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ABSTRACT 

Aquaporins (AQPs) are essential to coordinate the transit of water and ions through the cell 

membrane. In salivary glands (SGs), AQPs have been associated with saliva formation, 

facilitating water absorption through the epithelium during the formation of hypotonic saliva, 

which is then secreted into the oral cavity. Different members of the AQP family have been 

suggested to play distinct roles during embryonic development, highlighted by their specific 

expression patterns. Here, we have investigated the expression patterns of AQP-1, AQP-3, 

and AQP-5 by immunofluorescence at key stages of salivary gland development, utilising 

cultured mouse embryonic submandibular (SMG) and sublingual (SLG) glands. The 

expression of AQPs was compared to a mitotic marker, phospho-histone 3 (PH3), a 

myoepithelial marker, smooth muscle actin (SMA), and a vascular marker, CD31. Qualitative 

analysis revealed that AQP-1 and AQP-3 were primarily expressed during the earlier phases 

of SG morphogenesis and were associated with cells undergoing mitotic processes (PH3-

positive). AQP-5, in contrast, was not associated to mitotic figures, but was predominantly 

expressed during late stages of SG morphogenesis. Our results highlight that AQPs are 

expressed from early stages of SG morphogenesis and exhibit complimentary expression 

patterns that may contribute to the morphogenesis of salivary glands.  
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1 INTRODUCTION 

 

Aquaporins (AQPs) are a family of water channel proteins, consisting of 14 members 

(Chauvigné et al., 2019). AQPs are considered to be paramount in the orchestration of cellular 

physiological processes, as they coordinate the transit of water and ions through the cell 

membrane. AQPs have been especially well characterised in tubular organs, such as blood 

vessels, kidneys, and salivary glands (SGs), but they can be expressed in multiple organs in 

the human body. Each AQP member has been suggested to play distinct roles during 

embryonic development highlighted by the distinct expression patterns observed in many 

tissues (Qin et al., 2019). Several studies have described AQP-1, -3, -4, and -5 as being the 

most important AQPs for SG function; however, other AQPs have been increasingly implicated 

in glandular physiology, including AQP-6, -7, -8, -9, and -11. (Gresz et al., 2001, Wang et al., 

2003; Yang et al., 2005, Welner et al., 2006; Larsen at al., 2009; Aure et al., 2014).  

AQP-1 is widely expressed in the cell membranes of epithelial and endothelial 

cells (Verkman, 2002; Hara-Chikuma and Verkman., 2006). AQP-1 has recently been 

described as a potential target for human disease therapies, as AQP-1 knockout mice 

demonstrated pathological and physiological impacts on cellular proliferation and migration, in 

addition to defects in the secretion of epithelial fluids and disrupted embryonic development 

(Hua et al., 2019). 

In blood vessels, the function of AQP-1 in permeability processes has been well 

described, where it acts as a passive water pore that is responsible for the increased water 

permeability of the cell membrane, driven by osmotic gradient forces (Hara-Chikuma and 

Verkman, 2006). However, the roles of AQP-1 in SG structures, especially during 

developmental processes, remains to be determined. 

In a previous study, our group identified AQP-1 in myoepithelial and endothelial cells in 

developing human SGs (de Paula et al, 2017). This finding was supported by other studies, 

which reported similar finding of AQP-1 in human and rodent glands (Delporte and Steinfield, 

2006; Sapmaz et al., 2016). Despite this morphological evidence, only scattered reports have 

postulated specific functions for AQP-1 in SGs. Galán-Cobo et al. (2016) suggested that AQP-

1 is important for cell proliferation, as it may regulate the cell volume during the DNA duplication 

steps of the cell cycle. 

AQP-3 is part of the aquaglyceroporin subfamily, transporting glycerol and other small 

solutes, in addition to water (Agre, 2006; Calamita et al., 2018). In human epithelial cells, AQP-

3 is considered to be an important protein for the transport and regulation of cellular water 

volume (Kida et al., 2005). AQP-3 is widely expressed in SGs (Gresz et al., 2001; Larsen et 
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al., 2009; Nakamura et al., 2013; Aure et al., 2014; de Paula et al., 2017; Ichiyama et al., 2018). 

In fully developed human SGs (Gresz et al., 2001), as well as during development (de Paula 

et al., 2017), AQP-3 is expressed on the basolateral membranes of acinar cells. In mouse 

embryos, AQP-3 expression has been detected from E13.5, by RT-PCR (Larsen et al., 2009). 

Similar to AQP-1, the overexpression of AQP-3 has been reported to promote cell cycle 

progression by stimulating DNA synthesis and regulating cyclins, resulting in increased cell 

proliferation (Galán-Cobo et al., 2015). 

AQP-5 has been identified as the major AQP in SGs, playing an important role in saliva 

secretion (Delpote et al., 2016) and being primarily expressed in the apical cell membranes of 

the glandular epithelium (Matsuzaki et al., 2012; Teymoortash et al., 2012). This protein was 

found to be released in human saliva (Wang et al., 2009) and to regulate the permeability of 

the acinar plasma membrane (Krane et al., 2001; Delporte and Steinfield, 2006; Larsen et al., 

2011), promoting the fundamental balance among electrolytes in secreted salivary fluid (Krane 

et al., 2001).  

Fully developed SGs are known to express AQP-5 in the luminal membranes of acinar 

cells (Gresz et al., 2001; Matsuki et al., 2005). This pattern could also be observed in the apical 

acini and intercalated ducts of developing human SGs (de Paula et al., 2017). AQP-5 has also 

been described during late canalicular stages (E15-E16) of submandibular glands (SMGs) in 

mouse embryos (Larsen et al., 2011). Aure et al. (2011) have also suggested that AQP-5 plays 

a role in the embryogenesis of mouse SGs. In rats, AQP-5 was also found in the vascular 

structures and pro-acinar membranes of developing SGs from E18 (Akamatsu et al, 2003). 

This protein has been determined to be a positive marker for acinar and pro-acinar cells 

(Larsen et al., 2011; Hosseini et al., 2018) 

The results of previous studies have indicated an expressive participation of AQPs in 

SGs during developmental stages, although the details of their expression pattern and 

morphological distribution remain to be determined, in order to better understand their roles 

during physiology and disease. The present study aimed to perform a detailed morphological 

investigation of AQP-1, -3, and -5 in murine developing SGs, describing the specific cellular 

and physiological expression pattern and how they correlate with associated structures of 

endothelium (CD31), myoepithelium (SMA) and proliferating cells (PH3). 

2 MATERIALS AND METHODS 

2.1 Organ Culture 



 

 

4 

Wild-type pregnant CD1 mice were collected at different embryonic stages from E13.5 

to E16.5. Embryonic submandibular (SMG) and sublingual (SLG) glands were dissected for 

organ culture and immunofluorescence. All animal procedures were performed in accordance 

with the guidelines of the UK Home Office at King’s College London following the schedule 1 

method as per local regulation. Animal experiments conformed with animal research: reporting 

of in vivo experiments (ARRIVE) guideline, and animals were housed in approved, non-

specific-pathogen-free conditions.  

A Leica dissecting stereoscope was used to carefully dissect CD1 mouse embryonic 

SGs (SMG and SLG), which were removed with the aid of fine tweezers (figure 1 illustrates 

the dissection sequence). Immediately after dissection, the glands were placed on permeable 

membrane filters (Cell Culture Insert 0.4 µm, BD) in dishes containing culture medium 

(Advanced Dulbecco's Modified Eagle Medium F12, Invitrogen, Waltham, MA, USA; containing 

1% GlutaMAX, Invitrogen, and 1% penicillin-streptomycin). Embryos were photographed using 

the same stereoscope. 

Samples were cultured at 37°C and 5% CO2, for 1, 3, and 5 days, to obtain precise 

desired developmental stages. SGs were fixed in 4% formaldehyde, for 30 min at room 

temperature, and washed in phosphate-buffered saline (PBS) before starting the 

immunofluorescence protocol. 

2.2 Immunofluorescence by Whole Mount 

Whole embryonic salivary gland samples were permeabilised in PBS containing 0.5% 

Triton, 6 times for 30 min each wash, and incubated in 1Trypsin in PBS on ice, followed by 

two rinses in PBS for 10 min on ice, and 3 washes of 15 minutes in PBS containing 0.5% 

Triton. Specimens were then incubated in blocking solution for 2 hours, under gentle mixing 

conditions at room temperature, followed by incubation in primary antibodies, at 4°C for 48 

hours, at concentrations described in Table 1. Excess antibodies were removed by several 30 

min washes in PBS containing 0,5% Triton at room temperature, followed by secondary 

antibody incubation (1:500 in blocking solution, Alexa Fluor, Invitrogen; 1:1,000 DAPI, 

Invitrogen) for 2 nights (approximately 48 hours of incubation). Samples were again washed 

in PBS containing 0.5% Triton and PBS alone, before being flattened and mounted on glass 

slides with Fluoroshield (Abcam). Samples were then analysed and imaged using a laser 

confocal scanning microscope (Leica TCS SP5). 
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3 RESULTS 

3.1 AQP-1 

Organotypic cultures of embryonic SMGs and SLGs revealed progressive lobular 

growth during ex vivo incubation. From E13.5 to E16.5, both ductal and acinar branchings 

showed structural features of pseudoglandular, canalicular, and terminal bud stages, as 

previously described (Tucker., 2007).  

AQP-1 was continuously expressed from E13.5 until E16.5 (Figure 2). During the 

pseudoglandular (E13.5) and canalicular (E14.5) stages, AQP-1 was observed in scattered 

cells, throughout the stromal tissue, particularly in vascular structures. In the glandular 

epithelium, AQP-1 was found in ductal and acinar cells, predominately at the basal pole. 

Later on during E15.5 and E16.5, AQP-1 expression was strongly detected in the 

vascular endothelium, while acinar and ductal cells showed AQP-1 expression patterns similar 

to those described here during the pseudoglandular and canalicular stages. At E16.5, AQP-1 

expression surrounded the luminal cells of the intralobular canalising ductal structure, along 

the entire lobule thickness (analysed in confocal stacks). 

Double-labelling revealed positive cells that were positive for AQP-1 and PH3, a marker 

of mitosis (Figure 3). During the late pseudoglandular stage, at E14.5, epithelial SMG and SLG 

cultures showed cells with nuclear mitotic aspects that co-expressed AQP-1, at the basolateral 

cellular membranes, and PH3 in the nucleus. This pattern was maintained during later stages, 

including the canalicular/terminal bud stage at E16.5, during which AQP-1 was observed to 

co-express with PH3 in numerous acinar and ductal cells. 

Similar expression patterns were observed for AQP-1, CD31, and SMA in the SMG and 

SLG.  

Distinct portions of the endothelium were identified by each endothelial marker. At 

E13.5, double staining with AQP-1 and SMA revealed a vascular architecture widespread 

along the tissue (Figure 4A).  

At E15.5, the glandular architecture had developed a complex vascular network. 

AQP-1 expression was detected in several vascular portions, whereas SMA was identified in 

different endothelial tissue, with only occasional overlap (Figure 4B). At E16.5, with glandular 

developmental progression, AQP-1 exhibited vascular expression, whereas SMA became 

concentrated in presumptive myoepithelial cells (Figure 4C). 
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Double staining of AQP-1 and CD31 revealed the expression of CD31 in endothelial 

cells, whereas AQP-1 was localised in different vascular portions (Figure 4D). 

3.2 AQP-3 

AQP-3 was identified in both the SMG and SLG epithelium and was primarily observed 

in mesenchymal tissue, from E13.5 to E16.5 (Figure 5). AQP-3 was found in the basolateral 

membranes of some scattered cells, which were also PH3-positive, at E13.5 (Figure 5A-A”, 

arrowheads). At E14.5 and E15.5, PH3 was intensely observed, especially in AQP-3-

expressing cells. At E16.5, when the glandular tissue acquired well-developed morphological 

characteristics, PH3 expression declined and AQP-3 protein was confined to specific glandular 

tissues, such as the oral mucosa, and the promimal ductal portions of the gland, previously 

reported (de Paula et al., 2017). 

Double-labelling of AQP-3 and CD31 revealed no overlap between these markers 

during the various SG development phases examined in this study. At E16.5, an intricate and 

well-established vascular network was revealed by CD31 staining, in the mesenchymal 

endothelium (Figure 6, arrows).  

A strong AQP-3 expression pattern was observed in basolateral cell membranes, and 

some structures exhibiting AQP-3 positive cells, believed to be endothelial tissue, were also 

identified within the mesenchyme (Figure 6, arrowheads). 

3.3 AQP-5 

AQP-5 was not identified during the very early developmental stages analysed in this 

study (E13.5). This protein was weakly positive at E14.5, in the epithelial cellular membranes 

of pro-acinar structures (Figure 7A and A”, arrowhead). AQP-5 expression was increasingly 

detected at E15.5 and E16.5, in luminal intercalated portions, primarily confined to the apical 

membranes of acinar and ductal structures (Figure 7B and B”, arrowhead and C and C”, 

respectively). At these stages, PH3-positive cells were identified in distinct areas where AQP-

5 was positive (Figure 7B”, arrow). 
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4 DISCUSSION 

AQP-1, -3, and -5 proteins have been previously described during mouse SG 

development (Larsen et al., 2009), however their morphological expression and relationship 

with stromal tissues have not been fully explored. Here, the results illustrated a detailed 

temporal and morphological expression of the main types of aquaporin during murine SG 

development and their association with myoepithelial, vascular and proliferation markers at the 

cellular level. 

Previously, AQP-1 positive cells were suggested to be myoepithelial cells, however our 

analysis suggests that they are more likely to be vascular cells that are closely asscoiated with 

acinar areas. In addition, the expression of AQP-1 and AQP-3 were in turn found to label many 

proliferating cells during initial stages of gland development, agreeing with previous studies 

that suggested a role in the cell cycle (Galán-Cobo et al., 2015, 2016). AQP-5 in turn showed 

a marked expression during late stages of development within ducts and apical acinar areas 

and did not overlap significantly with the pattern of proliferation. 

AQP-1 is a water channel that has previously been shown to be expressed during rat 

(Akamatsu et al., 2003), mouse (Larsen et al., 2009), and human (de Paula et al., 2017) SG 

development. Here, we found that AQP-1 was predominantly present in  

the glandular parenchyma and mesenchymal blood vessels during early SG 

development, which was similar to that previously described during early human SGs 

development (de Paula et al., 2017). Morphologically in the gland epithelium, AQP-1 appears 

to have a distinct distribution pattern in both developing and fully developed SGs. Our study 

identified cellular basal membranes expressing AQP-1 starting at E13.5, not just in vascular 

tissue but also in incipient ductal and acinar cells that form the SG epithelium, at all analysed 

stages.  

We also showed that AQP-1 was present along the developing vasculature evidenced 

by SMA co-expression, suggesting the importance of this molecule for both gland epithelium 

and stromal tissues from early morphogenesis. AQP-1 expression has been described in 

capillaries and vasculature during the development of the rat SMG, but not in acinar or ductal 

cells (Akamatsu et al., 2003). These different findings regarding AQP-1 protein expression 

patterns may be due to differences in the models analysed or the method applied. The striking 

vascular expression suggests that AQP-1 function may be crucial during initial glandular 

morphogenesis and vascular development necessary to nurture the glandular parenchyma. 

The role played by AQP-1 in the microvasculature is not yet fully understood. Nakamura 

and colleagues (2013) identified AQP-1 in blood vessels and myoepithelial cells in the SGs of 
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adult mice (Nakamura et al., 2013). Akamatsu and colleagues (2003) reported the constitutive 

expression of AQP1 mRNA during development, whereas only a weak expression pattern was 

detected in the adult rat SG (Akamatsu et al., 2003), which suggested that this protein may be 

important for developmental mechanisms, but less for homeostasis. In the adult mouse SMG 

and SLG, AQP-1 expression has been described in endothelial cells, and AQP1 mRNA was 

more strongly detected in the SLG than in the SMG. In addition, higher AQP1 levels have been 

reported in male SMG in comparison to females (Aure et al., 2014). 

Although AQP-1 expression in vascular tissue has been widely described in the 

literature, no altered saliva production was identified in conditional AQP1 knockout mice, when 

AQP1 was deleted from the microvascular endothelium (Ma et al., 1999). AQP1 null mice, in 

contrast, revealed impaired cell migration and altered vessel formation (Saadoun et al., 2005). 

In this study, AQP-1 staining was observed in endothelial tissue within the glandular stroma. 

Double staining for CD31 and AQP-1, showed however no co-expression along the vascular 

tissue, with clear overlapping of different blood vessels demonstrating completely distinct 

expression. In contrast, staining for SMA, which has also been described as an endothelial 

marker during human SG development (Ianez et al., 2010), was observed to overlap with AQP-

1 in some large endothelial structures, from early development (E13.5). 

AQP-1 has also been described as involved in the migration of tumour cells in mice (Hu 

and Verkman, 2006); however, the physiological role of AQP in proliferative cells remains 

controversial. Most recently, proliferation associated molecules that are present in the cell 

cycle, including cyclins, were found to be abnormal by concomitant AQP-1 expression (Galán-

Cobo et al., 2016). In addition, the levels of AQP1 mRNA and protein expression have been 

described to fluctuate during different phases of the cell cycle, with reduced cellular expression 

levels during phases S and G2/M and increasing during G0/G1 (Delporte et al., 1996). In SMG 

and SLG stromal or epithelial tissues, AQP-1 immunoreactivity was primarily identified in cells 

characterised by nuclear mitosis properties, as evidenced by the coexpression of AQP1 and 

the proliferative cell marker PH3. AQP-1 may, therefore, act as a proliferative moderator and 

facilitating mitosis.  

Here, AQP-3 results also reveal an important presence in vasculature during SG 

development, and its presence in these structures may facilitate AQP-1 function, as blood 

supply is fundamental during tissue growth. Previous report showed AQP-3 is expressed 

during cell proliferation and migration (Hara-Chikuma and Verkman, 2008). 

Our present results revealed that most AQP-3-positive cells are involved in mitotic 

processes (PH3-positive). These findings contribute new information to the findings reported 
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by Nakamura and colleagues (2013), who observed the presence of AQP-3 in the basolateral 

membranes of acinar cells and the ductal membranes and cytoplasm of the mouse SG.  

Additionally, Akamatsu et al. (2003) described the expression of AQP3 mRNA in the 

rat developing SMGs, suggesting that this molecule could play a role in SG development. 

Furthermore, our results revealed AQP-3 expression in mesenchymal structures, which were 

interpreted as blood vessels. However, CD31 and AQP-3 did not show colocalisation in the 

assays performed in this study. We speculate that AQP-3-positive/CD31-negative vascular 

structures may represent immature blood vessels during the process of development; 

however, this speculation requires further confirmation. Alternatively, these structures may 

represent lymphatic vessels, as SGs contain an active network of lymphatic vessels that 

participate in the regulation and balance of interstitial fluids (Breslin et al., 2018). The lymphatic 

fluids in these vessels, among other substrates, contain glycerol, which is transported through 

AQP-3 channels (Hara-chikuma and Verkman, 2005). 

One of the most relevant and well-studied water channels in SGs is AQP-5. This work 

revealed an important AQP-5 expression in several intraductal regions, specifically during late 

developmental stages (E16.5). This result agrees with previous findings, which described 

AQP-5 expression in mature SGs in diverse mammalian models (Ma et al., 1999; Matsuzaki 

et al., 1999; Gresz et al., 2001; Krane et al., 2001). During human SG development, AQP-5 

was also observed in specific portions of the intercalated ductal lumen, corroborating the 

results presented here (de Paula et al., 2017). Interestingly, although the tissue expression of 

AQP-5 has only been detected in SGs during canalicular stages in this study, AQP5 mRNA 

has been identified earlier at E13.5, with increasing levels through birth (Larsen et al., 2009; 

Aure et al., 2011). The late tissue expression may reflect the active status of the protein, which 

has also been identified in structures including blood vessels and nerves fibres in SGs 

(Akamatsu et al., 2003).   

In summary, our results revealed the specific expression patterns of AQPs during 

mouse SMG and SLG development. AQP-1 and -3 were primarily expressed in mitotic cells 

during initial SMG and SLG development, whereas AQP-5 was expressed during the late 

stages of SG development, likely as an important molecule during the process of saliva 

formation. 
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Figure and Table Legends 

 

Table 1. Primary antibodies, clone, manufacturer and titrations employed for 

immunofluorescence assays. 

Primary serum Clone Manufacturer Titer 

Anti-Aquaporin 1 

(AQP-1) 

Mouse 

Monoclonal 

Abcam 

ab9566 
1:300 

Anti-Aquaporin 3 

(AQP-3) 

Mouse 

Monoclonal 

Santa Cruz 

SC-518001 
1:200 

Anti-Aquaporin 5 

(AQP-5) 

Rabbit  

polyclonal 

Sigma-Aldrich 

178615 
1:200 

Phosho-Histone H3 

(PH3) 

Rabbit 

Polyclonal 

Cell Signaling 

#9701 
1:500 

Smooth Muscle 
Actin 

(SMA) 

Rabbit 

Polyclonal 

Abcam 

ab5694 
1:200 

CD-31 
Rabbit 

Polyclonal 

Abcam 

ab28364 
1:50 
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Table 2. Summary of Results 

 

Stages 
Morphological aspects 

(SMG) 
Structures AQP-1 AQP-3 AQP-5 PH3 CD31 SMA 

Pseudo 
glandular 

E13.5 

Initial branching 
morphogenesis 
approximately 

4-5 forming buds 

Epithelial ++ + - + 0 - 

Duct 
formation 

++ + - + 0 - 

Vasculature + + - + 0 +++ 

Myoepithelial 
cells 

- - - - 0 - 

Canalicular 
E14.5 - 
E15.5 

Epithelial cells 
proliferating/ 

multi-lobed gland 
Ducts developing lumen 

Epithelial ++ + ++ ++ 0 - 

Duct 
formation 

++ + + ++ 0 - 

Vasculature ++ - - ++ 0 +++ 

Myoepithelial 
cells 

- - - - 0 ++ 

Terminal 
Bud  

>E16.5 

Branches and terminal 
buds voiding to form 

well-structured acini and 
ducts 

Epithelial ++ ++ +++ +++ - - 

Duct 
formation 

++ + ++ +++ - - 

Vasculature +++ - - - +++ +++ 

Myoepithelial 
cells 

++ - - - - +++ 

*Intensity of immunofluorescence stain: weak (+), mild (++), strong (+++), negative (-), (0) not tried. 

Figure 1: Embryonic CD1 mouse cord sequence, just after cesarean sectioning (A). E13.5 
CD1 mouse embryo, inside the placenta. (B) Tongue dissection and withdrawal, showing the 
lateral sectioning of the SMG and SLG (C). 

 

Figure 2: AQP-1 expression pattern during CD1 mouse submandibular gland (SMG) 
development. 

A: E13.5 (pseudoglandular stage): AQP-1 staining at the cellular basal membrane (green), in 
a scattered pattern over the glandular buds (arrow), along the epithelial stalk (arrowhead), and 
in endothelial tissue (asterisks). 
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B: Canalicular stage morphology at E14.5: AQP-1 expression (green) in buds (arrow) and 
microvasculature (asterisks);  

C: Late canalicular stage morphology at E15.5: AQP-1 in the cellular basal pole (green), in 
buds (arrow) and ducts (arrowhead). The protein is also detected in the stromal 
microvasculature (asterisks). 

D: Early terminal bud stage (E16.5): strongly expressing AQP-1 (green) in well-established 
endothelial tissue surrounding the SG (asterisks) and surrounding the cellular basal pole, in a 
scattered pattern, in buds (arrow) and ducts (arrowhead). 

 

Figure 3: AQP-1 in mouse developing salivary glands 

A: AQP-1 expression in basal cell membranes (green - A’) co-expressed with PH3 nuclear 
staining (red - A’’). 

B: At E14.5: AQP-1 and PH3, showing expression in the ductal and acinar epithelium.  

C and D: Salivary gland at E16.5, showing condensed mitotic nuclei (blue) co-localised with 
AQP-1 in several acinar cells and ductal epithelia. 

 

Figure 4: co-expression of AQP-1 and SMA in mouse developing salivary glands 

 

A: E13.5 double labelling, showing AQP-1 (green) and SMA (red), in overlapping vascular tissue over 
the endothelium.  

B: E15.5 double labelling, revealing AQP-1 (green) and SMA (red) in colocalised in some 
microvasculature sites and the single labelling of each marker in endothelial tissue.  

C: E16.5 (late canalicular/terminal bud stage): AQP-1 expression in endothelial structures (green), 
with SMA-positive cells surrounding the epithelial bud staining (presumptive myoepithelial cells). 

D: Microvasculature expression of AQP-1 (red), and in the basal aspect of the acinar epithelium 
(green); CD31 (red) at different sites, overlapping the endothelium. 

 

Figure 5: co-expression of AQP-3 and PH-3 in mouse developing salivary glands 

A: AQP-3 expression in basal cell membranes (green - A’), expressed with PH3 nuclear stain 
(red - A’’). 

B: At E14.5: AQP-3 and PH3, showing expression in the ductal and acinar epithelium (B-B”). 

C: At E15.5: Strong AQP-3 (C) expression and PH3 (C’), distributed in mesenchyme cells, 
showing the co-expression of AQP-1 and nuclear PH3 in basolateral cell membranes (C”).  

D: E16.5: AQP-3 expression and intense PH3 expression in mesenchyme cells (D-D”).  

 

Figure 6: co-expression of AQP-3, CD31 and SMA in mouse developing salivary glands 

E16.5 double staining, with CD31 and AQP-3. CD31 (green) is observed in an intricate microvascular 
network, surrounding SMG structures. AQP-3 expression was detected in basolateral cell membranes 
(red) and suspected microvasculature tissue over the mesenchyme (arrowhead). 

 

Figure 7: co-expression of AQP-5 and PH3 in mouse developing salivary glands 
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At E14.5, AQP-5 protein expression was barely observed in pro-acini structures over the glandular 
epithelium (A”, arrowhead); at this stage, some apoptotic cells were identified by lysotracker 
(white). At E15.5, the expression of AQP-5 showed staining in acinar apical membranes (B”, 
arrowhead) and independent PH3 expression (B”, arrow). At E16.5, intense AQP-5 expression 
was observed in apical acinar buds (green) and PH3 expression (red) was observed at different 
sites over the glandular epithelium. 
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