
R E V I E W

Research Advances in Fusion Protein-Based Drugs 
for Diabetes Treatment
Wenying Deng 1,*, Zeyi Zhao 1,*, Tao Zou2, Tongdong Kuang 3,*, Jing Wang 1,*

1School of Basic Medical Sciences, University of South China, Hengyang, Hunan Province, 421001, People’s Republic of China; 2Department of 
Cardiovascular Medicine, First Affiliated Hospital of University of South China, Hengyang, Hunan Province, 421001, People’s Republic of China; 
3Guangxi Key Laboratory of Diabetic Systems Medicine, Guilin Medical University, Guilin, Guangxi Province, 541199, People’s Republic of China

*These authors contributed equally to this workThese authors contributed equally to this study 

Correspondence: Tongdong Kuang, Guangxi Key Laboratory of Diabetic Systems Medicine, Guilin Medical University, Guilin, 541199, People’s 
Republic of China, Email 594536067@qq.com; Jing Wang, School of Basic Medical Sciences, University of South China, Hengyang, Hunan Province, 
421001, People’s Republic of China, Tel +86 15200735915, Email 738212405@qq.com

Abstract: Diabetes mellitus (DM) is a chronic metabolic disease characterized by elevated blood glucose levels, resulting in multi- 
organ dysfunction and various complications. Fusion proteins can form multifunctional complexes by combining the target proteins 
with partner proteins. It has significant advantages in improving the performance of the target proteins, extending their biological half- 
life, and enhancing patient drug compliance. Fusion protein-based drugs have emerged as promising new drugs in diabetes 
therapeutics. However, there has not been a systematic review of fusion protein-based drugs for diabetes therapeutics. Hence, we 
conducted a comprehensive review of published literature on diabetic fusion protein-based drugs for diabetes, with a primary focus on 
immunoglobulin G (IgG) fragment crystallizable (Fc) region, albumin, and transferrin (TF). This review aims to provide a reference 
for the subsequent development and clinical application of fusion protein-based drugs in diabetes therapeutics. 
Keywords: diabetes mellitus, fusion protein, Fc protein, glucagon-like peptide 1 receptor agonists, transferrin, albumin

Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated glucose in the blood levels (hypergly
cemia). Prolonged metabolic disorders can result in systemic damage to various organs including the kidneys, eyes, heart, 
blood vessels and nerves, leading to chronic progressive lesions, hypofunction, and organ failure.1–3 According to the 
10th edition of the IDF diabetes atlas released by the International Diabetes Federation (IDF), the global number of 
people with DM is as high as 537 million, and its prevalence is increasing annually.4

Type 1 diabetes mellitus (T1DM) is characterized by the autoimmune-mediated destruction of pancreatic β-cells, 
resulting in an absolute lack of insulin secretion and is most commonly diagnosed in children and adolescents.4,5 Type 2 
diabetes mellitus (T2DM) is characterized by insulin resistance and a relative lack of insulin secretion, which can cause 
by various etiologies. T2DM constitutes over 90% of clinical cases and is predominantly observed in middle-aged and 
elderly individuals.6

Currently, the management of diabetes mellitus is based on a globally accepted “five-pronged” approach, encom
passing health education, diet control, physical exercise, self-monitoring, and pharmacological intervention. The global 
market value of diabetes therapeutics drug accounted to $118.1 billion in 2020, and it is projected to reach $317.9 billion 
by 2030, exhibiting a compound annual growth rate (CAGR) of 10.4% from 2021 to 2030.7 Fusion protein-based drugs 
are favored in the market among various diabetes medications due to their extended half-life and stability, which also 
indicates an increasing market demand with the rise of chronic diseases.8 Genetic engineering technology allows for the 
development of fusion protein-based drugs that combine a functional target protein with a long half-life human-derived 
IgG Fc protein, albumin, or transferrin. Firstly, this fusion reduces the immunogenicity of the drug in vivo due to the 
human origin of the partner fusion protein. Secondly, the large relative molecular mass of the partner fusion protein, 
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along with its unique ultra-long-acting mechanism, it reduces the kidney clearance of the target protein while preserving 
its original function, therefore extending the duration of drug effect.

Currently, the majority of papers primarily focus on a holistic approach to long-acting proteins, however, they failed 
to provide a detailed analysis of the target and clinical dosing of fusion protein-based drugs in the field of diabetes drug 
therapy. Hence, we conducted a systematic review of the fusion process and the targeted actions of various fusion 
protein-based drugs based on the latest research findings regarding fusion protein drugs used in the treatment of diabetes 
and its complications (Table 1). The present study aims to provide novel insights into the field of combination drug 
therapy for diabetes. Additionally, it aims to offer new research clues for the development and utilization of fusion 
protein-based drugs, as well as explore new possibilities for individualized diabetes treatment.

Diabetes Mellitus
Diabetes is a prevalent chronic illness that affects individuals globally and is characterized by persistent hyperglycemia. 
It is a significant independent factor contributing to the development of cardiovascular diseases, which has the highest 
incidence and mortality rates worldwide.28 Diabetes mellitus can be classified into type 1 (T1DM) and type 2 (T2DM) 
based on the islet function. Islet function failure, with a low insulin release curve, corresponds to T1DM; while relatively 
intact islet function, characterized by a delayed peak insulin release curve, corresponds T2DM.

The regulatory mechanism of blood glucose is shown in Figure 1.29,30 After food intake, increased blood sugar level 
stimulates insulin secretion by islet β cells. Insulin then binds to the insulin receptor (IR) on the cell surface, promoting 
the IR phosphorylation. Phosphorylated IR further enhances the phosphorylation of the tyrosine structural domain on the 
insulin receptor substrate (IRS). This amplifies its active effect via the downstream phosphatidylinositol 3 kinase/protein 
kinase B (PI3K/Akt2) pathway and continues to phosphorylate downstream effector molecules, such as the Rab-GTPase- 
activating protein (Rab-GAP).31 Ultimately, this process allows Glucose Transporter 4 (GLUT-4) to transfer from the 
cytoplasm to the cellular membrane, regulating intracellular glucose uptake and utilization.32

Diabetes mellitus is a multifaceted disease with various etiologies. Different types of diabetes mellitus can be 
triggered by various factors. T1DM is an intricate autoimmune disease primarily associated with autoreactive memory 
T cells that fail to recognize their antigens, leading to immune tolerance and subsequent attack on islet β cells.33 

A characteristic feature of patients with T1DM is the presence of T cells with a memory phenotype. These auto-reactive 
memory T cells are long-lived, highly responsive to antigenic stimuli, and play a significant role in the persistent 
deterioration of beta cell function in T1DM.33 Several immune interventions have shown some success in protecting beta 
cell function, such as Abatacept and Alefacept, which will be discussed below.34,35 These interventions have been found 
to deplete or modulate memory T cells. Well-tolerated specific immunotherapies can improve islet function in patients 
with T1D and are one of the promising strategies to slow down the process of β-cell destruction after the onset of T1D. 
A series of autoimmune antibodies for T1DM include: islet cell antibody, insulin autoantibody, glutamic acid decarbox
ylase antibody, islet antigen-2 antibody, and zinc transporter-8 antibody, which not only predict the likelihood of having 
T1DM, but also assist in diagnosing it with blood glucose values.36

T2DM is mainly caused by genetics, environmental factors (such as obesity, aging and a high-calorie diet) and 
inflammation, which promote each other and lead to insulin resistance.37,38 For example, chronic inflammation has been 
implicated in the pathogenesis of obesity-associated T2DM.39 And in turn obesity contributes to the development of 
chronic low-grade inflammation, as evidenced by elevated circulating levels of inflammatory cytokines.40 Inflammation 
plays a crucial role in the development of T2DM and is also medically controllable in T2DM.39,41 Inflammatory factors 
such as TNF-α, IL-6 and IL-1β often activate the NF-κB and JNK pathways through autocrine or paracrine signaling. 
This further promotes the formations of NLRP3 inflammatory vesicle and the releases of the cytokines and chemokines. 
Consequently, immune cells are recruited, leading to interference with insulin signaling in the peripheral tissues. These 
inflammatory factors can be utilized for predicting the risk of T2DM, and improving the corresponding inflammatory 
process is a common approach in the treatment of diabetes.
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Table 1 Related Fusion Protein Analogs for the Treatment of Diabetes

Category Drug Name Trade 
Name

Structure Ligand Half-Life Research Status Major Adverse 
Reactions

References

IgG Fc Fusion proteins Dulaglutide Trulicity GLP-1 analogue - IgG4Fc GLP-1R 5 days Listed (FDA 2014) Gastrointestinal adverse 
reactions

[9–12]

Efpeglenatide Exendin-4 analogue - IgG4Fc GLP-1R 5.6 to 7.5 days Clinical Phase 3 trial Gastrointestinal adverse 

reactions

[13]

Basal Insulin 

Fc /Insulin 

efsitora alfa

Insulin analogue - IgG2Fc Insulin 

receptor

14 days Clinical Phase 2 trial Low blood sugar [14]

Etanercept Enbrel TNFRII- IgG1Fc Membrane 

TNFR

3–5.5 days Listed (FDA 1998) but for 

T1DM treatment in a small 
pilot study

Injection site reaction and 

infections

[15,16]

Abatacept Orencia CTLA-4- IgG1Fc B7 2 weeks Listed (2005 FDA) but for 
T1DM treatment in clinical 

Phase 2 trial

Upper respiratory tract 
infection and disgusting

[17,18]

sgp130Fc / 

Olamkicept

gp130- IgG1Fc sIL-6R 4.7 days Clinical phase 2 trial Seasonal upper respiratory 

tract infections and skin 

diseases

[19]

Alefacept Amevive LFA-3 - IgG1Fc CD2 12 days Listed (2003 FDA) but for 

T1DM treatment in clinical 
phase 2 trial

Low blood sugar and 

infection

[20,21]

Rilonacept Arcalyst IL-1R- IgG1Fc IL-1α, IL-1β 6–8 days Listed (2008 FDA) for T1DM 
treatment in clinical Phase 1 

trial

Injection site reaction and 
upper respiratory tract 

infections

[22]

Albumin Fusion 

proteins

Albiglutide Tanzeum GLP-1 analogue-albumin GLP-1R 6–8 days Listed (FDA 2014) Gastrointestinal adverse 

reactions and pancreatitis

[23,24]

Albulin Insulin-albumin Insulin 

receptor

50 hours Rats [25,26]

Transferrin fusion 

protein

ProINS-TF Proinsulin-Transferrin Insulin 

receptor

7.29 hours Rats [27]
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Fusion Protein
Since the synthesis of crystalline bovine insulin in China in 1965, the development of synthetic proteins has propelled 
mankind into an era of significant advancements in proteins drugs.42–45 The global protein therapeutics market was 
valued at $283.64 billion in 2020, and it is projected to reach $566.66 billion by 2030, with a compound annual growth 
rate (CAGR) of 7.1% from 2021 to 2030.46 Recombinant proteins are the major component of protein drugs, encom
passing 197 recombinant proteins into the market from 2018 to 2022.47 The major types of recombinant proteins include 
monoclonal antibodies, hormones (e.g.insulin), cytokines, and fusion products. Fusion protein-based drugs are one of the 
long-acting drugs (with a half-life longer than 8 hours),48 which are produced by combining the target protein with 
another protein (Table 2). These fusion protein-based drugs exhibit extended half-life, minimal toxicity, high degree of 
specificity, excellent targeting capabilities, and remarkable stability, leading to their burgeoning popularity within the 
biopharmaceutical industry.

Fusion protein-based drugs have three main fusion partners: the Fc fragment, albumin, and transferrin.48 The ultra- 
long-acting preparations of Fc fusion proteins and albumin fusion proteins depend primarily on endogenous proteins in 
the organism, namely the neonatal Fc receptor (FcRn). This receptor extends their biological half-life by preventing 
hepatic metabolic degradation through specific receptor-mediated cycling. FcRn is a non-covalent heterodimer composed 
of a 40 kDa α heavy chain and a 12 kDa β2m monomeric light chain. The α heavy chain consists of three extracellular 
regions (α1, α2, and α3), a transmembrane region, and a cytoplasmic tail of 44 amino acids.49 Although FcRn has 
a structure similar to that of the MHC I molecule, it possesses a blocked peptide-binding groove, preventing the 
presentation of peptide antigens to T cells and avoiding the elicitation of the body’s immune response.50 FcRn binds 

Figure 1 The signaling pathways and targets of drug action in normal humans after glucose uptake. In normal humans, blood glucose rises after food intakes and stimulates 
insulin secretion from pancreatic beta cells. Insulin first binds to the insulin receptor (IR) on the cell surface, which phosphorylates the insulin receptor itself, and the 
activated IR promotes phosphorylation of the tyrosine structural domain on the insulin receptor substrate (IRS), followed by signal transfer to the downstream PI3K/Akt2 
pathway to amplify its active effect, and the activated Akt in turn continues to phosphorylate downstream effector molecules, including Rab-GTPase-activating protein, which 
ultimately translocates glucose transporter 4 (Glut-4)-vesicles from the cytosol to the cell membrane surface, regulating cellular glucose uptake. GLP-1 is known to inhibit 
glucagon secretion and promote insulin secretion. Dulaglutide, Albiglutide and Efpeglenatide, which are GLP-1 RAs, can lower blood glucose through both processes. Il-6 and 
TNF-α activation decreases the tyrosine kinase activity of insulin and impedes insulin-mediated glucose uptake in skeletal muscle and glucose uptake by adipocytes, both 
corresponding to the antagonists Olamkicept and Etanercept, which can block this pathway to achieve a lowering effect on blood glucose. 
Abbreviations: IRS1, insulin receptor substrate 1; PI3K, phosphatidylinositol 3 kinase, AKT, protein kinase B; Rab-GTP, Rab-GTPase-activating protein; GLUT4, glucose transporter 4.
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to Fc fragments or albumin through a pH-sensitive manner. Antibodies and albumin enter the cell by pinocytosis and bind 
to FcRn in the acidic endosome (pH=6.0). Subsequently, the FcRn-mediated antibody and FcRn-mediated albumin are 
released back into the extracellular environment and dissociate from FcRn at a pH of 7.4. This mechanism prevents the 
degradation of the antibodies and albumin by the acidic lysosomes, which enter the cell via pinocytosis, leading to the 
development of a long-lasting formulation. Studies have demonstrated that the fusion of FcRn with IgG Fc or albumin 
has been effective in delivering therapeutic drugs in the lung, oral cavity, genitalia, and uterus.51,52 It proves the 
promising development of Fc fusion protein in clinical applications.

In addition to combining functional proteins with Fc fragments and albumin, transferrin is also used as a bio-carrier 
for drug delivery, becoming a new fusion form. Transferrin enters the cell in a cytosolic form by binding to Transferrin 
receptor-1 (TFR1), and subsequently undergoes dissociation in the acidic environment of the endosome. It is then 
released extracellularly, thereby preventing the degradation of TF and TFR in the lysosome. This process facilitates 
recycling of transferrin upon release, effectively reusing Transferrin,53 thus improving TF half-life and efficacy. Apart 
from its application in the treatment of diabetes mellitus through the proinsulin-transferrin fusion protein (ProINS-TF), 
which will be mentioned later, transferrin can also be used to deliver proteins, drugs or DNA to target cells through 
diverse binding modalities, including biomolecules and nanoparticle platforms.54–57 The binding of transferrin to 
nanoparticle-coated insulin has demonstrated resistance to enzymatic hydrolysis and the ability to extend insulin efficacy 
for up to 10 hours.49

IgG Fc Fusion Protein
The Overview of IgG Fc Fusion Protein
The IgG Fc fusion protein is a genetically engineered recombinant protein that combines a functional protein with 
specific biological activities to the IgG Fc fragment. The immunoglobulins contain antigen-binding fragment (Fab) and 
Fc domain in vivo. The Fab region is composed of four structural domains: Variable Light domain (VL), Constant Light 
domain (CL), Variable Heavy domain (VH), and Constant Heavy domain-1 (CH-1), which are mainly responsible for 
antigen recognition. The Fc region, primarily responsible for immunomodulatory functions, encompasses two CH3 and 
two glycosylated CH2 structural domains located at the C-terminus of the antibody heavy chain. FcRn is mainly 
expressed in cytoplasm vesicles. Upon entry of the Fc fragment into the endosome through pinocytosis, FcRn interacts 
with specific amino acid residues at the CH2-CH3 interface under a pH environment of pH=6.51,52,66,67 Subsequently, 
FcRn-IgG detaches from the sorted nucleosomes as vesicles and tubules, fuses with the plasma membrane, and then 
releases IgG Fc fragments through exocytosis at pH=7.4.

Table 2 Types of Long-Acting Drugs

Category Strengths Weaknesses References

Protein binding Fc fusion High homology Expensive, potential immunogenicity, 
injectable use only

[48]

Albumin binding Low immunogenicity Expensive and injectable use only [48]

Transferrin binding Oral properties, low price and easily 

production

Unlisted and insufficient research [48]

Other bio-molecule 
binding

PEGylation Popular, safe, good solubility Non-biodegradable, immunogenic and 
injured renal tubular epithelium

[48,58,59]

Glycosylation High stability Close production monitor [60–62]

Nanoparticle mediated Oral properties, high stability, good 

biocompatibility and efficient  
bio-barrier penetration

Unpredictable drug clearance rate,  

nano-toxicity

[48,63–65]
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Unbound IgG, which does not bind specifically to FcRn, remains within the vesicles of the sorted nucleosomes. It 
undergoes gradual acidification and maturation, eventually being disassembled by lysosomal enzymes.66,68 By virtue of 
the long-lasting mechanism of Fc binding to FcRn and immunity to lysosomal degradation in vivo, IgG exhibits a half- 
life up to 20 days.

In addition to the FcRn-mediated recycling mechanism,53 the remarkable extended half-life of Fc fusion proteins can 
be attributed to the following three factors: (1) Fc fusion protein greatly increases the spatial size of the protein and 
peptide drugs, surpassing the 20,000–40,000 Da threshold for glomerular filtration, thereby reducing the glomerular 
filtration rate of Fc protein.

Reducing the glomerular filtration rate of Fc protein. (2) The human-derived Fc fragment reduces the immunogenicity 
of the fusion protein, preventing elimination by the immune system. (3) The Fc fusion protein retains the hinge region of 
the natural linker IgG, which can prevent the interaction between two fused molecules and thus improve stability. The 
structure and function of the functional protein and the Fc fragment are relatively independent without interference, 
meanwhile, the Fc fragment is shielded from degradation by FcRn, which allows the fusion protein to have a longer 
effect.

The Selection of IgG Fc Fragment
The application of Fc fragments is not limited to IgG, studies have shown that IgA, IgE and IgM can also serve as 
effective alternatives to IgG for the therapeutic application. IgA or IgE recombinant proteins enhances antibody- 
dependent cell-mediated cytotoxicity (ADCC) and possess significant advantages in targeting and eliminating tumor 
cells. Moreover, utilizing the Fc fragment of IgE as a fusion protein promotes T cell proliferation.69–72 The Fc fragment 
of IgM exhibits anti-microbial activity by augmenting complement-dependent cytotoxicity (CDC) and can be employed 
as a subunit vaccine component to induce a robust and lasting immune response.73–75

Compared with other plasma proteins, IgG is currently the most advantageous plasma protein with natural long half- 
life protein not only taking up a large amount in serum and non-mucosal tissue, but also exhibiting a half-life from 2–4 
weeks.76 IgG has classified into four categories based on disulfide bonds and amino acids composition in the hinge 
region. According to the descending order of serum concentration, it can be classified into IgG1 (60–70%), IgG2 (20– 
30%), IgG3 (5–8%) and IgG4 (1–3%).77 IgG1 peaks in plasma antibodies, and FcγRIII bonding mediates strong ADCC, 
CDC and ADCP (antibody-dependent cell-mediated phagocytosis). It is the most commonly used isoform of recombinant 
antibodies in antitumor therapy. IgG3 is the most functional subclass due to its high affinity for FcγR, activating 
complements and promoting FcγR-mediated function more effectively than any other immunoglobulin subclass.78,79 

However, in virtue of its low affinity for FcRn, short half-life, and susceptibility to hydrolysis in the hinge region, its 
application is quite limited and no drugs of this subtype are available in clinical practice.79–81 The ADCC, ADCP and 
CDC of IgG2 and IgG4 are relatively weak and minimally harmful little damage to tissue cells. In the development of 
therapeutic fusion proteins, less cytotoxic Fc fragments of IgG2 and IgG4 are usually chosen as fusion vectors to 
minimize potential side effects.

Glucagon-Like Peptide 1 Receptor Agonists
Glucagon-like peptide-1 (GLP-1) is a type of enteroglucagon that is primarily secreted by L cells located in the distal 
small intestine and colon. GLP-1 exerts multiple physiological effects by binding to G protein-coupled receptors widely 
distributed throughout the body, thereby lowering blood glucose levels and improving insulin resistance.82,83 In the 
pancreas, it increases glucose-dependent insulin secretion, inhibits glucagon secretion, and protects pancreatic β 
cells.84,85 In the gastrointestinal tract, it delays postprandial gastric emptying, thereby delaying intestinal glucose 
absorption and reducing body weight.84,86 In the liver, it decreases glucose output and increases glycogen storage.87 In 
the heart, it increases glucose utilization and reduces lipid metabolism. This results in lower blood pressure and higher 
cardiac function, which offers cardioprotection and reduces the risk of cardiovascular events in patients.88,89 In the brain, 
it promotes satiety and reduces appetite through central suppression.87 However, the plasma half-life of endogenous 
GLP-1 is only about 2 minutes due to specific cleavage at the N-terminal by dipeptidyl peptidase-IV (DPP-IV), and the 
inherent high renal clearance of small molecule peptides.
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Currently, there are ten GLP-1 receptor agonists (GLP-1RAs) approved for marketing: Exenatide, Liraglutide, 
Dulaglutide, Lixisenatide, Albiglutide, Semaglutide (two dosage forms: subcutaneous injection and oral administration), 
Tirzepatide, Efpeglenatide, PEG-Loxenatide and Beinaglutide, all of which can be used in the treatment of type 2 
diabetes.90–93 These GLP-1RAs have a similar physiological function to GLP-1, but with a considerably longer half-life. 
The main adverse effects in subjects treated with GLP-1 RAs were gastrointestinal effects such as nausea, vomiting and 
diarrhoea.94,95

Dulaglutide
Dulaglutide is a long-acting GLP-1RA developed by Eli Lilly and Company and was ratified by the FDA for marketing 
in 2014.

To extend its half-life, Lilly employed a fusion approach by linking the C-terminus of 2 GLP-1s (7–37) with the 
N-terminal end of the IgG4 Fc fragment via a small molecule peptide chain. An optimized splice sequence was 
introduced to link the the GLP-1 and the hinge region of IgG4 Fc, thus restoring the full potency of the functional 
protein GLP-1 through specific amino acid site modifications, rendering it impervious to DPP-IV enzymatic 
degradation.96 Additionally, this process eliminates potential T-cell epitopes to reduce immunogenicity, resulting in the 
development of Dulaglutide, a highly effective, long-acting GLP-1 receptor agonist (GLP-1RA) possessing a 90% 
homology with GLP-1.

A prominent distinguishing characteristic of Dulaglutide different from other classes of oral hypoglycemic drugs is 
that it can protect β cells and avoid progressive β cell function decline.97,98 Compared with the traditional drugs 
metformin, exenatide injection and sitagliptin phosphate99–101, Dulaglutide exhibits superior efficacy in managing 
hypoglycemia and weight control. Numerous AWARD studies have demonstrated the effectiveness of Dulaglutide in 
lowering blood glucose levels, sustaining weight loss, and diminishing the incidence of hypoglycemia when administered 
alongside insulin.102 The fusion protein increases the lifespan of GLP-1 in plasma, prolonging its half-life up to 5 days.9 

Therefore, it necessitates only a once-weekly subcutaneous injection and requires no dose titration, markedly enhancing 
patient compliance and rendering it a valuable treatment option for T2DM. Common side effects of Dulaglutide are 
gastrointestinal reactions, but they can be significantly reduced with prolonged use.10–12

Efpeglenatide
Different from Liraglutide and Dulaglutide, which are commonly used in clinic based on human GLP-1 structure, 
Efpeglenatide is a long-acting glucagon-like peptide-1 receptor agonist developed by Hanmi based on exendin-4 derived 
from animal GLP-1. Exendin-4, isolated from the venom of the Heloderma suspectum, is a specific and competitive 
antagonist of GLP-1.103 The drug consists of a modified exendin-4 molecule conjugated with a glycosylated IgG4 Fc 
fragment. Individual amino acid-modified exendin was ligated to IgG4 Fc fragment via a 3.4 kDa mini-Polyethylene 
Glycol (mini-PEG) linker by long-lasting peptide/protein technology.13 The small size of the mini-PEG linker reduces the 
loss of intrinsic agonist activity. The FC fragment greatly extends the half-life, permitting a prolonged action and 
pharmacokinetic/pharmacodynamic profile that can reach 5.6 to 7.5 days in patients with T2D.104 In this way, 
Efpeglenatide can support flexible dosing frequencies (from weekly, every 2 weeks, and monthly), is well tolerated by 
patients, and weekly dosing has a significantly more lasting effect on fasting glucose, with much less pharmacokinetic 
fluctuation following weekly dosing compared to monthly dosing.104–106 Efpeglenatide versus liraglutide in the treatment 
of T2DM, Efpeglenatide is comparable to liraglutide in terms of glucose metabolism and safety.13,107 In a phase 3 clinical 
trial AMPLITUDE-M, once-weekly Efpeglenatide as monotherapy in patients with type 2 diabetes was superior in 
lowering HbA1c and was able to reduce body weight and fasting glucose compared to placebo.108 Efpeglenatide, in 
addition to lowering glucose, significantly reduces several risk factors for cardiovascular and renal disease, such as blood 
pressure, LDL levels, and albumin/creatinine ratios, resulting in a 27% reduction in the risk of major cardiovascular 
adverse events and a 32% reduction in the risk of composite renal outcome events.109,110 Surprising results suggest that 
Efpeglenatide can have a controlling effect on blood glucose in pre-diabetic patients, and that it may help to reduce the 
likelihood of diabetes in high-risk patients.111 The most common adverse reactions in all Efpeglenatide are gastrointest
inal adverse reactions such as nausea and vomiting.13
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Basal Insulin Fc
Insulin is a protein hormone secreted by pancreatic β-cells in the pancreas and is the only hormone in the body 
responsible for reducing blood sugar levels. There are three types of insulin used for therapeutic purposes: animal 
insulin, human insulin and insulin analogues. Basal Insulin Fc (BIF; insulin efsitora alfa) is an insulin analogue 
developed by Eli Lilly and Company, with a molecular weight of 64.1 kDa. BIF consists of a fusion of a novel single- 
chain insulin variant and a human IgG2 Fc domain, having an ultra- long half-life.112 The insulin variant consists of an 
A-chain analog and a B-chain analog. The B chain is connected to the A chain by a short linker (link1), and the 
interdomain linker (link2) connects the A chain to Fc.14 The structure is designed to minimise insulin autoconjugation at 
locally high concentrations produced by BIF in the homodimeric state and has a prolonged insulin half-life.

Like Icodec, which has entered Phase III clinical trials, BIF is capable of being injected only once a week. In Phase 
I clinical studies, BIF exhibited a pharmacokinetic half-life of approximately 17 days and maintained its glucose- 
lowering activity for more than 5 days, perfectly fulfilling the requirement for once-weekly subcutaneous administration. 
Compared to daily insulin glargine, the ratio of the highest (peak) to lowest (trough) plasma concentrations of the BIF 
drug was lower (≈1.14), suggesting lower between-day glucose variability and more stable glucose reduction.113 Patients 
with T2DM previously treated with basal insulin were able to switch to BIF using a loading dose and achieve stable 
glycemic control.114 In two 26-week trials in patients with T1DM and T2DM respectively, BIF was found to be equally 
effective as degludec in stabilizing glycemic control on a daily basis.115,116 Hypoglycemia was the most common 
treatment-related adverse effect.113 Ultra-long-acting fusion proteins, constructed in a similar manner to insulin fusing Fc 
domain, have also been used in dogs and cats with DM. These proteins can also be administered once a week and have 
a satisfactory hypoglycemic effect.117,118

Insulin, as the only effective drug for patients with advanced T2DM and T1DM, finally needs to get rid of the 
inconvenience of daily administration. The weekly insulin being developed will greatly increase patients’ compliance. 
Look forward to phase 3 clinical data (QWINT) of BIF to further determine its effectiveness and safety.

Targeted Anti-Inflammatory Drugs Therapy for Diabetes Mellitus
Etanercept
Tumor necrosis factor-α (TNF- α) is a trimeric protein cytokine that is predominately secreted by macrophages. TNF-α 
binds to both tumor necrosis factor receptor type 1 (TNFR-1) and type 2 (TNFR-2), exerting a pivotal role in 
inflammatory activation through multiple signaling pathways.119,120 TNF-α was the initial pro-inflammatory cytokine 
proposed to be associated with the development of insulin resistance.121 It induces serine phosphorylation of pancreatic 
IRS-1 through JNK and IKK β pathway, thus decreasing insulin tyrosine kinase activity, impeding insulin-mediated 
glucose uptake by skeletal muscle and adipocyte, and promoting apoptosis of the pancreas’s β cells, thereby aggravating 
insulin resistance.122–124

Etanercept, an anti-rheumatic drug approved by Pfizer in 1998, is a soluble dimeric fusion protein (TNFRII-IgG1Fc) 
which formed by fusing the extracellular ligand structural domain of the TNF-α receptor with the Fc segment of IgG1. It 
competes with TNF-α for linking to the cell surface receptor TNFR, thereby effectively blocking the downward 
transmission of TNF-α to activate the JNK and IKKβ pathways.125 Etanercept has a half-life of 3–5.5 days and is 
usually subcutaneously injected. In a rat model of type 2 diabetes, Etanercept improved insulin and blood glucose levels 
in rats with type 2 diabetes.126 Research has demonstrated that it was not only effective in treating autoimmune diseases 
in patients, but also significantly improved their insulin resistance.127–129 There is also a case study showing that patients 
with psoriatic arthritis no longer need traditional glucose-lowering medications for poorly controlled T2DM due to 
Etanercept treatment.129 In a small preliminary study treating children with new-onset T1DM, researchers found that 
treating paediatric patients with Etanercept lowered glycated haemoglobin and increased insulin production, suggesting 
preservation of beta-cell function.15 Furthermore, Etanercept can protect the kidneys and improve the progression of 
diabetic nephropathy by blocking TNF-α-induced cytotoxicity and regulating inflammation.130

More research is needed to address the safety and efficacy of Etanercept in T1DM and T2DM. Etanercept maybe is 
suitable for diabetic patients suffering from chronic autoimmune diseases such as rheumatoid arthritis, etc. It improves 
concomitant DM by reducing inflammation while fighting immune diseases. The common adverse effects in clinical 
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practice include infections, painful redness and swelling at the injection site, subcutaneous nodules, and infections from 
inflammatory response suppression.16

Abatacept
Cytotoxic T lymphocyte antigen-4 (CTLA-4) is a suppressive immunomodulatory molecule structurally akin to CD28. It 
binds to B7 molecules but exhibits an expression advantage on Treg, effectively impeding the proliferation and 
infiltration of effector T cell.131–134 The CTLA-4 gene was one of the important susceptibility genes for T1DM, and 
its expression significantly reduced in T1DM patients.135–137

Abatacept is an immunomodulator that used to treat rheumatoid arthritis. It was marketed by Bristol-Myers Squibb in 
2005, which combines the extracellular region of CTLA-4 (CD152) and the IgG1-Fc fragment into a soluble fusion 
protein through recombinant DNA technology.138 Abatacept inhibits T cell activation through binding to the B7 molecule 
on antigen-presenting cells (APCs) and preventing its interaction with CD28 on T cells.139 Additionally, It can also 
improve diabetic nephropathy by blocking systemic T-cell activation, thus providing prevention and protection.140

Fujii et al showed that Abatacept, as an immunomodulator, improves insulin resistance in mice by promoting the 
conversion of adipose tissue macrophages from a pro-inflammatory M1 phenotype to an anti-inflammatory M2 
phenotype.141 Ursini et al discovered that Abatacept improves insulin sensitivity in patients suffering from rheumatoid 
arthritis.142,143 Clinical researches have manifested that Abatacept has a significant protective effect on islet β-cells in 
patients with T1DM. It slows the rate of β-cell function decline and exhibits good tolerability.144 Abatacept can be 
administered subcutaneously and has a half-life of approximately 2 weeks. Common adverse events associated with 
Abatacept include upper airway infections and nausea, with the most serious ones being severe infections and malignant 
tumors.17,18

sgp130Fc/Olamkicept
Interleukin-6 (IL-6) is a multifunctional inflammatory factor that that triggers intracellular signaling by binding 
specifically to the interleukin-6 receptor (IL-6R), activating the JAK/STAT and ras/MAP kinase pathways.145,146 IL-6 
conjugates with IL-6R through two distinct signaling pathways: (1) the classical signaling pathway, which protects 
cellular tissue and has anti-inflammatory effects by binding to membrane-associated IL-6R, stimulating intestinal 
regeneration, inhibiting epithelial cell apoptosis, reducing bacterial infection and inducing acute temporal responses in 
the liver, and potentially beneficial for glucose metabolism.147,148 (2) Trans signaling pathway, which exerts pro- 
inflammatory effects by binding with sIL-6R, recruiting monocytes, inhibiting T cell apoptosis, and suppressing 
differentiation of regulatory T cells.147 A significant dose-response correlation exists between IL-6 levels and the risk 
of T2DM.149 Furthermore, elevated circulating IL-6 levels are a predictor factor of T2DM. IL-6 can be combined with 
sIL-6R and gp130 to exert pro-inflammatory effects through the JAK/STAT/SOCS3 pathway or JAK/JNK pathway, 
affecting IRS phosphorylation and inducing insulin resistance.150

Stefan Rose-John et al constructed a fusion protein known as sgp130Fc/Olamkicept, created by combining the 
extracellular part of dissoluble glycoprotein 130 (gp130) to the IgG1-Fc fragment.151 This fusion protein is suitable for 
intravenous medication and has a half-life of 4.7 days, Additionally, it selectively inhibits the IL-6 trans-signaling 
pathway. The sgp130Fc exclusively inhibits IL-6 trans-transduction by binding to sIL-6R without affecting classical IL-6 
signaling. Therefore, the sgp130 prevents the pro-inflammatory effects while preserving IL-6 anti-inflammatory and auto- 
stabilizing abilities, thus avoiding severe immunosuppression and fatal infections. A recent in vitro study showed that 
sgp130Fc significantly reduced oxidative stress in mouse retinal endothelial cells, thereby resisting persistent hypergly
cemia that leads to increased ocular retinal oxidative stress and inflammation, and delaying the progression of diabetes 
mellitus.152 Atherosclerotic cardiovascular disease (ASCVD) is a prevalent macro-vascular diabetic complication. 
sgp130Fc is currently poised to enter phase 2 clinical studies in ASCVD with previous results indicating favorable 
patient tolerability.153–155 In a mouse model of atherosclerosis, sgp130Fc showed vast atherosclerotic plaque degradation 
and vessel wall inflammation with few side effects in high-risk ASCVD patients.155,156 sgp130Fc, as the sole available 
anti-inflammatory protein that specifically blocks IL-6 transduction signaling, it may be more effective in the treatment of 
T2DM combined with other diabetes drugs in new treatment strategies.
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Alefacept
Alefacept, a fusion protein developed by Biogen Inc. for the treatment of psoriasis, consists of two extracellular regions 
of lymphocyte function-associated antigen 3 (LFA-3) conjugated to an IgG1 Fc.20 By binding to IgG1 Fc, Alefacept has 
an extended half-life of 12 days and is used as a once-weekly dosage in T1DM therapy. LFA-3 is primarily found in 
antigen-presenting cells (APCs) and serves as a ligand for lymphocyte function-associated antigen-2 (CD2). CD2 is 
a surface protein expressed on the majority of human T-cells, with particularly high expression on effector-memory 
T (Tem) cells. As mentioned above, the pathogenesis of T1DM is directly related to the destruction of β-cells by effector 
T-cells.157 Alefacept, as a blocker of LFA-3/CD2 interaction, specifically binds to CD2 and inhibits the interaction of 
CD2 with the ligand LFA-3, thus blocking the co-stimulation of T-cells by APCs and depleting effector-memory T-cells 
to ultimately reduce the destruction of β-cells.21,158,159

In a Phase 2 clinical trial enrolling 49 subjects with new-onset T1DM (within 100 days of diagnosis), investigators 
evaluated the treatment difference of once-weekly Alefacept compared to placebo.21 C-peptide responses were signifi
cantly preserved with Alefacept compared to placebo at 1 and 2 years.160 Levels of C-peptide secretion are significantly 
associated with glycemic control, glycemic variability and partial clinical remission. At 24 months, the exogenous insulin 
requirements were lower and the incidence of major hypoglycemic events was reduced by approximately 50% in patients 
who received Alefacept injections. Alefacept’s immunological intervention in T1DM reduced insulin requirements and 
major hypoglycemic events in new-onset T1DM.What’s more, it also preserved residual beta-cell function in patients 
with newly diagnosed T1DM. Alefacept has a good safety profile, with the major adverse events being hypoglycemia and 
infection.

There is a lack of research on the use of Alefacept in T1DM at this stage, and it would be valuable to investigate 
alternative treatments by administering additional courses of Alefacept at higher dosages.

Others
The following two drugs have not been thoroughly researched for their effectiveness in treating diabetes, therefore, only 
their structures will be briefly mentioned.

The inflammatory factor IL-1β reduces insulin secretion and improves insulin resistance.161

Conversely, IL-1 receptor antagonists improve insulin secretion from β cells and reduce systemic inflammatory 
marker expression.162 Rilonacept, an IL-1 receptor antagonist marketed in 2008, is a long-acting dimeric fusion protein 
that fuses extracellular portion of IL-1 receptor 1 (IL-1R1) and IL-1 receptor accessory protein (IL-1RAcP) with the Fc 
portion of IgG1. Rilonacept binds both IL-1α and IL-1β, thereby antagonising their binding to the IL-1 receptor. It has 
a half-life of 6–8 days.163,164 A Phase 1 trial of Rilonacept in patients with T1DM showed that Rilonacept was well 
tolerated in patients with newly diagnosed T1DM, with adverse effects mainly being injection spot reactions, cardio
pulmonary infections, upper airway infections and mild neurological symptoms.22

Furthermore, a novel insulin sensitizer named YIMINSU has been developed by utilizing the structure of the 
hydroxyl terminal in the extracellular domain of the insulin receptor, a polyglycine sequence and Fc fragment of 
human immunoglobulin IgG4 (INBP-PolyG-IgG4Fc). It can improve insulin resistance by activating the AMPK/PI3K/ 
AKT signaling pathway to initiate downstream cascade signals.165,166

Summary
The Fc fusion protein, as a derivative field of antibody application, has a wide range of prospective applications due to its 
unique characteristics. Although IgG Fc fusion protein has a longer half-life and less rejection in humans compared to 
other traditional hypoglycemic segments, they are not suitable for oral administration or the treatment of T1DM, and 
currently cannot be recommended as a first-line hypoglycemic agent. We anticipate that structural optimization of Fc 
fragments and regulation of FcRn-IgG interactions will be of attention in the near future.51

Currently, there exists a smaller IgG fragment called the 27 kDa Monomeric IgG1 Fc (MFc), which is smaller than 
the Fc fragment. This MFc fragment exhibits faster diffusion than the common Fc fragment, leading to quicker 
attainment of blood concentrations and a faster onset of action. Moreover, MFc remains unaffected upon binding and 
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possesses a considerably longer half-life, allowing it to achieve the same effect as the Fc fragment.167,168 MFc binds 
closely with FcγRI, without any direct cytotoxicity and even safer than the Fc fragments of IgG2 and IgG4. It is expected 
to play a significant role in the treatment of chronic inflammatory diseases and solid tumors as an incipient drug-delivery 
protein. The selection of appropriate IgG fragments as fusion carriers, along with sequence modification, PEGylation, 
and glycosylation modification of Fc fragments, can prolong the plasma half-life of fusion proteins and optimize their 
structures and functions, ultimately achieving optimal therapeutic effects.

Albumin-Like Fusion Protein-Based Drugs
The Overview of Albumin and Its Fusion Protein-Based Drugs
Human serum albumin (HSA) is the most abundant protein in plasma, with a molecular weight of approximately 66.5 
kDa. It avoids being quickly degraded through a pH-dependent recirculation mechanism mediated by FcRn, resulting in 
a half-life of 19 days. HSA is a heart-like molecule that contains three homologous structural domains (DI, DII and DIII). 
DI and DIII are implicated in the interaction of albumin and FcRN, with DIII playing a key role in binding.169,170 The 
differences between FcRn-IgG Fc and FcRn-albumin are as follows: (i) albumin-binding site is located on the opposite 
side of the IgG-binding site, and albumin binds to FcRN in a 1:1 manner;169,171 (ii) albumin does not bind to the classical 
FcγR, thereby avoiding the immunomodulatory effects and cytotoxic responses induced by the Fc segment, which reduce 
the risk of unwanted immune activation. Albumin is used as a medication vector due to its minimal immunogenicity, 
highly bio-compatibility, and lowly toxicity.172 Similar to Fc fusion proteins, albumin has a wide range of fusion targets 
which increases the bioavailability and half-life of the target protein.173

Albumin fusion protein-based drugs are a novel type of recombinant protein drugs produced by genetically fusing the 
structural domain of albumin to a functional protein possessing specific biological activity. There are usually two types of 
albumin used for functional protein fusion: HSA and recombinant human serum albumin (RHSA). HSA is obtained 
through isolating and purifying blood donor plasma, but carries the risk of virus or prion contamination. Conversely, 
RHSA is produced via the secretion of the target protein using a yeast expression system, followed by purification to 
eliminate any contaminants derived from yeast.174–176 It has also been reported that cost-effective rice seeds can also 
successfully express RHSA.177,178 Albumin fusion proteins have a long drug half-life, high histocompatibility, and offer 
diverse ligand binding sites which can improve drug delivery and reinforce pharmacokinetic performance.

Albiglutide
Albiglutide, a GLP-1RA, was the first albumin fusion protein drug ratified by FDA in 2014. Albiglutide is constructed by 
fusing two tandem copies of anti-DPP-IV hydrolyzed GLP-1 analogue to the N-terminus of albumin.179,180 The main reason 
for the extended half-life of albiglutide (6–8 days) and the need for only one weekly subcutaneous injection is the 
replacement of the DPP-IV hydrolysis site from alanine to glutamate and its conjugation to a high molecular weight protein.

In contrast to other GLP-1RAs such as Exenatide and Liraglutide, Albiglutide not only effective controls blood 
glucose concentrations and mean glycated hemoglobin levels, but also exhibits a lower likeliness of gastrointestinal 
adverse effects. Furthermore, it has a remarkable advantage in reducing major cardiovascular adverse effects, including 
atherothrombosis and myocardial infarction.23,24,179,181–185 The combined effect of Albiglutide, compared to a placebo, 
was a 22% reduction in the risk of major cardiovascular disease related deaths. Additionally, Albiglutide exhibits good 
tolerability in T2DM patients with mild, moderate or severe renal insufficiency. It did not require dose adjustments for 
renal impairment, significantly reduces HbA1c expression in combined drugs, and is better tolerated by the stomach and 
intestines.186,187

Albulin
Albulin is a long-acting insulin analogue. It is a recombinant fusion protein consists of the A and B chains of insulin 
connected by a dodecapeptide junction and attached to the amino terminus structural domain of natural HSA. In vitro 
studies have shown that, except for a low affinity for insulin-related receptors, Albulin functions similarly to insulin, 
especially when it inhibits gluconeogenesis in hepatocytes and stimulates glucose uptake by adipocytes.25 Experimental 
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data indicate that the terminal half-life of albulin in normoglycemic mice is 7 hours, while the anticipated elimination 
half-life of albulin in a 70 kg man is approximately 50 hours.26

Summary of Albumin-Like Fusion Protein-Based Drugs
Albumin, as a large molecular protein, exhibits good bio-compatibility and possesses long half-life in drug fusion. 
However, attaching bulky proteins to fusion targets will inevitably affect the biological activity of fusion targets. 
Although higher doses of fusion proteins in treatment may compensate for the loss of efficacy, they also significantly 
increase the incidence of adverse effects. Recent studies have found that the fusion of high-affinity structural domain 
(ABD) of HSA with GLP-1 protein can maintain the natural bioactivity of GLP-1 and increase its half-life by 1000-fold. 
This finding offers promising prospects for the development of T2DM treatment.188

Transferrin-Like Fusion Protein-Based Drugs
Overview of Transferrin
Human transferrin (HTF), a novel efficient carrier with a molecular weight of 78 kDa, is mainly synthesized in the liver. 
Transferrin has two types of receptors: TFR1 and TFR2. TFR1 is predominantly located on the surface of somatic cells 
and facilitates the TF cellular uptake, it is associated with the production of mature erythrocytes. TFR2 is primarily 
expressed in hepatocytes and erythroid precursor cells, it is associated with the maintenance of iron levels in the body. 
Through the TF/TFR1 system, transferrin can increase the half-life in serum to 8 days.53,189

The HTF fusion protein combines the structural domain of transferrin with the target peptide to form a hybrid 
molecule through genetic engineering techniques, giving the stable properties of transferrin to the peptide. Transferrin, as 
a drug delivery system, can deliver drugs in various forms.54 HTF has the following advantages on treating diabetes 
mellitus:

1. It has the ability to regulate insulin resistance.190 Iron homeostasis is essential for maintaining the normal pancreatic β-cell 
function and glucose metabolism. Iron overload in the body can induce iron death through increasing oxidative stress, 
lipid peroxide production, and free radical level. Furthermore, It disrupts insulin signaling pathways and impairs 
autophagy, resulting in pancreatic cell death and insulin resistance. Consequently, this leads to hyperglycemia and 
elevated serum iron levels, aggravating the insulin resistance.191–193 In diabetic patients, intravenous apolipoprotein- 
transferrin (apo-TF) can reduce the level of free iron, mitigate oxidative damage, postpone the insulin resistance, and 
decrease the incidence of cardiovascular disease194.

2. It possesses the capability to traverse the blood-brain barrier.195,196 TFR1 exhibits extensive distribution within the 
blood-brain barrier, and the transport of substances mediated by the transferrin receptor has emerged as 
a prominent therapeutic target in the central nervous system with neurodegenerative disease treatment potentials.

3. Administered orally in medication.55,197 HTF directs the absorption and transportation of drugs through the rich 
TFR in intestinal epithelial cells,198 Additionally, HTF possesses robust anti-protease hydrolysis capabilities, 
rendering it an efficient carrier for oral proteins and peptide-based therapeutic agents intended for systemic 
treatment. It can effectively prolong the efficacy of GLP-1 by linking with GLP-1.199

4. Providing recombinant production systems with high efficiency and lower prices.200 Cheap and reliable edible 
genetically modified tobacco systems can produce therapeutic proteins and bioactive peptides for direct oral 
administration.

5. The utilization of affordable, edible genetically modified (GM) tobacco as a primary resource eliminates the need 
for protein purification and processing Hence, the costs of production are greatly reduced compared to traditional 
yeast or animal cell cultures.

ProINS-TF
ProINS-TF is a novel long-acting liver-targeted insulin precursor drug composed of the C-terminal of human proinsulin 
(ProINS) fused with the N-terminal of human serum TF.201 The TF-TFR endocytic circulating pathway facilitates the 
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conversion and release of proinsulin-transferrin (ProINS-TF) in the immuno-reactive insulin-transferrin (irINS-TF), the 
active form with a relative molecular mass of 88.1 kDa and a clearance half-life of 7.29 h.27 In streptozotocin-induced 
T1DM mice, ProINS-TF showed a hypoglycemic effect for up to 40h.202 ProINS is an insulin precursor, and under 
physiological conditions in which blood proinsulin levels are low, its function similarly to insulin except for hepatic 
specificity. Pharmacokinetic researches have shown that ProINS has a longer distribution and elimination half-life 
compared to insulin. However, the conversion of ProINS to insulin in vivo is notably inefficient. ProINS needs to be 
increased more than tenfold to achieve the equivalent hypoglycemic pharmacological effect. Despite this dosage 
escalation, the biological utilization of ProINS remains at less than one percent compared to insulin.203–206

By combining ProINS with HTF, its elimination half-life is extended from 0.5 h to 7.29 h, with a sustained 
hypoglycemic effect of at least 12 h.27 ProINS-TF has a high liver targeting specificity.207 Studies have shown that TFR- 
mediated endocytosis in the liver can activate ProINS-TF into irINS-TF to phosphorylate Akt, which plays a role in 
regulating blood glucose.201,208

irINS-TF effectively resolved the slow onset of ProINS-TF, further improved the binding affinity and prolonged the 
activation time of IR, and could achieve the same or even better sustained glucose-lowering effect compared to natural insulin 
in the treatment of T2DM. Utilizing the transgenic rice expression system, it is possible to produce ProINS-TF with high 
activity and oral administration at a low cost and a large scale, which provides a material guarantee for future research.197

Numerous prior studies have explored for transferrin fusion proteins on the perspective of receptor-ligand binding 
specificity or targeted delivery,209,210 however, few studies have been dedicated to the extension of targeting half-life, let 
alone the study of fusion transferrin hypoglycemic agents. The successful construction of ProINS-TF provides 
a promising avenue for the future development of long-acting hypoglycemic drugs.

Conclusion
Using molecular biology techniques to integrate therapeutic protein or peptide sequences into transporter proteins with 
long half-lives, such as Fc fragment, albumin and transferrin, can extend the duration of short-acting functional 
substances such as GLP-1 and ProINS. This process effectively mitigates insulin resistance and regulates blood glucose, 
providing a reference for the development of new long-acting diabetes drugs.

From a therapeutic perspective, protein therapies may be safer than gene therapies because they do not involve 
random or permanent genetic alterations.

In contrast to protein and peptide drugs which require frequent long-term subcutaneous injections, fusion protein- 
based drug therapies are unique in the following prospects: on the one hand, fusion drugs based on natural transporter 
proteins require less frequently administration. On the other hand, transferrin fusion proteins are produced by plant 
expression systems, resulting in cost-effectiveness and oral properties. This dual advantage enables more convenient, 
manageable, and patient-compliant treatment options.

It should be noted that linking bulky proteins to fusion targets will inevitably impacts the biological activity of the 
fusion target, which poses serious challenges for drug formulations and increases the occurrence of side effects.

In the construction of drug molecules, more attention should be paid to the manner in which the fusion protein binds 
to the target protein, the specific type and length of the linker, etc., avoiding damage the target protein activity.211,212 

A fusion protein characterized by stable properties and favorable biological behavior holds substantial market potential, 
yet its development still presents formidable challenges.213

Diabetes mellitus is a global disease that can cause complications in multiple organs. It disrupts the metabolism of 
carbohydrates, proteins, and fats, negatively impacting both physical and mental health. Despite the availability of 
numerous drugs for the treatment of diabetes mellitus, there remains a dearth of fusion protein-based hypoglycemic drugs 
in development.

This review focuses on fusion protein-based drugs designed to prolong the half-life of functional proteins, including 
Fc fusion protein, albumin fusion protein, and transferrin fusion protein.

Nevertheless, some of the drugs mentioned have not been tested in clinical trials. Hence, their effects and adverse 
effects need to be further studied. In addition, protein-based drugs possess immunogenicity. And despite the high 
homology of fusion proteins, the possibility of immune reactions in allergic patients cannot be disregarded. It is 
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anticipated that with the rapid development of bio-pharmaceutical technology, fusion protein-based drugs will have 
a bright future in the prevention and treatment of diabetes mellitus.
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