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Abstract. Replenishing the insulin‑producing β‑cell mass is 
considered to be a potential cure for diabetes. A recent study 
identified a secreted protein, known as betatrophin, which 
potently induces pancreatic β‑cell proliferation. Notably, a 
number of studies reportedly identified betatrophin, which 
is also known as lipasin, atypical angiopoietin‑like 8 and 
refeeding‑induced fat and liver protein, and considered to be 
a novel regulator in lipid metabolism according to the studies. 
The identification of betatrophin was considered to create novel 
opportunities for potential diabetes therapy. In the present 
study, the current knowledge of betatrophin is reviewed, with 
regards to its character and function in lipid homeostasis and 
pancreatic β‑cell proliferation.
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1. Introduction

According to the data from the International Diabetes 
Federation, the global prevalence of diabetes in 2011 was 
366 million. The number is estimated to reach 552 million 
with a 7.7% comparative prevalence by 2030 (1).

The main occurrence of diabetes is type II diabetes, which 
is characterized by a series of metabolic disorders that consist 
of impaired β‑cell function, insulin resistance (IR) and exhaus-
tion, dedifferentiation and loss of functional β‑cell mass (2‑4). 
By contrast, type I diabetes appears to result from an autoim-
mune attack on pancreatic β cells, which consequently leads to 
a β‑cell deficiency (5). Currently, there is no pharmacological 
treatment or insulin injection available that can substitute for 
the endogenous β‑cell function entirely in the prevention of 
hyperglycemia and the resulting complications.

To the best of our knowledge, the pancreatic β cell is a 
perfect sensor for blood glucose levels and secretes an accurate 
amount of insulin to regulate glucose and energy homeostasis. 
A therapy that restores the insulin‑producing pancreatic β‑cell 
mass is likely to benefit all diabetics, even though the primary 
causes of type I and type II diabetes are different. Restoration 
of the functional β‑cell mass is therefore expected to be a key 
aim of diabetes therapy (6).

Based on this theory, numerous studies (?) have been 
reported in the last few decades that have aimed to identify 
novel factors that are involved in the regulation of β‑cell 
mass and may provide novel potential therapeutic strategies. 
Gut‑derived incretins, muscle‑derived myokines, macro-
phage‑derived cytokines and adipocyte‑derived adipokines 
were expected to develop regenerative β‑cell therapy  (7). 
However, these factors contribute to enhancing the β‑cell mass 
and function, although the clinical practice has been restricted 
due to limited specificity and uncertain effects (8).

In 2010, Genentech and Lexicon Pharmaceutical 
Collaboration created a library of knock-out murine models 
that targeted the genes encoding secreted and membrane 
proteins, providing 472 murine mutant lines that were subjected 
to a systematic phenotypic screen (9). In the mice knock-out 
library, the deletion of the Gm6484 gene was found to signifi-
cantly reduce serum triglyceride (TG) levels, compared to 
wild‑type mice. In another study concerning genome screening 
for common variants associated with human lipid compounds, 
the variations of C19orf80, the human homologue of Gm6484, 
were associated with plasma lipid levels (10).

Yi et al (11) also identified betatrophin, a novel hormone 
that is increased in mice that exhibit insulin receptor antag-
onist‑induced IR, and also induces a notable dose‑dependent 
increase in pancreatic β‑cell proliferation. Identification of 
betatrophin exerting control on β‑cell mass and replication, 
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is considered to create novel opportunities for potential 
diabetes therapy. Notably, other studies have also recently 
reported the identification and function of betatrophin, which 
was designated as lipasin (12,13), atypical angiopoeitin‑like 8 
(ANGPTL8) (14) and refeeding‑induced fat and liver protein 
(RIFL) (15). In those studies, this β‑cell booster was recog-
nized as a nutritionally‑regulated factor that controls serum 
lipid metabolism.

In the present study, the knowledge pertaining to beta
trophin is reviewed with regards to its character and function 
in lipid homeostasis and pancreatic β‑cell proliferation.

2. Refeeding induced fat and liver

In 2012, Ren et al (15) utilized the Lexicon‑Genentech mice 
gene knock‑out library and generated 3T3‑L1 cells in vitro 
adipogenesis. The study reported the Gm6484 gene as RIFL 
due to the high induction of RIFL during adipogenesis in 
the primary cultures of rodent and human adipocytes and in 
3T3‑L1 cells. Knockdown of the RIFL gene leads to reduced 
adipogenesis, which presented a reduced TG content.

In mice, RIFL mRNA was highly expressed in white and 
brown adipose tissue (WAT and BAT, respectively) and the 
liver. In particular, the WAT content was detected to undergo a 
significant increase in ob/ob mice, which is a model of genetic 
obesity due to the absence of leptin. Similarly in humans, 
the RIFL expression was enriched in liver and fat tissues. 
Additionally, in the 3T3‑L1 adipocytes, the expression level of 
RIFL was induced by insulin in a time‑ and dose‑dependent 
manner. Numerous agents that stimulate lipolysis have been 
shown to inhibit the expression of the RIFL gene.

These data showed several aspects of RIFL in adipocyte 
regulation and suggested that RIFL is a novel regulator of lipid 
metabolism.

3. Angiopoietin‑like 8

Angiopoietin‑like proteins (ANGPTLs) have main roles in 
lipid metabolism and trafficking  (16). ANGPTL3, a gene 
located in an intron of DOCK7, has been shown to be involved 
in lipid homeostasis.

Quagliarini et al (14) reported that the Gm6484 gene is 
located in the corresponding intron of DOCK6 and the resulting 
product, known as ANGPTL8, is a paralog of ANGPTL3. 
As demonstrated previously, ANGPTL8 is largely expressed 
in mice liver, WAT, BAT and adrenal glands, whereas it is 
expressed primarily in the liver, adipose tissue and plasma of 
humans. ANGPTL8 was markedly upregulated by feeding and 
suppressed by fasting in mice and humans (13‑15). Additionally, 
a variant in this family member (R59W, rs2278426) has 
been demonstrated to be associated with a decreased plasma 
low‑ and high‑density lipoprotein cholesterol content in three 
populations (14).

The ANGPTL protein family includes 7  members 
(ANGPTL1  to 7). Similar to angiopoietins, all ANGPTLs 
have one or two coiled‑coil domains and a fibrinogen‑like 
domain (16‑19). Previous studies have demonstrated that two 
closely associated members, ANGPTL3 and ANGPTL4, 
have essential roles in lipid and lipoprotein trafficking and 
metabolism (20‑23). In the previous studies, the deletion of 

the ANGPTL3 gene was associated with significantly reduced 
plasma levels of TG and cholesterol in mice and humans (20,22). 
Similarly, mice lacking ANGPTL4 also present with reduced 
levels of blood TG and cholesterol. Furthermore, sequence 
variations of ANGPTL4 have been confirmed to be associated 
with lower TG levels in humans (22,23).

With regards to the similarities, ANGPTL8 shares 
homolog with the N‑terminal region of ANGPTL3 and 
ANGPTL4, which facilitates lipasin, lipoprotein lipase (LPL) 
binding, and the three genes contribute to plasma TG regula-
tion (14). However, in terms of differences, it should be noted 
that there are several distinct traits between ANGPTL8 and 
other members of the ANGPTL family (13,24,25). As afore-
mentioned, all ANGPTLs harbor fibrinogen‑like domains 
and coiled‑coil domains that do not exist in ANGPTL8. In 
addition, all ANGPTLs have various glycosylation sites and 
amino acids to establish disulphide bonds, whereas these are 
not present in ANGPTL8. These characteristics suggest that 
ANGPTL8 is a novel, but atypical member, in the ANGPTL 
protein family.

To assess the functional association between the two 
ANGPTL family members, Quagliarini et al (14) expressed 
ANGPTL3 at various levels in combination with or without 
ANGPTL8 in the livers of mice. As was suggested, ANGPTL8 
interacted with ANGPTL3 and facilitated its cleavage. 
Consistent with this result, adenovirus‑mediated overexpression 
of ANGPTL8 resulted in higher serum TG, whereas this result 
was reversed in ANGPTL3‑/‑ mice. Additionally, ANGPTL8 
expression was induced by food intake in a sterol‑regulatory 
element‑binding protein 1 independent manner. These data 
suggest that ANGPTL8, a paralog of ANGPTL3, regulates 
TG and fatty acid metabolism in response to food intake by 
controlling activation of its progenitor, possibly ANGPTL3.

Recently, the characteristics and function of ANGPTL8 
were reported  (26). The primary aim of the study was to 
investigate the effect of ANGPTL8 on lipid and glucose 
metabolism by using the ANGPTL8 gene knock‑out mice. 
The results indicate that ANGPTL8 plays a pivotal role in the 
transition of metabolic status between fasting and refeeding. 
Furthermore, glucose and insulin‑tolerance testing did not 
reveal significant changes in glucose homeostasis in mice 
consuming either a chow‑fed or high‑fat diet (HFD). Finally, 
immunoblot analysis revealed that ANGPTL8 is not required 
for ANGPTL3 cleavage.

4. Lipasin, lipoprotein lipase inhibition

Another study by Zhang (13), identified Gm6484 as a nutri-
tional regulation gene by performing RNA sequencing on the 
mRNA of liver and fat tissues in mice that were exposed to 
various nutritional situations. It is widely accepted that ‘in’ 
denotes a circulating factor. Due to the inhibition of LPL 
activity, the gene was termed lipasin.

The study showed that human lipasin is liver‑specific, 
while it is abundantly expressed in the liver, BAT and WAT of 
mice (13). HFD treatment markedly increased lipasin expres-
sion in the liver, whereas 24‑h fasting markedly reduced it in 
fat and 48‑h fasting reduced it in liver. In addition, adenovi-
ruses induced the overexpression of lipasin in mice, which 
increased the serum TG levels. Recombinant lipasin at high 
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concentrations inhibits LPL activity in vitro. Based on these 
results, it is considered that lipasin is a liver‑enriched nutri-
tional regulator that inhibits LPL and reduces TG clearance, 
thereby increasing the serum TG content.

Similarly, Fu et al (12) published another study regarding 
lipasin in the subsequent year. Considering the high expression 
in BAT, the thermoregulated and nutritionally‑regulated func-
tions of lipasin was investigated in BAT. The results showed 
that the lipasin expression levels markedly increased following 
exposure to a cold environment (4˚C for 4 h), while the levels  
of ANGPTL4 and ANGPTL2 were reduced. Furthermore, 
fasting evidently decreased lipasin expression in BAT, but 
increased ANGPTL4 expression. HFD treatment increases 
lipasin expression but reduces ANGPTL2.

The data indicated that the definitive physiological roles 
for ANGPTL family members involved the regulation of ther-
mogenesis and energy homeostasis. Compared to ANGPLT4, 
lipasin in BAT presents an opposite role of thermoregulation 
and nutritional regulation. Similar to the aforementioned 
studies, these results supported that lipasin is a novel, but 
atypical, member of the ANGPTL protein family.

The studies that initially reported the identification 
and function of betatrophin (13‑15) also revealved that the 
Gm6484/C19orf80 gene is a liver‑ and fat‑enriched gene 
and provided a profile of the gene product in lipid metabo-
lism, which demonstrated involvement in the regulation of 
the plasma TG level. However, there are several differences 
between the studies as well.

The studies differ with regards to the expression 
pattern among tissues. In mice, the study by Zhang  (13) 
demonstrated that the gene mainly expresses in the liver 
and BAT rather than WAT. By contrast, Ren et al (15) and 
Quagliarini  et  al  (14) suggested comparable expression 
levels in liver, BAT and WAT, as well as the adrenal gland. 
In humans, Zhang  (13) showed that in addition to a low 
expression in WAT, the gene is principally expressed in the 
liver, whereas Quagliarini et al (14) indicated that there is 
considerable expression in WAT and in the brain. Due to the 
vulnerability of Gm6484/C19orf80 to the nutritional status, 
the different opinions on the expression pattern of the gene 
may attribute to various feeding regimens in the previous 
studies.

In terms of lipid metabolism, Quagliarini  et  al  (14) 
suggested that the gene product increases lipolysis, owing to the 
assistance in ANGPTL3 cleavage. By contrast, Ren et al (15) 
showed that it is lipogenic. However, Zhang (13) supported 
the hypothesis that Gm6484/C19orf80 reduces TG clearance 
via LPL inhibition, thereby increasing the serum TG content. 
These apparently opposite characteristics of lipid metabolism 
require confirmation by further experiments.

5. Betatrophin, a β‑cell booster

A previous study (14) provided a potential mechanism for LPL 
inhibition or an effect on serum TG level. However, no previous 
studies have reported the effects of the Gm6484/C19orf80 
gene on pancreatic β cell or diabetes.

A number of murine models that developed severe IR have 
been previously reported to undergo a clear increase in pancre-
atic mass. The increment in pancreatic mass observed in the 

IR status reignited an exploration for the potential factors that 
control β‑cell proliferation.

Michael et al (7) and Flier et al (27) reported a series of 
experiments that strongly supported that the factors that were 
secreted by the liver and released into the circulation promoted 
islet cell growth. Using liver‑specific insulin receptor knock‑out 
(LIRKO) mice, Flier et al (27) reported the induction of a factor 
that contributes to the crosstalk between liver and pancreatic 
islets that trigger β‑cell proliferation. Subsequent to this, other 
studies have supported the existence of circulating factors that 
may induce β‑cell proliferation (8,28).

The study by Yi et al (11) reported the identification of an 
unknown factor that induces compensatory β‑cell prolifera-
tion in a novel pharmacological marine model of IR. In this 
study, S961, a 43 amino acid inhibitory peptide that has a high 
affinity and selectivity for the insulin receptor, was infused 
into mice to induce an IR status. The results suggested that the 
hormone, betatrophin, enhances insulin production through 
induction of β‑cell proliferation, thereby contributing to 
metabolism. Notably, betatrophin transgenic overexpression in 
liver resulted in a specific, rapid and robust increase of β‑cell 
proliferation and an improved glucose tolerance in young 
adult mice. Additionally, the study revealed that betatrophin, 
a secreted protein of 198 amino acids, is highly conserved 
in mammalian species. In humans, betatrophin is mainly 
expressed in the liver. As shown in the study (11), betatrophin 
underwent upregulated expression in the liver and fat in a series 
of mice models that exhibited β‑cell proliferation, including 
IR, pregnancy and leptin deficiency.

However, the study did not demonstrate the correlation 
between the circulating contents of betatrophin and the 
increment of pancreatic islet mass. Additionally, the study 
assessed a novel model of IR, developed by S961 that is an 
insulin‑receptor antagonist, rather than traditional models, 
such as diet‑induced obesity  (7,29,30). However, whether 
betatrophin undergoes similar changes in other genetic manip-
ulations that provoke β‑cell replication, including LIRKO and 
MEK1 mutations (7,31), remains to be investigated.

Subsequently, the administration of S961 was employed to 
determine its effect on human β cells (32). The IR status devel-
oped by S961 was confirmed to cause a clear increase of β‑cell 
replication in mice. In particular, this consequence occurred, 
regardless of whether the β cells were in their native environ-
ment, such as the pancreas or in the ectopic location, or the 
kidney capsule in the study. By contrast, the human pancreatic 
islets transplanted under the kidney failed to respond. These 
results question the suitability of betatrophin in therapeutic 
approaches for human diabetes.

A recent cross‑sectional study (33) evaluated the betatro-
phin concentrations by ELISA in the plasma of patients with 
type I diabetes and age‑matched healthy controls. Although 
betatrophin was increased in the plasma of patients with 
type I diabetes compared to controls, the plasma contents did 
not correlate with a series of metabolic parameters. Notably, 
among the healthy controls the plasma betatrophin levels 
increased with age. This indicates that betatrophin‑induced 
β‑cell proliferation may be a beneficial physiological mecha-
nism and that increased betatrophin contents in patients with 
type I diabetes may be explained by IR. However, the presence 
of this mechanism remains to be determined.
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6. Conclusion

Recently, the discovery of betatrophin has raised a number of 
questions. The following is a list of specific principal issues 
that require clarification in the future.

i) Establishing the mechanism behind how betatrophin 
induces this potent response in pancreatic β cells is required. 
Identification of the betatrophin receptor and other potential 
co‑factors or signaling pathways may benefit in elucidating 
how the liver and fat interact with the pancreas to regulate the 
β‑cell mass (34).

ii) The role of betatrophin in lipid regulation. First, further 
studies are required to determine how betatrophin interacts 
with the other members of the ANGPTL protein family (35). 
Second, with regards to LPL having a pivotal role in the uptake 
process of fatty acids derived from TG, betatrophin, also known 
as lipasin, inhibits LPL activity and is emerging as an essential 
lipid regulator and a potentially therapeutic target (12). Third, 
exploring the mutual influence between betatrophin and lipid 
homeostasis in the pathological development of diabetes may 
be useful.

iii) Age and betatrophin‑induced β‑cell regeneration. As 
indicated in the cross‑sectional study (33), plasma betatrophin 
concentrations in the younger patients were higher than the 
older individuals among the healthy controls. In addition, it 
has been demonstrated that both mice and humans undergo 
a decline in the β‑cell replication rate in correlation with an 
increase in age (36,37). Thus, it remains to be investigated 
whether the effect of betatrophin on β‑cell mass is apparent in 
aged mice or mice with β cell of a limited regenerative ability 
or dedifferentiation.

iv) Association with irisin. A novel myokine, known as 
irisin, was identified by Bostrom et al (38). Irisin enhances the 
total energy expenditure, prolongs life expectancy, reduces body 
weight and protects against diet‑induced IR (39). A recent study 
by Zhang et al (40), reported that irisin increased the expression 
of betatrophin in primary rat adipocytes and 3T3‑L1‑derived 
adipocytes. The pathway between irisin and betatrophin may 
be involved in the pathological progression of IR, which would 
provide a novel insight for diabetes therapy and obesity (41).

v) Potential side‑effects accompanied by betatrophin treat-
ment. The beneficial regenerative effects on β‑cell replication, 
potential adverse effects, on account of dyslipidemia or other 
metabolism disorders, require further investigation to demon-
strate that betatrophin specifically acts on β cells and does not 
influence other cell or organs in the mammalian body.
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