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Abstract

Aim: The present study was designed to further investigate the effect of connec-

tive tissue growth factor antisense oligonucleotide (CTGF-AS) on angiotensin II

(Ang II)-induced tubular cell epithelial mesenchymal transition (EMT) in vitro.

Methods: The human proximal tubular cell line (HK2) was grown in Dulbecco’s

modified Eagle’s medium containing 10% heat inactivated fetal calf serum.  After

being rested in serum-free medium for 24 h, the influence of CTGF-AS (20 µg/mL)

on Ang II-induced (1×10-7 mol/L) CTGF mRNA and the protein expression were

examined by using reverse transcription-polymerase chain reaction and indirect-

immunofluorescence.  The effect of CTGF-AS on Ang II-induced cellular ultra-

structure was observed using a transmissive electronic microscope.  The expres-

sion of α-smooth action (α-SMA) was assayed by immunocytochemistry.  In all

experiments, the control group was treated with scrambled oligonucleotide.

Results: It was shown that Ang II significantly induced the increasing expression

of CTGF mRNA and protein (P<0.01, respectively), which were significantly abol-

ished by treatment with CTGF-AS.  After stimulating cells with Ang II, the cellular

ultrastructure showed mesenchymal features.  These effects were partially inhib-

ited by CTGF-AS.  Ang II significantly resulted in the expression of α-SMA in time

dependent manner, which was markedly attenuated by the treatment with CTGF-

AS (P<0.01, respectively).  In contrast, no similar effects were observed in the

control group treated with scrambled oligonucleotide.  Conclusion: Ang II-in-

duced EMT in human proximal tubular epithelial cells (PTC) can be attenuated by

treatment with CTGF-AS.  Our data provides further evidence that CTGF might be

involved in Ang II-induced EMT in PTC.
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Introduction

At present, there is increasing evidence suggesting that

activation of the intrarenal rennin-angiotensin system (RAS)

might play a key role in controlling the progression of renal

fibrosis[1].  Angiotensin II (Ang II), the main peptide of the

rennin-angiotensin system, is a true cytokine that regulates

cell growth, inflammation, and fibrosis, contributing to the

progression of renal disease.  Blocking the effects of Ang II

either by Ang II-converting enzyme inhibitors (ACEI) or Ang II

receptor antagonists (ARA) has been demonstrated to suc-

cessfully prevent renal fibrogenesis by blocking its

hemodynamic and nonhemodynamic action[2,3].  However,

although a number of recent studies have demonstrated that

Ang II might be a major contributor in regulating renal cell

transdifferentiation, its mechanism is not fully understood.

Connective tissue growth factor (CTGF), a member of

the CCN (CTGF, cyr61, nov) immediate early gene family of

proteins, is a 38-kD, cysteine-rich, heparin-binding protein.

CTGF has been implicated in mitogenic activity, cell migration,

fibroblast proliferation, cellular adhesion, angiogenesis and

ECM (extracellular matrix) synthesis.  Increased expression

of CTGF has been found in inflammatory bowel disease, skin

lesions, renal fibrosis, liver fibrosis and idiopathic pulmo-

nary fibrosis, suggesting that CTGF may be involved in the

pathogenesis of fibrosis[4].  Furthermore, urinary CTGF
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levels are elevated in many different renal fibrotic disorders,

including diabetic nephropathy, IgA nephropathy, focal seg-

mental glomerulosclerosis, crescentic nephritis and lupus

nephritis[5].  It is accordingly thought that CTGF can drive

glomerulosclerosis and tubulointerstitial fibrosis in a variety

of renal diseases.

We have demonstrated in a previous study that in vitro

expression of CTGF correlates with the early enlargement of

glomeruli in diabetic rats, which can be significantly pre-

vented by treatment with an Ang II receptor antagonist

irbesartan.  Simultaneously, irbesartan can also inhibit the

over expression of CTGF in diabetic rats[6].  In in vivo study,

we have found that Ang II stimulated the tubular epithelial

cell hypertrophy and CTGF expression, which could be signifi-

cantly inhibited by cotreatment with anti-CTGF antibody[7].

Tubulointerstitial fibrosis is considered to be the final

common pathway leading to end-stage renal failure, irrespec-

tive of the nature of the initial renal injury.  Recent studies

have demonstrated that tubular epithelial mesenchymal tran-

sition (EMT) is an important precursor to the development

of tubulointerstitial fibrosis, and is detrimental to the kidney

in the long term[8,9].  Proximal tubular epithelial cells (PTEC)

are increasingly being recognized for playing a central role

in renal tubulointerstitial fibrosis.  Obviously, it is quite im-

portant to understand the exact mechanisms of tubular epi-

thelial cell EMT that will provide a new strategy for early

prevention of renal fibrosis.

Although Ang II and CTGF are considered to be impor-

tant mediators in the process of renal fibrosis, especially in

EMT, the relationship between CTGF and Ang II in mediat-

ing EMT need to be further clarified.  Our present study was

an investigation of the influence of CTGF-antisense oligo-

nucleotide (CTGF-AS) on Ang II-induced tubular cell EMT,

thus identifying the role CTGF in the process of Ang II-

induced EMT.

Materials and methods

Cell culture  HK2 cells (human proximal tubular cells

immortalized by transduction with human papilloma virus

E6/E7 gene) were grown in Dulbecco’s Modified Eagle’s Me-

dium (DMEM) containing 1000 mg/L glucose, 100 U/mL

penicillin, 100 µg/mL streptomycin, 2 mmol/L supplemental

glutamine and 10% heat-inactivated fetal calf serum (Sijiqing,

China) at 37 ºC in 5% CO2.  Cultural medium was changed

every day and cells were passaged every 48–72 h by trypsin.

Reagents  Ang II was purchased from Sigma (Saint Louis

Mo, USA).  16-mer CTGF antisense phosphorothioate oligo-

nucleotide (5'-TACTGGCGGCGGTCAT-3') containing the

initial ATG translation start site was synthesized and pur-

chased from China Shanghai Genebase (Shanghai, China).

An oligonucleotide containing a scrambled nucleotide se-

quence (5'-GGTCTAGCTTGCGGAC-3') was used as the con-

trol[10].  The synthetic oligonucleotides were added directly

to the cell culture medium (final concentration, 20 µg/mL).

RT-PCR analysis  To gain information as to whether HK2

cells express CTGF and to observe the effect of CTGF-AS on

Ang II-induced expression of CTGF mRNA, cDNA amplifi-

cation was performed after reverse transcription of RNA.

The HK2 cell line was planted in a six-well plate at a density

of 1×10 5 cells/well.  When reaching 90% confluence, the cells

were incubated with serum-free DMEM for 24 h of quiescence.

Cells were then incubated separately with serum-free medium,

Ang II (1×10-7 mol/L), Ang II (1×10-7 mol/L) plus CTGF-AS

(20 µg/mL), Ang II (1×10-7 mol/L) plus scrambled oligonucle-

otide (20 µg/mL) for 48 h.  Total RNA was isolated from cul-

tured cells by the TRIZOL method.  RNA was quantitated by

UV absorption measurement at 260 nm.  The absorption ratio

of OD260/OD280 was between 1.8 and 2.0.  Reverse transcript

polymase chain reaction (RT-PCR) was performed using ac-

cess RT-PCR kit (Promega, Madison, WI, USA).  The primer

sequences were as follows[11]:

CTGF: forward: 5'-GAGGAAAACATTAAGAAGGGCAAA-3';

reverse:  5'-CGGCACAGGTCTTGATGA-3';

GAPDH:  forward: 5'-CTCAGACACCATGGGGAAGGTGA-3';

reverse: 5'-ATGATCTTGAGGCTGTTGTCATA-3'.

Total RNA (1 µg) was added into each response system.

The parameters of RT-PCR were 45 min at 48 ºC, 2 min at

94 ºC, then 40 cycles (94 ºC 1 min, 50 ºC 1 min, 68 ºC 2 min),

and an additional extension step for 7 min at 68 ºC as the last

cycle.  Ten microliters of the reaction products were electro-

phoresed in a 2% agarose gel containing 0.5 µg/mL ethidium

bromide.  It was then scanned by the IMAGE MASTER VDS

and analyzed with Total Lab software.  Results were expressed

as the ratio of CTGF mRNA to GAPDH mRNA.  RT-PCR with

separate stimulation of cells was independently performed

three times.

Indirect-immunofluorescence  The bacteria-free

coverglasses were dealed with PolyLysine, and then placed

on 24-well plates (NUNC).  The HK2 cell line was plated in

24-well plates (1×105 per well).  When cells reached 80%

confluence, they were rested in serum-free medium for 24 h.

They were then treated separately with serum-free medium ,

Ang II (1×10-7 mol/L), Ang II (1×10-7 mol/L) plus CTGF-AS

(20 µg/mL), Ang II (1×10-7 mol/L) and scrambled oligonucle-

otide (20 µg/mL), CTGF-AS (20 µg/mL) and scrambled oligo-

nucleotide (20 µg/mL) for 48 h.  The coverglasses of confluent

culture were removed and immunofluorescence was carried



Http://www.chinaphar.com Chen L et al

1031

out.  The cells were fixed and permeabilized.  Nonspecific

sites were then blocked.  The primary antibodies [goat anti-

human CTGF (1:100), R&D Systems] were incubated with

the cells overnight at 4 ºC in a humidified chamber.  Washed

cells were incubated with the appropriate secondary anti-

body-conjugate (1:100) for 1 h at room temperature.  The

coverslips were washed.  The cells were inspected using a

Confocal microscope (ZEISS LSM510, Oberkochen,

Germany) and were analyzed by LSM510 Version 2.3 software,

provided with the machine.

Cellular ultrastructure  Cells were seeded in 100-mL

culture bottles in equal numbers.  After the cells reached

80% confluence, they were rested in serum-free medium for

24 h.  They were then treated separately with serum-free

medium, Ang II (1×10-7 mol/L), Ang II (1×10-7 mol/L) plus

CTGF-AS (20 µg/mL) for 48 h/96 h.  Cells were trypsinized,

centrifuged, washed and collected.  They were then fixed at

4 ºC in 2% glutaraldehyde for 2 h.  After being dehydrated,

soaked, embedded, sectioned and stained they were exam-

ined with a HITACHI H600 electron microscope.

Immunocytochemistry  The bacteria-free coverglasses

were dealed with PolyLysine overnight, and then placed on

24-well plates.  The HK2 cell line was plated on 24-well plates

(1×105 per well).  When cells reached 80% confluence, they

were rested in serum-free medium for 24 h.  Ang II (1×10-7

mol/L) was added to the medium at various times (0, 24, 48,

72, and 96 h).  Meanwhile, the effect of Ang II (1×10-7 mol/L)

and CTGF-AS (20 µg/mL) at 72 h was observed.  Staining for

α-smooth muscle actin (α-SMA) was performed using a

monoclonal mouse anti-human α-SMA antibody [monoclonal

mouse anti-human α-SMA (1:50), Beijing Zhongshan

Biotechnology, China] in appropriate buffer according to

anti-mouse/rabbit UltraSensitive S-P kit instructions.  The

coverglasses were stained with AEC (3-amino-9-ethyl

carbazole) and counterstained with hematoxylin then cleared.

The cells were divided into four groups on the basis of the

stain intensity, which includes negative (–), weakly positive

(+), positive (++), and strongly positive (+++).  The cells per

coverglass were counted.

Statistical analysis  All data are expressed as mean±SD.

Multiple groups of values were compared using one-way

analysis of variance (ANOVA).  Data were analyzed by SPSS

10.0 programs for Windows.  The data of immunocytochem-

istry were analyzed by rank sum test.  A P value of less than

0.05 was considered statistically significant.

Results

Influence of CTGF-AS on Ang II-induced expression of

CTGF mRNA in HK2 cells  In response to treatment with

Ang II (1×10-7 mol/L), CTGF mRNA expression increased sig-

nificantly (OD ratio: control group: 0.144±0.024 vs Ang II

group: 0.598±0.033, P<0.01), which was markedly attenuated

in the presence of CTGF-AS (P<0.01).  The scrambled oligo-

nucleotide had no significant effect on Ang II-induced CTGF

mRNA expression (P>0.05) (Figure 1).

Influence of CTGF-AS on Ang II-induced expression of

CTGF protein in HK2 cells  The expression of CTGF protein

in tubular cells was measured using the Intensity ROI by

Confocal microscope.  The stimulation of HK2 cells with

Ang II (1×10-7 mol/L) for 48 h resulted in a significant in-

crease in the synthesis of CTGF protein (Intensity ROI: con-

trol group: 17.41±5.04 vs Ang II group: 132.45±5.10, P<0.01).

In addition, this change was indeed abolished by cotreatment

with CTGF-AS (AngII group: 132.45±5.10 vs Ang II+CTGF-

AS group: 82.77±5.09, P<0.01).  The scrambled oligonucle-

otide had no significant effect on Ang II-induced CTGF pro-

tein expression (P>0.05) (Figure 2).

Influence of CTGF-AS on Ang II-induced alterations of

cellular ultrastructure in HK2 cells  The cellular ultrastruc-

ture of control group presented with rich microvilli and the

mitochondria.  After stimulating HK2 cells with Ang II for 48

h, the cellular ultrastructure showed the microvilli and the

mitochondria decreased, the rough endoplasmic reticulum

and the Golgi apparatus increased.  After stimulating HK2

cells with Ang II for 96 h, the cellular ultrastructure showed

Figure 1.  CTGF-AS attenuated the expression of CTGF mRNA

induced by AngII in HK2 cells.  The cells were incubated separately

with serum-free medium, Ang II (1×10-7mol/L), Ang II (1×10-7 mol/L)

plus CTGF-AS (20 µg/mL), Ang II (1×10 -7 mol/L) plus scrambled

oligonucleotide (20 µg/mL) for 48 h.  A: control group.  B: Ang II

group.  C: Ang II+CTGF-AS group.  D: Ang II+SC group.  n=20.

Results represent mean±SD.  bP<0.05 compared to control group.  eP

<0.05 compared to Ang II group.
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the cellular membrane had pykno-architecture and the

filament architecture were dispersed in the cytoplasm.  These

effects could be partially abolished by treatment with

CTGF-AS (Figure 3).

Influence of CTGF-AS on AngII-induced expression of

α-SMA protein in HK2 cells  α-SMA protein levels were

assessed by immunohistochemistry.  After treating HK2 with

1×10-7 mol/L Ang II at different time points, it was shown that

no α-SMA immunostaining was observed in 0 h group.  In

response to Ang II, α-SMA was initially detectable at 48 h, a

significant increase in positive α-SMA immunostaining was

detectable at 72 h, and a progressive increase occurred over

the 96 h of study.  The synthesized level of α-SMA reached a

peak at 96 h.  It was found that Ang II time-dependently in-

duced synthesis of α-SMA in the HK2 cells (Figure 4, Table 1).

Furthermore, Ang II significantly induced an increase in

α-SMA expression in HK2 cells within 72 h (P<0.01).  CTGF-

AS could markedly inhibit this effect (P<0.01).  In contrast,

there were no changes in the scrambled oligonucleotide group

(Figure 5, Table 2).

Discussion

 For many years, the importance of tubulointerstitial

fibrogenesis has been ignored, and only recently has its

important contribution to the onset and progression of renal

failure become generally accepted.  EMT has been thought

to be an important source of myofibroblast in renal

interstitium, the latter is regarded as the major contributor of

the over-production of ECM[12,13].  The degree of EMT corre-

lated with the severity of tubular damage and subsequent

Figure 2.  CTGF-AS abolished the expression of CTGF protein induced by AngII in HK2 cells determined by confocal microscopy.  The cells

were incubated separately with serum-free medium, Ang II (1×10-7 mol/L), Ang II (1×10-7 mol/L) plus CTGF-AS (20 µg/mL), Ang II (1×10-7 mol/L)

plus scrambled oligonucleotide (20 µg/mL) for 48 h.  A: control group.  B: Ang II group.  C: Ang II+CTGF-AS group.  D: Ang II+SC group.  n=20.

Results represent mean±SD.  bP<0.05 compared to control group.  eP<0.05 compared to Ang II group.

Table 2.  CTGF-AS attenuated the expression of α-SMA protein by

AngII in HK2 cells. bP<0.05,  cP<0.01 compared to control group.
eP<0.05 compared to Ang II group.

    Groups                                             Stain intensity

                                               –                +       ++         +++

Control group 1191 9 0 0

Ang II groupc 440 209 488 6 3

Ang II+CTGF-AS groupbe 710 169 297 2 4

Ang II+SC group 434 222 473 7 1

Table 1.  Ang II induced the expression of α-SMA protein in HK2

cells in a time-dependent manner.  cP<0.01 compared to control

group.

    Groups                                            Stain intensity

                                           –                 +       ++          +++

Control group 1189 1 1 0 0

Ang II 24 h group 1157 4 3 0 0

Ang II 48 h group 972 212 1 6 0

Ang II 72 h groupc 432 216 484 6 8

Ang II 96 h groupc 204 276 546 174
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tubulointerstitial fibrosis progression.  Ang II plays a central

role in mediating the progression of chronic renal interstitial

fibrosis.  Apart from its pressure effects, Ang II exerts a vari-

ety of nonhemodynamic effects that are linked to the renal

pathology, which includes induced cell proliferation with

subsequent hypertrophy and cell transdifferentiation, and

increased the synthesis of the extracellular matrix[4,14].

The current study also demonstrated that AngII could

induce the synthesis of  fibroblast-specific protein-1 in HK2

cells and the expression of α-SMA.  The cellular ultrastruc-

tural mesenchymal features were also observed in Ang II-

stimulated cells.  However, the exact mechanisms of tubular

cell transdifferentiation are still unclear.  A few studies sug-

gested that numerous growth factors, cytokines, hormones

and extracellular cues had been involved in regulating EMT.

Strutz et al identified mouse tubular epithelium transfected

with FSP-1, a specific fibroblast marker protein, began to

show signs of transdifferentiation to a more fibroblast-like

phenotype associated with a loss of cytokeratin expression

and a gain of vimentin expression[15].  The mouse renal proxi-

mal tubule epithelial cells exposed to the cytokines epider-

mal growth factor and transforming growth factor (TGF)-β
had been found transdifferentiated to fibroblast-like cells

with increased expressions of collagen, vimentin, FSP-1 and

α-SMA[16].  Cultured in 10 or 50 ng/mL TGF-β, Fan et al

found that the NRK52E cells presented profound changes.

These changes included cellular hypertrophy, loss of api-

cal-basal polarity and microvilli, with cells becoming elon-

gated and invasive, the formation of new front-end back-

end polarity, and the appearance of actin microfilaments and

dense bodies.  These morphological changes were accom-

panied by phenotypic changes, which involved a loss of the

epithelial marker E-cadherin and de novo expression of al-

pha-SMA[17].  Recently, McMorrow et al demonstrated that

cyclosporin A was a direct stimulus for EMT in renal tubule

epithelial cells and implicated CTGF as mediators of this re-

sponse[18].  However, many questions still remain regarding

the detailed mechanisms.  Ruperez et al found an increased

renal CTGF expression with systemic infusion of Ang II into

normal rats for 3 d[19].  At d 7, AngII-infused rats presented

overexpression of CTGF in glomeruli, tubuli and renal arteries,

as well as tubular injury and elevated fibronectin deposition.

Figure 3.  The image of transmissive

electronic microscope.  The cells were

incubated separately with serum-free

medium, Ang II (1×10-7 mol/L) for 48 h/

96 h.
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In addition, treatment with an AT(1) receptor antagonist

diminished AngII-induced CTGF and fibronectin

overexpression, and ameliorated tubular damage.  In cultured

renal cells (mesangial and tubular epithelial cells), Ang II, via

AT(1) receptor, increased CTGF mRNA and protein

production.  However, CTGF-AS decreased Ang II-induced

fibronectin synthesis, suggesting that CTGF could be a me-

diator of the profibrogenic effects of Ang II in the kidney.

But whether the effect of Ang II on EMT is via CTGF is

unknown.

In the current study, we clarified the relationship between

Ang II and CTGF in the process of Ang II-induced EMT by

using CTGF-AS.  Our data demonstrated that Ang II induced

the overexpression of CTGF mRNA and protein.  In addition,

the transdifferential responses induced by Ang II, including

the expression of α-SMA and the mesenchymal features in

the cellular ultrastructure in HK2 cells, could be significantly

prevented by cotreatment with CTGF-AS.  Our data strongly

suggested that CTGF might be an important mediator of the

development of tubular EMT induced by Ang II.

CTGF is a member of the CCN protein family, structurally

characterized by their cysteine-rich sequence.  Studies have

shown that CTGF bears diverse bioactivities, which include

triggering mitogenesis, chemotaxis and matrix production.

However, CTGF can prevent cell proliferation, stimulate

apoptosis or modulate angiogenesis[20].  While CTGF can be

Figure 4.  Ang II induced the expression of α-SMA protein in HK2 cells in a time-dependent manner.  The cells were incubated with Ang II

(1×10-7  mol/L) for 0 h, 24 h, 48 h, 72 h, and 96 h.

Figure 5.  CTGF-AS attenuated the expression of α-SMA

protein by Ang II in HK2 cells.  The cells were incubated

separately with serum-free medium, Ang II (1×10 -7mol/L),

Ang II (1×10 -7 mol/L) plus CTGF-AS (20 µg/mL), Ang II

(1×10-7 mol/L) plus scrambled oligonucleotide (20 µg/mL)

for 72 h.
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found in various human tissues, it is most abundant in the

kidney.  Increased expression of CTGF has been reported in

a variety of glomerular and tubulointerstitial lesions.  It has

been reported that increased CTGF mRNA expression is

found in a variety of fibrotic renal diseases, including IgA

nephropathy, crescentic glomerulonephritis, focal glomeru-

losclerosis, class IV lupus nephritis, chronic transplant

rejection, diabetic glomerulosclerosis and anti-Thy-1.1 ne-

phritis[7,14].  In cultured renal cells, CTGF is upregulated in

primary human and rat mesangial cells exposed to high glu-

cose and TGF-β1.  Recombinant CTGF induced the expres-

sion of extracellular matrix protein[21].  CTGF antisense oligo-

deoxynucleotide transfection significantly attenuated TGF-

β-induced fibronectin and collagen I mRNA expression[22].

Zhang et al recently reported that rhCTGF could promote

the transdifferentiation of human renal tubular epithelial cells

towards myofibroblasts in vitro, both directly and as a down-

stream mediator of TGF-β[23].  Hence, it is generally accepted

that CTGF serves as a downstream regulatory factor of TGF-

β-induced renal fibrosis.  And because of the inflammatory

and immunosuppressive properties of TGF-β, CTGF seems

to be an attractive alternative therapeutic target against

tubulointerstitial fibrosis[24].  Andersen et al[25] found that

Losartan, an Ang II-receptor blockade, persistently reduced

urinary CTGF excretion, which is associated with a slower

rate of decline in GFR in hypertensive type 1 diabetic pa-

tients with diabetic nephropathy.  van Nieuwenhoven et al

showed that a dual blockade of RAS by using ACEI and

ARA could more significantly inhibit the urinary excretion of

CTGF in type-2 diabetic patients, suggesting that CTGF might

be a downstream modulator of Ang II in mediating renal fi-

brosis[26].  Our results, along with those of other researchers,

strongly suggested that CTGF mediated Ang-II induced

transdifferentiation of proximal tubular cells and tubulointer-

stitial fibrosis.

Our data may provide important information that CTGF,

as a novel fibrogenic growth factor, mediated Ang-II induced

tubular EMT, which is regarded as an important profibrotic

factor in progressive tubulointerstitial fibrosis leading to end-

stage renal failure.  These findings may open up new

avenues for therapeutic intervention in the process of tubu-

lointerstitial fibrosis.
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