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SUMMARY AT A GLANCE

This molecular analysis examines the
effect of overexpressing paired box
2 (PAX2) in a tubule epithelial cell line.
Results establish a link between pax2 and
both epithelial-mesenchymal transition
(EMT) and the complement pathway.

ABSTRACT:

Aim: The aim of the present study was to screen and verify downstream
genes involved in the epithelial mesenchymal transition (EMT) induced by
paired box 2 (PAX2) in NRK-52E cells.
Methods: NRK-52E cells were transfected with lentivirus carrying PAX2
gene or no-load virus respectively. Total RNA was isolated 72 h after trans-
fection from PAX2-overexpressing cells and control cells. Isolated RNA was
then hybridized with the Rat OneArray Plus expression profile chip. The
chips were examined by Agilent 0.1 XDR to screen for differentially
expressed genes, which were further analyzed to investigate complement-
related genes as genes of interest.
Results: In NRK-52E cells, PAX2 overexpression promoted EMT followed
by upregulation of 298 genes and downregulation of 293 genes. KEGG anal-
ysis indicated the differential expression of genes related to cytokines and
their receptors, extracellular matrix (ECM), MAPKs, local adhesion, cancer,
the complement cascade, and coagulation. Gene oncology analysis screened
out genes related to molecular functions (e.g., hydrolase activity, phospholi-
pase activity, components of the ECM) and biological processes (e.g., cell
development, signal transduction, phylogeny), and cell components
(e.g., cytoplasm, cell membrane, and ECM). Analysis of the complement
system revealed upregulation of C3 and downregulation of CD55 and com-
plement regulator factor H (CFH).
Conclusion: PAX2 overexpression upregulates EMT in vitro and may regu-
late C3, CD55, and CFH.

Paired box 2 (PAX2) encodes a nuclear protein that binds

with DNA, serving as a transcription factor. Several studies

have shown that PAX2 is an important regulatory factor in

embryonic kidney development. PAX2 is continuously

expressed during the early, middle and late phases of kidney

development, including nephrogenic cord induction and

duct formation, ureter germination, nephrogenic branch

configuration, and nephron establishment.1,2 Abnormal

expression of PAX2 results in hereditary and acquired kid-

ney diseases.3 Loss of PAX2 during embryonic kidney devel-

opment can lead to renal-coloboma, maldevelopment of the

kidney, or the absence of a kidney.4,5 Overexpression of

PAX2 potentially leads to dominant polycystic kidney dis-

ease (PKD), ureter obstruction, renal cell carcinoma, or

lesions on the glomerulus and/or renal tubules.6,7

Tubulointerstitial fibrosis is a defining characteristic of

chronic renal disease, and is associated with upregulation of

PAX2 expression.8 In renal tubular epithelial cells,

epithelial-mesenchymal transition (EMT) is a key fibrogenic

mechanism of chronic renal disease.9 Our previous in-vitro

research indicated that PAX2 promoted EMT, which facili-

tated the process of renal interstitial fibrosis.10 However, the

underlying mechanism remains unclear.
With the development and advancement of biotechnol-

ogies, the gene chip has been widely used to identify differ-

ences in gene expression. KEGG (Kyoto Encyclopedia of

Genes and Genomes) is a database used to systematically

analyze gene function that facilitates research on the gene

expression profile as an integrating network.11 Gene ontol-

ogy (GO) enrichment analysis is likewise another approach
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used to analyze differentially expressed genes as related to
molecular function, biological processes, and cellular compo-
nents.12 This study sought to investigate the mechanism of
EMT induction by PAX2. NRK-52E rat renal tubular epithe-
lial cells were used to build an EMT cell model by overex-
pressing PAX2. Downstream genes influenced by PAX2
were identified by specific gene-chip screening. KEGG and
GO enrichment analyses were performed to analyze differ-
ential gene expression, which was further verified by real-
time polymerase chain reaction (PCR) and western blotting.

MATERIALS AND METHODS

Materials

A rat renal tubular epithelial cell line (NRK-52E) was
obtained from the cell bank of the Chinese Academy of Sci-
ences. LV-PAX2 carrying the rat PAX2 gene
(NM 001106361) and its lentivirus vector control were
obtained from the Genechem Company (Shanghai, China).
Rat OneArray Plus® was obtained from the Phalanx Biotech
Group (Hsinchu, Taiwan). ROA version 1.1 contains 24 358
probes from the Refseq release 42 and Ensebl release
59 databases. Another 980 control probes were purchased
from the Genechem Company.

Methods

Cell culture and lentivirus transfection

Rat renal tubular epithelial NRK-52E cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing
10% foetal bovine serum (FBS) at 37�C, in a humidified
atmosphere of 5% CO2. One day before transfection,
1 × 104 cells per well were seeded into 24 well plates.
Before transfection, cells were washed with sterile PBS. An
amount of virus determined by the cell multiplicity of infec-
tion (MOI) was added to each well. For a 24 well plate, 5 μL
of LV-PAX2 solution were added to each well in the experi-
mental group, and 1 μL LV-con solution was added to each
well in the control group. Then 500 μL Enis containing
0.5% polybrene was added to each well. The green fluores-
cent protein (GFP) expression was observed 48 h after
transfection. Cell morphology was recorded when fluores-
cence intensity was >80%. Protein and RNA were isolated
from each group at 48, 72, and 96 h after transfection.

Western blot

To obtain total cell lysate, cells were collected by trypsiniza-
tion, washed twice with ice-cold 1× PBS and lysed for 1 h
on ice by adding cell lysis buffer. Protein concentration was
measured using the BCA Protein Assay kit according to the
manufacturer’s instructions. Total lysates were loaded on
SDS-PAGE, and proteins were separated using SDS running
buffer. A PageRuler prestained protein ladder was loaded on

the same gel as a standard for protein separation and deter-
mination of molecular weight. Proteins were transferred
onto polyvinylidene difluoride (PVDF) membranes. After
blocking, membranes were incubated overnight with pri-
mary antibodies against PAX2 (1 : 400, Santa Cruz, USA),
CD55 (1 : 100, Santa Cruz, USA), C3 (1 : 100, Santa Cruz,
USA), CFH (1 : 200, Bioss antibodies, China). Subsequently,
membranes were washed three times in 1× TBST for
10 min, then incubated with corresponding horseradish per-
oxidase (HRP)-conjugated isotype-specific secondary anti-
body diluted in 5% non-fat milk, for 1 h at room
temperature. After four washes with 1× TBST, blots were
visualized with an ECL + plus™ western blotting system
(Amersham, USA) and films. GAPDH (1 : 5000, Bioss anti-
bodies, China) was used as an internal control. The image
was analyzed with the quantity ONE system.

Real-time PCR

Total RNA was extracted by Trizol lysis buffer (Invitrogen,
USA) at 72 h after transduction, according to the manufac-
turer’s instructions. RNA was reverse transcribed into cDNA
with the PrimeScript RT reagent Kit with a gDNA Eraser
(Takara, Japan), according to the manufacturer’s instruc-
tions. After reverse transcription, mRNA levels of specific
genes were quantified by real-time PCR. The primers used
are listed in Table S1.

Gene chip assay and differentially expressed genes
analysis

Total RNA was respectively extracted from the samples
transfected with empty vector control or PAX2 overexpres-
sing group according to the manufacturer’s instructions.
RNA quantity and purity were assessed using NanoDrop
ND-1000 (Thermo Scientific, USA). According to pass cri-
teria for absorbance ratios, A260/A280 ≥ 1.8 and A260/
A230 ≥ 1.5 indicate acceptable RNA purity. RIN values were
ascertained using the Agilent RNA 6000 Nano assay to
determine RNA integrity. Pass criteria for RIN values for
RNA integrity are established at ≥6. gDNA contamination
was evaluated by gel electrophoresis. Target preparation was
performed using an Eberwine-based amplification method
with the Amino Allyl MessageAmp II aRNA Amplification
Kit (Ambion, AM1753) to generate amino-allyl antisense
RNA (aa-aRNA). Labelled aRNA coupled with NHS-CyDye
was prepared and purified prior to hybridization. Purified
coupled aRNA was quantified using the NanoDrop ND-
1000; the pass criterion for CyDye incorporation efficiency
was >15 dye molecules/1000 nt. Two probes per gene were
selected from seven consistently expressed housekeeping
genes. For each gene, probes were designed from regions of
300–600 bp (S1) or 900–1200 bp (S2), from each 30 end of
the transcripts. The gene expression profiles of each sample
were determined using the Rat OneArray Plus® Microarray
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(Hsinchu, Taiwan). The data obtained were analyzed using
Agilent 0.1 XDR. The signal-segmented file was loaded into
Rosetta Resolver® System (Rosetta Biosoftware, USA) for
data analysis. Standard selection criteria used to identify dif-
ferentially expressed genes were as follows: (i) log2 |fold
change| ≥ 1 and P < 0.05; and (ii) log2 ratios = ‘NA’ and dif-
ferences in intensity between samples ≥1000. Gene cluster-
ing was performed on selected differentially expressed gene
lists after data transformation and mean centring with a
linkage algorithm. Gene set enrichment analysis was per-
formed based on the Canonical Pathway database and ‘Gene
Symbol’ from the Gene Ontology database (http://
geneontology.org).

Statistical analysis

The results were analyzed with SPSS 17.0 software. Data from
three independent experiments are presented as mean �
SD. Statistical comparisons between groups were analyzed
using the two-tailed Student’s t-test. Correlations between
variables were assessed with Pearson’s correlation test. Dif-
ferences were considered significant if P < 0.05.

RESULTS

Overexpression of PAX2 upregulates EMT programmes in
NRK-52E cells

NRK-52E cells were transfected with lentivirus carrying the
PAX2 gene (LV-PAX2) or vector control (LV-con). Seventy-
two hours after transfection, cells overexpressing PAX2
transformed from round or oval epithelial cells to spindle or

needle-shaped mesenchymal cells (Fig. 1A,C), but control
cells did not. Transfection efficiency was visualized as the
intensity of GFP staining (Fig. 1B,D). Our previous study
confirmed that PAX2 overexpression was sufficient to pro-
mote EMT programs in NRK-52E cells.10

Gene expression profiling and gene set enrichment
analysis

RNA samples from the vector control group and PAX2-
overexpressing group were hybridized with the OneArray
Plus® Microarray. The hybridization signal was screened by
high-resolution gene-chip scanner. The results of cluster
analysis revealed a difference between groups (P < 0.05)
(Fig. 2A-D). Based on the eligibility criteria that log2 ratio
≥1.0 or ≤−1.0 and P < 0.05, 298 genes were upregulated,
and 293 genes were downregulated (Table S2).
Based on information from KEGG and Biocarta data-

bases, genes with differential expression upon exposure to
PAX2 with log2 ratio ≥1.0 or ≤ − 1.0 (P < 0.05) were
selected for enrichment analysis of related signalling path-
ways. Pathways involving cytokines and their receptors
ranked the first in KEGG analysis: six genes
(e.g., TNFRSF17) were found to be upregulated; 10 genes
(e.g., IL6) were found to be downregulated. KEGG analysis
ranked pathways related to extracellular matrix (ECM) sec-
ond, demonstrating upregulation of COL4A2 and COL6A1
and downregulation of six genes (e.g., ITGA10). Third were
genes related to hypertrophic cardiomyopathy: CACNB2
and TPM1 were upregulated after PAX2 overexpression,
while six genes (e.g., SGCD) were downregulated. The
MAPK signalling pathway was the fourth pathway found

Fig. 1 Overexpression of PAX2 in NRK52E
cells. (A, B) NRK-52E cells were transduced
with LV-con for 72 h. Cell morphology was
visualized by light or fluorescence microscopy.
(C, D) NRK-52E cells were transduced with LV-
PAX2 for 72 h. Morphology was visualized with
light or fluorescence microscopy.
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to be affected by PAX2 expression, with nine genes
(e.g., FGF1) upregulated and seven genes (e.g., PDGFRB)
downregulated. Fifth were genes related to focal adhesion:
after transduction, COL4A2 was upregulated, and PDGFRB
was downregulated (Table 1). Genes related to dilated car-
diomyopathy were also influenced by PAX2 expression.
CACNB2 and TPM1 were upregulated; four genes,

including SGCG, were downregulated. The complement
factors and adhesion molecules identified were C3, CD55,
CFH, C1S, and SERPING1. C3 was upregulated, and CD55,
CFH, C1S, and SERPING1 were downregulated (P < 0.05)
(Table 2).

Gene ontology (GO) enrichment analysis was applied to
differentially expressed genes, which were classified as
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Fig. 2 Differential gene expression induced by PAX2 was analyzed using the Rat OneArray® Plus Gene Chip. (A) Clustering was performed to visual-
ize correlations among the replicates and varying sample conditions. Upregulated and downregulated genes are represented in red and green, respectively. A
subset of differential genes was selected for clustering analysis. An intensity filter was used to select genes where the difference between the maximum and
minimum intensity values >2000 among all microarrays. For this microarray project, the number of genes clustered was 222. (B) The histogram plot shows
the distribution of fold-change for all probes excluding control and flagged probes. Fold change was calculated by Rosetta Resolver 7.2, with the error model
adjusted by Amersham Pairwise Ration Builder for signal comparison of samples. (C) Volcano plot of sample OE versus CON. Standard selection criteria to iden-
tify differentially expressed genes are established at log2 |fold change| ≧ 1 and P-value < 0.05. (Blue dots in figure.) (D) PCA plot. The variables for the first
three principal components (PC1, PC2, PC3) for this study are 94.86%, 2.56%, and 1.33%, respectively. A subset of differential genes was selected for PCA anal-
ysis. Notes: OE represents cells overexpressing PAX2; CON represents control cells. 1, 2 and 3 represent triplicate repetitions.
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related to molecular function, biological processes, or cellular
components, and submitted for enrichment ranking. The
genes found to have differential gene expression in PAX2-
overexpressing cells performed a broad range of molecular
functions, including hydrolase activity (16 genes), high phos-
pholipid hydrolase activity (12 genes), receptor activity
(22 genes), phosphoprotein and phosphatase activity (nine
genes), and phosphorylated monoester hydrolase activity
(10 genes) (Table 3). Moreover, enrichment analysis demon-
strated that PAX2 affected genes involved in biological

processes include multicellular organ development (51
genes), anatomical structure development (50 genes), system
development (45 genes), organ development (40 genes), sig-
nal transduction (55 genes), and systemic processes
(32 genes) (Table 4). Table 5 presents genes with PAX2-
induced differences in gene expression related to cellular
components including the ECM (32 genes [partial characteri-
zation, 23 genes]), membrane (60 genes [partial characteri-
zation, 51 genes]), plasma membrane (49 genes). In
summary, PAX2 overexpression by lentivirus transfection in
NRK-52E cells was sufficient to induce differential gene
expression that affected various functional and biological
processes.

PAX2 overexpression affected expression of complement-
related genes

To further verify the effect of PAX2 overexpression on the
expression of complement-related genes, real-time PCR was
performed. The results showed that RNA levels of C3 were
upregulated, while CD55 and CFH levels were downregu-
lated (Fig. 3B). These findings were consistent with the
results of gene chip analysis. At the protein level, upregula-
tion of C3 and downregulation of CD55 and CFH in cells
overexpressing PAX2 were confirmed by western blot
(Fig. 3A,C). In summary, PAX2 regulates the gene expres-
sion of C3, CD55 and CFH.

Table 1 Top 10 pathway terms from gene set enrichment analysis (Based
on KEGG and Biocarta databases)

Geneset name Genes in
overlap (k)

k/K FDR q-
value

Cytokine and cytokine receptor
interaction

18 0.0674 3.91E-08

Extracellular and receptor
interaction

8 0.0952 1.65E-04

Hypertrophic cardiomyopathy 8 0.0941 1.65E-04
MAPK signalling pathway 13 0.0487 1.65E-04
Focal adhesion 10 0.0498 1.72E-03
Dilated cardiomyopathy 7 0.0761 1.72E-03
Complement and coagulation
cascades

6 0.087 2.65E-03

Pathways in cancer 12 0.0366 3.48E-03
Intestinal immune network for IgA
production

5 0.1042 3.77E-03

IL1R pathway 4 0.1212 9.88E-03

Table 2 Differential expression of genes related to complement pathways

log2 Ratio P-value (differentially
expressed)

KEGG complement cascades ID Entrez_gene OE/CON OE/CON

C3 Complement component 3 PH_rn_0004103 24 232 2.001905869 4.29139E-07
SERPING1 Serpin peptidase inhibitor, clade G (C1 inhibitor),

member 1
PH_rn_0003815 295 703 −2.701503789 1.31049E-09

CD55 CD55 molecule, decay accelerating factor for
complement

PH_rn_0012112 64 036 −1.073009749 0.000107956

C1S Complement component 1, s subcomponent PH_rn_0004735 192 262 −1.880664479 4.03039E-05
CFH complement factor H PH_rn_0014497 155 012 −1.170529565 4.54651E-13

Table 3 Top 10 enrichment gene ontology (GO) terms from GO analysis (molecular function)

Geneset name Genes in overlap (k) k/K FDR q-value

Hydrolase activity acting on ester bonds 16 0.0595 2.56E-06
Phosphoric ester hydrolase activity 12 0.0784 4.90E-06
Receptor activity 22 0.0377 5.68E-06
Phosphoproten phosphatase activity 9 0.1111 6.93E-06
Phosphoric monoester hydrolase activity 10 0.0893 8.51E-06
Structural molecule activity 13 0.0533 3.95E-05
Substrate specific channel activity 10 0.0641 1.31E-04
Extracellular matrix structural constituent 5 0.1852 2.31E-04
Protein tyrosine phosphatase activity 6 0.1132 4.32E-04
Transmenbrane receptor activity 15 0.0359 4.32E-04
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DISCUSSION

Renal interstitial fibrosis is a nonspecific pathological process
that is the common final process of chronic kidney disease.
Direct injury or other stimulation releases cytokines from
renal tubule cells, which results in the accumulation of lym-
phocytes, macrophages, dendritic cells and mast cells in the
renal interstitium. Activated immune cells then produce
profibrotic factors to enable renal interstitial fibroblasts,
peripheral cells, transdifferentiated renal tubular epithelial
cells and endothelial cells transform into matrix-producing
cells.13 Matrix-producing cells overproduce ECM compo-
nents such as fibronectin and collagen, ultimately resulting
in renal interstitial fibrosis.14 During the process of renal
interstitial fibrosis, the conversion of renal tubular cells
through EMT is an important source of ECM-producing
cells.15

The expression of PAX2 increases in a variety of kidney
diseases, but the role of PAX2 remains to be elucidated.
Huang et al. observed the development of EMT in renal
tubular epithelial cells under the stimulation of inflamma-
tory factors and reported the re-expression of Wilm’s
tumour gene (WT1) and PAX2 in renal tubular epithelial
cells. EMT was blocked when WT1 and PAX2 expression
levels were suppressed, suggesting that WT1 and PAX2 par-
ticipate in EMT and that silencing PAX2 could block the

EMT induced by IL-1.16 Doberstein et al. confirmed that
PAX2 promoted EMT in renal tumour cells through regula-
tion of L1-CAM and ADAM10.17 The upper results were
consist with our previous results that PAX2 promoted EMT
process in vitro.10 In our previous study, the expression of
PAX2 was positively correlated with the degree of renal
interstitial fibrosis in a rat model of unilateral ureteral
obstruction (UUO). Interfering with the expression of PAX2
could relieve renal interstitial fibrosis, which suggested that
PAX2 may promote renal interstitial fibrosis by facilitating
EMT.18

To further investigate the role of PAX2 in EMT, the NRK-
52E cells transfected with LV-PAX2 or LV-con were sub-
jected to high-throughput differential mRNA screening,
which was performed using a Rat OneArray Plus® expres-
sion profile chip. Clustering analysis revealed significant dif-
ferences in gene expression between PAX2-overexpressing
and controls cells, including the upregulation of 298 genes
and the downregulation of 293 genes. KEGG pathway anal-
ysis verified that these differentially expressed genes were
related to cytokines and their receptors, ECM and associated
receptors, MAPK signalling, local adhesion, cancer, the com-
plement cascade, and coagulation. GO analysis revealed that
these differentially expressed genes were related to: molecu-
lar functions including hydrolase activity, phospholipase
activity, and ECM functions; processes including cell devel-
opment, signal transduction, and phylogeny; cell compo-
nents such as cytoplasm, the cell membrane, and ECM.
ECM and related pathways, which are closely related to
fibrosis, were ranked within the top 10 in both KEGG and
GO enrichment analyses. The effect of PAX2 on upregula-
tion of C3 and downregulation of CD55 and CFH in NRK-
52E cells was further verified by real-time polymerase chain
reaction (PCR) and western blotting.

The complement system includes the classical pathway,
the lectin pathway, and the alternative pathway. Most
components of the complement system derive from the
liver and reach the kidney after circulating through the
blood; some of these participate in the pathological pro-
cesses of various kidney diseases. Early studies have shown
that the immune and complement systems play important
roles in the development of renal interstitial fibrosis. The

Table 4 Top 10 enrichment gene ontology (GO) terms from GO analysis (biological process)

Geneset name Genes in overlap (k) k/K FDR q-value

Multicellular organismal development 51 0.0486 0.00E + 00
Anatomical structure development 50 0.0494 0.00E + 00
System development 45 0.0523 0.00E + 00
Organ development 33 0.0578 2.29E-14
Signal transduction 55 0.0337 3.66E-14
System process 32 0.0568 7.63E-14
Negative regulation of biological process 30 0.0443 3.41E-10
Anatomical structure morphogenesis 21 0.0559 9.20E-09
Cell proliferation 24 0.0468 1.40E-08
Cell development 25 0.0433 2.48E-08

Table 5 Top 10 enrichment gene ontology (GO) terms from GO analysis (cel-
lular component)

Geneset name Genes in
overlap (k)

k/K FDR q-
value

Extracellular region 32 0.0716 0.00E + 00
Membrane 60 0.0301 1.81E-13
Plasma membrane 49 0.0344 4.31E-13
Membrane part 51 0.0305 8.26E-12
Extracellular region part 23 0.068 9.06E-12
Intrinsic to membrane 42 0.0312 4.89E-10
Integral to membrane 41 0.0308 1.03E-09
Plasma membrane part 36 0.0311 1.23E-08
Proteinaceous extracellular
matrix

11 0.1122 5.65E-08

Extracellular matrix 11 0.11 6.32E-08
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main pathological features of autosomal dominant polycys-
tic kidney disease (ADPKD) are renal tubule cystic dilation
and renal interstitial fibrosis. Su et al. studied changes in
the complement components of urine and kidney tissue in
renal cystic patients. As the disease progresses, levels of
CFB, SERPING1, and C9 in the urine increase, suggesting
the involvement of these complement components in the
development of ADPKD.19 Researchers previously used ani-
mal models to evaluate the function of C3, CD55, and CFH
in renal injury and renal interstitial fibrosis. C3 knockout
in UUO mice reduced levels of renin and transforming
growth factor-ß1 (TGF-ß1), which is a classic profibrotic
cytokine.20 Likewise, C3a receptor knockout in an
adriamycin-induced nephropathy mouse model preserved
renal function and alleviated renal interstitial inflammation
and fibrosis.21 Early studies in a model of ischemia reperfu-
sion injury verified that CD55, as a complement regulator,
performs a protective role during the pathological process
of renal injury.22

The above results are consistent with a role for C3 in pro-
moting renal interstitial inflammation and fibrosis, while
CD55 and CFH may be protective. Our study revealed that
PAX2 could upregulate C3 and downregulate CD55 and
CFH to promote EMT programmes in NRK-52E cells.
Together with our previous results, these findings suggest
that PAX2 upregulates C3 and downregulates CD55 and
CFH to promote the EMT program during renal interstitial
fibrosis.

Both EMT and endothelial mesenchymal transition
(EndMT) have been implicated in the pathogenesis of renal
injury and renal interstitial fibrosis. Whether complement
components are involved in these process were still not
clear. Zhou et al. concluded that C3 induced EMT in mouse
epithelial cells through activation of the renin-angiotensin
system in a UUO mouse model.20 Likewise, Tang et al.

observed that C3a could induce EMT in human proximal
tubular epithelial cells in vitro, while C3a inhibitor could
prevent cells from undergoing EMT.21 In addition, Curci
et al. examined EndMT using a porcine model of ischaemia
reperfusion injury and showed that complement mediates
renal interstitial fibrosis via the AKT pathway.23 These
results are similar to our finding that complement is
involved in the EMT process. In recent years, more and
more studies have confirmed that renal interstitial cells can
produce complement components that are involved in acute
renal injury and the pathological process of chronic kidney
disease. Brooimans et al. verified in vitro that IL-2 induced
human proximal tubular epithelial cells to secrete C3 in a
dose-dependent manner.24 Gerritsma et al. suggested that
TGF-ß1 stimulated complement secretion by human proxi-
mal tubular epithelial cells.25 In the mouse model of
ischaemia–reperfusion injury, C3 generated by the kidney
plays a more important role than does C3 from the circula-
tion.26 Recently, Xavier et al. found PDGFRβ-positive peri-
cytes and CD45-positive cells could secrete complement
components to initiate renal fibrosis. 27 These findings are

Fig. 3 PAX2 overexpression affects the
expression of C3, CD55, CFH (A, C) NRK-52E
cells were transduced with lentivirus contain-
ing vector controls or rat PAX2 for 72 h. The
expression of PAX2, C3, CD55, and CFH was
analyzed by western blot after transduction.
GAPDH served as loading control, n = 3, *P <
0.05. (B) mRNA expression was measured by
qPCR. mRNA expression levels of PAX2, C3,
CD55, and CFH in LV-PAX2 cells were com-
pared with those in LV-con cells,
n = 3, *P < 0.05.
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consistent with our observation that PAX2 may regulate the
expression of C3, CD55, and CFH in renal tubular epithelial
cells. in vivo experiments will be necessary to further con-
firm the role of PAX2 in renal tubular epithelial cells.
As a promoter, PAX2 can bind to the promoter zone of

C3, CD55, and CFH; the corresponding binding sites are pre-
dicted by the Alggen-Promo database (http://alggen.lsi.upc.
es). The 11 sites of where PAX2 may bind to C3 are: GTCA-
GAG, TGGTGAC, GTCACAC, GTCATGA, GTCATGT,
GGTTGAC, CCATGAC, GTCATTC, GAGTGAC, GTCACTC,
and CCTTGAC. The eight sites where PAX2 may bind to
CD55 are: GTCACAG, GTCACTG, CCCTGAC, GTCAAGT,
CAGTGAC, GTCACTG, AGGTGAC, and GGGTGAC. The
12 sites where PAX2 may bind to CFH are: CTTTGAC,
GTCAGGA, CCATGAC, GTCACCA, ACGTGAC, TCCTGAC,
GAATGAC, CACTGAC, CAATGAC, GCATGAC, GTCACTG,
and CACTGAC. The detailed mechanism by which PAX2
regulates the expression of complement components should
be investigated further.
In summary, PAX2 overexpression up-regulates EMT pro-

grammes in vitro and affects cytokines and their receptors,
ECM and related receptors, MAPKs, local adhesion mole-
cules, cancer, complement, and coagulation. PAX2 may
induce EMT through upregulation of C3 and downregula-
tion of CFH and CD55. The potential mechanisms by which
PAX2 activates complement to induce EMT programmes
require further study.
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Additional supporting information may be found in the
online version of this article at the publisher’s website:

Table S1 Real-time PCR primers.

Table S2 Part of differential gene list.
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