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Introduction

Fibrosis represents the common final pathway of chronic 
disease processes and may be triggered by a variety of 
inflammatory, ischemic and metabolic disorders. The 
onset is often insidious and ongoing disease leads to 
distortion of functional architecture, compromising 
adequate cell signalling and homeostasis (Wynn, 2008). 
Transforming growth factor-β1 (TGF-β1) is generally 
regarded as one of the key growth factors involved in 
fibrosis. However, many of the downstream effects of 
TGF-β1 leading to deposition of extracellular matrix 
(ECM) are mediated by connective tissue growth factor 
(CTGF), a 36–38-kDa polypeptide, which is member of 
the CCN (CTGF/Cyr6/Nov) family (Leask and Abraham, 
2006). CTGF has been shown to be up-regulated in vari-
ous chronic diseases including liver fibrosis, systemic 
sclerosis, diabetic nephropathy (DN) and non-diabetic 

chronic kidney disease, idiopathic interstitial pneumo-
nias, cardiomyopathy, atherosclerotic plaques, nephro-
genic systemic fibrosis, peritoneal fibrosis in peritoneal 
dialysis patients and urethral stricture (Igarashi et  al., 
1996; Ito et al., 1998; Allen et al., 1999; Paradis et al., 1999; 
Sato et al., 2000; Yoshisue et al., 2002; Cicha et al., 2005; 
Zhang et al., 2008; Kono et al., 2010; Mizutani et al., 2010; 
Schieren et al., 2010).

As the clinical course of chronic fibrotic disorders var-
ies between individual patients, there is great need for 
non-invasive biomarkers that can help predict progres-
sion. CTGF seems an ideal candidate biomarker for mon-
itoring ongoing fibrosis as it is a key mediator of fibrosis 
and is readily quantifiable in body fluids. Experimental 
studies indicate that CTGF expression increases over 
time (Mori et  al., 1999; Yokoi et  al., 2002; Roestenberg 
et al., 2006), suggesting that CTGF levels run parallel with 
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the process of fibrosis. Here, we review published stud-
ies on CTGF in different patient populations. In addi-
tion, we evaluate technical aspects of measuring CTGF 
levels, which is currently performed by a wide variety of 
enzyme-linked immunosorbent assay (ELISA) formats. 
For this purpose, a comprehensive literature search was 
performed with PubMed and Google Scholar using com-
binations of the following keywords: CTGF, CCN2, ELISA, 
fibrosis, biomarker. The search was narrowed by eliminat-
ing non-human and non-English articles. Bibliographies 
of selected articles and reviews were searched for other 
relevant articles.

General aspects of CTGF regulation and 
function

CTGF displays a variety of biological functions, 
strongly dependent on cell type and condition. CTGF 
is known to be induced by TGF-β1 but also by other 
pathways, involving a variety of factors, including 
hypoxia-inducible factor (HIF), angiotensin II, signal-
ling mother against decapentaplegic peptide (Smad), 
endothelin-1 (Kemp et  al., 2004), signal protein 1 
(Sp1) and basal control element-1 (BCE-1) (Iwanciw 
et  al., 2003). In systemic sclerosis, CTGF induction is 
more likely to depend on endothelin-1 than on TGF-β1 
(Higgins et  al., 2004; Leask and Abraham, 2006). A 
molecule-specific receptor for CTGF has not been pub-
lished yet. However, interactions of CTGF with insulin-
like growth factor (IGF), TGF-β1, bone morphogenetic 
protein (BMP)-2, BMP-4, BMP-7, vascular endothelial 
growth factor (VEGF), tyrosine kinase protein A (TrkA), 
p75 NTR, low-density lipoprotein receptor-related 
protein (LRP)-1 and LRP-6 were reported in cell cul-
tures and animal models. Additionally, CTGF binds to 
integrins, aggrecan, heparan sulphate-containing pro-
teoglycans and fibronectin (Kim et  al., 1997; Segarini 
et  al., 2001; Abreu et  al., 2002; Inoki et  al., 2002; Gao 
and Brigstock, 2004; Mercurio et al., 2004; Wahab et al., 

2005; Heng et al., 2006; Hoshijima et al., 2006; Aoyama 
et al., 2009; Maeda et al., 2009) (Figure 1). Intracellularly, 
Smad and ERK1/2 MAPK pathways are the main sig-
nal transduction pathways known to be influenced by 
CTGF (Phanish et al., 2010). Resulting biological func-
tions of CTGF include differentiation, proliferation, 
migration, hypertrophy, angiogenesis, ECM deposition 
and remodelling, fibronectin production, stimulation 
or inhibition of angiogenesis and cell–matrix interac-
tions (Perbal, 2004). One of the most important func-
tions of CTGF is the induction of ECM production, both 
TGF-β1-dependent and -independent. Intracellularly, 
Smad and ERK1/2 MAPK pathways are the main signal-
transducing pathways known to be influenced by CTGF 
(Nguyen and Goldschmeding, 2008). For a detailed 
overview on the functions and mechanisms of CTGF 
regulation, we refer to some of the excellent reviews 
that have been published recently (Cicha and Goppelt-
Struebe, 2009; Phanish et al., 2010).

The CTGF molecule

The CTGF molecule consists of four distinct cysteine-
rich interaction domains and a signal peptide. Between 
domains 2 and 3, the protein contains a cysteine-free 
hinge region, which contains multiple cleavage sites 
susceptible to proteolysis by a number of different 
proteases generating N- and C-terminal fragments of 
similar molecular weight. The C-terminal half can be 
further cleaved yielding a fragment of 9–12 kDa con-
taining domain 4 (Brigstock et  al., 1997; Grotendorst 
and Duncan, 2005) (Figure 1). In cell culture super-
natants and in body fluids, both full-length CTGF and 
its fragments have been detected. Full-length CTGF 
and N-fragment were found in plasma, serum, urine, 
vitreous fluid (Hinton et al., 2004; Kuiper et al., 2006), 
dermal interstitial fluid (Dziadzio et al., 2005) and peri-
toneal dialysate (Zarrinkalam et al., 2003). Importantly, 
in plasma and urine the amount of N-fragment is much 

Abbreviations
ACE	 angiotensin-converting enzyme
ACE-I	 angiotensin-converting enzyme inhibitor
BA	 biliary atresia
BCE-1	 basal control element-1
BMP	 bone morphogenetic protein
BNP	 brain natriuretic peptide
CAN	 chronic allograft nephropathy
CI	 confidence interval
CLD	 chronic liver disease
COPD	 chronic obstructive pulmonary disease
CTGF	 connective tissue growth factor
DM	 diabetes mellitus
DN	 diabetic nephropathy
ECM	 extracellular matrix
EGF	 epidermal growth factor
ELISA	 enzyme-linked immunosorbent assay

GFR	 glomerular filtration rate
HBV	 hepatitis B virus
HCV	 hepatitis C virus
HIF	 hypoxia-inducible factor
IGF	 insulin-like growth factor
IQR	 interquartile range
LPS	 lipopolysaccharide
LRP	 low-density lipoprotein receptor-related protein
NYHA	 New York Heart Association, abbreviation is also 

used for the NYHA classification for heart failure
Smad	 Signalling mother against decapentaplegic peptide
Sp1	 signal protein 1
TA/IF	 tubular atrophy/interstitial fibrosis
TGF-β	 transforming growth factor-β
TrkA	 tyrosine kinase protein A
UAE	 urinary albumin excretion
VEGF	 vascular endothelial growth factor
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more abundant than full-length protein, which is hardly 
detectable by available techniques (Cicha et al., 2004; 
Kubota et al., 2004; Roestenberg et al., 2004; Miyazaki 
et al., 2010). C-fragment was recovered from serum and 
urine, and western blotting of peritoneal dialysate also 
yielded a 23-kDa heparin-binding fragment probably 
representing C-terminal fragment (Zarrinkalam et  al., 
2003). A 12-kDa fragment was detected in urine of dia-
betic patients by western blotting (Riser et al., 2003).

Little is known about the biological significance of 
CTGF fragments. In vitro studies suggest that the vari-
ous CTGF proteins differ in their biological actions. In 
normal rat kidney fibroblasts, the N-terminal fragment 
induced myofibroblast differentiation and collagen 
synthesis in the presence of IGF, whereas the C-terminal 
fragment domain stimulated proliferation in the pres-
ence of epidermal growth factor (EGF). Activity of 
the fragments was approximately one-tenth of that of 
full-length CTGF (Grotendorst and Duncan, 2005). In 
isolated cardiomyocytes, overexpression of full-length 
CTGF induced hypertrophic growth, whereas deletion 
of the C-terminal domain antagonized the hypertro-
phic effect (Yoon et al., 2010). In hepatic stellate cells, 
module 3 of CTGF exhibited integrin binding, signal-
ling and fibrogenic properties (Tong and Brigstock, 
2006). Interestingly, the LRP-binding site is also located 
on domain 3 of the C-terminal fragment (Gao et  al., 

2003) and might be involved in clearance of the full-
length molecule and the C-fragment. The N-terminal 
fragment might therefore have a longer half-life, which 
might explain the relative abundance of the N-fragment 
in body fluids. In vivo data on CTGF fragments are even 
scarcer. Recently, Sánchez-López et al. (2009) reported 
that intravenous injection of a recombinant 11.2-kDa 
human CTGF peptide representing domain 4 of the 
protein induced renal inflammatory responses by acti-
vating the NF-κB pathway.

Technical aspects of CTGF measurement

In general, sandwich ELISA technology is most suit-
able for determination of small proteins and peptides 
present in limited amounts. In this technique, the anti-
body attached to the plate provides immune-specific 
antigen capture, whereas the second antibody linked 
to an enzyme provides immune-specific detection and 
amplification. This approach enables accurate and sensi-
tive detection of the antigen. An additional advantage of 
ELISA is the fact that the results are highly quantitative 
and generally reproducible. A weakness of the method is 
dependency on epitope stability.

For CTGF detection, different ELISA formats have 
been applied with antibodies directed against different 
CTGF domains, thus detecting different CTGF isoforms 

N-terminal fragment

IGF 1/2

Fibronectin

BMP 2/4/7 Aggrecan

Domain 1
IGFBP

Domain 2
VWFC

Domain 3 Domain 4
TSP-1 CTCKHinge

C-terminal fragment

‘Small’ C-terminal
fragment

LRP 1 LRP 6VEGF VEGF

αvβ3 integrin

αvβ3 integrin
αvβ3 integrin
αMβ3 integrin

α6β1 integrin

α5β1 integrin
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TGFβ3 1/2 Perlecan

Fibronectin BMP 2
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Figure 1.  Connective tissue growth factor (CTGF) structure and its binding partners. The CTGF molecule consists of four domains and 
hinge region, which can be cleaved by proteases generating an N- and C-terminal fragment. The C-terminal half can be further cleaved 
yielding a fragment containing domain 4. The individual domains interact with different ligands, as depicted below each domain. BMP, 
bone morphogenetic protein; CTCK, C-terminal cysteine knot-like domain; HSPG, heparan sulphate proteoglycan; IGF, insulin-like 
growth factor; IGFBP, insulin-like growth factor-binding protein domain; LRP, lipoprotein receptor-related protein; TGF-β, transforming 
growth factor-β; TSP-1, thrombospondin repeat type 1 domain; VEGF, vascular endothelial growth factor; VWFC, von Willebrand factor 
type C repeat domain.
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(Table  1). The most commonly applied assays detect 
either the full-length protein and the N-fragment or the 
full-length protein and the C-fragment. The clinical sig-
nificance of the individual fragments is not known, but 
the various formats might have different clinical value. 
Regarding the specificity of the ELISA assay, some stud-
ies report that they checked for cross-reactivity with 
other members of the CCN family, including Cyr61, NOV, 
Wisp1–3. This might be important because of significant 
structural and sequence homology, although most assays 
have employed antibodies raised against peptides repre-
senting CTGF-specific amino acid sequences (Chen and 
Lau, 2009).

Most of the clinical studies have used plasma for 
determination of CTGF in blood, whereas others have 
used serum (Table 1). However, platelets contain a large 
amount of full-length CTGF, which were shown to be 
released into serum during the coagulation of blood. This 
might theoretically interfere with reliable CTGF mea-
surement in serum and we therefore advocate the use 
of plasma instead of serum. Also, shear stress and stor-
age at room temperature are shown to induce release of 
full-length CTGF from platelets and careful handling of 
the samples and storage on ice seems warranted (Cicha 
et al., 2004; Miyazaki et al., 2010). N-Fragment levels are 
not confounded by platelet activation (Miyazaki et  al., 
2010).

For plasma, the type of anticoagulant might also 
matter since the CTGF molecule contains a heparin-
binding domain. Theoretically, when using heparin 
plasma for CTGF measurement, heparin binding may 
prevent binding of the CTGF molecule to the antibod-
ies of the sandwich ELISA by steric hindrance, obscur-
ing the actual plasma levels in the patient. Since the 
heparin-binding domain is located at the C-terminal 
fragment, this especially concerns measurement of 
full-length CTGF and the C-fragment. For this reason, 
we discourage the use of heparin plasma for the CTGF 
ELISA.

The stability of CTGF differs between molecules and 
matrices. The full-length molecule is known to be less sta-
ble than the N-terminal fragment. This is, at least in part, 
due to degradation of the full-length protein by proteases 
in urine and possibly also in plasma. The N-terminal frag-
ment is resistant to protease degradation and is stable in 
urine during storage at 4°C for at least 24 h (Weitz and 
Usinger, 2003). In plasma, the N-fragment was found to 
be stable for at least four cycles of freezing (−80°C) and 
thawing (own observations) and during storage at 25°C 
for at least 24 h (Miyazaki et al., 2010). The stability of the 
C-fragment is not known.

Recently, a Chinese group developed an alternative 
ELISA method for detection of urinary CTGF. It concerns 
a competitive indirect ELISA method using rabbit anti-
CTGF polyclonal (H-55, Santa Cruz Biotechnology, Santa 
Cruz, CA). The advantages of competitive ELISA tests 
include faster performance, consisting of one-step addi-
tion of reagents, and reducing the total test time to <2 h. 

However, this test has not yet been validated on human 
samples (Bao et al., 2008).

Besides pre-analytical, methodological and technical 
considerations, it is not known to what extent CTGF lev-
els vary over time in the individual patient.

In conclusion, validation of the different testing meth-
ods, inter-test comparisons and longitudinal studies 
of CTGF levels within the same patient are highly war-
ranted to allow clinical implementation and comparison 
between studies.

Clinical studies

Table 1 gives an overview of the clinical studies evalu-
ating CTGF levels in various patient populations and 
summarizes the associations of CTGF levels with clinical 
parameters.

CTGF in fibrotic liver disease
There is a great need for non-invasive testing to estimate 
the degree of fibrosis in chronic liver disease (CLD),  
mainly because liver biopsy is associated with a sub-
stantial risk of bleeding in CLD. CTGF levels are strongly 
elevated in liver fibrosis. Hepatic stellate cells are a major 
source of CTGF in liver fibrosis, but increased CTGF 
expression is also reported in hepatocytes, bile duct epi-
thelial cells, sinusoidal and vascular endothelial cells, 
depending on the pathological condition (Paradis et al., 
1999; Narkewicz et al., 2005).

Biliary atresia (BA) is a congenital disorder of unknown 
aetiology leading to neonatal jaundice, liver fibrosis and 
eventually end-stage liver disease necessitating trans-
plantation in most patients. The hallmark of the patho-
genic process is fibrosis of biliary ducts, in which TGF-β1 
and CTGF are presumed to play a role (Kobayashi et al., 
2005; Roach and Bruny, 2008). In a cross-sectional study, 
serum levels of 36 BA patients and 10 healthy controls 
were analysed for CTGF (Tamatani et al., 1998). Patients 
were subdivided according to liver function (normal 
liver function, moderate liver dysfunction and severe 
liver dysfunction) by laboratory parameters. CTGF lev-
els were especially raised in moderate liver dysfunction 
(20-fold), with lower levels in patients with severe liver 
dysfunction.

In addition, in adult liver fibrosis CTGF levels are 
elevated in all types of CLD (e.g. alcoholic, viral or cryp-
togenic) (Gressner et  al., 2006; Kovalenko et  al., 2009; 
Zhang et al., 2009) (Table 1). Most of the evidence for an 
association between CTGF levels and liver fibrosis stage 
come from studies looking at chronic hepatitis B virus 
(HBV) or hepatitis C virus (HCV) infection (Kovalenko 
et  al., 2009; Zhang et  al., 2009; Guo-Qiu et  al., 2010). 
The diagnostic value of serum CTGF in HCV-related 
liver fibrosis might be explained by the known inter-
action between the HCV core protein and the TGF-β1 
promotor, upstream from CTGF regulation (Kovalenko 
et al., 2009). However, Morikawa et al. (2007) found no 
relationship between CTGF level and fibrosis stages in 
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HCV-related liver fibrosis. Interestingly, in idiopathic 
portal hypertension, a condition without parenchyma-
tous fibrosis, CTGF levels were also significantly higher 
than in controls.

CTGF in systemic sclerosis
In scleroderma, studies have shown that TGF-β1 is 
mainly elevated at the start of the fibrotic response, at 
the active site of early skin lesions (Higley et al., 1994). 
CTGF, on the contrary, seems to be overexpressed at 
every step of the pathogenic process, in early lesions as 
well as in established fibrotic skin (Igarashi et al., 1996). 
Promoter polymorphisms in the CTGF gene are able to 
influence its transcription and expression, leading to 
more severe disease (Fonseca et  al., 2007; Kawaguchi 
et al., 2008; Granel et al., 2010; Kovalenko et al., 2009). 
These data emphasize the important pathophysiologi-
cal role of CTGF in systemic sclerosis. The first report of 
elevated systemic CTGF levels in systemic sclerosis was 
made by Sato et al (Sato et al., 2000). Serum CTGF was 
higher in diffuse scleroderma associated with pulmo-
nary complications than in limited scleroderma and 
healthy controls. Moreover, CTGF levels were signifi-
cantly higher in scleroderma than in patients affected 
by systemic lupus erythematosus or dermatomyositis/
polymyositis. When a cutoff value of more than mean + 
2 SD was used to differentiate scleroderma from these 
other connective tissue disorders, only 40% of sclero-
derma patients had a CTGF concentration above this 
level. Seven percent of lupus patients also showed a 
high CTGF. As such, the predictive value of elevated 
CTGF levels for the diagnosis of scleroderma is rather 
low when used at one time point. The study, however, 
stresses the role of CTGF as a marker of ongoing fibro-
sis, as highest CTGF levels were found in patients suf-
fering between 1 and 3 years of scleroderma.

Dziadzio et al. (2005) studied the presence of CTGF in 
plasma and in dermal interstitial fluid. Three groups were 
evaluated in a cross-sectional approach: 26 patients with 
diffuse scleroderma, 21 patients with limited scleroderma 
and 18 healthy controls. Full-length CTGF, N-CTGF and 
C-CTGF were measured separately. Plasma and dermal 
interstitial fluid levels for N-CTGF were strongly and sig-
nificantly elevated in patients as compared with controls 
and correlated with severity of skin disease. The highest 
levels were found in diffuse scleroderma. Remarkably, 
full-length CTGF and C-CTGF were not markedly ele-
vated in patients (Dziadzio et al., 2005).

CTGF in diabetes mellitus
CTGF is known to play an important role in the patho-
genesis of microvascular complications of diabetes mel-
litus (DM), such as DN and diabetic retinopathy (Kuiper 
et  al., 2008; Nguyen et  al., 2008). In DN, CTGF mRNA 
was shown to be up-regulated in mesangial cells, podo-
cytes and tubulointerstitial fibroblasts (Ito et  al., 1998). 
Emerging evidence also indicates a role in macrovascu-
lar complications (Jaffa et  al., 2008). Both plasma and 

urinary CTGF have been investigated as biomarkers in 
DM, in particular in the context of DN and cardiovascu-
lar morbidity.

Plasma CTGF
The presence of CTGF in plasma of patients with type 
1 diabetes was first investigated by Roestenberg et  al. 
(2004). An ELISA detecting full-length CTGF and the 
N-fragment was used, but the authors detected only 
N-CTGF as full-length CTGF fell below the sensitivity limit 
of the assay. Plasma N-CTGF was significantly increased 
in macroalbuminuric patients, but not in microalbumin-
uric patients although the variation was much larger in 
micro- than in normoalbuminuric patients. N-CTGF cor-
related with urinary albumin excretion (UAE) and glom-
erular filtration rate (GFR) (Roestenberg et al., 2004). In a 
subsequent prospective observational study with a larger 
number of patients, N-CTGF levels also correlated with 
UAE and GFR in macroalbuminuric patients. In a Cox 
proportional hazard regression model including base-
line GFR and UAE, N-CTGF levels predicted end-stage 
renal disease as well as mortality in macroalbuminuric 
patients, and in diabetic patients with nephrotic range 
albuminuria, N-CTGF was the only predictor for renal 
function loss (Nguyen et al., 2008).

Jaffa et  al. studied the relationship between plasma 
and urinary CTGF levels and vascular disease in 1052 
type 1 diabetic patients. Plasma N-CTGF was higher in 
hypertensive subjects and also urinary N-CTGF showed 
a strong association with blood pressure. Multiple 
regression analysis showed an independent associa-
tion of plasma N-fragment with UAE and estimated GFR 
(eGFR). Baseline plasma N-CTGF levels were indepen-
dently associated with common and internal carotid 
intima media thickness at 6 years follow-up on multivari-
ate analysis including UAE. It must be noted that eGFR 
was not included in the multivariate models, which 
may have confounded the relationship since decreased 
renal clearance causes elevated N-CTGF (unpublished 
observation).

Urinary CTGF
Several small studies have evaluated urinary CTGF 
(uCTGF) in diabetic patients. In a cohort of 43 diabetic 
patients (nine patients with type 1 and 34 with type 2 
DM), Tam et  al. (2009) measured significantly higher 
CTGF levels in patients with macro- and microalbu-
minuria than in those with normoalbuminuria, using 
an ELISA capable of detecting whole CTGF and the 
C-terminal fragment. Urinary CTGF had a tendency 
to be lower in macroalbuminuric than in microalbu-
minuric patients and authors suggested that uCTGF 
may be an early marker of DN (Tam et al., 2009). Gilbert 
et al. (2003) also measured elevated CTGF concentra-
tions in macroalbuminuric and microalbuminuric 
type 1 diabetic patients, but levels were 10-fold higher 
in macroalbuminuric than in microalbuminuric 
patients, although it must be noted that the mean age 
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of the macroalbuminuric patients was also significantly 
higher. In this study, an ELISA capable of detecting 
both full-length CTGF and the N-terminal fragment 
was used. However, the rise in uCTGF could be fully 
accounted for by N-CTGF. Urinary N-CTGF excretion 
showed close correlation with urinary albumin and 
TGF-β1 excretion. Remarkably, patients treated with 
angiotensin-converting enzyme inhibitors (ACE-I) 
showed much lower uCTGF than untreated patients 
(Gilbert et  al., 2003). In a prospective clinical study, 
treatment with losartan in a dose range from 50 to 
150 mg significantly decreased uCTGF levels in hyper-
tensive type 1 diabetic patients with nephropathy. 
Changes in albuminuria and rate of decline of GFR sig-
nificantly correlated with changes in uCTGF (Andersen 
et al., 2005). A large cross-sectional study of 386 type 1 
diabetic patients confirmed that urinary N-CTGF was 
elevated in macroalbuminuric patients. However, no 
significant difference between normoalbuminuric and 
microalbuminuric patients was observed. N-CTGF lev-
els did correlate with UAE and GFR, underscoring the 
potential value of urinary N-fragment as a progression 
marker (Nguyen et al., 2006).

CTGF in non-diabetic chronic kidney disease
Three small studies reported elevated urinary CTGF 
in non-diabetic chronic kidney disease. Gerritsen 
et  al. (2010) measured elevated urinary N-CTGF in 
108 patients with primary glomerular diseases and 
observed a tight correlation between urinary N-CTGF 
and the degree of tubular dysfunction as reflected by 
urinary β2-microglobulin excretion indicating that 
decreased tubular reabsorption is a major determi-
nant of uCTGF in glomerular diseases. Ito et al. (2010) 
reported elevated plasma and urinary CTGF in 21 
patients with hypertensive nephrosclerosis. Slagman 
et  al. (2009) reported elevated uCTGF in 33 patients 
with non-diabetic proteinuric CKD, which could be 
reduced by sodium restriction, losartan and addition 
of hydrochlorothiazide to losartan.

CTGF in renal transplant recipients
Chronic allograft nephropathy (CAN) is the leading 
cause of progressive renal failure and graft loss after 
kidney transplantation (Fletcher et  al., 2009). At the 
moment, histological analysis appears to be the only 
sensitive test to determine CAN. There is an urgent 
need for non-invasive markers for CAN. Serum creati-
nine is most commonly applied, but is insensitive and 
nonspecific for predicting CAN (Yilmaz et  al., 2007). 
Experimental studies show a clear correlation between 
urinary CTGF and the degree of tubular atrophy and 
interstitial fibrosis (TA/IF) and suggest that increase of 
uCTGF might even precede pathological changes (Shi 
et al., 2009; Yue et al., 2010). In 29 transplant patients, 
Cheng et  al. measured significantly elevated serum 
CTGF as compared with healthy controls, although part 
of the increase of serum CTGF may be accounted for by 

decreased renal clearance of N-CTGF since serum cre-
atinine was significantly higher in the CAN group. No 
difference in serum CTGF level was observed between 
biopsy diagnoses classified as ‘no rejection’, ‘acute 
rejection’ or ‘TA/IF’ based on the BANFF 1997 criteria. 
In urine, only N-fragment was detected, which was 
significantly elevated in transplant patients and cor-
related with proteinuria. Urinary N-CTGF was lowest 
in patients without rejection, intermediate in patients 
with acute rejection and highest in patients with biop-
sies demonstrating CAN. High uCTGF in CAN might 
result from increased CTGF mRNA expression, which 
was observed in CAN biopsies, or decreased tubular 
reabsorption by malfunctioning atrophied tubules in 
CAN (Gerritsen et al., 2010). These studies suggest that 
urinary N-fragment may be a biomarker for CAN.

CTGF in cardiac fibrosis
Emerging evidence indicates a pathogenic role in myo-
cardial fibrosis and cardiac hypertrophy. CTGF is one 
of the earliest growth factors transcriptionally induced 
by hypertrophic stimuli in cardiac myocytes (Ahmed 
et  al., 2004; Kemp et  al., 2004). Histological examina-
tion on endomyocardial biopsy samples from patients 
with diastolic heart failure function showed that CTGF-
immunopositive cardiac myocytes correlated with the 
degree of interstitial fibrosis (Koitabashi et  al., 2007). 
In 52 patients with chronic heart failure, plasma CTGF 
was correlated with brain natriuretic peptide (BNP) 
and echocardiographic E/E′ value as an estimate of 
left ventricular end diastolic filling pressure reflecting 
left ventricular diastolic function, but was not cor-
related with systolic function or left ventricular mass 
(Koitabashi et al., 2008). Also in carcinoid heart disease, 
a complication of neuroendocrine tumours, plasma 
CTGF seems to be a marker for right heart fibrotic 
lesions. Bergestuen et al. (2010) observed a significant 
inverse correlation between right ventricular function 
and plasma CTGF levels. Elevated plasma CTGF was 
an independent predictor of both reduced right ven-
tricular function and the presence of any right-sided 
valvular regurgitation.

CTGF in interstitial lung disease
Apart from the prominent involvement of CTGF in 
systemic sclerosis-associated lung disease (Abraham, 
2008), CTGF might also play a role in organ-confined 
interstitial lung disease. Both in experimental 
bleomycin-induced lung fibrosis and in human idio-
pathic pulmonary fibrosis, CTGF was up-regulated, 
namely in interstitial fibroblasts and type II alveolar 
epithelial cells (Lasky et  al., 1998; Pan et  al., 2001). 
Moreover, cigarette smoke and the inflammatory 
cytokine lipopolysaccharide (LPS) have the potential 
to up-regulate CTGF in chronic obstructive pulmonary 
disease (COPD) patients (Ning et  al., 2004; Nishioka 
et al., 2010). Recently, clinical data by Kono et al. (2010) 
showed that N-CTGF levels are elevated in idiopathic 
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interstitial pneumonias and associated with deteriorat-
ing functional vital capacity at 6 months in idiopathic 
pulmonary fibrosis.

Summary and challenges for future 
developments

In general, CTGF seems to reflect activity of fibrotic pro-
cesses. Consistently, a significant body of evidence has 
emerged that CTGF might be a valuable biomarker in 
chronic fibrotic disorders. However, the heterogeneity 
of assay formats detecting different CTGF molecules is 
problematic and standardization is needed. As outlined 
in ‘Technical aspects of CTGF measurement section, 
technical aspects such as protein stability, platelet acti-
vation and type of anticoagulant may have considerable 
influence on CTGF measurement, especially on readout 
of full-length CTGF levels. This suggests that the more 
stable, platelet activation-independent, non-heparin-
binding N-fragment is a more accurate reflection of CTGF 
production and turnover rate. However, it should be 
kept in mind that the clinical significance of CTGF levels 
measured by different techniques might depend on the 
molecular forms of CTGF that are detected. This might 
also explain the lack of congruence between two recent 
studies in diabetic kidney disease that applied different 
assay formats detecting urinary N-CTGF and C-CTGF, 
respectively (Nguyen et al., 2006; Tam et al., 2009).

In CLD, circulating CTGF is a candidate non-
invasive biomarker for use in liver fibrosis prediction 
models, especially in the setting of viral hepatitis. In 
DN, urinary N-fragment seems promising as a progres-
sion marker. On the contrary, the C-fragment might 
be an early marker of incipient DN. Plasma N-CTGF 
might be a potent prognostic marker to identify mac-
roalbuminuric diabetic patients at high risk for loss of 
renal function or life-threatening events and may also 
be prognostic for cardiovascular morbidity in DM. In 
glomerular diseases, urinary N-CTGF reflects proxi-
mal tubular dysfunction. In renal transplant patients, 
urinary N-CTGF, but not serum CTGF, indicates CAN. 
In heart disease, plasma CTGF may serve as a marker 
of cardiac fibrosis, both in diastolic dysfunction in the 
context of left ventricular hypertrophy as well as right 
ventricular dysfunction in carcinoid heart disease. In 
pulmonary fibrosis, high CTGF is associated with pul-
monary function decline. In systemic sclerosis, circu-
lating CTGF levels do seem to point out the pathogenic 
role of CTGF, but there is no clear evidence for its appli-
cability in the clinical setting as a prognostic marker, 
yet.

Thus far, most CTGF biomarker studies have been 
retrospective although some had baseline CTGF mea-
surements with considerable clinical follow-up. To better 
assess the value of CTGF for prediction of fibrosis pro-
gression and to determine when in the disease process 
CTGF measurement is useful, more prospective lon-
gitudinal studies are needed in well-described patient 

populations. Validation and comparison of the different 
assay formats is highly warranted before clinical imple-
mentation. In addition, studies on the individual CTGF 
molecules in the various patient populations are needed 
to identify the most relevant CTGF molecule for a certain 
clinical purpose. Intervention studies will be needed to 
assess whether CTGF levels should have therapeutical 
consequences or could be used as a predictor and/or 
indicator of response to therapy.
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