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Abstract 
There are a large number of pathogens in the water where fish live, and the 
mucosal-associated lymphoid tissues (MALTs), such as skin, gill and intestine, 
are the first contact parts when pathogens infect fish. The secreted mucus of 
these tissues constitutes the first barrier for fish against the invasion of 
external pathogens. Mucosal immunity can identify and neutralize pathogens 
and induces immunocytes to devour pathogens and the like. As a key factor in 
the mucosal immune system, the polymeric immunoglobulin receptor (pIgR) 
is capable of mediating the transport and secretion of polymeric 
immunoglobulins towards mucus. The effective secretion of the pIgR is 
necessary for polymeric immunoglobulins (pIg) to exert mucosal defence and 
plays a significant role in fish immunity. With the deepening of research into 
fish immunoglobulins, the pIgR has become a research hotspot. The molecular 
structure, genetic structure and expression pattern of the pIgR and the 
important role it plays in mucosal immunity were summarized in this study, 
which contributed to a deeper understanding of fish mucosal immunity and 
laid a foundation for further exploration of the action mechanism and 
functions of the pIgR in fish. 
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Introduction 
As an important constituent of the immunoglobulin (Ig) superfamily, the polymeric 
immunoglobulin receptor (pIgR) is synthesized by mucosal epithelial cells and exists in 
mucosal-associated lymphoid tissues (MALTs), such as stomach, intestinal and skin as 
well as in secretions. The pIgR can bind to secretory polymeric immunoglobulins (pIg) 
and mediate them to span epithelial cells for transport and secretion, thus ensuring that 
secretory Ig can locally scavenge pathogens and toxins in the mucosal defensive barrier 
(Gurevich et al., 2003; Kaetzel, 2005; Braathen et al., 2007). As first reported by 
Hamuro et al. (2007), just as the intestines of higher vertebrates, the skin of Takifugu 
rubripe transports immunoglobulin M (IgM) tetramer via the pIgR to mucous membranes 
(Hamuro et al., 2007). Since this realization, the important role played by the pIgR in fish 
mucosal immunity has gradually been brought to the forefront. In recent years, with the 
deepening of research on fish mucosal Ig, pIgR-mediated transport of mucosal Ig has 
attracted increasing attention. However, the genetic functions and action mechanisms of 
the pIgR are less understood. The progress of the research on the structure and functions 
of the pIgR in fish is hereby reviewed, expecting to guide future research on the functions 
and action mechanisms of the pIgR in mucosal immunity of fish. 
 
1.Molecular structure of a pIgR 

The pIgR is an important immune molecule that assists in the transport of antibody 
molecules from the basilar membrane to the apical membrane of epithelial cells for 
mucosal immunity (Kaetzel, 2005); it is also a Type I transmembrane glycoprotein. The 
gene sequence of pIgR was cloned from a mammal (a rabbit) in 1985 (Deitcher and 
Mostov, 1986); the pIgR gene was then cloned from the gene sequences of higher 
vertebrates such as Homo sapiens, Mus musculus, Bos taurus and Gallus gallus (Hempen 
et al., 2002; Piskurich et al., 1995; Verbeet et al., 1995; Fodor et al., 1997). 
Subsequently, this gene was cloned from Ornithorhynchus anatinus and Xenopus laevis 
(Braathen et al., 2007). The pIgR gene sequence has also been cloned from fish genes in 
recent years. Mammalian pIgR proteins have a common structural feature: All are Type I 
transmembrane proteins with a molecular weight of about 100 kDa (Kaetzel, 2005). Their 
structures are divided into one extracellular region, one transmembrane region and one 
intracellular region, where the extracellular region contains five Ig functional domains, 
which are similar to a variable Ig structure to a great extent (Krajci et al., 1989; Mostov 
et al., 1984). Therefore, the five functional domains are called Ig-like domains (ILDs), 
which can be regarded as a standard structural model of pIgR, as shown in Figure 1.  
(Mostov et al., 1984). In mammals, ILD1, ILD4 and ILD5 are highly conservative, and 
ILD1 is a binding site of immunoglobulin A (IgA). Research reports show that after ILD1 
mutation is realized through a point mutation method in a rabbit, the pIgR will fail to bind 
to IgA, proving that ILD1 is an indispensable structure for Ig binding (Kaetzel, 2005). 
There are five ILD structural domains in mammalian pIgR, but the quantity of ILD 
structural domains varies in other animals. The pIgR contains three ILD structural 
domains in rabbits and cows corresponding to ILD1, ILD4 and ILD5 in Homo sapiens, 
respectively (Mostov et al., 1980; Kühn et al., 1981; Kulseth et al., 1995). Extracellular 
regions in birds and amphibians contain four ILD structural domains, where the ILD 
structural domains in birds correspond to ILD1 and ILD3-5 of mammals (Wieland et al., 
2004). In Teleost, the pIgR gene was firstly cloned from Takifugu rubripes, which was 
proved to contain only two ILD structural domains. Subsequently, this gene was cloned 
from Cyprinus carpio, Paralichthys olivaceus, Epinephelus coioides, among others. 
According to related analyses, these fish also contained two ILD structural domains (Xu 
et al., 1980; Rombout et al., 2008; Hamuro et al., 2007; Feng et al., 2009). 
Bioinformatic analysis reveals that the first ILD structural domain corresponds to the 
ILD1 domain in fish and that the second ILD domain corresponds to the ILD5 domain in 
mammals. It is widely accepted that the second ILD domain in fish is ILD5. Although the 
two ILDs are in series connection, they do not exist in the form of spliceosome (Xu et al., 
1980; Rombout et al., 2008; Hamuro et al., 2007; Feng et al., 2009). 
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Figure 1 The pIgR structure profile of Homo sapiens; Mus musculus; Gallus gallus; Ophiophagus 
Hannah; Xenopus laevis; Danio rerio; Cyprinus carpio. 

 
The studies in mammals show that the extracellular ligand-binding domain of the 

pIgR is a kind of glycoprotein, which was initially called 'secretory piece' but is currently 
known as a 'secretory component' (SC). SC is not generated by plasmocyte and its 
molecular weight is 80 kD or so; soluble SC is hydrolytic fragment of the pIgR (Hempen 
et al., 2002; Mostov et al., 1980). In Homo sapiens, the pIgR is a glycoprotein, and 
research indicates that there are seven glycosylation sites on the surface of the pIgR in 
Homo sapiens (Hughes et al., 1999; Eiiert et al., 1991). However, there is some 
controversy about the N-glycosylation site of pIgR. Glycosylated SC allows better 
antibody secretion into body fluids (Scheiffele and Fuilekrug, 2000; Daly et al., 2007). 
However, other studies suggest that the glycosylation of recombined SC is not necessary 
for the binding of a pIgR to an antibody (Prinsloo et al., 2006). Fish have few or no pIgR 
glycosylation sites: Cyprinus carpio and Takifugu rubripes each have one glycosylation 
site while Epinephelus coioides does not, indicating that glycosylation has no bearing on 
the binding of a pIgR to an antibody (Rombout et al., 2008; Hamuro et al., 2007; Feng 
et al., 2009). 

 
2. The genetic structure of the pIgR 

The human pIgR gene is located on chromosome 1 and contains 11 exons and 10 
introns with a length of 17944bp (Martin et al., 1998). The pIgR genes of both rats and 
rabbits are composed of 11 exons and 10 introns (Martin et al., 1997). Unlike the pIgR 
gene of Homo sapiens, the pIgR gene of Epinephelus coioides consists of 8 exons and 7 
introns; that of Takifugu rubripes contains 8 exons and 7 introns with a full length of 2.8 
kbp; that of Danio rerio is located on chromosome 2 and consists of 8 exons and 7 
introns. Sequence alignment shows that the DAD1L gene and the LRRC24L gene are 
located at two sides of the pIgR gene of a Brachydanio rerio chromosome, and that they 
also exist in the genomes of Takifugu rubripes, Oreochromis mossambicus and Oryzias 
latipes. However, the three genes exist on three different chromosomes of the Homo 
sapiens genome. It is speculated that this arrangement can be attributed to genome 
doubling or missing during the evolution process (Kortum et al., 2014). 

 
  

3. The expression pattern of the pIgR 
Mammalian pIgR is expressed in both mucosal tissues (skin, intestine, respiratory 

tract and stomach) and lymphoid tissues (spleen, thymus and head kidney), and is 
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especially prevalent in mucosal immunity-associated tissues. It mainly exists in epithelial 
cells inside mucosal-related tissues and on the basilar membrane of multiple glandular 
epithelial cells. Based on the analysis of differential expressions in tissues of Teleost, the 
pIgR gene is expressed in tissues of Takifugu rubripes (Hamuro et al., 2007), 
Epinephelus coioides (Feng et al., 2009), Cyprinus carpio, L. (Rombout et al., 2008), 
Paralichthys olivaceus (Xu et al., 2013) and Scophthalmus maximus (Ding et al., 2013), 
and its expression is usually high in mucus-associated tissues, such as skin, gill, 
intestinal and stomach. Hamuro et al. (2007) investigated tissue localization of the pIgR 
using in situ hybridization (ISH) and found that the pIgR gene presented a positive signal 
in the epithelial cells of skin and the intestines of Takifugu rubripes (Hamuro et al., 
2007). Similarly, by using ISH, Rombout et al. (2008) found that mRNAs of a Cyprinus 
carpio pIgR gene were distributed among epithelial cells in mucosal-associated tissues, 
such as intestinal and skin (Rombout et al., 2008). Ding et al. (2013) conducted tissue 
localization of Scophthalmus maximus pIgRs via immunohistochemical staining and found 
that the pIgR gene showed red positive signals in the epithelial cells of four tissues: skin, 
gill, stomach and intestinal(Ding et al., 2013). These studies show that the distribution of 
pIgRs corresponds to the function of binding and transporting pIg.  

Rabot et al. (2013) pointed out that with stimulation by peptidoglycan (LPS), the 
expression quantity of the pIgR gene first increased and then declined in bovine 
mammary epithelial cells (Rabot et al., 2013). In teleost, Yu et al. (2018) detected the 
infection of Misgurnus anguillicaudatus by Aeromonas hydrophila and Ichthyophthiriasis 
using real-time fluorescence quantitative PCR (QRT-PCR), and found that pIgR 
expression tended first to increase and then decline in the kidney, spleen, intestines and 
gills (Yu et al., 2018). Stimulated by a solution of inactivated Vibrio anguillarum, the 
relative pIgR expressions in tissues, such as skin, intestinal, gill, stomach, head kidney 
and spleen, of Scophthalmus maximus all tended clearly first to increase and then to 
decrease, indicating that in the initial phase of defence against infection, the expression 
regulation of the pIgR gene in teleost was influenced by external immunostimulation and 
that the pIgR participated in a mucosal immune response (Ding et al., 2013). Meanwhile, 
semi-quantitative RT-PCR results showed that pIgR was distributed in all tissues in 
healthy Cyprinus carpio and Scophthalmus maximus, indicating that pIgR gene presents 
a combinatorial and inducible co-existing expression pattern in Cyprinus carpio and 
Scophthalmus maximus (Rombout et al., 2008；Ding et al., 2013). 

 
4. Functions of the pIgR 

As the first immune-defence barrier, the mucosal immune system can participate in 
protecting living organisms from being infected by pathogens. The pIgR, which is a key 
factor in mucosal immune defence, is capable of mediating pIg to span epithelial cells for 
transport and secretion so as to locally scavenge pathogens and toxins in the mucosal 
barrier. Hence, effective secretion of pIgRs is a requirement for mucosal Ig in successful 
immune defence (Gurevich et al., 2003; Kaetzel et al., 2005; Braathen et al., 2007). 
Among mammals, pIgRs in Homo sapiens can not only transport IgA polymers but also 
IgM polymers, while the pIgRs of other species (e.g. rabbits, rodents, chickens) transport 
only IgA (Underdown et al., 1992; Wieland et al., 2004). After being synthesized on 
endoplasmic reticulum, the pIgR can bind to pIg on the basal surface of epithelial cells to 
form the compound pIgR-pIg, which is ingested by epithelial cells through endocytosis; 
the pIgR-pIg is then transported to the apical surface of cells and hydrolyzed by 
protease. Further, the SC of a pIgR can bind to pIg to form secretory Ig (Pilette, 2003; 
Gurevich et al., 2003; Brandtzaeg, 2003). The binding of SC to pIg can protect pIg in 
mucus from being degraded by proteolytic enzymes, meanwhile strengthening the 
stability of pIg in mucus, thus ensuring that secretory Ig can give full play to its function 
of immune defence in mucus (Chintalacharuvu and Morrison, 1997; Crottet and 
Corthesy, 1998); pIgR that does not bind to Ig can return to the basal surface of 
epithelial cells again and continue to mediate Ig transport in the same way (Goldman, 
1993). In teleost, IgM in skin and intestinal mucus is an important molecule in mucosal 
immune system. Research on Takifugu rubripes shows that the skin of teleost and the 
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intestines of mammals share the same Ig transport system: tetramer IgM is transported 
via pIgRs in epithelial cells and then enters mucus to exert its immunological function 
(Hamuro et al., 2007). The function of pIgRs in mucosal immunity of teleost is then of 
increased interest. Studies show that there are multiple mucosal Igs in teleost. Where 
IgM participates in skin mucosal immunity, IgM and IgZ/IgT participate in intestinal 
mucosal immunity; IgM and IgT can enter mucus only by binding to a pIgR, which is 
similar to the transport of IgA and IgM in mammals (Underdown et al., 1992; Wieland et 
al., 2004; Zhang et al., 2010). This fully certifies that pIgR plays a part in the transport 
of pIg towards mucus in teleost and is the precondition for mucus to function in immune 
defence.  

Besides mediating and transporting Ig into mucus, the pIgR also has the function of 
nonspecific immune defence. To be specific, the pIgR can stimulate the synthesis of other 
immune factors; after a pIgR is hydrolyzed by protease, the dissociative SC can prevent 
chemotaxis of neutrophilic granulocytes so as to relieve the inflammatory response of an 
organism and protect epithelial cells; furthermore, it can bind to bacteria to effectively 
restrict bacterial infection in an organism; in addition, SC can resist the degradation of 
neutrophil elastase and further enhance humoral immunity of the respiratory tract in 
humans (Pilette et al., 2003). Therefore, the pIgR exerts an immune defence function in 
living organisms and plays a critical role in mucosal immune defence. Therefore, the 
further exploration of the structure and functions of the pIgR can provide more 
theoretical bases and new ideas for intensive research of the biological immune system. 

  
Conclusion 

Research into fish mucosal immunity has made enormous progress in recent years. As 
new types of mucosal Igs, such as IgT, are examined closely, the research into fish 
mucosal Ig is entering a new era. The pIgR has a decisive effect in fish mucosal 
immunity, and its functions in mucosal antibody secretion and immune defence have 
become a research hotspot in the field of mucosal immunity. Although progress has been 
achieved in research with regard to the pIgR of fish – including structure, function and 
expression regulation – various problems, such as transcytosis of the pIgR on Ig, the Ig 
transport path and mechanisms that regulate expression, remain unclear and in need of 
further investigation. Research into the structure and biological functions of the pIgR will 
deepen the understanding of mucosal immune systems in fish, lay a foundation for 
developing a new vaccine that can induce serum antibodies and mucosal antibodies 
simultaneously and boost the development of new fish vaccination strategies.  
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