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Abstract. In lupus nephritis (LN), kidney inflammation may 
be followed by fibrosis and progressive decline in function. 
Transforming growth factor (TGF)‑β is a notable mediator of 
fibrosis, but it has other beneficial roles, thus indicating a need 
for alternate therapeutic targets for inhibition of fibrosis. 
Connective tissue growth factor (CTGF) acts as a downstream 
mediator of TGF‑β in promoting fibrosis, without mediating 
the immunosuppressive effects of TGF‑β. Animal studies 
show that CTGF may have important roles in renal fibrosis, but 
data are limited in human subjects. The present study tested 
the hypothesis that renal CTGF mRNA expression is related to 
TGF‑β1 and collagen I expression and is predictive of renal 
function deterioration in patients with LN (n=39). Gene expres-
sion was measured using multiplex real-time quantitative 
RT‑PCR and renal function was estimated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD‑EPI) 
glomerular filtration rate (GFR) equation. Decline in GFR was 
assessed by regression of GFR at biopsy to 1 year following 
biopsy. CTGF mRNA expression was significantly correlated 
with TGF‑β1 and collagen I. GFR at biopsy was 89.2±39.2 ml/
min. Renal CTGF mRNA expression correlated inversely with 
baseline GFR. Renal CTGF mRNA was significantly higher in 
patients with moderate to severe CKD compared to those in 
the milder CKD group (low GFR 4.92±4.34 vs. high GFR 
1.52±1.94, p<0.005). CTGF mRNA was also higher in patients 
with subsequent decline in GFR [GFR decline (5.19±4.46) vs. 
no GFR decline (1.79±1.97); P<0.01]. In conclusion, renal 
expression of CTGF was positively related to TGF‑β1 and 

collagen  I in patients with LN. Furthermore, high CTGF 
mRNA expression was associated with poor GFR at baseline 
and subsequent deterioration of kidney function. CTGF 
expression in the kidney may serve as an early marker for renal 
disease progression and could be evaluated as a target for 
therapeutic intervention to prevent renal failure in LN.

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease 
in which immune complex deposition leads to multisystem 
disease (1). Immune‑mediated injury leads to inflammation of 
the kidneys and progressive renal failure. Lupus nephritis (LN) 
is a major cause of end‑stage renal disease (ESRD) in young 
to middle‑age females. The development of ESRD leading to 
dialysis therapy contributes to high morbidity and mortality 
and high cost of health care for patients with SLE. LN encom-
passes many forms of glomerulonephritis with both active 
inflammation and chronic scarring processes (2). Treatment of 
LN is difficult as there is heterogeneity in disease severity and 
outcome. High‑dose immunosuppressive therapies are often 
required to suppress the inflammation; however, treatment 
must be individually tailored to achieve disease control while 
avoiding the risk of fatal infections and malignancies. A renal 
biopsy is used to evaluate the severity of injury and scarring 
and to serve as a guide to therapy (2). Although routine renal 
histopathological evaluation provides valuable prognostic 
information, individual patients even within the same catego-
ries may exhibit marked variability in long‑term outcomes.

In chronic kidney disease (CKD) of all causes, the renal 
excretory function progressively declines as a consequence of 
nephron loss (3-6). Early in the course of CKD, renal tissue 
injury crosses a point of no return beyond which begins a posi-
tive feedback cycle of progressive nephron loss and replacement 
of normal tissue by interstitial scars. In LN, active inflamma-
tion may be followed by fibrosis and progressive decline in 
kidney function. By the time the patient presents to the clini-
cian, the process of fibrosis may already have been initiated 
(7). Interstitial fibrosis has been associated with poor clinical 
outcome in numerous renal diseases. A number of cytokines 
mediate fibrosis by altering cell proliferation, survival, and 
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by promoting the deposition of extracellular matrix (ECM) 
proteins such as collagens (3,4,8,9). Genes involved in matrix 
expansion and fibrosis have been shown to correlate with renal 
failure in a number of experimental models (3,5). Therapy 
aimed at inhibiting renal fibrogenesis may prevent decline in 
renal function. Numerous experimental studies support the 
role of transforming growth factor (TGF)‑β as an important 
mediator of collagen synthesis and fibrosis in response to 
renal injury (3-5). However, TGF‑β has other beneficial roles 
in immunosuppression, such that long‑term suppression of 
TGF‑β may be hyper‑inflammatory and pro‑carcinogenic, 
thus highlighting a need for alternate therapeutic targets for 
inhibition of fibrosis.

Connective tissue growth factor (CTGF) is a cysteine-rich 
peptide in the CCN (CTGF, cyr 61/cef 10, nov) family of growth 
factors (6,9,10). CTGF is generated in vitro in renal cells by a 
variety of stimuli. In vitro and animal studies show that CTGF 
induces fibroblast proliferation, ECM synthesis and integrin 
expression and may therefore play significant roles in human 
renal diseases and fibrosis (11). CTGF acts as a downstream 
mediator of TGF‑β in promoting fibrosis and collagen deposi-
tion without mediating immune effects. Therefore, CTGF may 
be an attractive target for the prevention of fibrosis in human 
renal diseases. Previous cross-sectional studies have shown 
that CTGF expression is increased in human renal diseases 
(6,10,11). However, the role of CTGF levels in renal disease 
progression and the relationship of CTGF with TGF‑β and 
collagen have yet to be evaluated in LN. 

In this study, we set out to evaluate whether CTGF mRNA 
expression correlates with baseline renal function, and whether 
it is able to predict loss of renal excretory function in patients 
with LN. Furthermore, we examined whether renal CTGF 
mRNA correlates with TGF‑β1 and collagen  I expression 
in vivo in patients with LN. In LN, the presence of established 
interstitial fibrosis often implies poor outcome, but when such 
processes are finally demonstrable on routine histology, the 
process is already largely irreversible (7). Findings that renal 
CTGF expression predicts renal outcome may pave a way 
for therapeutic interventions aimed at decreasing CTGF and 
preventing renal failure.

Materials and methods

Patient assessment and management. Patients with a formal 
diagnosis of SLE undergoing kidney biopsy at Ramathibodi 
Hospital for clinical indications between 2002 and 2004 were 
included in this study. An additional core of tissue samples 
obtained for diagnosis was snap‑frozen and stored in liquid 
nitrogen. Control subjects with preserved renal function (serum 
creatinine <1.2 mg/dl) were recruited from patients under-
going nephrectomy for renal cell carcinoma. A tissue core 
was obtained from the renal cortex of the non-involved pole 
of the kidney, snap‑frozen and stored in liquid nitrogen. This 
study was approved by the Ethics Committee of Ramathibodi 
Hospital, Faculty of Medicine. All participants gave written 
informed consent.

The kidney biopsy tissues were evaluated for routine 
histology and immunofluorescence and were classified 
according to the  RPS/ISN criteria (12) by a specialist 
nephropathologist who was blinded to the clinical outcome. In 

addition, the activity index (AI) and chronicity index (CI) were 
also assessed (12,13). 

Patients were managed at the physicians' discretion. In 
general, patients received antihypertensive therapy if their 
blood pressure exceeded 130/80 mmHg, and received immu-
nosuppressive therapy according to the RPS/ISN category of 
glomerulonephritis. Routine clinical characteristics for each 
patient were recorded at baseline and at each follow‑up.

Kidney function assessment
The severity of proteinuria and hematuria, which indicates 
inflammation of the kidneys was assessed. 

Glomerular filtration rate (GFR). This value was used 
to estimate renal excretory function. Previous studies have 
identified GFR as the preferred index of renal function as 
it correlates  most closely with clinical outcomes and other 
metabolic parameters (14). GFR cannot be measured directly 
in clinical practice. Instead, GFR was estimated using a serum 
creatinine‑based equation adjusted for coefficients for age 
and gender by the Chronic Kidney Disease Epidemiology 
Collaboration (CKD‑EPI) formula (15), which has been shown 
to be the most accurate GFR equation: 

GFR = 141 x min(Scr/κ,1)α x max(Scr/κ,1)-1.209 x 0.993Age x 
1.018 [if female] x 1.159

Where Scr is serum creatinine (mg/dl), κ is 0.7 for females and 
0.9 for males, α is -0.329 for females and -0.411 for males, min 
indicates the minimum of Scr/κ or 1, and max indicates the 
maximum of Scr/κ or 1.

Patients were also divided by severity into those with 
high GFR and low GFR using a cut‑off eGFR of <60 ml/
min/1.73 m2 according to the K/DOQI guidelines (14) in which 
GFR <60 ml/min/1.73 m2 constitutes those with moderate to 
severe CKD.

Rate of GFR change (ΔGFR). This was calculated by 
the slope of the GFR plot from biopsy to one year following 
biopsy. We divided patients into those with a decline in GFR 
(negative values) and those with no decline (positive values).

RNA extraction and cDNA synthesis. Total RNA was isolated 
from kidney tissue by silica gel‑based membrane spin tech-
nology with DNase I treatment (RNeasy micro kit: Qiagen, 
Chatsworth, CA, USA). cDNA was synthesized with an 
iScripts cDNA synthesis kit using MMLV‑derived reverse 
transcriptase pre‑mixed with an RNase inhibitor (Bio-Rad, 
Hercules, CA, USA) using a blend of oligo (dT) and random 
hexamer primers. Only kidney cortex tissues with optimal 
quality RNA (ratio of the absorbance at 260 and 280 nm 
ranging from 1.9‑2.1) were included in the study.

Quantif ication of renal f ibrogenic gene expression. 
Messenger RNA expression was quantified by real-time 
quantitative polymerase chain reaction (RT-PCR) using a 
Fast Start Universal Probe Master kit (Applied Biosystems, 
Foster City, CA, USA). cDNA was amplified using an 
iScripts cDNA synthesis kit (Bio-Rad) in a 96‑well plate. 
Multiplex quantitative PCR was performed using target and 
housekeeping genes in the same well (16). By this method, 
the threshold cycle (Ct) of target genes in each sample was 
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normalized with the housekeeping gene to account for indi-
vidual sample variation in the RNA amount. Ct was defined 
as the cycle number at which the fluorescence intensity 
generated by the tracer dye, which is released from the probe 
during DNA amplification, reaches a fixed limit of detection. 
Ct was determined at the exponential phase and is inversely 
related to the initial mRNA amount.

Primer and probe sequences for CTGF, TGF‑β1 and 
collagen I are shown in Table I. The mRNA expression of the 
target genes was calculated by using the ∆Ct procedure with 
VIC-TAMRA-labeled GAPDH (Applied Biosystems) used as 
a housekeeping gene for normalization among samples where 
∆Ct values were calculated by the formula:

∆Ct = Cttarget gene - Cthousekeeping gene

A standard curve was generated for each gene using pooled 
cDNA. Conditions of the PCR reaction were optimized so that 
the amplification efficiency of target genes and the endog-
enous reference genes were comparable across 3 log dilutions 
of pooled cDNA for each pair of target and housekeeping  
genes (17). The optimized conditions were as follows: TGF‑β1 
or COL1, 250  nM primers and 250  nM probes, with 1  µl 
GAPDH. The PCR conditions were: 50˚C for 2 min, 95˚C for 
10 min, followed by 40 cycles at 95˚C for 0.15 min and 60˚C 
for 1 min.

The mean Ct of triplicates was used. The relative levels 
of gene expression in LN patients were evaluated using the 
comparative cycle (Ct) method, also known as the 2-∆∆CT 
method (17). The expression of target genes in LN tissues were 
expressed as fold change of the mean value of the expression 
of control subjects (n=3), which were arbitrarily set as 1 as 
follows: Relative expression to control tissues = 2-∆∆CT, where:            	
		  ∆Ct = Cttarget gene - Cthousekeeping gene

         ∆∆Ct = ∆CtLN tissues - ∆Ctcontrol tissues

Outcomes. The levels of CTGF gene expression were corre-
lated with baseline GFR and other clinical parameters, and 
with ∆GFR. In order to examine the potential mechanisms 
for CTGF actions, the levels of CTGF expression were also 
correlated with collagen I and TGF‑β1.

Statistical analysis. Data are summarized as the means ± 
SD, and as percentages. Correlations were calculated using 
Spearman's rank coefficient. Student's t‑test or nonparametric 
tests were used to compare differences between groups for 

continuous data. Statistical significance was defined to be indi-
cated by p<0.05, two-tailed. Statistical analysis was conducted 
using the software package SPSS version 15.0 (SPSS, Inc., 
Chicago, IL, USA).

Results

Patient characteristics. Patient characteristics are summa-
rized in Table II. Of the 39 patients included in the study, the 
majority were women (n=38). Their age at the time of biopsy 
was 31.4±10.6 years (Table II). Time of disease onset to kidney 
biopsy was 4.6±4.9 years. The majority (87%) had received 
prior treatment with either prednisolone or immunosuppres-
sive agents. Systolic BP was 130.3±13.5 mmHg. Diastolic 
BP was 80.5±10.2  mmHg. Hypertension was observed in 
53.9% of patients (BP >140/90) and the serum creatinine 
level was 1.7±2.3  mg/dl. GFR at the time of biopsy was 
89.2±39.2 ml/min. Of the 39 patients, 8 (20.5%) had low GFR 
(GFR <60ml/min/1.73 m2) and 31 (79.5%) had high GFR 
(GFR ≥60 ml/min/1.73 m2). Proteinuria was 2.5±4.1 g/24 h. 
Urine RBC was 2.7±2.3/HPF.

One patient had mixed V+II classes and was designated as 
class II. There were 7 (17.9%) patients with class II, 3 (7.7%) 
with class III, 18 (46.2%) with class IV, 9 (23.1%) with class V 
and 2 (5.1%) with class  VI LN. Activity index (AI) was 
4.2±5.3; chronicity index (CI) was 2.0±1.7.

The majority of patients received oral or intravenous 
cyclophosphamide (n=27). Other treatment protocols were: 
azathioprine + corticosteroids (n=5), mycophenolate mofetil + 
corticosteroids (n= 2) and corticosteroid alone (n=5). GFR at 
the 1‑year follow‑up was 81.3±38.0 ml/min/1.73 m2.

CTGF gene expression and correlations with TGF‑β1 and 
collagen I. No PCR products were formed when reactions 
were performed without reverse transcriptase, indicating that 
the primers and probes did not amplify genomic DNA. The 
slope of the linear regression of the graph for ∆Ct against 
the log concentrations of pooled cDNA was <0.1, indicating 
that the amplification efficiencies of target and housekeeping 
genes were comparable (data not shown). The 2-∆∆CT method 
can therefore be used to assess comparative gene expres-
sion (17). Mean %CV for the Ct were 0.01‑0.02%.

Renal CTGF expression tended to be higher in LN than the 
controls (LN 4.21±4.17 vs. controls 1.49±1.17-fold, p=0.072). 

Table I. Primers and probe sequences.

Genes	 Accession no.	 Primer (Forward/Reverse)	 Product length (bp)

TGF-β1	 NM_000660.4	 F: 5'-CCAGCATCTGCAAAGCTC	 100
		  R: 5'-GTCAATGTACAGCTGCCGCA
		  Probe: 5'- (6-FAM)ACACCAACTATTGCTTCAGCTCCACGGA (Tamra)
COL1	 NM_000088.3	 F: 5'-CCTCAA GGCTCCAACGAG	 117
		  R: 5'-TCAATCACTGTCTTGCCCCA
		  Probe: 5'- (6-FAM)ATGGCTGCACGAGTCACACCGGA (Tamra)
CTGF	 NM_001901.2	 Assay-by-design (Applied Biosystems: ABI)	   60
		  Assay ID: Hs00170014m1
		  Probe: 5'-(6-FAM)AGAACATTAAGAAGGGCAAAAAGTG (Tamra)
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In LN subjects, the mRNA expression of CTGF and COL1 
in LN tissues were positively correlated (R=0.370, p=0.022) 
(Fig. 1A). In addition, the mRNA expression of CTGF and 
TGF‑β1 in LN tissues were positively correlated (R=0.363,  
p=0.025) (Fig. 1B).

Renal CTGF mRNA expression and baseline clinicopatho‑
logical parameters. There were no significant correlations 
between CTGF and the degree of proteinuria or hematuria.  
There were no significant differences in CTGF expression 
between classes and no correlations with AI or CI. 

CTGF expression correlated inversely with GFR at base-
line (R=-0.41, p=0.009) (Fig. 2). When patients were divided 
into severity groups, CTGF expression was significantly higher 
in patients with moderate to severe CKD compared to those 
with milder forms of CKD (low GFR 4.92±4.34 vs. high GFR 
1.52±1.94, p=0.005) (Fig. 3).

Renal CTGF mRNA expression and rate of decline in 
GFR. In patients with LN, the rate of change in GFR was 
-7.94±31.13 ml/min/1.73 m2 per year. Overall, 29 cases exhib-
ited a decline in GFR. CTGF expression was significantly 
higher in patients with a decline in GFR (decline 5.19±4.46 vs. 
no decline 1.79±1.97, p=0.010) (Fig. 4).

Discussion

CTGF has been implicated in matrix expansion and fibrosis in a 
number of experimental models (6,9,10), but data are limited in 

patients. The major novel findings of this study were that renal 
CTGF expression was increased in LN, that the level of CTGF 
expression correlated inversely with renal excretory function 
at the time of biopsy, and that the gene expression levels were 
higher in those with subsequent decline in kidney function. 

Numerous experimental studies support the role of TGF‑β1 
as an important mediator of fibrosis (3-5). Upregulated 
expression of TGF‑β1 is a feature of virtually all human and 
experimental models of renal fibrosis including murine lupus 
models (18). Early studies revealed that TGF‑β1 increased 
CTGF mRNA levels markedly in human foreskin fibroblasts 
(19) and subsequent reports identified TGF‑β‑responsive 
elements in the promoter region of the CTGF gene (6,9-11). 
CTGF is likely to act in part as a downstream mediator of 
TGF‑β1 fibrogenic activity, including the induction of fibro-
blast proliferation, transcription of gene‑encoding matrix 
genes, and inhibition of matrix‑degrading enzymes. Previous 
studies have shown that the addition of recombinant CTGF to 
mesangial cells increased the expression of ECM components 
including collagen I (20). The latter is normally present in 
relatively small amounts in adult kidneys (21). Accumulation 
of collagen I has been reported in the kidneys of patients with 
native kidney diseases (22) and those with chronic allograft 
nephropathy (23). An important role for CTGF in renal fibrosis 
is supported by the observation that transgenic mice with over-
expression of CTGF develop renal fibrosis (24). Furthermore, 
inhibition of CTGF by antisense oligodeoxynucleotides effec-
tively reduced expression of ECM genes, and tubulointerstitial 
fibrosis in experimental renal diseases (25). The relationship 

Table II. Baseline patient characteristics (n=39).

Age at initial biopsy (years)	   31.4±10.6
Time from disease onset to biopsy (years)	   4.6±4.9
Female patients (%)	 97.4
Prior immunosuppressive agent (%)	 87.2
Systolic BP (mmHg)	 130.3±13.5
Diastolic BP (mmHg) 	   80.5±10.2
Hypertensive (BP >140/90) (%)	 53.9
Serum albumin (g/l)	 29.7±7.4
Creatinine (mg/dl)	   1.7±2.3
eGFR (ml/min/1.73 m2)	   89.2±39.2
eGFR <60 ml/min/1.73 m2 (%)	 20.5
Urine protein (g/day)	   2.5±4.1
Kidney biopsy
  RPS/ISN class n (%)
    II	   7 (17.9)
    III	   3   (7.7)
    IV	 18 (46.2)
    V	   9 (23.1)
    VI	   2   (9.0)
Activity index	   4.2±5.3
Chronicity index	   2.0±1.7
Outcome
  GFR at 1 year	   81.3±38.0
  Rate of change of GFR	    -7.94±31.13

Figure 1. Correlations between renal CTGF mRNA expression and other 
fibrogenic genes in lupus nephritis (n=39). mRNA expression of (A) col-
lagen I and (B) transforming growth factor (TGF)‑β.

  A

  B
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between TGF‑β, collagens and CTGF has previously not been 
extensively studied in human glomerulonephritis. The present 
study revealed that the levels of expression of collagen I and 
TGF‑β1 are correlated with CTGF, supporting the theory that, 
as with experimental animals, these fibrogenic pathways are 
interrelated in human LN.

In normal human kidneys, CTGF mRNA is weakly 
expressed in podocytes, in certain parietal epithelial cells, and 
in interstitial cells (26). Upregulation of CTGF was observed 
in numerous experimental models (6,9,10). In the murine lupus 
nephritis model, renal CTGF and collagen expression were 
increased (18). Both genes were suppressed by complement 
inhibition consistent with a link between immune activa-
tion and subsequent fibrosis. Limited data are available on 
the association between CTGF expression in human kidney 
diseases, and the above-mentioned studies did not examine 

the relationship between gene expression and renal function 
or disease progression. Suzuki et al documented increases 
in renal CTGF mRNA expression in patients with diabetic 
nephropathy and IgA nephropathy, but not in minimal change 
disease (27). Kobayashi et al reported that CTGF expression 
was increased in renal biopsies of patients with type 2 diabetic 
nephropathy, and that the increased expression correlated 
with baseline serum creatinine and interstitial fibrosis (28). 
Ito et al examined renal expression of CTGF mRNA by in situ 
hybridization in a variety of biopsies of patients with chronic 
glomerulopathies and tubulointerstitial damage. They found 
that strong overexpression of CTGF correlated with the degree 
of scarring (26). Only six subjects with LN were included in 
the latter study and no data on renal function were available for 
these subjects. Therefore, the present study extended previous 
clinical and animal studies by showing that CTGF expression 
correlated inversely with GFR in human subjects with LN. 
Furthermore, the increase in CTGF predicted those patients 
likely to undergo a decline in GFR after 1-year follow-up. 
This may provide a useful marker of poor disease outcome 
and allow clinicians to use a more aggressive treatment or 
extend more specific anti‑fibrotic therapy to such patients. This 
is particularly important, as LN is a heterogeneous disease 
with regard to responses to treatment and long‑term outcome. 
Previous studies have revealed that, although routine histology 
of the kidney provides beneficial prognostic information, the 
predictive values of various clinicopathological indices were 
not universally consistent in different studies (2).

TGF‑β1 is the driving force behind renal fibrosis and is  
regarded as a key target in prevention and treatment of renal 
fibrosis. However, in addition to its fibrogenic role as the main 
inducer of ECM production, the functions of TGF‑β1 also 
include regulation of cell growth, cell differentiation, cytokine 
production, and immune cell modulation (8‑10). Considering 
its multiple effects, which are in part also protective and benefi-
cial, direct inhibition of general TGF‑β activity might not be 
clinically useful. Thus, therapeutic strategies that are aimed 
at targeting the downstream effectors of TGF‑β that specifi-
cally mediate its fibrogenic action, such as CTGF, appear to be 
promising targets for modulation of profibrotic TGF‑β activity. 
Recently, a first phase I trial was carried out to treat patients 
with diabetic kidney disease using a human monoclonal anti-
body to CTGF. The human monoclonal antibody was shown 
to be well tolerated and associated with short‑term beneficial 
effects (29). The findings of the present study support the possi-
bility that inhibition of CTGF may also be considered in LN. 

In conclusion, CTGF expression in LN correlated with 
TGF‑β1 and collagen I and inversely correlated with renal 
function. CTGF expression in the kidney may serve as an early 
marker for GFR decline in LN. If the findings of this study 
are confirmed, patients with high CTGF may be subjected to 
more aggressive therapy with standard immunosuppression to 
prevent fibrosis. Alternatively, studies aimed at directly inhib-
iting CTGF could be considered as a strategy to prevent renal 
failure in LN patients.
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