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Abstract 
Introduction: The kidney develops from two mesodermal primordia. Aquaporin 1 (AQP1) is a membrane protein characteristic to epithelial 
and endothelial cell of the human body. The Pax family of genes encodes transcription factors with important role in intrauterine development. 
Connexins are transmembrane proteins found in gap junctions. We monitored the changes in the expression of AQP1, paired box gene 2 
(PAX2), paired box gene 8 (PAX8), connexin 36 (Cx36) and connexin 43 (Cx43) proteins in fetal renal tissue. Materials and Methods: We 
studied 34 post mortem fetuses of 9 to 24 weeks from the Laboratory of Pathology, Emergency County Hospital of Târgu Mureş, Romania, 
using immunohistochemistry. Results: AQP1 expression appeared in the apical and basolateral parts of cells, lining the proximal convoluted 
tubules and the descending limb of Henle’s loop, then in the tubule pole of Bowman’s capsule also. Nuclear expression of PAX2 was observed 
in structures developed both from the ureteric bud and the metanephric mesenchyme, and of PAX8 was observed in the proximal convoluted 
tubule’s epithelium, Henle’s loop, and collecting ducts. Cytoplasmic expression of Cx36 was localized to nephrons in different developmental 
stages, glomerular vessels and collecting ducts, and of Cx43 was localized to the endothelium of glomerular and peritubular vessels, as well 
as to the epithelium of the proximal tubules. Discussions and Conclusions: Nephrogenesis begins in the embryonic period, and continues into 
the fetal period as well. It is regulated by a wide array of markers. The current study supplements literature data regarding immunoexpression 
of these markers during renal development in the fetal period. 
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 Introduction 

The metanephros develops until the end of the 5th 
week of pregnancy. Identification of the primitive lobes 
is already possible at the end of the 6th week of pregnancy. 
The small calyces and renal papillae develop by the end 
of the 12th week of pregnancy. Development of the renal 
cortex and pyramids is finalized at the end of the 13th 
week of pregnancy [1]. 

The kidney develops from two mesodermal primordia: 
the intermediate mesoderm (metanephric mesenchyme), 
located between the axial mesoderm and lateral mesoderm, 
and the mesonephric duct [1–4]. The ureteric bud develops 
from the mesonephric duct, and extends into the meta-
nephric mesenchyme to undergo several ramifications. As 
a result of interaction with the ureteric bud, mesenchymal 
cells proliferate and form the cap mesenchyme that covers 
the distal end of the ureteric bud branches. Subsequently, 
the cap mesenchyme gives rise to renal vesicles, comma 
shaped bodies, S-shaped bodies and finally, the segments 
characteristic to the nephron [5]. Development and 
differentiation of renal structures is complete by the end 
of the fetal period [1]. 

Aquaporins are 28 kDa membrane proteins that form 
a transmembrane pore that transports water. They are 
present in several types of cells and tissues of the human 
body. In case of the kidneys, aquaporins play an important 
role in maintaining osmotic balance [6]. Aquaporin 1 
(AQP1) is a membrane protein characteristic to epithelial 

and endothelial cell of the human body [7]. This membrane 
protein was described in the epithelium of the proximal 
tubules and descending thin limb of Henle’s loop, with 
role in water reabsorption. It has also been reported in 
the endothelium of the straight vessels [8]. 

The Pax family of genes encodes transcription factors 
that play an important role in intrauterine development. 
There are nine Pax genes that have been reported to have 
a role in the development of the central nervous system, 
spine, eyeball and kidneys. The subfamily comprising 
paired box gene 2 (Pax2), paired box gene 8 (Pax8) and 
paired box gene 5 (Pax5) are probably derived from the 
same ancestral gene [9]. Pax2 and Pax8 contribute to 
the development of the pronephros and mesonephros,  
by controlling expression of genes responsible for 
mesenchymal–epithelial transition [10]. It has been 
demonstrated that Pax2 and Pax8 deficient mice have 
hypoplastic kidneys [11]. 

Connexins are transmembrane proteins found in gap 
junctions. This family of proteins comprises about 20 
isoforms, names according to their molecular weight [12]. 
Some connexins are expressed in several types of human 
tissues, while expression of others is limited to one type 
of tissue [13]. In the kidneys, connexins have been 
described in endothelial cells, in the epithelium of tubules 
and in the juxtaglomeluar apparatus [12]. Connexin 36 
(Cx36) contributes to gap junction formation in neurons, 
which is the molecular substrate of the synapse [14]. In 
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the kidneys, Cx36 was described in the tubular part of the 
nephron and in the collecting ducts [12, 15]. According 
to certain authors, connexin 43 (Cx43) is expressed in the 
pre- and postglomerular arteriolar endothelium, and in the 
endothelium of renal veins [16]. 

In our study, we monitored the changes in the 
expression of AQP1, PAX2, PAX8, Cx36 and Cx43 
proteins in fetal renal tissue, in order to clarify their role 
in renal development. 

 Materials and Methods 

We studied 34 post mortem fetuses of 9 to 24 weeks 
from the Laboratory of Pathology, Emergency County 
Hospital of Târgu Mureş, Romania. Our study was 
approved by the Ethical Committee of the University  
of Medicine and Pharmacy of Târgu Mureş (No. 66/ 
15.05.2013). The age of the fetuses was established based 
on the crown-rump length, and together with their gender, 
it was used to classify the fetuses into the groups shown 
in the table below (Table 1). 

Table 1 – Grouping of the fetuses according to age 

Age [weeks] Males Females Total 

9–12 – 1 1 

13–16 13 2 15 

17–20 7 4 11 

21–24 2 5 7 

Total 22 12 34 

We performed the dissection of the fetuses and 
collected kidney samples, fixed them in 4% formalin, 
and then embedded them in paraffin. The 5-μm thick 
sections obtained from the paraffin embedded resection 
tissue specimens were routinely dewaxed and rehydrated. 
The endogenous peroxidase was blocked by a 10 minutes 
3% H2O2 bath. Antigen retrieval was performed by 
pressurized steam cooking for 25 minutes in citrate solution 
(pH 6). We used primary anti-AQP1 mouse monoclonal 
antibody, clone 1/A5F6 (ThermoFisher), 1:200 dilution, 
60 minutes; anti-PAX2 rabbit monoclonal antibody, clone 
EP3251 (ThermoFisher), 1:1000 dilution, 60 minutes; 
anti-PAX8 mouse monoclonal antibody, clone PAX8R1 
(ThermoFisher), 1:20 dilution, 60 minutes; anti-Cx36 
mouse monoclonal antibody, clone 1E5H5, 1:100 dilution, 
60 minutes; anti-Cx43 mouse monoclonal antibody, clone 
CX-1B1 (ThermoFisher), 1:100 dilution, 60 minutes; 
secondary EnVision Flex/Horseradish peroxidase (HRP) 
(Dako, 30 minutes) was used for signal amplification 
and 3,3’-diaminobenzidine (DAB) chromogen was used 
for detecting the primary antibodies. This was followed 
by Hematoxylin staining. 

 Results 

During microscopic analysis of renal sections obtained 
from fetuses of 9 to 24 weeks, we observed at the periphery 
of the cortex the nephrogenic zone composed of the 
primordia of nephrons in different stages of development: 
bud, vesicle, comma shaped body and S-shaped body stage. 
There are cell conglomerates around the tubule bud that 
come from the metanephric mesenchyme. 

Between weeks 9 and 16, AQP1 expression was present 
in the cortex, and after week 17, it extended into the renal 

medulla. AQP1 expression was present in the tubule 
pole of Bowman’s capsule, the proximal tubule and the 
descending limb of Henle’s loop. Between weeks 9 to 12, 
AQP1 expression appeared in the apical and basolateral 
parts of cells lining the proximal convoluted tubules and 
the descending limb of Henle’s loop. In case of fetuses 
of 13 to 16 weeks of age, besides the already described 
positive segments, we observed positive reaction in the 
tubule pole of Bowman’s capsule. Here, localization was 
also apical and basolateral. Between weeks 17 to 20, 
intensity of AQP1 expression decreases in all positive 
tubular segments, and between weeks 21 to 24 disappears 
from the tubular pole of Bowman’s capsule (Figures 1 
and 2). 

In the studied period, nuclear expression of PAX2 was 
observed in structures developed both from the ureteric 
bud and the metanephric mesenchyme. Starting from 
weeks 13 to 16, expression was confined to structures 
developing from the epithelium of the ureteric bud 
observed in various stages of developments, and it was 
less present in the metanephric mesenchyme. Subsequently, 
expression of this protein decreases, and then disappears 
from the epithelium of the differentiated tubular structures 
of the nephron (Figures 3 and 4). 

In case of PAX8 protein, we observed nuclear 
expression in the epithelium of the proximal convoluted 
tubule, Henle’s loop, and collecting ducts. PAX8 expression 
was also detected in the epithelium of the visceral layer 
of Bowman’s capsule. Regarding the intensity of PAX8 
expression, we observed an initial increase until weeks 
13 to 16, followed by a decrease between weeks 17 to 20, 
and finally another increase until the end of the studied 
period (Figures 5 and 6). 

In the studied period, cytoplasmic expression of the 
Cx36 protein was localized to nephrons in different 
developmental stages, glomerular vessels and collecting 
ducts. Expression was absent in the cell conglomerates 
derived from the metanephric mesenchyme. 

Cx36 expression appeared in the glomeruli starting 
from weeks 9 to 12. Intensity of the expression was 
variable: an initial increase was followed by a decrease, 
and starting with week 17 until the end of the studied 
period another increase occurred. 

Regarding the tubule part of the nephron, Cx36 
expression was present especially in the proximal tubules, 
with an increasing intensity until week 17, followed by 
a decrease in intensity until the end of the studied period. 
Expression in Henle’s loop was weaker, but constant 
throughout the studied period, as compared to the proximal 
tubule. In the distal tubule, Cx36 expression appeared 
only by week 17, and had a weak intensity (Figure 7). 
Expression in the collecting ducts was observed from 
week 9, and had a constant intensity until weeks 17 to 20, 
followed by a decrease until the end of the studied period. 

In the studied period, cytoplasmic expression of the 
Cx43 protein was localized to the endothelium of glomerular 
and peritubular vessels, as well as to the epithelium of 
the proximal tubules. In case of glomeruli, expression 
intensity increased until week 13, and remained unchanged 
until the end of the studied period. In case of proximal 
tubules, expression intensity increased initially until weeks 
17 to 20, and remained unchanged until the end of the 
studied period (Figure 8). 
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Figure 1 – AQP1 expression in the human fetal kidney: (A) 9–12 weeks period; (B) 13–16 weeks period; (C) 17–20 
weeks period; (D) 21–24 weeks period. Anti-AQP1 antibody immunomarking, ×200. AQP1: Aquaporin 1. 

 

 
Figure 2 – AQP1 expression in the human fetal kidney descending limb of Henle: (A) 9–12 weeks period; (B) 13–16 
weeks period; (C) 17–20 weeks period; (D) 21–24 weeks period. Anti-AQP1 antibody immunomarking, ×400. AQP1: 
Aquaporin 1. 
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Figure 3 – PAX2 expression in the human fetal kidney: (A) 9–12 weeks period; (B) 13–16 weeks period; (C) 17–20 
weeks period; (D) 21–24 weeks period. Anti-PAX2 antibody immunomarking, ×200. PAX2: Paired box gene 2. 

 

 
Figure 4 – PAX2 expression in the human fetal kidney collecting tubes: (A) 9–12 weeks period; (B) 13–16 weeks 
period; (C) 17–20 weeks period; (D) 21–24 weeks period. Anti-PAX2 antibody immunomarking, ×400. PAX2: Paired 
box gene 2. 
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Figure 5 – PAX8 expression in the human fetal kidney: (A) 9–12 weeks period; (B) 13–16 weeks period; (C) 17–20 
weeks period; (D) 21–24 weeks period. Anti-PAX8 antibody immunomarking, ×200. PAX8: Paired box gene 8. 

 

 
Figure 6 – PAX8 expression in the human fetal kidney tubules: (A) 9–12 weeks period; (B) 13–16 weeks period;  
(C) 17–20 weeks period; (D) 21–24 weeks period. Anti-PAX8 antibody immunomarking, ×400. PAX8: Paired box  
gene 8. 
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Figure 7 – Cx36 expression in the human fetal kidney: (A) 9–12 weeks period; (B) 13–16 weeks period; (C) 17–20 
weeks period; (D) 21–24 weeks period. Anti-Cx36 antibody immunomarking, ×200. Cx36: Connexin 36. 

 

 
Figure 8 – Cx43 expression in the human fetal kidney: (A) 9–12 weeks period; (B) 13–16 weeks period; (C) 17–20 
weeks period; (D) 21–24 weeks period. Anti-Cx43 antibody immunomarking, ×400. Cx43: Connexin 43. 
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 Discussions 

Histologically, the different parts of the nephron 
develop from two mesodermal primordia: the metanephric 
blastema and the ureteric bud. The aim of this study was 
to monitor the differentiation of tubular and vascular 
components of the nephron through changes of immuno-
expression of certain proteins with important role in renal 
development. 

Considering that the renal tubular epithelium partici-
pates in water reabsorption, AQP1 is highly expressed by 
the membrane of these cells. Therefore, AQP1 expression 
was described especially in the epithelium of the proximal 
tubule and descending limb of Henle’s loop, but it is 
missing from the ascending limb of Henle’s loop, distal 
tubule and collecting duct, although some of these segments 
are permeable to water [6]. These findings suggest that 
AQP1 does not contribute to vasopressin-mediated water 
transport [8]. 

According to literature data, during early phases of 
nephrogenesis, AQP1 is present in the apical region of 
the epithelium lining the primal tubule. During week 15, 
expression of this protein appears also in the descending 
limb of Henle’s loop [17]. Similar to literature data, our 
study pointed out that starting with weeks 9 to 12, AQP1 
expression shows apical and basolateral enhancement in 
the proximal tubule and descending limb of Henle’s loop 
[7, 8, 18]. After weeks 13 to 16, we observed positive 
reaction in the tubular pole of Bowman’s capsule, with loss 
of expression starting at weeks 21 to 24. According to 
literature data, AQP1 was also described in the endothelium 
of glomerular capillaries and in mesangial regions [18]. 

According to our observations, between weeks 9 and 
16, AQP1 expression was present only in the cortex, and 
after week 17, it extended into the renal medulla. We 
observed that between weeks 17 to 20 intensity of AQP1 
expression generally decreases in all positive structures. 
Literature data points out that AQP1 expression intensity is 
higher in the straight segment of the proximal tubule [18]. 

PAX2 and PAX8 proteins have a key role in renal 
development, as they contribute along with other markers 
to the histological differentiation of the nephron. According 
to literature data, these proteins are characteristically 
expressed in certain segments of renal tubules: PAX2 is 
localized especially to structures derived from the ureteric 
bud, but it is also present in the cells of the induced 
mesenchyme. PAX8 is characteristic to structures derived 
from the condensed mesenchyme. 

PAX2 is one of the markers with early expression in 
the induced mesenchyme. According to literature data, 
PAX2 is expressed in cells of the mesonephric and 
paramesonephric ducts. It has also been described in the 
ureteric bud with increased intensity at the distal end of 
its branches, and later appearing also in the collecting 
ducts [9, 11, 19]. 

In studies with mice, PAX8 protein was described in 
pronephric and mesonephric primordia. In case of the 
metanephros, expression of PAX8 protein appears only 
in the vesicular phase, and remains unchanged over the 
entire nephron development. In addition to expression in 
the nephron, PAX8 expression was also described in the 
murine collecting duct [11]. 

As opposed to literature data, in our study we described 
PAX2 expression in mesenchymal cells surrounding the 
ureteric bud and in the epithelium of the ureteric bud,  
at different stages of development. Starting at weeks 13 
to 16, expression of this protein is confined to structures 
derived from the ureteric bud; it persists in the collecting 
ducts and disappears from the mesenchyme and later from 
the differentiated nephron. Intensity of PAX2 expression 
in the collecting ducts was initially high, and then had a 
progressive decrease until the end of the studied period. 

Between weeks 9 to 24, we observed PAX8 expression 
in the visceral layer of Bowman’s capsule, in the proximal 
tubule, Henle’s loop and collecting duct. This was absent 
in the nephrogenic zone of mesenchymal cells surrounding 
nephrons in bud phase. Similar results have been reported 
in case of the murine kidney as well. PAX8 expression 
intensity was variable, and became more enhanced towards 
the end of the studied period. 

Cx36 protein contributes to gap junctions in several 
types of tissues. Expression of this protein is most 
frequently observed in neurons, because it plays a key 
role as a molecular substrate of electric synapses [14]. 
Cx36 was described in pancreatic beta cells, with 
important contributions to insulin secretion [20]. Studies 
dealing with renal expression of this protein are very rare. 
Thus, Cx36 expression was identified in the tubular 
segment of the nephron and in the collecting ducts, using 
microdissection and molecular biology techniques [12]. 

In case of the studied fetal period, Cx36 was expressed 
in nephrons in different developmental stages, in glomerular 
vessels, but it was absent from cell conglomerates of the 
metanephric mesenchyme. In case of differentiated 
renal structures, expression of this protein was present 
especially in the proximal tubules and collecting ducts. 
Expression in the collecting ducts was observed from 
week 9, it was unchanged until weeks 17 to 20, and then 
a decrease occurred until the end of the studied period. 

Gap junctions created with the contribution of Cx43 
play a key role in the development of renal vessels. Cx43 
was identified in pregomerular afferent arterioles in rats 
and mice, and also in glomeruli, podocytes and post-
glomerular efferent arterioles in mice [12]. 

According to our observations, between weeks 9 to 
24, Cx43 was expressed in the glomerular endothelium, 
peritubular vessels and proximal tubules. In case of 
proximal tubules, intensity of Cx43 expression progressively 
enhances starting from weeks 9 to 12 until weeks 17 to 
20, and thereafter remains high. Similar results were 
reported in fetal rat renal samples as well [12]. Intensity 
of Cx43 expression in the glomeruli increases starting 
from week 13, and stays unchanged until week 24. 

According to literature data, expression of Cx43 in the 
endothelium of the renal, interlobar and arcuate arteries 
was weak and irregular, as well as in the media of large 
arteries and afferent arterioles. In case of efferent arterioles, 
its expression was localized to the endothelium, and it was 
absent from the juxtaglomerular apparatus [16, 21]. 

 Conclusions 

Nephrogenesis begins in the embryonic period, but it 
continues into the fetal period as well. It is regulated by 
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a wide array of markers. AQP1 expression was very 
intense in renal tubules playing a key role in water 
reabsorption: the proximal tubule and descending limb 
of Henle’s loop. In the first weeks of the fetal period, 
PAX2 was expressed both in the epithelium of the ureteric 
bud, and the surrounding mesenchyme; after week 13,  
it was confined to the epithelium of the ureteric bud and 
its derivatives. In the studied fetal period, PAX8 was 
identified in the ureteric bud and its derivatives, the 
visceral layer of Bowman’s capsule, the proximal tubule, 
Henle’s loop, and the collecting duct. Cx36 protein was 
identified especially in the proximal tubules and collecting 
ducts. Cx43 expression was found in the endothelium  
of glomerular vessels and peritubular vessels, as well as 
in the proximal tubules. The current study supplements 
literature data regarding immunoexpression of these 
markers during renal development in the fetal period. 
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