25% of the
general population (1). Approximately 20% of individuals
with NAFLD have a more aggressive form of the disease,
termed nonalcoholic steatohepatitis (NASH), which is in
addition characterized by liver inﬂammation and extensive
scarring (cirrhosis) (1,2). NASH is a growing cause of liver
cancer and a leading indication for liver transplantation
(2). In addition, NAFLD and NASH are risk factors for
chronic kidney disease (3), type 2 diabetes (4), and cardiovascular disease (5).
Despite being serious afﬂictions, NAFLD and in particular NASH face two major headwinds. One, they are
difﬁcult to diagnose because they require liver biopsies
for conclusive diagnosis. Two, there are currently no
approved medications for treatment. Lifestyle intervention to reduce body weight is the primary strategy to
manage the disease. However, while reducing caloric intake and increasing physical activity are obvious remedies, such lifestyle modiﬁcation has very limited efﬁcacy in
the long run, with typically no more than 3–4% of weight
loss after 4 years (6). With a quickly growing population of
patients with NAFLD/NASH (2) and no approved therapies, there is an unmet yet steadily increasing medical need
for safe and effective pharmacotherapy. Unfortunately,
resembling the quest for the Holy Grail, the development
of such a therapy seemed, as of today, a mission impossible. In this issue of Diabetes, Cui et al. (7) make a significant step forward in developing a pharmacotherapy to
treat NAFLD and NASH. The authors developed a chemical
derivate of ﬁbroblast growth factor 21 (FGF21) that
showed remarkable effects in melting away hepatic fat
in mice and monkeys.
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In the mouse study, a methionine- and cholinedeﬁcient (MCD) diet was used to induce NASH without
obesity (13). After a lead-in period of 2 weeks on the
MCD diet, two doses (0.125 and 2 mg$kg21) of B1344
were tested by daily injections for up to 4 weeks. While
control mice developed patent NASH, B1344-treated
mice maintained low histological NASH scores, low liver
fat content, markedly lower circulating levels alanine
aminotransferase and aspartate aminotransferase, and
low expression of hepatic genes indicative of inﬂammation (Fig. 1B). The data from these two animal studies
suggest that B1344 can both partially reverse and prevent NAFLD/NASH.
The data obtained from the cynomolgus monkeys are
the major strength of this work. The liver biopsies especially provide direct evidence that B1344 improves NASH.
A minor limitation is that the DIO monkeys presented only
mild NASH, evidenced by low immune cell inﬁltration. It is
also unclear whether B1344 elicits hepatic beneﬁt via
direct actions in the liver or whether these effects are
partially affected by weight loss and enhanced glycemic
control. In addition to reducing weight, B1344 also improved fasting glucose, glycated hemoglobin, and glucose
tolerance. A calorie-restricted control group to match the
B1344-induced weight loss could have provided additional

valuable information. Similarly, a head-to-head comparison
with native FGF21 would have added value to fully appreciate the superior metabolic action of the long-acting FGF21
analog. The study in mice indicates that B1344 can prevent
NASH in a non–body-weight-related manner. While these
effects are promising, the MCD diet model has some
limitations. For one, the MCD diet does not reﬂect any
diet consumed by humans. In addition, already lean mice
lost 40% of their body weight in 8 weeks on the MCD diet in
the current study. This is in stark contrast to fatty liver
disease in humans, which is associated with obesity (14).
Nevertheless, the potent ability of B1344 to prevent a dietinduced progression to NASH certainly warrants follow-up
investigations.
Collectively, the study by Cui et al. is an important step
forward in evaluating FGF21 analogs for the treatment of
NAFLD/NASH. Recently, another long-acting FGF21 analog called pegbelfermin was evaluated in patients with
biopsy-conﬁrmed NASH (15). While pegbelfermin reduced hepatic fat up to 30%, NASH end points were
not assessed with liver biopsies (15). Since liver fat and
NASH do not always correlate (16), it is signiﬁcant that
Cui et al. now provide histological evidence that longacting FGF21 analogs can improve NASH in nonhuman
primates. To understand whether this is the case in humans
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Figure 1—A new FGF21 analog improves NAFLD/NASH in nonhuman primates and mice. A: DIO male cynomolgus monkeys with .10%
hepatic fat content were injected twice a week for 11 weeks with B1344, a novel PEGylated and genetically modiﬁed long-acting FGF21
analog. Magnetic resonance imaging and liver biopsies demonstrated that B1344 reduced hepatic fat content by 40%, decreased scarring,
and lowered markers of hepatic inﬂammation. B: An MCD diet was used to induce NASH in lean mice. After 2 weeks on the MCD diet, mice
were treated with daily injections of vehicle or B1344 for up to 4 weeks. While control mice developed patent NASH, B1344-treated mice had
low histological NASH scores, low liver fat content, lower circulating levels of alanine aminotransferase and aspartate aminotransferase,
which are markers of liver injury, and low expression of hepatic genes indicative of inﬂammation.
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will be the next step in the quest to develop a pharmacotherapy for fatty liver disease.
Duality of Interest. No potential conﬂicts of interest relevant to this article
were reported.

References

1607

7. Cui A, Li J, Ji S, et al. The effects of B1344, a novel ﬁbroblast growth factor
21 analog, on nonalcoholic steatohepatitis in nonhuman primates. Diabetes 2020;
69:1611–1623
8. Itoh N. FGF21 as a hepatokine, adipokine, and myokine in metabolism and
diseases. Front Endocrinol (Lausanne) 2014;5:107
9. Gaich G, Chien JY, Fu H, et al. The effects of LY2405319, an FGF21 analog, in
obese human subjects with type 2 diabetes. Cell Metab 2013;18:333–340
10. Gimeno RE, Moller DE. FGF21-based pharmacotherapy–potential utility for
metabolic disorders. Trends Endocrinol Metab 2014;25:303–311
11. Liu J, Xu Y, Hu Y, Wang G. The role of ﬁbroblast growth factor 21 in the
pathogenesis of non-alcoholic fatty liver disease and implications for therapy.
Metabolism 2015;64:380–390
12. Hecht R, Li YS, Sun J, et al. Rationale-based engineering of a potent longacting FGF21 analog for the treatment of type 2 diabetes. PLoS One 2012;7:
e49345
13. Stephenson K, Kennedy L, Hargrove L, et al. Updates on dietary models of
nonalcoholic fatty liver disease: current studies and insights. Gene Expr 2018;18:5–17
14. Luyckx FH, Lefebvre PJ, Scheen AJ. Non-alcoholic steatohepatitis: association with obesity and insulin resistance, and inﬂuence of weight loss. Diabetes
Metab 2000;26:98–106
15. Sanyal A, Charles ED, Neuschwander-Tetri BA, et al. Pegbelfermin (BMS986036), a PEGylated ﬁbroblast growth factor 21 analogue, in patients with nonalcoholic steatohepatitis: a randomised, double-blind, placebo-controlled, phase
2a trial. Lancet 2019;392:2705–2717
16. Liu K, Wong VW, Lau K, et al. Prognostic value of controlled attenuation
parameter by transient elastography. Am J Gastroenterol 2017;112:1812–1823

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/69/8/1605/525247/dbi200025.pdf by guest on 29 June 2022

1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease–meta-analytic assessment of
prevalence, incidence, and outcomes. Hepatology 2016;64:73–84
2. Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the epidemic
of nonalcoholic fatty liver disease demonstrates an exponential increase in burden
of disease. Hepatology 2018;67:123–133
3. Mantovani A, Zaza G, Byrne CD, et al. Nonalcoholic fatty liver disease increases risk of incident chronic kidney disease: a systematic review and metaanalysis. Metabolism 2018;79:64–76
4. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease and
risk of incident type 2 diabetes: a meta-analysis. Diabetes Care 2018;41:372–382
5. Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Non-alcoholic fatty liver
disease and risk of incident cardiovascular disease: a meta-analysis. J Hepatol
2016;65:589–600
6. Torgerson JS, Hauptman J, Boldrin MN, Sjöström L. XENical in the prevention
of Diabetes in Obese Subjects (XENDOS) study: a randomized study of orlistat as an
adjunct to lifestyle changes for the prevention of type 2 diabetes in obese patients.
Diabetes Care 2004;27:155–161

Kleinert and Müller

