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Abstract: Fusion proteins have been known as an interesting subject for scientific researches in 

improving properties or making a new function by synergistically incorporating two protein domains 

into one complex. Fusion proteins are created by ligation of two or more protein domains in a single 

polypeptide with functional properties. Improvement of therapeutic function is one of the main goals 

for developing these products. Elimination from the body is one of the most important points that should 

be considered in the design and production of fusion proteins. This review describes some of the most 

important excretion/elimination pathways of fusion peptide and protein drugs as well as serious 

elimination challenges in the development and manufacturing of fusion proteins.  
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1. Introduction 

Recombinant proteins have played a significant role in the treatment of several diseases 

as drugs over the last few decades. These proteins are mostly classified into natural analogs 

and protein fusions [1-4]. Human insulin (Humulin R) [3, 5] and etanercept (Enbrel) [6, 7] 

were approved as biopharmaceutical agents (by the FDA) in 1982 and 1998 from two groups 

(analogs and fused). Infusion proteins, one domain supplies a particular biological activity such 

as enzymatic activity (e.g., coagulation factors), target activation, or inactivation (e.g., the 

ligand for a receptor) and toxicity (e.g., diphtheria toxin). And also, other domains convey more 

general functions such as extending half-life, improving efficiency, reducing immunogenicity 

[8-11], increasing solubility, folding, stability, and/or thermostability as well as providing new 

targeting and delivery pathways [12-14].  

Enhancing pharmacokinetic is an important part of the drug industry as a desirable 

improvement which can be obtained by fusing some domains to the target protein [15]. Fusion 

protein linkers have a key role in their efficiency. Direct fusion can lead to some unwanted 

results such as non-optimal bioactivity, misfolding, and low yield of product [16]. On the other 

hand, suitable linkers increase the stability/folding, the expression, improve the biological 

activity, enable targeting, and affect the pharmacokinetic( PK) of fusion proteins [17]. 
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There are four critical parameters in the pharmacokinetic evaluation of therapeutic 

proteins such as Clearance (CL), Half-life (HL), Volume of Distribution (V), and 

Bioavailability (F) [18]. In other words, pharmacokinetic is a considerable part of drug 

absorption, distribution, metabolism (biotransformation), and elimination (ADME) [19, 20], 

and it was explained by Nelson in 1961 [21].  

The significant factors are molecular size, conformation, charge, concentration, dosage, 

lipid solubility, hydrophilicity, and degree of ionization in ADME properties of drugs [22-24]. 

Clearance is the most important pharmacokinetic parameter and also quantifies the elimination 

of drugs. Therefore, the drug dose must be administered for the successful clinical application 

with protein therapeutics. Consequently, variations in drug clearance can lead to poor 

therapeutic results due to disease, genetics, and/or drug-drug interactions [25-27]. In this 

review, the recent important properties of linkers, linker’s types, excretion/elimination 

pathways of fusion peptide and protein drugs were explained, and also, the serious elimination 

challenges were discussed in the development and manufacturing of fusion proteins. 

2. Fusion Proteins Linkers 

Linkers have a critical role in the functionality and bioactivity of fusion proteins. They 

can increase the stability/folding [28-30], expression [31], improve the biological activity [32], 

target to specific sites [33] as well as affect the PK of fusion proteins [34]. Amino acid residues, 

length, secondary structure, and hydrophobicity of linkers are the most important properties of 

linkers [17]. However, increasing the length of the linker can lead to an increase in the 

hydrophilicity and exposure in the aqueous solvent. On the other hand, the Förster resonance 

energy transfer (FRET) efficiency is decreased with an increase in linker length [35]. The 

combined use of hydrophilic and flexible residues inhibits the formation of secondary 

structures in linkers and then reduces the linker interference in the folding and function of the 

protein domains [35]. There are important amino acids in linker structures (approximately 

50%) such as polar uncharged or charged residues, specially threonine [36], serine (Ser), 

proline (Pro), glycine (Gly), phenylalanine (Phe). The composition and number of residues can 

be different based on the type of linker, and the structure of fused proteins such as Gly and Ser 

in flexible linkers, Pro, Lys, and Ala in rigid linkers as well as disulfide bonds in cleavage 

linker are more the important residues [17]. 

Table 1. Molecular weight as a major determinant of the elimination mechanisms of peptides and proteins. 

Endocytosis may occur at any molecular weight range (modified from [41]). 

Major determinant Predominant elimination mechanisms Elimination site Molecular weight (Da) 

Structure, 

lipophilicity 

Extracellular hydrolysis 

Passive lipoid diffusion 

Gastrointestinal tract, Blood, 

Lysosomes, Liver 

≤ 500 

Structure, 

lipophilicity 

Carrier-mediated uptake 

Passive lipoid diffusion 

Liver 500 - 1000 

Molecular weight Glomerular filtration and subsequent 

degradation process 

kidney 1000 - 50000 

Sugar, charge Receptor-mediated endocytosis Liver, Kidney 50000 - 200000 

α2-macroglobulin, 

IgG 

Opsonisation 200000 - 400000 

Particle aggregation Phagocytosis ≥ 400000 

3. The Elimination Pathways 

Drug excretion is the process of eliminating a drug from the body. The major 

elimination routes of fusion peptide and protein drugs are proteolysis, renal elimination, and 
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hepatic elimination, as similar to other therapeutic proteins and peptides as well as receptor-

mediated endocytosis [33].  

However, excretion is also possible via secondary routes such as lungs, breast milk 

[37], saliva [38], tears [39], and sweat [26]. The route of degradation and elimination for 

peptide/protein is dependent on several factors, including molecular weight (table 1), 

secondary-tertiary structure, level of glycosylation, overall charge, lipophilicity, functional 

groups like the natural trend for particle aggregation [40]. 

 

4. Proteolysis Elimination 

 

Proteolytic enzymes are ever-present in the body. Therefore, peptide and protein 

metabolisms are performed in classical clearance organs (e.g.,  bone,  oral, and gastrointestinal) 

as  well as blood cells and other body tissues [42-46]. Peptides and small proteins are unstable 

in body fluids, and also, there is no easy pass from the membrane and rapidly broken down by 

peptidases with short elimination half-life, and also, the ranging takes from several minutes to 

several hours [22, 47]. Many modification approaches have been used for overcoming this 

challenge, such as engineering of natural enzymes [12], conjugating to macro-molecules or 

their domains (e.g., human serum albumin, polyethylene glycol, XTEN polymers, transferrin, 

homo amino acid polymer, proline-alanine-serine polymer, elastin-like peptide, carboxy-

terminal peptide, IgGs and Fc) [8] and stabilizing peptides/proteins upon fabrication in 

hydrogels [48] which causes a less accessible to protease digestion, leading to extended 

elimination half-life. The lysosomal and the ubiquitin-mediated pathways work together in the 

degradation of intracellular and exogenous proteins.  

5. Renal Elimination 

The kidney has physiologic roles (e.g., mineral composition, regulation of fluid volume, 

and acidity) with several functional roles. The functional role of the kidney is the elimination 

of drugs and their metabolites from the body as the main excretion route of drug clearance. The 

kidney is the main organ for the clearance of polar water-soluble chemicals.  Renal drug 

excretion is done through three basic processes: glomerular filtration, tubular secretion, and 

tubular reabsorption [49]. The first two processes serve to draw out the drug from the blood 

into the urine. In the last process, tubular reabsorption involves the returned drug back into the 

blood. Therefore, the correlative contributions of these three mechanisms are important in renal 

drug excretion [26]. More detailed information about these three processes was reported 

previously [50]. Molecular size and electrical charge are two key parameters in kidney filtration 

of peptide and protein drugs [22, 26, 49]. Glomerular filtration is an effective mechanism for 

renal elimination of small proteins (smaller than 30 kDa and specially <5 kDa), while renal 

elimination of higher molecular weight proteins (>30 kDa) is very low [51]. The maximum 

rate of renal elimination (via glomerular filtration) is related to peptides and proteins with a 

molecular weight of less than 5 kDa (~ 120 mL/min in humans) [52]. The other effective factors 

in renal excretion of drugs include alteration of urine pH and diuresis, protein binding of the 

drug (Limits glomerular filtration without limitation in active tubular secretion), and age 

(Glomerular filtration rate declines slowly with age) [53].  The increasing molecular weight 

and negative charge of fusion proteins can be able to decrease the renal/proteolysis elimination 

and lead to extended plasma half-life. 
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The increasing elimination through proteolysis leads to a sharp decrease in total 

clearance from the renal route as a non-specific degradation pathway throughout the body. 

However, the low metabolic activity of proteins may lead to 100% renal contribution in the 

clearance in other tissues or limits in distribution to the extravascular space [54]     Parkes et al. 

demonstrated that renal elimination is a majority clearance pathway in exenatide as a peptidase-

resistance peptide [55]. 

6. Hepatic Elimination 

Elimination of drugs  via the Hepatic route includes a series of events involving uptake 

them from the blood flow into one of three cell types in the liver (endothelial cells, hepatocytes, 

and Kupffer cell) that it leads to intracellular metabolism and/or excretion [26]. Generally, the 

Hepatic pathway is an important route for the elimination of small therapeutic drugs as the 

renal excretion route and is not a significant pathway for fusion protein elimination. However, 

hepatic elimination  may be an important route for clearance of fusion proteins comprising  

protein domains that are metabolized in the liver,  such as tissue plasminogen [56] and insulin 

[57]. 

7. Target-Mediated Drug Disposition (TMDD)/Receptor-Mediated Endocytosis (RME) 

Target-mediated drug disposition is described as receptor-mediated endocytosis [33]  

that has an important role in the disposition of healing peptide/protein drugs in the body [58]  .

High-affinity and low-capacity binding of receptors to endogenous or exogenous ligand (e.g., 

therapeutic peptide/protein or their domains) may lead to cellular uptake by receptor-mediated 

endocytosis and subsequent intracellular lysosomal degradation [59]. RME is supposed to be 

an important elimination route for fusion peptide/protein drugs that bind to their receptors on 

the cell surfaces and lead to a loss of plasma concentration and/or elimination [22]. For 

example, the interleukin-1 domain binds to the IL-1 receptor on the cell surface is internalized 

and degraded through RME [36]. In addition to receptors, other targets can also be used as 

mediators. The Fab portion of some mAbs (e.g., rituximab) binds to the target epitopes on the 

cell surface and is degraded via ADCC (antibody-dependent cellular cytotoxicity) [60]. The 

TMDD elimination route can be saturated with therapeutic concentrations and decreases with 

increasing dose due to the limitation in target receptors number. Therefore, fusion proteins are 

affected by TMDD with protein drug domains, and also, it may display nonlinearity in their 

PK profiles and exhibit a dose-dependent plasma half-life [22].  

8. Elimination via NonSpecific Fc Receptors (FcγRs and FcRns) 

In the Fc region, FcγR is located between the CH1 and CH2 domains and has a critical 

role for antibody effector functions. But, FcRn is located between the CH2 and CH3 domains 

and has an important in recycling of antibodies for a long half-life [61]. FcγRs can be applied 

as a mediator in therapeutic peptide/protein drug elimination via binding, incorporation, and 

eventually  degradation of IgG by lysosomes and/or phagocytic cells [62]. Elimination via FcγR 

can be an important route when an antibody can form soluble immune complexes via fusion 

processes and may play a significant role when an antibody binds to suspended cells in blood 

or other body fluids [63]. The elimination pathway by FcRn is a pH-dependent process. The 

FcRn binds to the Fc part of IgG in the slightly acidic (∼6.0) environment of the endosomes. 

Then, The FcRn-IgG complex is carried back to the cell surface and released into the systemic 
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circulation at neutral pH (7-7.4), whereas unbound IgG and other proteins are changed to amino 

acids by intracellular lysosomes. Also, FcRn has important roles in increasing the half-life of 

drugs and elimination as a salvage route [60]. 

9. Elimination Challenges for Fusion Proteins 

 

Protein fusing technology may be able to minimize the main elimination pathways 

(proteolysis, renal and hepatic routes) as DNA-based genetic engineering technology and lead 

to improving the critical therapeutic properties of drugs such as half-life, stability, and activity 

as well as solubility. In other words, some significant limitations affect the development of 

fusion proteins as therapeutics.   

 

10. PK of Bifunctional Fusion Proteins 

Since fusion proteins are combined from at least two domains and the pharmacokinetics 

of fusion proteins is intricated more than single-domain proteins [22]. On another side, the 

effect of domains (elimination mechanisms, intracellular processing, and receptor binding on 

plasma half-life of fusion proteins) cannot be determined if there is no precise and complete 

understanding of the effect of domains on each other. So, there is no complete analysis of PK 

of fusion proteins, and also, the fusion proteins design cannot be easy with the optimal 

characteristics such as stability, solubility as well as the probability of success (POS).  

11. Misfolding of Fusion Proteins 

The overexpression of many fusion proteins may also lead to their misfolding in host 

cells and form insoluble aggregates [64, 65]. The misfolded fusion proteins are unstable and 

eliminate via a rapid degradation as therapeutics. There are common strategies that can be used 

to prevent degradation, such as co-administration of fusion proteins with enzyme inhibitors and 

encapsulation of fusion proteins with inert and biocompatible polymers [66]. 

12. Immunogenicity 

Fusion proteins may also make new/unknown epitopes that follow immunogenicity, 

strong hypersensitivity, or an immune response due to half-life decreasing [1]. The storage 

condition may also cause immunogenicity as well as structural features of fusion proteins [66]. 

Therefore, it can be suggested that the perfect analysis of structural features such as sequence 

modification and/or variation by immunogenicity and toxicity tests. 

13. Conclusion  

The fusion proteins are a growing segment of the biologics markets  in the drug industry. 

Proteolysis is considered to be the main elimination route for many therapeutic protein drugs, 

hepatic and renal routes. Drug clearance is not an important pathway for the elimination of 

fusion proteins via these routes. Moreover, receptor-mediated endocytosis/Target-Mediated 

Drug Disposition (TMDD), as well as non-specific Fc Receptors (FcγRs and FcRns), are the 

main clearance pathway for most therapeutic fusion proteins that have high specific binding to 

their targets. The half-life of a protein is considerably affected by the chemical structure of the 

N-terminal and/or C-terminal amino acid. Therefore, attention to type and arrangement  of N-
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terminal and C-terminal amino acids certainly leads to the proper design  of fusion proteins with 

the optimal characteristics such as stability, solubility, probability of success (POS) as well as 

effective clearance from suitable elimination pathway. 
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