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PAX2 re-expression in renal tubular epithelial cells and correlation 
with renal interstitial fibrosis of rats with obstructive nephropathy

Re-expression of PAX2 in renal tubular epithelial cellsLi Li1, Yubin Wu1 and Weiguo Zhang2

1 Department of Pediatric Nephrology, Shengjing Hospital, China Medical University, Shenyang, China
2 Cardiovascular and Neurological Consulting Institute, Irving, Texas, USA

ABSTRACT

Objective: To investigate the effect of paired box 2 (PAX2) gene re-expression in renal tubular epithelial cells
on renal interstitial fibrosis in rats with obstructive nephropathy. Methods: Wistar rats were randomly divided
into two groups: sham-operated group (sham group) and unilateral ureteral obstruction group (UUO group), 40
in each group. After the surgery, rats were killed at 3, 5, 7, and 14 days (n = 10 each) to remove and collect
kidneys. Morphological changes of the kidney were determined by histopathology. Protein and mRNA expres-
sion of PAX2 in the kidney were determined by immunohistochemistry, Western blot and real-time polymerase
chain reaction (PCR). Results: The new major findings of this study include the following: (1) Hematoxylin and
Eosin (HE) and Masson staining revealed obvious renal interstitial fibrosis in UUO group; (2) increased PAX2
expression was found in renal tubular epithelial cells in UUO group by immunohistochemistry, but not in sham
group; (3) by Western blot, a significant increase in PAX2 protein level in UUO group was detected 3d after the
surgery when compared to sham group (p < 0.05), which continued to increase with prolonged obstruction;
the same pattern was also found in PAX2 mRNA expression by real-time PCR in UUO group after the surgery;
(4) PAX2 protein level was positively correlated with the severity of renal tubular damage (r = 0.937 and p <
0.05) and the level of renal interstitial fibrosis (r = 0.987 and p < 0.05). Conclusion: In rats with obstructive
nephropathy, embryonic development gene PAX2 is re-expressed in the renal tubules, which may participate
in the pathogenesis of renal tubular damage and renal interstitial fibrosis.
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INTRODUCTION

Obstructive nephropathy is a clinical syndrome
resulting from structural and (or) functional changes
of urinary tract that impede urination, leading to
renal pathological changes and dysfunction. The
major pathological characteristics of obstructive
nephropathy include renal tubular atrophy and inter-
stitial fibrosis, with epithelial–mesenchymal transi-
tion (EMT) being one of the important pathogenic
mechanisms of renal interstitial fibrosis.1,2 Obstruc-
tive nephropathy is the primary cause for end-stage
renal disease (ESRD) in infants and children, which
represents 16.1% of all pediatric transplantations in
North America. The overall prevalence of obstructive
nephropathy is 0.3% in ESRD patients in North
American population.3 Therefore, it is of great finan-
cial and social significance to delay, prevent, or even
reverse the progress of renal damage caused by
obstructive nephropathy.

Paired box 2 (PAX2) gene encodes a nuclear tran-
scription factor, a key gene to induce the renal tubular
epithelial cell transition during embryonic development.
It is involved in the regulation of embryonic develop-
ment of kidney at various stages.4 Its expression is
turned off in mature nephrons. It was found in recent
years5 that PAX2 gene was expressed at different levels
in renal tubular epithelial cells in children with glom-
erular diseases, suggesting that restoration of PAX2
may lead to renal tubular epithelial cell transdifferenti-
ation. Cohen et al.6 found that in unilateral ureteral
obstruction (UUO) model, reactivation of PAX2 was
noted primarily in collecting ducts of the obstructed
kidney, indicating its role in inhibiting collecting duct
cell apoptosis and reducing renal parenchyma damage.
However, the effect of PAX2 re-expression on renal
interstitial fibrosis in UUO kidney has not been
determined yet. In this study, by establishing an
obstructive nephropathy model with unilateral ure-
teral ligation, we explored the dynamic changes of
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PAX2 gene in obstructive nephropathy and its corre-
lation with renal interstitial fibrosis to provide experi-
mental evidences for the potential role of PAX2 in
the prevention and treatment of renal interstitial
fibrosis.

MATERIAL AND METHODS

Model preparation and grouping
Wistar rats (120–150 g) were obtained from the
Laboratory Animal Center of Shengjing Hospital,
China Medical University (Shenyang, China), and
maintained in sterile cages under specific pathogen-
free conditions. Animals were randomly divided into
sham-operated group and UUO group, n = 40 each.
To establish UUO model, rats in UUO group were
anesthetized by intraperitoneal injection of 10%
chloral hydrate (300 mg/kg), the left kidney and
ureter were exposed via a flank incision. Left ureter
was identified along the inferior pole of left kidney,
which was then ligated at both proximal and distal
points using 4–0 silk suture. Ureter was severed
between these two ligation points. In sham group,
ureter was isolated but not ligated. The abdominal
cavity was then closed in layers. Rats were killed at
3, 5, 7, and 14 days after surgery (10 in each group
at each time point).

Tissue preparation
Under same anesthesia, kidneys were taken out. A
small portion of the renal tissue was taken and fixed in
4% paraformaldehyde for pathomorphology and
immunohistochemical assays. Surface fatty tissue was
detached and renal cortex was separated from
medulla. Then the renal tissues were wrapped in ster-
ile aluminum foil, flash-frozen by liquid nitrogen, and
stored at −80°C for real-time fluorescence quantitative
polymerase chain reaction (PCR) and Western blot
assay.

Pathomorphology observation and evaluation
Renal tubular damage extent
Renal tissue was embedded in paraffin and was stained
with standard HE method. Under light microscopy
tubulointerstitial damage was assessed.7 Each of three
parameters of tubulointerstitial damage (i.e., tubule
proteinaceous casts and dilation, interstitial inflamma-
tion, interstitial fibrosis) was assigned a score from 0 to
3 according to severity (0 = no abnormality, 1 = mild,
2 = moderate, 3 = severe), and these scores were
added to yield an overall tubulointerstitial score from 0
to 9 (arbitrary units). The pathologist, who read and
scored the tissue damage, was unaware of the group
assignment of individual rat.

Renal interstitial fibrosis
Fibrosis was assessed by measuring collagen deposi-
tion in Masson’s trichrome stained slides according to
the standard protocol (Fujian Maxim Company, Fujian,
China). In each section with Masson’s trichrome stain-
ing, 10 fields were digitized and scanned at 400× mag-
nification by using NIS-Elements BR 2.10 image
analysis software (Nikon, Tokyo, Japan). Using a grid
superimposed on the image, the number of blue col-
lagen staining points was counted, and the percentage
of blue collagen area in the examined tubulointerstitial
was measured.8 Average of this ratio represented rela-
tive area of renal interstitium on each slide.

Analysis of PAX2 protein expression
Immunohistochemistry
Tissues fixed in 4% (w/v) formalin were dehydrated in
graded alcohol and embedded in paraffin. Sections
(5 μm in thickness) were prepared and subjected to the
immunoperoxidase method. Endogenous peroxidase was
eliminated by treatment with 3% H2O2 for 10 min at
room temperature. After washing with water and 0.02 M
phosphate-buffered saline (PBS) (pH 7.4), slides were
incubated with 5% bovine serum albumin (BSA) in PBS
for 10 min at room temperature to prevent non-specific
protein binding and then with primary rabbit antibodies
to PAX2 (5 μg/mL; Zymed, South San Francisco, CA,
USA) at 4°C overnight. The sections were washed in
PBS and then incubated for 20 min in biotinylated sec-
ondary antibody with avidin-tagged horseradish peroxi-
dase (Fujian Maxim Company) at room temperature.
Immunoreactive PAX2 was identified with diamino
benzidine (DAB) peroxidase substrate kit (Beijing
Zhongshan Biotechnology Company, Beijing, China)
and counterstained with hematoxylin (Fujian Maxim
Company). For the negative control, slides were pro-
cessed without incubating with primary antibody. The
optical densities per unit area of PAX2 were determined
by densitometric scanning using a NIS-Elements F 2.30
image acquisition software and NIS-Elements BR 2.10
image analysis software. The value of the optical density
of each protein was expressed as mean ± SD.

Western blotting
Kidneys were homogenized in lysis buffer (Shanghai
JiKai Company, Shanghai, China). Loading dye was
added and the samples were boiled at 100°C for 5 min,
spun, and submitted to electrophoresis on a 10% poly-
acrylamide gel at 100V for 2 hours. Proteins were then
transferred electrophoretically to polyvinylidene fluoride
(PVDF) membrane for 1 hour at 80V. After electroblot-
ting, the membranes were blocked with 5% dried skim
milk in Tris-buffered saline with 0.05% Tween (TBS-T)
overnight at 4°C, followed by incubation for 2 hours at
room temperature with rabbit polyclonal PAX2 antibody
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(1 μg/mL). Then the membrane was washed with PBS-T
and horseradish peroxidase-labeled goat anti-rabbit IgG
(0.2 μg/mL; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) was added for 1 hour at room temperature. The
blots were washed three times for 5 min in TBS-T, fol-
lowed by incubation in DAB chromogenic solution.
Semi-quantitative method was used to analyze PAX2
expression in renal tissue, and protein bands on mem-
brane were scanned and saved in computer. Quantity
One-4.4.0 software system was used to analyze the opti-
cal density of protein bands. Intensities from the PAX2
bands were divided by the b-actin band intensities to nor-
malize the loading variation.

Real-time quantitative PCR to analyze PAX2 
mRNA expression
Total RNA was extracted from rats’ renal cortex with
TRIzol reagent (Invitrogen, Carlsbad, California, USA)
according to the manufacturer’s protocol. The yield and
quality of the RNA were assessed by measuring the
absorbance at 260 and 280 nm. Total RNA (500 ng) was
reverse-transcribed into complementary DNA (cDNA)
using the PrimeScriptTM RT Reagent KIT (Takara,
Otsu, Shiga, Japan) according to the manufacturer’s
guideline. Quantitative real-time PCR was performed for
PAX2 (mRNA: NM_001106361) and GAPDH using
the following primer pairs (synthesized by Shanghai
ShengGong Biotechnology Company, Shanghai, China):
PAX2 sense primer 5′-CGGTGAGAAGAGGAAAC-
GAG-3′ and antisense primer 5′-GCTTGGAAGA-
CATCGGGATA-3′, GAPDH sense primer 5’-
TGTGTCCGTCGTGGATCTGA-3’ and antisense
primer 5’-ATGGTGGTGAAGACG CCAGTA-3’.
A 20 μL PCR reaction solution (SYBR Premix Ex
TaqTM(2×) 10 μL; 10 μmol/L forward primer 0.4 μL;
10 μmol/L reverse primer 0.4 μL; cDNA 2 μL; ROX
Reference Dye(50×) 0.4 μL; dH2O 6.8 μL) was ampli-
fied in ABI 7500 real-time PCR system (Applied Biosys-
tems, Foster City, CA, USA) with the following thermal
cycling conditions: 1 cycle at 95°C for 10 s, followed by
40 cycles at 95°C for 5 s and 60°C for 34 s, which can
spontaneously show the results according to the standard
curve. The sample with the largest Ct value in pre-test
was used as the standard to each gene and diluted into
four gradients with EAZY Dilution, constructing the
standard curve. All the samples were amplified at the
same time and run in triplicates. The gene signals were
standardized against the corresponding GAPDH signal,
and results were expressed as the ratio of each molecule
to GAPDH. Relative levels of mRNA expression were
carried out using the standard curve method.

Statistical analysis
Experimental data were shown as mean ± SD.
SPSS13.0 software was used for statistical analysis.

Inter-group comparison was done by t-test, intra-
group comparison was done by one-way analysis
of variance (ANOVA), and correlation analysis
between two variables was done by Pearson correla-
tion analysis. p < 0.05 was considered as the statisti-
cal significance.

RESULTS

Morphological changes of renal tissue
Macroscopic observation
By gross anatomy, rat kidney of sham group was dark-
red color with smooth surface intact renal capsule that
was not attached to renal parenchyma and clear
boundary between cortex and medulla.

On the contrary, rat kidney of UUO group was
enlarged with prolonged obstruction and appeared as
lackluster, rough surface, visible hydronephrosis, thin-
ner renal parenchyma, dilated renal pelvis, compressed
papilla, flat and blunt fornix papilla, some of which
became concave shape (Figure 1).

Pathological changes of kidney under 
light microscope
HE staining showed that renal tubules of rats in sham
group were compact and well organized. By contrast,

FIGURE 1. Gross anatomy of kidney. (A) At 14d after UUO,
kidney was significantly enlarged. (B) In sham group, renal cor-
tex and medulla had clear boundary. (C) Kidneys in UUO
group showed obvious thinning of renal parenchyma, dilated
renal pelvis, and compressed papilla and flattened and blunt
fornix papilla, some of which turned into concave shape.

(A)

(C)(B)
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in rats from UUO group, renal interstitial edema was
observed and renal tubules were dilated at 3d after the
operation. Monocyte and lymphocyte infiltration
appeared at tubulointerstitial region. Renal damage
gradually worsened with prolonged obstruction. At
14d after the operation, renal tubular structure was
severely damaged. Renal tubules became atrophic;
renal tubules and collecting duct dilated into cystic
shape. Tubular lumen collapsed and a large number of
epithelial cells underwent necrosis. Diffusive infiltration
of macrophage and lymphocyte appeared at renal inter-
stitium, with obvious fibroblast hyperplasia and intersti-
tial collagen deposition. However, no visible glomerular
lesions were detected at different time points. There
were significant differences in renal tubular damage
scores between the sham and UUO groups (p < 0.05).
Comparison among different time points of UUO
group revealed p < 0.05 (Figure 2 and Table 1).

Masson staining showed, in sham group, renal col-
lagen staining mainly located at tubular basement
membrane, renal capsule, mesangial region, and area
surrounding capillaries between renal tubules. Little
staining was found around interstitium between renal
tubules. In UUO group, at 3d after the operation, col-
lagen deposition was visible, which was progressively

FIGURE 2. General pathological changes caused by UUO (HE staining). (A) No abnormal changes were detected in sham-operated
rats. (B) At 3d after UUO, inflammatory cell infiltration and tubular edema appeared. (C) In UUO group, renal tubular dilation was
observed at 7d after obstruction. Visible renal interstitial edema, monocyte and lymphocyte infiltration appeared at tubulointerstitial
region. (D) In UUO group, renal tubular structure was severely damaged at 14d after obstruction, that is, collapsed lumen, diffusive
infiltration of fibroblast in renal interstitium, and collagen formation. Original magnification ×400.

(A)

(C)

(B)

(D)

TABLE 1. Renal tubular damage score in each group (%,
mean ± SEM, n = 10).

3d 5d 7d 14d

Sham 0.11 ± 0.03 0.13 ± 0.05 0.10 ± 0.02 0.15 ± 0.10

UUO 2.50 ± 0.27* 3.72 ± 0.61** 4.65 ± 0.72** 6.12 ± 0.89**

Note: *p < 0.05, compared to the sham group; **p < 0.05,
intra-group comparison in UUO group.
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increased with prolonged obstruction. Renal intersti-
tium gradually widened, and mesenchymal cells and
extracellular matrix complexity increased. Renal intersti-
tial fibrosis relative area was significantly larger than that
of the sham group (p < 0.05) (Figure 3 and Table 2).

Changes of PAX2 protein expression in kidney 
in UUO rats
Immunohistochemistry showed that in sham group,
PAX2 protein had no expression in renal tubular
epithelial cells, while relatively abundant expression was
identified in nuclei of collecting duct epithelial cells. In

UUO group, PAX2 protein expression appeared in renal
tubular epithelial cells at 3d after the operation and
became more apparent at 14d after the operation
(p < 0.05). Expression level of PAX2 was significantly
higher than that of sham group (p < 0.05) (Figure 4).

Western blotting results showed that in the sham
group, trace amount of PAX2 protein was expressed
at renal cortex, while increased PAX2 protein
expression was detected in UUO group at 3d after
the operation, which rapidly increased with pro-
longed obstruction (p < 0.05). The relative protein
expression level of PAX2/b-actin in obstructive renal

FIGURE 3. Collagen/fibrosis caused by UUO (Masson staining). (A) No abnormal changes were detected in sham-operated rats.
(B) In UUO group, mild tubulointerstitial damage was noticed at 3d after obstruction. (C) At 7d after obstruction, UUO group
showed renal interstitium widening and collagen deposition. (D) In UUO group, renal interstitial fibrosis significantly increased at 14d
after obstruction, with increased extracellular matrix complexity and obvious collagen deposition. Original magnification ×400.

(A)

(C)

(B)

(D)

TABLE 2. Relative area of renal interstitium in each group (%, mean ± SEM, n = 10).

3d 5d 7d 14d

Sham 1.77 ± 0.23 1.57 ± 0.31 1.65 ± 0.72 1.89 ± 0.30

UUO 7.31 ± 1.03* 15.57 ± 1.67** 23.27 ± 2.17** 32.70 ± 2.51**

Note: *p < 0.05, compared to the sham group; **p < 0.05, intra-group comparison in UUO group.
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cortex was significantly higher than that of sham
group (p < 0.05) (Figure 5).

PAX2 mRNA expression
Real-time quantitative PCR results showed that in sham
group, trace amount of PAX2 mRNA was expressed at
renal cortex, while increased PAX2 mRNA expression
was detected in UUO group at 3d after the surgery,
which rapidly increased with prolonged obstruction (p <
0.05). Relative gene copy number of PAX2 mRNA/
GAPDH mRNA was significantly different between
these two groups (p < 0.05) (Figure 6).

Correlation analysis
We performed Pearson correlation analysis on PAX2
protein expression level, renal tubular damage score,
and relative area of renal interstitium. Results showed
that PAX2 protein level was positively correlated
with the severity of renal tubular damage (r = 0.937

and p < 0.05) and the level of renal interstitial fibrosis
(r = 0.987 and p < 0.05).

DISCUSSION

Urinary tract obstruction results in obstructive nephr-
opathy. It is the most frequent cause of renal failure in
infants and children.9 Renal interstitial fibrosis is the
common final pathway for all obstructive nephropa-
thies. Experimentally, UUO is the most classic animal
model for inducing renal fibrosis,10,11 because it is
simple and reproducible. In this study, both HE stain-
ing and Masson staining showed obvious renal fibrosis
characteristics such as inflammatory cell infiltration,
renal tubular and interstitial changes, and interstitial
collagen deposition, indicating the successful estab-
lishment of UUO model.

PAX2 gene encodes a nuclear transcription
factor and plays a pivotal role for embryonic kidney

FIGURE 4. PAX2 protein expression in rat renal tissues. In renal cortex of sham group, no PAX2 expression was detected in renal
tubular epithelial cells, PAX2 expression was detected in collecting duct epithelial cells (A). In renal medulla of sham group, relative
abundant PAX2 expression was seen in collecting duct epithelial cells (B). At 3d after UUO, PAX2 expression appeared in renal tubu-
lar epithelial cells and collecting duct epithelial cells (C). At 14d after obstruction, PAX2 expression became more pronounced in renal
tubular epithelial cells (D). At 14d after obstruction, PAX2 expression was detected in collecting duct epithelial cells of renal medulla
(E). Original magnification ×400. In UUO group, average optical density of PAX2 protein significantly increased with prolonged
obstruction (F).
Note: *p < 0.05 compared to sham group; **p < 0.05 for intra-group comparison in UUO group.
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development.12 It is expressed during the entire
developmental process of pronephron, mesonephron,
and metanephron, involving the regulation of embry-
onic kidney development at various fetal stages,4 but
its expression disappeared in mature nephrons.13

During normal kidney development, interactions
between the arborizing ureteric bud (UB) and the
metanephric mesenchyme (MM) generate the nephrons
of each kidney. As a “kidney-specific” master gene,
PAX2 is expressed in both UB and MM lineages,
normally optimizing UB branching and mesenchy-
mal-to-epithelial transformation (MET) in kidney
development. PAX2 is involved both in the process
whereby MM is transformed into polarized epithe-
lium and/or in the maturation of the proximal convoluted
tubule as it undergoes terminal differentiation.14,15

When PAX2 gene was mutated, MET was consequently
blocked, indicating that PAX2 plays an important
role in regulating the mesenchymal–epithelial trans-
differentiation.16

Recently, it was found that PAX2 was re-expressed
in nephropathy.17 In immune kidney diseases,
Letavernier et al.18 observed changes in podocyte
phenotypes in focal segmental glomerulosclerosis
(FSGS), including de-differentiation of podocytes, in

FIGURE 5. Western blotting analysis of PAX2 protein expres-
sion. (A) The expression of PAX2 and b-actin proteins in UUO
and sham groups. (B) The ratio of PAX2 and b-actin proteins in
UUO and sham groups.
Note: *p < 0.05 compared to sham group; **p < 0.05 for intra-
group comparison in UUO group.
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FIGURE 6. Real-time quantitative PCR analysis of PAX2 mRNA expression. (A) Amplification curve of PAX2. (B) Amplification
curve of GAPDH. (C) With prolonged obstruction, the ratio of PAX2 mRNA/GAPDH mRNA significantly increased in UUO group.
Note: *p < 0.05 compared to sham group; **p < 0.05 for intra-group comparison in UUO group.
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parallel to the expression of fetal PAX2, indicating
that expression of PAX2 might cause these changes
in podocyte phenotypes. Phenotypic change of
podocyte in the cellular lesion (CL) resembles MET.
It is likely that re-expression of PAX2 leads to a phe-
notypic change of the podocyte, which seems to be a
developmental paradigm and may be responsible for
the development of the CL in primary FSGS.19 PAX
gene re-expression in terminally differentiated cells
leads to cell de-differentiation,20 which is related to
the occurrence of podocyte pathology. Zhang et al.21

found that in primary nephrotic syndrome, PAX2
expression in renal tubules in steroid-resistant children
was significantly increased than that in steroid-sensitive
children. The fact that the PAX2 expression is posi-
tively correlated with renal damage suggests that
PAX2 re-expression may be one of the mechanisms
for steroid resistance in childhood primary nephrotic
syndrome.

In a study on nonimmune renal disease, Cohen
et al.6 detected PAX2 re-expression in renal collect-
ing duct cells in UUO obstructive kidney model,
while our results showed that PAX2 re-expression
was located at renal tubular epithelium. In addition,
immunohistochemistry showed that no PAX2 pro-
tein was expressed in renal tubular epithelial cells of
the sham group, while relative abundant expression
was detected in nuclei of the collecting duct epithe-
lial cells. In UUO group, PAX2 protein and mRNA
were re-expressed in renal tubular epithelial cells at
3d after the operation, which became more pro-
nounced with prolonged obstruction, and expressed
at a significant level at 14d after the surgical opera-
tion. Furthermore, PAX2 protein level, degrees of
renal tubular damage, and renal fibrosis were posi-
tively correlated. During embryonic development,
MET is an important physiological activity for the
formation of kidney, while EMT is the reversed pro-
cess of embryonic development.22 One of the criti-
cal steps of renal fibrosis is the reversal of embryonic
development. In other words, the inherent renal epi-
thelial cells acquired phenotypes of primitive embry-
onic mesenchyme, that is, renal tubular epithelial–
myofibroblast transdifferentiation has been repeat-
edly proven to be dominant in the formation of
renal fibrosis.23–27 Therefore, we believe that the
re-expression of PAX2 may be resulting from the
initiation of renal fibrosis regulatory mechanisms,
which activate the procedure of renal tubular epi-
thelial cell transdifferentiation. In addition, renal
tubular epithelial cells have a certain degree of plas-
ticity in their morphology and function, so that PAX2
re-expression may also be a protective response for
tissue damage. When the micro-environment of
embryonic development is restored, cell regeneration

after damage can be promoted and renal tubular
epithelial cell transition can be reversed.

In summary, this study demonstrated that the fetal
PAX2 gene was re-expressed in rats with UUO, which
were correlated with and likely to be causal for renal
tubular damage and renal interstitial fibrosis. The spe-
cific molecular mechanisms and signaling pathway still
need to be further investigated.
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