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Simple Summary: Strengthening the basic research of reproductive biology is the developing trend 

of the 21st century. As an important part of the reproductive system, the epididymis stores sperm, 

secretes liquid to supply sperm nutrition, promotes sperm development and maturity, and en-

hances its vitality. The epididymis has the function of storing sperm, also secretes liquid to supply 

sperm nutrition, promotes sperm to continue to mature, and enhances its vitality. But compared to 

testis, the epididymis is relatively less studied. The importance of the epididymis in the male repro-

ductive system is likely to be underestimated. This review summarizes studies related to the epidi-

dymis, highlighting regional gene expression to illustrate the role of the epididymis in male sper-

matogenesis to maturity. Combined with single cell sequencing technology, the epididymal specific 

gene expression was analyzed by referring to the published data. It is expected that the new tech-

nology can be applied in the field of epididymal research, so as to explain more mechanisms of 

epididymal diseases and improve fertility and reproductive efficiency in production 

Abstract: Sperm gain fertilization ability and forward movement characteristics during epididymal 

transport. Sperm maturation is inseparable from the processing of the epididymis. Compared with 

other reproductive organs, relatively little is known about the epididymis. However, with the de-

velopment of molecular biology and the improvement of single-cell sequence technology, we grad-

ually realized that we should re-examine the importance of the epididymis for sperm maturation 

and for the entire male reproductive system. Recently, epididymis related reports have tended to 

be more regionalized and more refined. We can understand cell distribution and gene expression 

from the perspective of a single cell. It has been reported that different regions of the epididymis 

have different functions and different cell compositions, which may be determined by gene expres-

sion. Here, we comprehensively reviewed the epididymal studies. From the anatomical structure of 

the epididymis to the division of its regions, we focused on the cell composition and region-specific 

genes differentially expressed in the epididymis. The gene expression of the epididymis extends to 

a series of biological processes of sperm in the epididymal cavity, and the serious effects of epidid-

ymal diseases on reproduction are discussed. Therefore, the importance of the epididymis in male 

reproduction is emphasized. With the maturity of single-cell spatial transcriptomics, it is hoped that 

the technology can be applied to epididymal research and bring about the spatiotemporal landscape 

of the epididymis at the single-cell level. 
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1. Introduction 

The epididymis, which is mainly composed of the epithelial propria membrane and 

thin annular muscle, has a secretory function. It plays a nutritional role in sperm, and 
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promotes sperm to continue to differentiate and mature[1]. The length and morphology 

of the epididymis vary between the species. It is worth noting that the epididymal tube of 

mice is just over 1 meter (approximately 100 times its length); 3 meters in rats; and six 

meters in humans[2-5] . The epididymis is a member of the male duct system, developed 

in an androgen-dependent manner by the Wolffian duct[6]. It has been shown that the 

Hoxa10 and Hoxa11 genes, both members of the larger homeobox (Hox) gene family, ap-

pear to be essential in the development of Wolffian duct into the epididymis[7, 8].  

The function of the epididymis is closely related to the sperm maturation. It has been 

established that the spermatozoa in mammals undergo a ‘ripening process’ as they de-

scend the epididymis[9]. It takes an average of 12 days for the epididymis to transport 

human sperm, but it can occur in as little as three days[10]. In addition to these maturation 

steps, the epididymis also provides a complex microenvironment that enables sperm cells 

to remain stationary during epididymal storage, avoiding premature sperm activation 

[11]. Simply put, the epididymis has four functions: to store sperm, transport sperm, pro-

tect sperm, and remove sperm. 

The earliest report on the epididymis was released in the 18th century[12], which 

elaborated on discutient application to the indurated epididymis. Early understanding of 

the epididymis comes from various pathological studies[13-15] or anatomical structures 

and functions[16, 17]. Related research has emerged in large numbers since the 1950s. In 

the past 70 years, people have explored the epididymis from different aspects. Initially, 

pioneers revealed the anatomy of the epididymis in horses[18], guinea pigs[19] and hu-

mans[20]. Later, relevant cellular and chemical analyses began to appear. Such as cyto-

chemical study of mouse epididymis, histochemical study of glucose-6-phosphatase in 

mouse epididymis and study on the content of trace elements in sperm cells of epididy-

mis[21-23]. There are also a large number of articles related to epididymitis and tu-

mors[24-27]. Since the 1960s, research on the epididymis has emerged continuously, and 

the annual publication volume has increased linearly (Figure1) (https://pub-

med.ncbi.nlm.nih.gov/?term=epididymis&filter=dates.1960-2022). During this period, re-

search on the human epididymis involved in obtaining well-preserved biological tissues, 

especially transcriptomics and proteomics[28-30]. With the development of technology 

and knowledge, people have begun to pay attention to its function. Then, an important 

role of the epididymis in sperm maturation was discovered[31, 32]. More articles on the 

epididymal proteome, transcriptome and genetics have since emerged[33-35]. With the 

help of this new technology, some progress has been made in the study of epididymal-

specific gene expression and function[36, 37]. Thus far, we know that it is a highly seg-

mented structure, and each segment expresses its own and overlapping genes, proteins 

and signal transduction pathways in the epididymis[38]. As shown in Figure 2, articles on 

region-specific gene expression in the epididymis began to appear in 1983, and the num-

ber of articles published each year increased every year until 2006, but the popularity has 

decreased since then(https://pubmed.ncbi.nlm.nih.gov/?term=epididymis+region+spe-

cific+gene+expression&sort=pubdate&sort_order=asc). 

2. Research status of epididymis in recent years 

The most commonly used epididymis research models are the mouse and rat. In re-

cent decades, new technologies, such as the gene-knock approach[39],transcriptome se-

quencing[40], microarray[41], proteomics[29], and RNA-seq, which is a sequencing 

method of transcriptome sequencing, also known as second generation sequencing[42-

44], have increased understanding of epididymal composition significantly. Many knock-

out mice exhibit phenotypes that affect male reproductive function, and in these models, 

males are often infertility. For example, sperm from Clgn, Adam1a, Adam2, and Adam3 

knockout mice did not migrate to the fallopian tubes[45-47]. Whether and how these genes 

are expressed in the epididymis is worth exploring. In vivo and in vitro models have been 

used to study the function of epididymis. The technique of in vitro culture of epididymal 

cells has been very mature[48-50]. Rat caput epididymal cell line shows many 
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characteristics of epithelial principal cells, thus providing a model for the study of the 

function of epididymis cells[51]. The cell line is composed of epithelial principal cells with 

the characteristics of cells in vivo[52]. Advances in RNA sequencing have allowed re-

searchers to analyze the transcriptome of classified groups of cells or even individual 

cells[53]. In recent years, with the development of single-cell sequencing technology, the 

understanding of the epididymis has reached a new level. For example, single-cell se-

quencing techniques can be used to map the epididymal single-cell transcriptome. Corre-

lational research revealed a new distribution pattern of mitochondria and key genes, 

which may be related to the first and subsequent sperm wave [54]. In the past two years, 

spatial transcriptomics has provided a large amount of quantitative gene expression data 

of mRNA distribution in tissue slices and visualized the data. These emerging technolo-

gies make new bioinformatics analysis possible and valuable in research and diagno-

sis[55]. At present, there is no relevant research in the field of epididymis. It is expected 

that future epididymal spatial transcriptome research will reveal more secretion in the 

epididymis. This paper summarizes the related epididymis research techniques. Repre-

sentative articles on the application of new technologies in the field of epididymis research 

are listed in Table 1. 

Research on the epididymis was more focused on tissue before the emergence of tran-

scriptome technology. With the advent of transcriptome technology, people realized the 

differences in genes and proteins in different parts of the epididymis[56]. Genes determine 

function, and the difference in function between regions is due to different gene expres-

sion. This means that different parts of the epididymis have different roles or functions in 

sperm maturation. Starting from the perspective of genes and cells, we have a better un-

derstanding of the spatial distribution and cell types of epididymal cells or genes in dif-

ferent parts of the epididymis. It deepened our understanding of the epididymis and paid 

more attention to regional differences. 

3.Regional division and differential function 

It is reported that the epididymis is a highly region-specific reproductive organ. Re-

gions of the epididymis are artificially divided, so different regional division methods are 

recorded in the literature. In most studies, the epididymis is divided into three regions: 

caput, corpus and cauda. However, in rodents, the epididymis is divided into four ana-

tomical regions: the initial segment, caput, corpus and cauda[57]. These regions are well 

recognized in rodents, but not well defined in human epididymis. To date, most studies 

have used the caput, corpus, and cauda as the boundaries in the epididymis for analyzing 

gene and protein expression patterns [58, 59]. The caput, corpus, and cauda of the epidi-

dymis are proximal to distal, relative to the testis (Figure 3). 

Jun Zhao et al. conducted anatomical analysis of the human epididymis based on 

histology, proteomics and 3D reconstruction. They subdivided the caput, corpus and 

cauda of the epididymis into 6, 10 and 4 parts and found that protein expression in differ-

ent regions of the epididymis was different depending on the region[60]. It has been found 

that the protein composition of the lumen of the epididymis is different, and the proteome 

and secretory group of the caput, corpus and cauda of the epididymis are also different 

[61]. However, the regional division of the epididymis in other species is also different. 

There are subtle differences in the regional division of the epididymis, even in rodents. 

The mouse epididymis is composed of 10 different segments, while the rat epididymis is 

composed of 14 segments[56, 62]. Besides, the size and shape of special segments of the 

epididymis vary slightly between different species[63].                  

Each region of the epididymis has a different function. By identifying miRNAs in 

different parts of the epididymis, some miRNAs displayed regionalized expression pat-

terns[64]. Compared with other parts, the function and expression of the epididymal ca-

put are more abundant, and the function of the caput is quite unique. One of its key func-

tions is to maintain an appropriate cavity environment for normal sperm maturation[65]. 

Moreover, the caput is closely related to hormone stimulation. Microarray analysis 
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showed that the epididymal caput has the highest number of androgens regulating genes 

[59, 66, 67].  

The functions of the corpus and cauda are similar to a certain extent. In morphology, 

the physical distance between caput and cauda is the longest and the functional difference 

is the greatest. Specifically, immune-related biological processes were enriched in the ep-

ididymal corpus and cauda. The cauda of the epididymis is the final storage of mature 

sperm before ejaculation[68]. Generally, sperm are stored in the cauda. Sperm gain ferti-

lizing capacity during transport between the corpus and cauda of the epididymis. At pre-

sent, sperm in the epididymal corpus area have been proven to have a similar ability to 

cauda sperm, capable of capacitation, in vitro fertilization of oocytes and survival in cry-

opreservation[69-71]. Animal sperm cannot survive for more than a few days in the caput 

and corpus of the epididymis involved in maturation, while some animal sperm can main-

tain fertility for several weeks in the caudal environment[72].  

Like the caput of the epididymis, the biosynthesis of secreted proteins in the cauda 

of the epididymis is also regulated by androgen and is also related to temperature[72-

75].Compared with other large mammals, male sperm production is low, and sperm 

morphology and motility are generally poor. The regulatory mechanism of the cauda of 

the epididymis deserves further investigation. However, we do not know the mechanism 

of temperature in the epididymis[76]. This may be a breakthrough in future epididymis 

research. In general, each part of the epididymis has a unique function, which 

continuously processes and elaborates sperm and finally allows sperm to obtain 

fertilization and motility. 

4. Different cell types in different epididymis regions 

4.1 Epididymis epithelial and cell types 

In the past twenty years, active research has been devoted to understanding the con-

tribution of the epididymal structure and its different cell types to sperm function. The 

epididymal epithelium is region specific and has rich functional diversity in the epididy-

mal caput, corpus and cauda. Each of these fragments has a specific role in ensuring that 

sperm can obtain full mobility and fertility. The epithelium in the epididymis presents a 

columnar pseudolayer over the entire length, the epithelial lining consists mainly of prin-

cipal cells and basal cells[77]. In the undifferentiated stage of epididymis development, 

epithelial cells are composed of small undifferentiated columnar cells[78]. Then differen-

tiated short columnar cells differentiate into basal cells and high columnar/narrow cells, 

which then develop into principal, clear, narrow and apical cells[79]. 

Epididymal epithelial cells have been successfully isolated and cultured in many spe-

cies, such as bulls, mice, rabbits and humans[80-84]. Some studies indicate that epithelial-

mesenchymal interactions are a component of epididymal morphogenesis[85]. The epi-

didymal mesenchymal - epithelial interactions, such as the phenotypic effects of andro-

gens, are the result of complex interactions between different and specific androgenic tar-

get cells[86]. Besides, epididymal epithelium provides an optimal acidic liquid microen-

vironment in the epididymal canal, enabling sperm to complete the maturation pro-

cess[87, 88]. All epididymal regions have a variety of epithelial cell types, each of which 

has different functions. The epididymal epithelium regulates the transport and absorption 

of ions, solutes, and macromolecules secreted by different cells and regions, providing a 

stable luminal environment for sperm maturation.  

The earliest cell types were identified, respectively into four types: principal, narrow, 

clear and basal cells[58]. Later, it was found that the epididymal epithelium was com-

posed of six different cell types: principal cells, narrow cells, apical cells, clear cells, halo 

cells and basal cells[89]. Some papers divide epididymal epithelial cells into five types: 

principal cells, narrow cells, clear cells, apical cells and basal cells[90]. Not all species have 

the same type of epididymal cells. The cell types in the epididymal epithelium are also 

species-specific. Some cell types vary according to species, including apical cells, narrow 

cells, clear cells, and halo cells[77]. Recently, different cell subtypes of epididymis were 
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identified by single cell RNA-sequencing samples[42, 91]. In 2020, Shih-Hsing Leir et al 

recovered 1,876, 1,309, and 2,114 cells from human epididymis aged 3,157, and 32 years, 

respectively, which passed quality control on the 10X Genomics Chromium System pipe-

line, providing scRNA-seq data on a pool of 5,299 cells. Eight humans proximal epididy-

mal cell types were identified include principal cells, basal cells, clear cells, stromal cells, 

apical/narrow, immune cells, sperm cells, and efferent duct cells[91]. Each cell type can be 

divided into several cell subtypes based on different marker genes. Using droplet-based 

(10X Chromium) single-cell RNA-Seq, Gene expression in 8880 mouse epididymis and 

vas deferens cells was analyzed. Nine principal cell subtypes and three basal cell subtypes 

were analyzed from this data[42]. 

4.2Principal cells 

The most abundant cells are the principal cells, which are distributed throughout the 

whole epididymis. According to different regions, the principal cells account for 65% to 

80% of the epididymal epithelium. It is reported that, the number of principal cells is at 

least three times more than the sum of all other cell types[92, 93]. These cells are mainly 

responsible for the absorption and secretion of substances into the epididymal cavity, so 

they have high secretory and endocytotic activity[89]. In addition, the principal cells are 

the places where liquid, ions, antioxidants and exons are produced and released[94].  

The epididymal junction complex between adjacent principal cells consists of apical 

spaces, adhesions and tight junctions. Which leads to the formation of the blood epididy-

mal barrier[95]. The blood-epididymis barrier limits the molecular exchange between 

blood and the lumen, providing guarantee for the stability of the epididymal lumen envi-

ronment. In this way, specific microenvironments are formed in the epididymal cavity, 

which is crucial for sperm maturation [96]. Once the principal cell of epididymis has prob-

lems, it is likely to affect sperm motility quality and fertilisation capacity. It is worth not-

ing that Occludin (OCLN), a tight junction protein, appears at the apical junction of the 

principal cells of the proximal epididymis epithelium, OCLN - deficient mice had im-

paired sperm motility and fertilization ability and mutation of OCLN deletion can cause 

male sterility in mice.[97]. 

4.3 Basal cells 

Basal cells exist in the columnar pseudostratified epithelium covering all mammalian 

epididymis[77]. They are present in the epididymal epithelium of all regions (caput, cor-

pus, cauda) in all species[77, 93]. Located in the basal layer, it is said to never reach the 

lumen. The morphology of mammalian epididymal basal cells showed similarity. They 

are oval or round, large, round, and are located on the basement membrane. It is generally 

believed that there are more basal cells in the epididymal corpus and fewer in the 

cauda[98, 99]. Initially, basal cells are thought to have macrophage-like qualities and are 

associated with epididymal immunity[100, 101]. The latest explanation for the role of ep-

ididymal basal cells is that they may scan and perceive the lumen environment of pseu-

dostratified epithelium and regulate epithelial function through the mechanism of cross-

talk with other epithelial cells[102]. In addition to crosstalk with other cells to regulate 

epithelial function, basal cells can also monitor the epididymal fluid environment. The 

basal cells of the epididymis act as the sensor of angiotensin 2, and regulate the lumen 

acidification by producing nitrous oxide[90], which may play a protective role in the 

blood-epididymis barrier.  

Early studies showed that basal cells of epididymis can be used as stem cells[103]. 

Gene transcription reveals that the basal cells express a large number of genes related to 

the function of pluripotent stem cells[104]. Studies in rats and mice have shown that pu-

rified single epididymal basal cells cultured under 3D conditions can self-renew and dif-

ferentiate into other types of epididymal cells[105]. Several signal pathways related to 

stem cell function, such as Notch1, Hedgehog, p63 and Wnt are also enriched in basal 

cells[106]. Some signaling pathways are related to sperm function. Among these signaling 

pathways, Wnt ligands can promote the stability of sperm proteome and sperm motility. 

Studies have shown that post-transcriptional Wnt signals control the maturation of epi-

didymal sperm[107]. And the Wnt4 signaling pathway can affect the activity of 
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spermatogonial stem cells[108]. The relationship between stem cell-related signaling path-

ways in basal cells and sperm function is fascinating. 

In a study of the ultrastructure of the epididymal epithelium of equine animals, a 

single cilium was incidentally found. Primary cilia were detected in the epididymal basal 

cells of horses, donkeys and mules studied. These cells appeared on the surface of basal 

cells and infiltrated into the intercellular space. When the basal cell cilium is damaged, the 

epididymal epithelial cells show unbalanced apoptosis and growth rate[109]. 

4.4 Other cells 

Apical cells are mainly located in the initial segment of the epididymal epithelium 

and have endocytosis activity. Narrow cells also exist only within the initial segment, as 

shown by the name, narrower than the adjacent principal cells. These cells have been 

shown to secrete H+ ions into the epididymal lumen and are responsible for endocyto-

sis[89]. Apical cells and narrow cells are rare and only confined to the cranial region[110, 

111]. Halos are the primary immune cells in the epididymis [112]. 

Clear cells are large endocytotic cells scattered among the principal cells in the caput, 

corpus and cauda regions. Their morphology is characterized by many covered pits, ves-

icles, endosomes, vesicles, lysosomes, and lipid droplets in the apical region [113-115]. In 

addition to secretion, endocytosis of lumen proteins is the main function of epithelial clear 

cells [116]. Narrow, apical and clear cells strongly express vacuolar proton pump ATPase 

(V-ATPase) in their apical membranes, which is considered to be the reason for proton 

secretion into the lumen, thus participating in its acidification[117-119].  

Intraepithelial single cell types may perform separate and integrated functions in the 

epididymis. Recent studies have shown that basal cells regulate the transport of 

electrolytes in principal cells by releasing paracrine factors, especially prostaglandin 

PGE2[120]. It has been concluded that the interaction between cells is the basis for the 

formation of the epididymal environment. Therefore, the complex interactions between 

different cell types in epithelial cells lead to the activation of the ability of epididymal 

luminal acidification, which is crucial for sperm maturation and storage. 

5 Different genes in different epididymis regions 

5.1 Specially expressed genes and gene families 

Some scholars have long proposed the regional specificity of gene expression in the 

epididymis[112, 121]. The mRNA of the caput, corpus and cauda of the epididymis was 

sequenced by transcriptome sequencing. Specific mRNA synthesis supports the concept 

that the region-specific expression pattern of epididymal tubule transcription is the main 

molecular basis of the region specific expression pattern of tubule lumen proteins[112]. 

Furthermore, each gene has different spatial expression and regulation in the epididymis. 

In different mammalian species, gene expression patterns vary between epididymal seg-

ments[56, 122, 123]. In the following, we will specify the expression of representative epi-

didymal genes. The genes expressed in the epididymis play an important role in sperm 

maturation and motility, changes in epididymal-specific gene expression may lead to in-

fertility. Some genes are predominantly expressed in the epididymis, which thus suggests 

that these genes may possess epididymis-specific functions.  

At the beginning of the 20th century, the mouse epididymis transcripts were ana-

lyzed on a 1,7000 oligonucleotides microarray. By comparing the transcripts of the epidi-

dymis and 22 other organs, 75 epididymal-specific transcripts were identified, and 2,168 

genes were identified. These genes were up or downregulated more than four times be-

tween at least two different fragments of mouse epididymis[56]. In the end, it was deter-

mined that 77 transcripts were uniquely expressed in the epididymis[122]. Analysis based 

on rat microarray technology found that the number of genes detected in each segment of 

the epididymis varied greatly. Although 43% or 46% of the studied genes were expressed 

in the initial fragment (517 of 1,176 fragments) and caput (541 of 1,176 fragments), respec-

tively, only 39% of the genes were expressed in the corpus (463 of 1,176 fragments). The 

most expressed genes, 53%, were located at the cauda (626 out of 1,176 genes)[58]. 
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Recently, the region-specific expression genes were analyzed by GO and KEGG analysis 

to screen the key genes related to sheep sperm maturation. A total of 129, 54 and 99 specific 

genes were obtained in the caput, corpus and cauda, respectively. The heatmap showed 

that 6 genes of the LCN protein family were highly expressed in the sheep epididymal 

caput. RNase10 is also highly specifically expressed in caput. The same is true of other 

species that have identified RNase 10, such as humans, mice, and pigs[124-126]. 

5.2 Epididymal distribution and function of the Defb family 

 

RT‒PCR showed that all but one of the rats defensin transcripts were preferentially 

expressed in the male reproductive tract, especially in the epididymis and testis[127]. De-

fensins are small cationic peptides related to innate immunity, that are part of the first line 

of defense against invading pathogens. β-defensins are a subgroup of the defensin fam-

ily[128]. β-defensins have an antibacterial function and provide the first protection against 

pathogens while playing the role of immune regulation[129]. Since the β-defensins were 

first identified as an antibacterial drug in bovine airway epithelial cells, 30-50 new defen-

sin genes have been found in bovines, humans and other species[127, 130, 131]. Some de-

fensins are mainly expressed in the epididymis and show a region-specific expression pat-

tern in the epididymis[132]. 

Studies over the past 15 years have shown that β-defensins are abundantly expressed 

in the postnatal epididymis of different species. When they travel along the epididymis, 

they secrete into the coelom and combine with sperm, indicating that they are involved in 

specific reproductive tasks[133]. Epididymal β–defensins not only have immune function 

but can also promote sperm maturation, most of which are regulated by androgens. Most 

of the β–defensins, such as Defb18, 19, 20, 39, 41, and 42, expressed in the epididymal 

cauda are affected by androgens[134-136]. In addition, β–defensins cooperate with other 

genes to regulate epididymal function. Recently, research has shown that DICER1 plays 

an important role in the transcription of β-defensin genes, which are associated with nat-

ural antimicrobial properties in a way that is independent of microRNAs and further af-

fects male fertility[137]. 

Combined with literature analysis, Defb12, Defb35, Defb15, Defb34, Defb17, Defb18, 

Defb21, and Defb25 are more abundantly expressed in the caput of the epididymis[127, 

138, 139]. Among these genes, the rat epididymis-specific Defb15 exhibits an androgen-

dependent expression pattern[134], and it can bind to the acrosome of caput sperm. It also 

plays a dual role in rat epididymal sperm maturation and pathogen defense[140]. Defb41 

is required for proper sperm maturation. Targeted inactivation of mouse epididymal 

Defb41 alters the sperm flagellar beat pattern and zona pellucida binding[141]. Similar to 

the epididymis caput, Defb9, Defb10, Defb11, Defb13, and Defb40 are highly expressed in 

the cauda[127, 138, 139]. 

Human DEFB126 is derived from epididymis and adsorbed on sperm surface. 

DEFB126 is mainly expressed in the epididymis caput, and its level is down-regulated in 

the epididymis caput of infertile patients with non-obstructive azoospermia[142]. Besides, 

DEFB126 gene mutation will lead to significant changes in sperm surface components and 

damage the ability of sperm to penetrate mucoid gel[143]. Immunofluorescence staining 

showed that the proportion of DEFB126 positive sperm in motile sperm increased 

significantly. In addition, the proportion of DEFB126 labeled sperm was positively 

correlated with sperm motility and normal morphology[144]. Sperm must pass through 

the female reproductive tract and undergo complex chemical reactions to obtain the 

ability to fertilize. DEFB126 has been suggested for coating sperm, whose overall negative 

charge helps sperm adhere to the epithelium of the fallopian tube and promotes the 

penetration of cervical mucus[145]. In a word, DEFB126 is very important in human sperm 

maturation, and it has potential use in vitro sperm maturation. 

5.3 Epididymal distribution and function of the Lcn family 

The lipoprotein (LCN) family is a hydrophobic ligand binding protein with a con-

served structure that is expressed in all major taxa from prokaryotes to primates [146, 147]. 

Lipocalins show diverse functions, including the transport of hydrophobic molecules, 
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regulation of inflammation[148], glucose and lipid metabolism[149] and immunity[150]. 

Notably, features of sperm maturation through the epididymis include changes in the li-

pid composition of the plasma membrane[18]. There are several lipids in the mouse epi-

didymis that are thought to play a role in sperm maturation by transporting lipophilic 

molecules. Two lipocalin genes derived from ancestral genes, mERABP (mouse epididy-

mal retinoic acid binding protein) and mEP 17 (mouse epididymal protein of 17 kDa), 

have been previously reported to be specifically expressed in the epididymis[151]. Studies 

have shown that the Lcn9, Lcn10, Lcn12, Lcn5, Lcn8, and Lcn13 genes are specifically ex-

pressed in the mouse epididymis[152]. However, it is still unknown what effect Lcn9 and 

Lcn12 have on epididymal function. 

Lcn2, also known as 24p3, is expressed in the caput and corpus of the mouse epidi-

dymis [153]. Lcn6 protein is abundant in the epididymal caput epithelium, and is located 

in the sperm tail and the region behind the acrosome of the head[147]. In mice with Lcn6 

gene deletion, sperm maturation defects were observed, including calcium overload and 

premature acrosome reaction. The expression of Lcn6 in the distal efferent duct and epi-

didymal caput and the location of sperm surface proteins are consistent with the role of 

sperm maturation[147]. A LCN6 study on the human epididymis showed that its expres-

sion in the distal efferent ducts, initial segment and proximal caput was similar to that of 

rat Lcn5[154] and mouse Lcn8[151] but different from that of mouse Lcn5, which was ex-

pressed in the distal caput and corpus and accumulates in caudal fluid[155, 156]. 

5.4 Other gene expression conditions in epididymis 

Similar to the Defb family, CD52 is also an immune-related gene. CD52 is expressed 

in mammals such as dogs, rats, mice, monkeys and humans. The mouse CD52 antigen 

gene is homologous to human CD52[157]. It has been proven that CD52 is highly ex-

pressed in the cauda of the epididymis and moderately expressed in the corpus. Mouse 

CD52 is regulated by androgen and lumicrine factors[158].  

CRISP is a highly conserved and widely distributed family in vertebrates and is called 

cysteine rich secretory protein. Although mutant sperm lacking CRISP1 showed obvious 

sperm function defects, males with CRISP1 deletion remained fertile[159-161]. CRISP1 

and CRISP4 are also specifically expressed in the mouse epididymis[162, 163]. Rat epidid-

ymal CRISP1 is expressed in the proximal part of the epididymis and binds to sperm dur-

ing epididymal transport. CRISP1 is a multifunctional protein that plays different roles in 

the fertilization process through different connections with sperm and positioning on 

sperm[164]. It is worth mentioning that there is a compensatory mechanism between two 

homologous epididymal CRISP proteins. As CRISP1 observed, CRISP4-deficient males 

have in vitro fertilization defects, but animal fertility is normal[165]. 

Mammalian aquaporins (AQPs) are a family of 13 transmembrane aquaporins that 

are involved in water transport in many organs[166, 167]. Aquaporin-1 (AQP-1) is a six 

transmembrane domain protein that is responsible for water transport. RT‒PCR showed 

AQP-1 mRNA expression in all mouse epididymal regions[168].A study on the epididy-

mis of dogs showed that they were upregulated in the caput of the epididymis of dog 

cryptorchidism and downregulated in the cauda[169].The data shows that AQP9 is the 

main AQP of the epididymis, and specific mRNAs of AQP2, 5, 7 and 11 are also expressed 

in epididymal epithelial cells[167].  

Juri Jeong et al. found that epididymal Spinks are expressed in an epididymal region-

specific manner, and their expression is developmentally regulated[170]. In mice, four ep-

ididymal-specific Spink genes, Spink8, Spink10, Spink11 and Spink12, have been identi-

fied. They have unique regional expression patterns in the epididymis [171]. It has been 

determined that the another epididymal-specific gene Spink13 is crucial for acrosomal in-

tegrity and sperm maturation. In addition, Spink13 has been identified as significant to 

acrosome integrity [172]. Spink12 mutant mice showed normal fertility, indicating that 

Spink12 was functionally redundant in the epididymis[170]. The expression of Spink and 

other genes in the epididymis still needs further detailed analysis. 

Therefore, we further analyzed the data provided in an article[42] with the Seurat 

software package, collecting the data of the mouse epididymal caput, corpus, cauda and 
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vas deferens. Seurat is one of the most popular software suites for analyzing single-cell 

RNA sequencing data[173] and a computational strategy to infer cellular localization by 

integrating single-cell RNA-seq data with in situ RNA patterns[174]. After 

standardization, quality control and normalization of the data workflow were performed. 

We received an object of class Seurat 18097 features across 9167samples within 1 assay 

(Figure 4). In this data set, 1619 samples were collected from the caput of the epididymis, 

2345 samples from the corpus of the epididymis, 1658 samples from the cauda of the 

epididymis, and 3545 samples from the vas deferens were the most. T-SNE (t-distributed 

stochastic neighbor embedding) is used to visualize these four parts of data, a 

dimensionality reduction method that allows data points to be visualized on a two-

dimensional map. In the t-SNE map, features that have similar functions will come 

together, select each other and cluster in a coordinate system. Different colors represent 

different regions of the sample (Figure 4). Then, on this basis, the two main cell types in 

the epididymis, principal cell and basal cell, were extracted respectively and then 

clustered. According to the marker genes of different cell types, we specifically clustered 

the principal cells and basal cells by t-SNE and annotated them according to the four 

anatomical regions (Figure 5, Figure 6). There were 18097 features across 1410 samples 

within basal cells (Figure 5) and 18097 features across 2099 samples in principal cluster 

cells (Figure 6). Several genes of interest were selected, and their epididymal distribution 

in different parts was examined (Figure 7, Figure 8). 

6. Gene expression varies at different epididymal positions and in different cell types 

6.1 Comparison of gene expression in different parts of the epididymis 

At present, the gene expression of human, mouse and ram epididymis from caput, 

corpus and cauda has been compared. By comparing the differentially expressed genes 

(DEGs) of human caput, corpus and cauda cells in different parts of the epididymis, it was 

found that the gene expression profiles of the corpus and cauda are very similar, and both 

differ from the caput to a similar degree. Gene ontology process enrichment analyses 

showed that ion transport, hormone stimulation and urogenital tract development were 

more obvious in the caput, and more defensive response in the corpus and cauda[65].  

Microarray analysis of the epididymis in human shows that the cauda transcriptome 

is specialized in muscle contraction and establishment of localization[121]. Mouse micro-

array analysis find the relative expression of more than 60 genes between any two frag-

ments was at least 100 times different. Defensin-β 9 (1832 times), adam28 (1790 times) and 

defensin-β 11 (981 times) are the highest in this category[56]. One study revealed expres-

sion in the human epididymis. More than 1,500,0 transcripts, almost one-third of which 

are found in the whole epididymis. Among them, 65% were detected in all three regions 

of the epididymis, 2.6% were present only in one region, and the remaining 32.4% were 

distributed in two regions. The region-specific transcripts observed in the caput (264), cor-

pus (61) and cauda (81) epididymis are further classified as empirically determined re-

porter genes or expression sequence tags of some region-specific genes[175]. Another sur-

vey of rams obtained 1321 DEGs between the caput and the corpus (535 genes were more 

highly expressed in the caput and 786 genes in the corpus). Similarly, there were 855 DEGs 

between the corpus and the cauda (386 genes more highly expressed in the corpus and 

469 genes in the cauda). A total of 1564 DEGs were identified between the caput and cauda 

(519 genes were more highly expressed in the caput, and 1045 genes were expressed in 

the cauda)[40]. 

6.2 Comparison of gene expression in different cell types of epididymis 

As can be seen from the description above, the regional expression of epididymal 

genes is very complex and varies greatly among different species. Gene expression is dif-

ferent in different regions of epididymis, and the cell composition of each region is also 

different. This shows that we can explore the expression of genes in different types of 

epididymis cells. However, there is very little literature for reference. Based on document 

published by Rinaldi et al. in 2020 related to single-cell data analysis of the epididymis. 
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Their team obtained sperm-depleted single-cell suspensions from eight epididymis of 

four 10-12 week-old FVB mice. The organ is cut into four parts, roughly corresponding to 

caput, corpus, cauda, and vas deferens. A single cell RNA sequencing library was pre-

pared using the Chrome single cell 3' kit V2 (10X Genomics). Using single-cell data that 

their team uploaded to the GEO (Gene Expression Omnibus) website, we visualized the 

expression of several genes in basal cells and principal cells. 

Principal cells and basal cells were identified in the integrated data of the caput cor-

pus cauda and vas deferens. Interestingly, we found that the principal cells were very 

poorly distributed in the epididymis corpus, but the caput of the epididymis has very few 

basal cells and there were many basal cells in the epididymis corpus. Then, we selected 

the representative genes of interest and observed their epididymal expression in principal 

cells and basal cells. As shown in Figure 7, Lcn8 is reported to be an epididymis-specific 

lipocalin[176] which is highly expressed in caput basal cells (Figure 7A). Spag11b is asso-

ciated with androgen receptor binding sites in its promoter or intron regions[134]. Its ex-

pression in basal cells is the same as that of Lcn8 (Figure 7D). Lcn5 is an epididymal ret-

inoic acid-binding protein that belongs to the lipoprotein family. Its expression regulation 

in the epididymis has a unique gene expression mode[176]. The analysis results show that 

Lcn5 is expressed in caput and corpus basal cells (Figure 7B). However, Defb28 is ex-

pressed in all sections except the vas deferens of epididymis basal cells (Figure 7C). Unlike 

basal cells, Lcn5, Lcn8 and Spag11b are highly expressed in caput principal cells (Figure 

8A, 8B, 8D), while Defb28 is only expressed in cauda principal cells (Figure 8C). Obvi-

ously, the expression of the same gene in different cell types is also different. 

7. Epididymal spermatozoa and epididymis fluid 

It has been recognized that the environment of the epididymal canal might influence 

the sperm maturation steps[177]. In the process of mammalian sperm transport along the 

epididymis, it encounters intraluminal fluid with different protein compositions, which 

interacts with the sperm surface and endows the male gamete with fertilization activ-

ity[178]. Many previous studies have shown that most sperm in the cauda of the epididy-

mis are mature, capable of capacitation and acrosome reaction, and are fertile when used 

for in vitro fertilization (IVF) or artificial insemination (AI)[179-181].  

The cell component of semen is mainly sperm, accounting for approximately 5% of 

the semen volume, while the cell-free part or semen contains secretions from different 

accessory gonads, accounting for 95% of the semen. In addition, 70-80% of the secretory 

body is composed of 10-20 major secretory proteins in epididymal fluid[34]. At the distal 

end of the epididymis, the sperm is fully mature and can be fertilized. There, they are 

preserved until ejaculation, and epididymal caudate fluid may be considered a natural 

semen preservation medium. Seminal plasma is a compound liquid composed of secre-

tions from the testes, epididymis and accessory gonads. It has obvious species differences 

and forms ejaculation together with a small amount of epididymal sperm reserves[182]. 

In some species (such as pigs), seminal plasma accounts for the majority of total ejacula-

tion, while epididymal lining cells and other cellular components (including a small 

amount of epididymal caudate fluid) account for only 5%[183]. Some animal species, such 

as poultry, ejaculate very little, but they are highly concentrated in the liquid formed by 

the testes, residual epididymal tubes and vas deferens secretion[184]. 

8. Dysfunction of epididymis and reproductive health  

Obstructive azoospermia and non-obstructive azoospermia account for 20-30% of 

male infertility[185, 186]. Moreover, the formation and function of the epididymis is partly 

androgen dependent. Studies have shown that the epithelial androgen receptor signaling 

pathway is critical to the postnatal development and function of the epididymal epithe-

lium, and the destruction of this signaling pathway may lead to obstructive azoo-

spermia[187]. Obstructive azoospermia can be an acquired obstruction of epididymis, or 

congenital due to mutations in the CFTR or ADGRG2 gene. Non-obstructive azoospermia 
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is associated with abnormal gene expression, and some abnormal gene expression pro-

teins are also expressed in the epididymis. However, at present, the focus of attention on 

non-obstructive azoospermia is focused on the study of testis, while there are few articles 

related to epididymis. In the future, we can integrate the research of epididymis transcrip-

tome gene expression, focus on the influence of epididymis on non-obstructive azoo-

spermia, providing a more detailed understanding of the molecular mechanism of non-

obstructive azoospermia and potential therapeutic targets for its treatment. Therefore, we 

can start with the study of epididymis to break through male infertility diseases such as 

obstructive azoospermia and non-obstructive azoospermia.  

The epididymis stores and transports sperm, so there is a unique immune environ-

ment in which the underlying autoimmune response must be suppressed in order to es-

tablish immune tolerance to sperm present after puberty[188]. Infection and inflamma-

tion, including epididymitis and epididymo-orchitis orchitis, account for 13-15% of all 

cases of male-related infertility[189]. Maintaining proinflammatory and immune toler-

ance is essential for the balance of male fertility. Fortunately, the epididymis has a certain 

barrier function called the blood epididymal barrier, which creates a suitable environment 

for sperm to mature.  

Sperm are very sensitive to reactive oxygen species (ROS), which are the end product 

of normal metabolism of aerobic cells. At elevated levels it promotes oxidative damage 

and impairs sperm function[190]. Epididymal epithelial cells contain different antioxidant 

enzymes involved in protecting epididymal sperm from oxidative damage. The 

glutathione peroxidase (GPX) family is thought to be antioxidants and participate in the 

protection of the maturing spermatozoa in the epididymis. GPX5, as a member of GPX, is 

secreted by the epididymal caput principal cell and regulated by androgens[191]. Another 

antioxidant enzymes include superoxide dismutase (SOD), catalase (CAT)[192]. Activins 

play a complex role in controlling inflammation and immunity of the epididymis and vas 

deferens. The epididymis caput is relatively resistant to inflammatory damage caused by 

autoimmune or bacterial infection, but the caput shows low activin expression and high 

level of activin binding protein folliclestatin, which is highly susceptible to inflammatory 

damage [193]. 

 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 May 2023                   doi:10.20944/preprints202305.0151.v1

https://doi.org/10.20944/preprints202305.0151.v1


 

Figures, Table  

 

Figure 1. Paper counts published annually on epididymis. Search for epididymis keywords in Pub-

Med. The number of articles published each year is shown in the line graph. From 1960 to 2022, 

articles about epididymis published in PubMed every year. More and more articles are published 

every year, and the trend is rising in a straight line. 

 

Figure 2. Paper counts published annually on region specific-gene expresion in epididymis. Search 

for epididymis region specific gene expression keywords in PubMed. The number of articles pub-

lished each year is shown in the line graph. It is found that relevant articles only appeared in 1983. 

From 1983 to 2022, the trend first rose and then declined. 
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Figure 3. Anatomy of the epididymis. The epididymis is attached to the testis. From top to bottom, 

it is the initial segment, the caput of the epididymis, the corpus of the epididymis, and the cauda of 

the epididymis. 

 

Figure 4. Single-cell cluster, clustered by t-SNE and annotated according to the four anatomical re-

gions (caput, corpus, cauda and vas deferens). The data of epididymal caput, carpus, cauda and vas 

deferens were analyzed jointly. This is the t-SNE cluster diagram of four anatomical regions. Each 

color represents a cluster of cells in an anatomical region. The red dot represents the epididymis 

caput cells; The blue dot represents the epididymis corpus cells; The green dot represents the epidi-

dymis cauda cells; The purple dot represents the epididymis vas deference cells. 
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Figure 5. Reclustering of extracted basal cells, visualized by t-SNE and annotated according to the 

four anatomical regions. This figure shows the t-SNE cluster diagram of basal cells in the caput, 

carpus, cauda and vas deferens of epididymis regions. Each color represents a cluster of cells in an 

anatomical region. The red dots represent the epididymis caput basal cells; The blue dots represent 

the epididymis corpus basal cells; The green dots represent the epididymis cauda basal cells; The 

purple dots represent the epididymis vas deference basal cells. 

 

Figure 6. Reclustering of extracted principal cells, visualized by t-SNE and annotated according to 

the four anatomical regions. This figure shows the t-SNE cluster diagram of principal cells in the 

caput, carpus, cauda and vas deferens of epididymis regions. Each color represents a cluster of cells 
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in an anatomical region. The red dots represent the epididymis caput principal cells; The blue dots 

represent the epididymis corpus principal cells; The green dots represent the epididymis cauda 

principal cells; The purple dots represent the epididymis vas deference principal cells. 

 

Figure 7. Expression of specific genes across all basal cells. Those genes were selected and looked at 

their epididymal distribution in different parts respectively. A: Lcn8 is highly expressed in epididy-

mis caput basal cells. B: Lcn5 is highly expressed in epididymis caput and corpus basal cells. C: 

Defb28 is highly expressed in corpus, cauda and vas deferens of epididymis basal cells. D: Spag11b 

is highly expressed in epididymis caput basal cells. 
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Figure 8. Expression of specific genes across all principal cells. Those genes were selected and 

looked at their epididymal distribution in different parts respectively. A: Lcn8 is highly expressed 

in epididymis caput principal cells. B: Lcn5 is highly expressed in epididymis caput principal cells. 

C: Defb28 is highly expressed in epididymis cauda principal cells. D: Spag11b is highly expressed 

in epididymis caput principal cells.   

Table 1. Representative articles on the application of new technologies in the field of epididymis 

research 

Annual Range Representative Article New Technology Findings 

1996-2000 

Targeted disruption of the 

estrogen receptor gene in 

male mice causes alteration 

of spermatogenesis and in-

fertility 

 

 

 

Gene-knockout 
To explore the effect of spe-

cific genes on epididymal 

function 

2000-2001 

Stallion epididymal fluid 

proteome: qualitative and 

quantitative characterization; 

secretion and dynamic 

changes of major proteins 

 

 

 

Proteomics 
Understand epididymal 

mRNA expression and pro-

tein secretion 

         2001-2005 

Dynamic changes in gene ex-

pression along the rat epidi-

dymis 

 

Microarray technology 

Obtain differential expres-

sion profiles of epididymis 

multiple genes. 

 

         2005-2020 

The mouse epididymal tran-

scriptome: transcriptional 

profiling of segmental gene 

expression in the epididymis 

 

Transcriptome sequencing 

technology 

 

It aims to improve the integ-

rity of epididymal transcrip-

tome by using whole genome 

array, and provide higher 
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sensitivity by studying frag-

ments in each region 

 

         2020-2022 

An atlas of cell types in the 

mouse 

epididymis and vas deferens 

 

 

Single-cell RNA-Seq 

 

 

A bird's-eye view of the cell 

composition of epididymis 

was conducted to determine 

the new biological character-

istics of epididymal cells. 

9. Discussion 

The epididymis is a complex convoluted tube that connects the vas deferens and the 

efferent ducts in the male reproductive tract and plays a vital role in regulating sperm 

maturation and fertilization. Sperm capacitation requires epididymal processing, which 

includes changes in the structure and molecules of spermatozoa to fertilize an ovum[194]. 

This includes the immune sterilization process and various metabolic physiological pro-

cesses. Some sperm can be stored in the cauda of the epididymis. For the whole male 

reproductive system, the epididymis plays an important role in connecting the former and 

the latter. However, it seems that the effect of the epididymis on male infertility has been 

ignored[195].  

Before the 20th century, the transcriptome did not emerge; therefore, epididymis re-

search was limited to pathology and histology[196-199]. For example, specialists studied 

the sperm quality of the caput, corpus and cauda area of the epididymis in healthy and 

sexually mature Landrace pigs[200]. In such studies, the characteristics of epididymal 

sperm were examined by light microscopy (LM), scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM). In addition, the weight, histology and biochem-

ical changes in the rat epididymis before and after puberty were studied[201]. With the 

development of new technologies, especially transcriptomics[35, 40, 202, 203], more mo-

lecular and genetic knowledge of the epididymis revealed. The role of the epididymis in 

the reproductive system has received increasing attention.  

Moreover, regional differences in the epididymis have been found[204-207]. For in-

stance, the caput epididymis is the most metabolically active region, and the secreted pro-

tein accounts for 70%-80% of the total protein secreted by the epididymal lumen[89]. The 

epididymis corpus plays a more important role in immune defense. In addition to its de-

fensive function, the cauda epididymis is also very muscular. In general, in the history of 

epididymis research, our understanding of the epididymis has gradually deepened from 

the initial morphology and structure[60, 208] to the regional division of the epididy-

mis[209, 210]. With the application of transcriptome technology in the epididymis, we re-

alized that different regions have distinct gene compositions[205], which can be seen from 

microarray and single cell RNA analysis. This is the regional gene expression of the epi-

didymis.  

The male reproductive system shows great variability among different mammal spe-

cies. In adult rats and mice epididymis, these segments are highly differentiated[211]. Due 

to the advantages of a short generation cycle and close biological evolution to human be-

ings, rodents have become the most common animal model for epididymis research. Re-

cently, it has been found that it is feasible to use dogs as biological models to study the 

molecular function of the human epididymis[212]. However, in terms of reproductive bi-

ology, it may be dangerous to infer other mammalian species that practice different re-

productive strategies based on specific mammalian species. This is especially true for hu-

mans. 

Cell classifications of the epididymal epithelium in each region of the epididymis are 

different[213]. It can be concluded from the foregoing that the main cell types, such as 

principal cells and basal cells, are expressed in all regions of the epididymis. The primary 

cell type of the entire tubule is the principal cells that constitute 80% of epithelial cells, 

which are responsible for most of the proteins secreted into the lumen. The blood–
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epididymis barrier formed by the tight connection of principal cells plays an immunopro-

tective role in the epididymal lumen. Morphological and physiological components of 

blood–epididymis barrier represent the basic aspects of male fertility. The disorder of ep-

ididymal epithelium impairs the integrity and function of blood–epididymis barrier and 

is related to the decline of human fertility. In addition, different cell types in the epididy-

mis interact with androgen to promote sperm maturation. The principal cells of the epi-

didymal caput absorb testosterone bound to androgen binding protein through a recep-

tor-mediated process[214]. Different cell type compositions in different parts promote dif-

ferent functions. As a whole, the luminal environment formed in the epididymis is neces-

sary for sperm maturation. Different cell compositions make each region have unique 

functions for sperm maturation. Gene ontology shows that caput transcripts are commit-

ted to cell‒cell adhesion according to their similar tissue qualifiers, while the corpus is 

characterized by genes participating in reactions to other organisms (defense mecha-

nisms), and the cauda transcriptome is dedicated to the establishment of muscle contrac-

tion and localization. The cauda and corpus conduct early and late sperm maturation 

events, respectively, while the cauda is mainly used as the storage site of functional ma-

ture sperm[89]. These functions are well studied in rodents[215]and large animal mod-

els[216] but are less well characterized in humans. 

Epithelial cells in various regions of the epididymis have unique transcriptomes and 

unique functions[89, 215]. After further understanding, we found that the gene expression 

of the same cell type in different parts of the epididymis is also different. No relevant 

report has been found before the emergence of single-cell sequencing technology. Refer-

ring to the previous data, we briefly looked at the expression of several genes in the mouse 

epididymis and vas deferens (Figure 7, Figure 8). The analysis in this paper refers to the 

single-cell data of the mouse epididymis and vas deferens in the open database. Different 

epididymal cell types had different marker genes at different locations. RNase10, Cst11, 

Lcn2 and other genes are marker genes of epididymal caput principal cells. Differentiate 

the principal cells of the mice epididymis corpus according to Lcn5, RNase9, Plac8 and 

other marker genes. In addition, the principal cells in the cauda of the epididymis are also 

distinguished according to Gpx3, Klk1b27, Hint1, Gstm2 and other marker genes[56].The 

basal cells were identified according to the Itga6 and Krt14 genes[42]. Our analysis results 

showed that the same gene is expressed differently in the principal cells and basal cells. 

Lcn5 was highly expressed in caput principal cells (Figure 8B); however, it was highly 

expressed in caput and corpus basal cells (Figure 7B). Defb28 is highly expressed in cauda 

principal cells (Figure 8C) but highly expressed in all epididymis basal cells (Figure 7C). 

It has been reported that in epididymis caput principals, highly expressed genes include 

RNase10, Cst11, and Lcn2[42]. The results showed that the role of Rnase10 in the proximal 

epididymis was necessary to obtain sperm adhesion, which is a characteristic of mouse 

sperm and seems to be related to the mode of sperm transport in the female reproductive 

tract[124]. Combined with our own data analysis on Lcn5 in the principal cells (Figure 8B), 

we suspect that the caput of the epididymis is related to lipid metabolism and adhesion. 

Similarly, genes related to membrane transport and lipid metabolism are also highly ex-

pressed in basal cells[42]. This shows that different cells also have similarities, which to-

gether contribute to the formation of an epididymal cavity environment suitable for sperm 

maturation. The complex gene expression and cell composition of the caput, corpus and 

cauda of the epididymis make each region have unique functions for sperm maturation. 

Some coregulatory factors showed fragment enrichment in their expression, indicating 

that these factors may contribute to fragment-specific responses[65]. Each epididymal 

fragment has its own transcriptomic signature, regulating luminal composition and thus 

dominating mature male sperm. 

10. Conclusions 

The coordination of gene expression in different cell types promotes sperm matura-

tion. The more we know about the gene expression in the epididymal region, the more 
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likely it is to use transgenic technology to change epididymal traits at the gene level and 

improve fertility and sperm quality. It is warmly expected that one day can extract the 

molecules and proteins in epididymal fluid that play a key role in regulating spermato-

genesis and apply them to fresh sperm and frozen sperm to improve semen quality and 

pregnancy rate during estrus. 
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