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Abstract 
 
The transcription factor c-Jun regulates the expression of genes involved in proliferation and 
inflammation; however, its role in human renal disease is largely unclear. 
We quantified renal expression of activated c-Jun (pc-Jun) in control renal tissue and in 
biopsies of patients with various renal diseases (diabetic nephropathy, focal 
glomerulosclerosis, hypertension, IgA nephropathy, membranous glomerulopathy, minimal 
change disease, membranoproliferative glomerulonephritis, systemic lupus erythematosus, 
acute rejection, and Wegener's granulomatosis), and correlated this with parameters of renal 
damage. To clarify the functional role of c-Jun activation in renal cells, we stimulated human 

tubular epithelial cells (HK-2) with TGF-β and measured c-Jun activation after 1h, 6h, and 

24h. Furthermore, we studied whether inhibition of c-Jun activation affects procollagen-1α1 
or MCP-1 gene expression.  
Activated c-Jun was present in nuclei of glomerular and tubular cells in all human renal 
diseases, but only sporadically in controls. Across diseases, the extent of pc-Jun expression 
correlated with the degree of focal glomerulosclerosis, interstitial fibrosis, Kidney injury 
molecule-1 expression, macrophage accumulation and renal function impairment. In vitro, in 

HK-2 cells, TGF-β induced c-Jun activation after 1h (+40%, p<0.001) and 24h (+160%, 

p<0.001). The specific c-Jun N-terminal kinase (JNK) inhibitor SP600125 abolished c-Jun 

phosphorylation and blunted TGF-β- or BSA-induced procollagen-1α1 and MCP-1 gene 

expression in HK-2 cells.  
In human renal disease, the transcription factor c-Jun is activated in glomerular and tubular 
cells. Activation of c-Jun may be involved in the regulation of pro-inflammatory and/or fibrotic 
processes in human renal disease; its inhibition therefore may be a suitable strategy in renal 
disease. 
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Introduction 
 
Nuclear transcription factors, which bind to the DNA and regulate gene transcription, exert 
important regulatory function in many physiological and pathophysiological processes, 
including the regulation of proinflammatory and profibrotic genes. Animal studies as well as in 

vitro experiments support a role in renal damage (1-3) but little is known about their relevance 
in human renal disease. 
The transcription factor c-Jun is part of the Activator Protein-1 (AP-1) complex, which 
regulates the expression of genes involved in proliferation, cell death, differentiation and 
inflammation (4-6). The AP-1 complex consists of either c-Jun homodimers or heterodimers 
containing the transcription factors c-Jun, ATF-2 or c-Fos (7). c-Jun is activated through 
phosphorylation at residues Ser63 and Ser73 by interaction with activated c-Jun N-terminal 
kinase (JNK) (8). Previous studies have associated c-Jun activation with the regulation of 
inflammatory or profibrotic genes (e.g. MCP-1, as demonstrated in vascular endothelial cells 
(9)). Moreover, activation of the JNK/c-Jun pathway has been associated with renal damage 
in various animal models (10-12).  
Activated c-Jun is expressed in small quantities in the normal human kidney, mainly in distal 
tubular epithelial cells, but also in collecting ducts (13). In human renal disease, the AP-1 
complex is activated in tubular epithelial cells (14), but the role of the c-Jun component in 
these cells is unclear. In polycystic kidney disease, increased activation of activated c-Jun, 
ATF-2 and c-Fos has been found in small cysts, dilated ducts, and tubules surrounded by 
fibrotic interstitium (13); however, whether c-Jun activation is induced in other human renal 
disorders, and whether the extent of c-Jun activation is related to the degree of renal damage, 
is unknown. 
In the present study, we investigated the activation of c-Jun in renal biopsies from patients 
with various renal disorders and correlated the extent of c-Jun activation with parameters of 
renal inflammation and fibrosis. Furthermore, we evaluated the spatial relationship between 
activated c-Jun and ATF-2 (another AP-1 component) in human renal biopsies. To address 
the functional role of c-Jun activation in renal damage, we evaluated whether inhibition of c-
Jun activation (using the specific JNK inhibitor SP600125 [anthra[1-9cd]pyrazol-6(2H)-one]) 
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affects expression of the inflammatory gene MCP-1 or the fibrotic gene procollagen-1α1 in 

cultured human tubular epithelial cells (HK-2). 
 
 

Methods 
 
Patients 

All procedures and use of anonymized tissue were performed according to Dutch national 
ethical guidelines. Renal biopsy specimens were obtained from 84 patients with various renal 
diseases who were admitted to our hospital. Diagnoses were based on clinical findings and 
histological examination by a qualified pathologist, unrelated to the present study. Patients 
were selected to represent a variety of disorders: diabetic nephropathy (n=10), focal 
glomerulosclerosis (n=9), hypertension (n=7), IgA nephropathy (n=9), membranous 
glomerulopathy (n=9), minimal change disease (n=8), membranoproliferative 
glomerulonephritis (n=7), systemic lupus erythematosus (n=8), acute rejection (n=8), and 
Wegener's granulomatosis (n=9). Unaffected parts of kidneys from patients with renal cell 
carcinoma (n=7) were used as control specimens. Tissue was fixed in 4% paraformaldehyde 
and processed for paraffin embedding. Clinical parameters (blood pressure, serum creatinine 
and proteinuria), obtained at the time of biopsy, were determined according to routine 
procedures. Renal function (eGFR) was estimated from serum creatinine by the simplified 
MDRD equation(15). Patient characteristics at time of biopsy, including renal biopsy data, are 
presented in Table 1. 
 
Cell culture studies 
Cell culture experiments were performed in HK-2 cells (American Type Culture Collection 
(ATCC), Manassas, VA, USA), which are well-characterized human proximal tubular epithelial 
cells. Cells were grown in monolayer culture in RPMI-1640 medium (Cambrex, Verviers, 
Belgium) supplemented with 2 mM L-glutamine, penicillin (100 U/ml) / streptomycin (100 
�g/ml), and 10% fetal calf serum, in humidified air at 37 °C with 5% CO2. Cells were seeded in 
6-well plates until ±80% confluence; prior to each experiment cells were washed twice with  
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Disease Age 
(years) 

Gender 
(M/F) 

eGFR 
(ml/min) 

Proteinuria 
(g/d) 

MME 

      
Control 61 (29-83) 4/3 70 (44-96) – 0.1 (0.0-0.2) 
DN 63 (45-66) 5/5 44 (16-80) 4.4 (0.1-10) 3.6 (1.9-4.0) 
FGS 51 (6-64) 6/3 39 (10-54) 5.7 (2.8-11.6) 2.7 (2.4-3.4) 
Hypertension 48 (25-73) 4/3 35 (18-65) 1.0 (0.2-6.3) 2.1 (1.4-3.3) 
IgA 23 (4-43) 6/3 81 (53-88) 3.1 (1.0-7.5) 1.9 (0.3-3.8) 
MGP 51 (35-69) 5/4 58 (16-83) 7.9 (4.1-24.4) 0.5 (0.1-3.2) 
Minimal change 12 (2-43) 6/2 94 (74-140) 4.15 (0-8.9) 0.4 (0.0-2.0) 
MPGN 22 (5-59) 4/3 23 (4-118) 4.4 (1.3-10.8) 2.1 (0.0-3.0) 
SLE 37 (26-77) 2/6 43 (17-70) 3.2 (0.3-7.9) 2.5 (0.5-3.2) 
Acute rejection 48 (26-67) 3/5 33 (28-49) 0.4 (0.2-1.7) 0.4 (0.2-0.7) 
Wegener 71 (25-84) 6/3 16 (11-23) 0.7 (0.5-4.0) 1.5 (0.6-2.7) 
 
 
Continued: 

    

Disease FGS IF Glomerular 
mø 

Interstitial 
mø 

     
Control 0.0 (0.0-0.2) 0 (0-1) 0.3 (0.0-0.7) 1 (0-3) 
DN 1.5 (0.3-3.3) 2 (1-3) 2.4 (0.7-5.9) 35 (7-162) 
FGS 2.3 (0.2-3.3) 3 (1-4) 4.4 (0.9-4.8) 45 (24-78) 
Hypertension 1.6 (0.4-3.0) 3 (2-3) 0.9 (0.1-3.4) 36 (10-160) 
IgA 1.4 (0.1-3.8) 2 (0-3) 3.7 (1.2-6.3) 35 (6-72) 
MGP 0.4 (0.0-3.0) 1 (0-3) 1.4 (0.5-9.0) 34 (0-113) 
Minimal change 0.0 (0.0-0.3) 0 (0-1) 0.4 (0.2-1.0) 9 (1-28) 
MPGN 0.3 (0.0-2.7) 1 (0-4) 3.6 (0.6-18.3) 106 (5-194) 
SLE 1.2 (0.2-2.7) 2 (0-3) 5.9 (3.7-9.0) 23 (3-83) 
Acute rejection 0.0 (0.0-0.4) 1 (0-2) 0.9 (0.2-3.0) 92 (33-138) 
Wegener 1.5 (0.4-2.5) 2 (1-4) 5.2 (2.9-12.0) 71 (39-162) 
 
 
 
 
Table 1. Clinical and histopathological data 
Values are expressed as median (range). Abbreviations: M/F, male/female ratio; eGFR, estimated 
glomerular filtration rate; MME, mesangial matrix expansion; FGS, focal glomerulosclerosis; IF, 
interstitial fibrosis; mø, macrophage accumulation; DN, diabetic nephropathy; FGS, focal 
glomerulosclerosis; MGP, membranous glomerulopathy; MPGN, membranoproliferative 
glomerulopathy; SLE, systemic lupus erythematosus. 
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HBSS and starved in serum-free medium for 24 h. The cells were stimulated with human 

recombinant TGF-β1 (10 ng/ml, Roche Diagnostics, Almere, the Netherlands) or bovine 

serum albumin (BSA, 30 mg/ml, Sigma, St. Louis, MO) under serum-free conditions. Before 

stimulation, cells were pre-incubated with the JNK inhibitor SP600125 (20 µM in DMSO, 

Tocris Bioscience, Bristol, United Kingdom), or with vehicle (DMSO only) for 1 h prior to 
stimulation. Experiments were performed at least four times.  
 
Antibodies 

For immunohistochemistry and Western Blotting, primary antibodies for phosphorylated c-Jun 
(pc-Jun), and ATF-2 (pATF-2) were obtained from Cell Signaling Technology; antibodies 
against the human macrophage marker CD68 were from Serotec Ltd, Oxford, UK. For 

double-immunostaining, the following antibodies were used: anti-α-smooth muscle actin 
(SMA, clone 1A4, Sigma Chemical Co., St. Louis, MO, USA); anti-vimentin (DakoCytomation, 
Glostrup, Denmark); anti-Kidney Injury Molecule-1 (Kim-1, kindly provided by Dr. V. Bailly, 
Biogen Inc, Cambridge, MA); and anti-CD68. Binding was detected by incubation with 
horseradish peroxidase-labeled polyclonals (Dakopatts, Glostrup, Denmark). For double-
immunohistochemistry, alkaline phosphatase-labeled polyclonals (Dakopatts) were used as 
well. For double-immunofluorescence, we used FITC-labeled goat anti-rabbit and TRITC-
labeled goat anti-mouse secondary antibodies. 
 
Immunohistochemistry 

Two-µm paraffin sections were dewaxed and antigen retrieval was achieved by incubation in 
0.1 M Tris/HCl buffer (pH 9.0) overnight at 80°C. Endogenous peroxidase was blocked by 
incubation with 0.3% H2O2 in PBS for 30 min. Sections were incubated with the primary 
antibody (see above) for 60 min at RT. Binding was detected by sequential incubation with 
peroxidase-labelled secondary and tertiary antibodies, respectively, in the presence of 1% AB 
serum (Sigma). The peroxidase activity was visualised using 3,3’-diaminobenzidine 
tetrahydrochloride (DAB, DAKO) for 10 min; sections were counterstained with hematoxylin 
and mounted with Kaiser’s glycerin gelatin.  
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Double-immunohistochemistry/-immunofluorescence 

After antigen retrieval and endogenous peroxidase blocking (see above), paraffin sections 
were incubated with primary pJNK or pc-Jun antibodies for 60 min. Binding was detected by 
sequential incubation with appropriate secondary and tertiary horseradish peroxidase-labeled 
antibodies in the presence of 1% AB serum for 30 min; peroxidase activity was visualized by 
incubation with 3-amino-9-ethylcarbazole (AEC) for 10 min. The immunoreaction was stopped 
by incubation with 0.1 M glycin (pH=2.5) for 60 min. Then, sections were incubated for 60 min 
with antibodies against either anti-SMA (recognizing activated mesangial cells and 
myofibroblasts), anti-Kim-1, anti-vimentin, or anti-CD68 (macrophages), followed by 
appropriate secondary and tertiary alkaline phospatase-labeled antibodies. Endogenous 
alkaline phosphatase was blocked with levamisole (Sigma). Specific alkaline phosphatase 
activity was developed with Naphtol AS-MX phosphate and Fast Blue BB (Sigma). 
Appropriate PBS controls were consistently negative (data not shown). 
To investigate c-Jun and ATF-2 expression in human renal tissue, we used double-
immunofluoresence. Briefly, after antigen retrieval and endogenous peroxidase blockade, 
sections were incubated with rabbit anti-p-c-Jun and mouse anti-p-ATF-2 antibodies. Next, 
sections were incubated with FITC-labeled goat anti-rabbit and TRITC-labeled goat anti-
mouse secondary antibodies, respectively, and sections were studied under fluorescent 
microscope. 
 
Quantification of immunostaining 

Glomerular activity of the transcription factor c-Jun was determined by blindly counting the pc-
Jun-positive nuclei of any glomerular cells within Bowman’s capsule (parietal epithelial cells 
not included). The mean glomerular pc-Jun score was calculated for all glomeruli present per 
biopsy. Expression of pc-Jun in the tubuli was quantified by blindly counting the number of pc-
Jun-positive nuclei in a square high-power (400x) field, for 25 fields per biopsy, excluding 
glomerular and vascular areas. Numbers of pc-Jun+ cells per mm2 were calculated. These 
quantification methods are similar to those used in previous studies in human renal disease 
(16;17). Macrophage accumulation was represented by the mean counted number of CD68-
positive cells per glomerulus or tubulointerstitial field within a biopsy; a maximum of 30 
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glomeruli or tubulointerstitial fields, respectively, were scored. All scoring procedures 
described above were performed by a blinded observer. 
 
Analysis of histopathological changes 

Renal biopsies, routinely stained with hematoxylin and eosin, methanamine-silver, or periodic 
acid-Schiff (PAS), were scored for glomerular mesangial matrix expansion (MME), focal 
glomerulosclerosis (FGS) and interstitial fibrosis by a blinded qualified nephropathologist. 
MME was scored positive if broadening of mesangial areas was 2-3 times that of the 
mesangial width seen in glomeruli of control renal tissue. FGS was scored positive if collapse 
of capillary lumina, MME, hyalinosis and adhesion of the glomerular tuft to Bowman’s capsule 
were simultaneously present. Glomeruli were scored for MME and FGS as follows: unaffected 
glomeruli were scored as 0, if one glomerular quadrant was affected a score of 1 was given, 
two quadrants affected was scored as 2, 3 quadrants affected was scored as 3, and if all 
quadrants were positive for MME or FGS, a score of 4 was given. Mean glomerular MME or 
FGS scores were calculated. 
Interstitial fibrosis was scored positive when tubular atrophy and broadening of the peritubular 
compartment were simultaneously present. Scores of 0-4 were assigned: a score of 0 
indicated no interstitial fibrosis, a score of 1 indicated 0-25% involvement of the total 
interstitial surface of the biopsy, a score of 2 indicated 25-50% involvement, a score of 3 
indicated 50-75% involvement, and a score of 4 indicated 75-100% involvement.  
 
Real-time RT-PCR 

Cultured cells were harvested using lysis buffer and total RNA was isolated from the cells 
using a Stratagene Minikit (Stratagene, La Jolla, CA). RNA content was measured by a 
nanodrop UV-detector (NanoDrop Technologies, Wilmington, DE). cDNA was synthesized 
from the similar amount of RNA using the Superscript III first strand synthesis kit (Invitrogen, 
Carlsbad, CA). Gene expression levels were measured by quantitative real-time RT-PCR 
(Applied Biosystems., Foster City, CA). Taqman primers were obtained from Applied 
Biosystems (Assay−On−Demand). Then, qPCR™ Mastermix Plus (Eurogentec, Seraing, 
Belgium) was used as a fluorescent probe for real-time RT-PCR. For each sample, 1.25 µl of 
cDNA was mixed with 0.5 µl of gene-specific primer mix, 4.5 µl water and 5 µl qPCR™ 
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Mastermix Plus. The cDNA amplification was performed until 40 cycles. Finally, the threshold 
cycle number (Ct) was calculated for each gene and relative gene expressions were 
calculated after normalizing for the expression of the control gene GAPDH. 
 
pc-Jun Sandwich ELISA 

In HK-2 cells, the levels of activated c-Jun were measured using a specific phospho-c-Jun 
(Ser63) Sandwich ELISA kit (#7260, Cell Signaling Technology, Danvers, MA), according to 
the manufacturer's guidelines. Briefly, cells were lysed using a cell lysis buffer containing 
protease and phosphatase inhibitors. Upon incubation in a 96-well plate coated with a specific 
anti-pc-Jun antibody, the phosphorylated c-Jun was captured from the lysate, detected with 
an anti-c-Jun monoclonal antibody, and amplified by a HRP-linked anti-mouse antibody. Color 
was developed using a HRP substrate. The magnitude of optical density, which is 
proportional to the quantity of pc-Jun, was quantified using a Varioskan plate reader (Thermo 
Electron Corporation, Waltham, MA).  
 
Statistical analysis 

Data are indicated as mean±standard error of the mean unless indicated otherwise. 
Statistical differences between groups were calculated using the non-parametric Kruskal-
Wallis test. Correlations were determined by Spearman's rank test for non-parametric 
variables. An alpha value of 0.05 was considered statistically significant. All analyses were 
performed using SPSS 12.0 (SPSS Inc, Chicago, USA) statistical software. 
 
 

Results 
 
Expression of activated c-Jun in the normal and diseased human kidney 

In control kidney tissue (Figure 1a), activated c-Jun (pc-Jun) was present in a very limited 
number of tubular epithelial and collecting duct cells. In contrast, in all human renal diseases, 
phosphorylated c-Jun was abundantly present, predominantly in tubular epithelial cells. In 
minimal change disease, pc-Jun was induced in a number of tubular epithelial cells (Figure  
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Figure 1 pc-Jun immunohistochemistry (PAS counterstained) in human renal biopsies  
a. Control kidney, showing no pc-Jun immunostaining in glomerular or tubulointerstitial cells. b. Image 
showing a representative biopsy from a patient with minimal change disease (MIN). Note pc-Jun-
positive tubular epithelial cells (arrows). c. Biopsy from a patient with systemic lupus erythematosus 
(SLE), showing little pc-Jun expression in normal tubular cells, but nuclear pc-Jun expression in tubular 
epithelial cells in areas of tubulointerstitial damage (arrows). There is also pc-Jun staining in glomerular 
cells. d. Section from a patient with membraneous glomerulopathy showing strong nuclear pc-Jun 
staining in an area of tubulinterstitial fibrosis. e. Biopsy from a patient with diabetic nephropathy, 
showing severe tubulointerstitial fibrosis with strong nuclear pc-Jun staining in tubular epithelial cells. 
Inflammatory cells were negative. f. Detail of a glomerulus with glomerulosclerosis, displaying pc-Jun-
positive glomerular cells (arrows) and parietal epithelial cells (arrowheads). Magnifications: 200x (a-d) 
and 400x (e,f). See page 191 for full color image. 

control

SLE MGP 

DN

a 

c d
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DN 
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b
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1b); in the other renal diseases, tubular pc-Jun expression was predominantly found in areas 
of tubulointerstitial fibrosis (Figures 1c-e). pc-Jun staining was also present in the glomerular 
tuft in all human renal diseases (Figure 1f, arrows). In addition, limited numbers of glomerular 
parietal epithelial cells were pc-Jun-positive (Figure 1f, arrowheads), as well as some 
collecting duct cells (not shown). Within renal arteries, endothelial cells were positive for pc-
Jun while vascular smooth muscle cells were negative (not shown). In all cases, as expected, 
pc-Jun staining was restricted to the nuclear compartment. Quantification of pc-Jun 
immunostaining revealed significant increments of activated c-Jun in glomerular and tubular 
cells in all renal disorders (Figure 2, all p<0.05 vs controls). 

 

Figure 2. Quantification of glomerular and tubulointerstitial pc-Jun immunostaining 
Graph indicating the extent of glomerular and tubulointerstitial pc-Jun immunostaining in human renal 
disease. Mean numbers ± SEM of pc-Jun-positive cells per glomerulus or per tubulointerstitial field are 
presented. In all human renal diseases, both glomerular and tubulointerstitial pc-Jun immunostaining 
was increased compared to controls (p<0.05). Abbreviations: Con, control kidneys; DN, diabetic 
nephropathy; FGS, focal glomerulosclerosis; Hypt, hypertension; IgA, IgA nephropathy; MGP, 
membranous glomerulopathy; MIN, minimal change disease; MPGN, membranoproliferative 
glomerulonephritis; SLE, systemic lupus erythematosus; AR, acute rejection. 
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Activation of c-Jun is associated with histopathological parameters and renal function 

In addition to the expression of activated c-Jun in renal diseases, we found that glomerular 
activation of c-Jun was quantitatively correlated with the degree of glomerular damage, as 
reflected by mesangial matrix expansion (MME; Figure 3a) and focal glomerulosclerosis 
(FGS; Figure 3b). Furthermore, tubular pc-Jun expression was associated with interstitial 
fibrosis (Figure 3c). We also observed a strong association between renal function,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
Figure 3. Correlations between c-Jun activation and parameters of renal injury 
Glomerular pc-Jun immunostaining by a break-up in quartiles of: (a) mesangial matrix expansion 
(MME), or (b) focal glomerulosclerosis (FGS). Significant differences in glomerular pc-Jun staining 
were found between the quartiles of MME (Kruskal Wallis: p=0.001) and FGS (Kruskal Wallis: p=0.01). 
(c) Tubulointerstitial pc-Jun immunostaining by a break-up per interstitial fibrosis score: 0, no fibrosis; 
1, mild fibrosis; 2, intermediate fibrosis; ≥3, severe fibrosis. A significant difference was found between 
the groups (Kruskal Wallis: p=0.01). (d) Scatter diagram illustrating the relationship between the 
estimated glomerular filtration rate (eGFR) and tubulointerstitial pc-Jun staining, showing a significant 
negative correlation (Spearman: r = -0.456, p<0.01). 

a b

c d
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represented by the estimated GFR (eGFR), and tubular pc-Jun expression (Figure 3d). There 
was no significant correlation between eGFR and glomerular pc-Jun, nor between proteinuria 
and renal pc-Jun immunostaining.  
 

Activation of c-Jun is associated with macrophage accumulation and Kim-1 expression 

Double-immunohistochemistry revealed that tubular pc-Jun immunostaining was 
predominantly present in areas with interstitial macrophage accumulation (Figure 4a, arrows). 
Moreover, both glomerular and tubular pc-Jun expression significantly correlated with 
macrophage accumulation in the same compartments across all diseases (Table 2). We also 
found consistent co-localization of pc-Jun with Kidney injury molecule-1 (Kim-1), indicating 
that nuclear pc-Jun is mainly expressed by injured tubular epithelial cells (Figure 4b, arrows). 
Both glomerular and tubular pc-Jun expression correlated significantly with Kim-1 expression 

across all diseases. On the other hand, only some tubular cells in α-smooth muscle actin-
positive areas expressed pc-Jun (Figure 4c, arrows), and there was only partial co-
localization with vimentin, a marker of early tubular dedifferentiation (Figure 4d, arrows).  
 
In human renal disease, pATF-2 is co-expressed with pc-Jun in most tubular epithelial cells 

c-Jun is a crucial part of the activator protein-1 (AP-1) complex, which consists of either c-Jun 
homodimers, or of c-Jun/ATF-2 (or c-Jun/c-Fos) heterodimers. To investigate the relationship 
between activated c-Jun and ATF-2 in the diseased kidney, we performed double-
immunofluoresence for pc-Jun and pATF-2. Strikingly, p-ATF-2 was expressed by almost all 
renal tubular epithelial cells also expressing pc-Jun (Figure 5). There were only very limited 
numbers of cells expressing pc-Jun without pATF-2, or vice versa. These findings were 
confirmed by ATF-2 immunostaining in renal biopsies across various renal disease, showing 
similar renal distribution of activated ATF-2 as compared to activated c-Jun (not shown).  
 

Activation of c-Jun is induced by TGF-β inhibition of c-Jun activity reduces procollagen-1α1 

and MCP-1 gene expression in human tubular epithelial cells 

Human tubular epithelial cells (HK-2) were stimulated with TGF-β; after 1 h, 6 h, and 24 h, 

the amount of phosphorylated c-Jun within the lysates was determined. TGF-β induced c-Jun 
activation at 1 h and 24 h, but not at 6 h (Figure 6). Treatment with the specific c-Jun N-
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terminal kinase (JNK) inhibitor SP600125 abolished c-Jun phosphorylation, both in stimulated 
and in non-stimulated cells at all time points. Just before lysis, the cells were microscopically 
inspected; increased cell death was not observed in any treatment group or time point.  
We further evaluated the role of c-Jun activation by upstream inhibition using SP600125 in 

human tubular epithelial cells (HK-2). The procollagen-1α1 gene, which is a marker of fibrosis 

in these cells, was induced at 24 h after stimulation with TGF-β or BSA (Figure 7a). Pre-

incubation with SP600125 significantly reduced the induction of procollagen-1α1 by TGF-β or 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. pc-Jun double-immunohistochemistry 
Double-immunohistochemistry in renal tissue from a patient with membraneous glomerulopathy, 
stained for both pc-Jun and: (a) the macrophage marker CD68 (blue) showing induction of pc-Jun 
(brown) in areas with tubulointerstitial macrophage accumulation (arrows); (b) Kidney injury molecule-1 
(Kim-1, blue), which displayed consistent co-localization with pc-Jun (red, arrows). This illustrates that 
pc-Jun is expressed mainly by injured tubular epithelial cells in human renal disease; (c) α-smooth 
muscle actin (SMA, blue), showing that in areas of interstitial SMA expression, pc-Jun (red) is also 
expressed (arrows), but not all tubular cells in these areas express pc-Jun; (d) vimentin (blue), showing 
partial co-localization (arrows), suggesting that part (but not all) of the pc-Jun-positive tubular cells 
(red) may be in early tubular dedifferentiation. See page 192 for full color image. 
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  Glomerular  

mø 
Interstitial  

mø 
Kim-1 

     
Glomerular pc-Jun correlation coefficient 0.335 0.331 0.345 
  p value <0.05 <0.05 <0.05 
     
     
Tubulointerstitial correlation coefficient - 0.362 0.409 
                   pc-Jun p value NS <0.05 <0.05 
     
 

Table 2. Correlations of glomerular and tubulointerstitial pc-Jun expression with renal 
macrophage accumulation and Kim-1 expression 
Correlation coefficients (Spearman) and corresponding p values are shown. Abbreviations: mø, 
macrophage accumulation; Kim-1, Kidney injury molecule-1; NS, not significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. pc-Jun and pATF-2 double labeling reveals abundant co-expression in tubular cells 
Representative double-immunofluoresence images of FITC-labeled pc-Jun and TRITC-labeled pATF-2 
staining in a renal biopsy from a patient with membraneous glomerulopathy. Both pc-Jun and pATF-2 
are abundantly present in nuclei of tubular epithelial cells. Merged image displays co-localization of 
both transcription factors in many cells (yellow), furthermore a significant number of cells are double-
negative (blue). Only very few cells showed expression of pc-Jun but not pATF-2, or vice versa. See 
page 192 for full color image. 

pc-Jun pATF-2

merge 
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BSA. Furthermore, expression of the inflammatory gene MCP-1 was induced by TGF-β but 

not by BSA. This induction was significantly blunted by pre-incubation with SP600125 in HK-2 
cells (Figure 7b). 
 
 

Discussion 
 
The main finding of this study is the presence of activated c-Jun in glomerular and tubular 
cells across a spectrum of human renal disorders. On individual analysis, the extent of c-Jun 
activation was related to the degree of renal interstitial fibrosis, tubular injury and macrophage 
accumulation. Furthermore, intervention with a c-Jun N-terminal kinase (JNK) inhibitor in 
human tubular epithelial cells revealed that activation of c-Jun by JNK is involved in the 
 

Figure 6. Induction of c-Jun activation by TGF-β over time and effects of JNK inhibition 
Human tubular epithelial cells (HK-2) were treated with TGF-β (10 ng/ml) or vehicle both with or 
without pre-incubation with the specific c-Jun N-terminal kinase inhibitor SP600125 (20 µM). Cells 
were lysed at 1 h, 6 h, and 24 h after stimulation, and levels of phosphorylated c-Jun were determined 
using a specific anti-phospho-c-Jun sandwich ELISA kit. Stimulation with TFG-β induced 
phosphorylation of c-Jun at 1 h and 24 h, but not at 6 h. Treatment with SP600125 abolished 
phosphorylation of c-Jun in all groups. 
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expression of procollagen-1α1 and the pro-inflammatory monocyte chemoattractant protein-1 

(MCP-1) in these cells.  
The limited presence of pc-Jun in normal renal tissue suggests that c-Jun activation does not 
play an important role in normal human renal physiology. On the other hand, extensive 
tubular and glomerular c-Jun activation was demonstrated in human renal disease. This is in 
line with a study showing tubular overexpression of AP-1, of which c-Jun is an important 
component, in human proteinuric renal disease (14).  
Remarkably, activation of c-Jun was also induced in minimal change disease, a disorder 
without structural abnormalities (although interstitial macrophage accumulation was slightly 
but significantly increased in minimal changes biopsies (p<0.05; Table 1) compared with 
controls). This suggests that proteinuria, in the absence of overt glomerular and 
tubulointerstitial damage, can induce c-Jun activation. In our population, in contrast with a 
previous study (14), we found no significant association with proteinuria, which may be 
explained by diversity of the population (which was analyzed across diseases) and by the fact 
that patients were on antiproteinuric treatment, thus dissociating the amount of proteinuria  
 

 

Figure 7. Effects of c-Jun inhibition on procollagen or MCP-1 gene expression in renal cells 
Left: stimulation of HK-2 cells with TGF-β (10 ng/ml) or BSA (30 mg/ml) for 24 h induced procollagen-
1α1 gene expression, which was reduced by pre-incubation for 1 h with the JNK inhibitor SP600125 
(20 µM). Basal procollagen-1α1 expression was also reduced by the JNK inhibitor. Right: induction of 
MCP-1 gene expression by TGF-β, not BSA. Pre-incubation with SP600125 reduced MCP-1 gene 
expression in cells treated with medium, TGF-β, or BSA. # p<0.05 vs medium, * p<0.05 vs without 
SP600125 
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from the ongoing intrarenal pathophysiological processes. Our findings suggest that activation 
of c-Jun is an early event in the pathological cascades that eventually result in renal structural 
injury, and not limited to specific diagnoses. The data in minimal change disease indicate that 
c-Jun activation alone is not sufficient to induce renal fibrosis. Similarly to c-Jun, activation of 
other transcription factors has also been described previously in minimal change disease 
(18;19).  
Across all renal disorders, the extent of renal c-Jun activation was associated with both 
glomerular and interstitial macrophage accumulation. Moreover, in vitro we found that 
upstream inhibition of c-Jun using the compound SP600125 (20;21) reduced expression of 
MCP-1 in cultured tubular epithelial cells. Through production of MCP-1, tubular epithelial 
cells can attract macrophages to sites of tubular injury (22). Our data suggest that c-Jun 
activation regulates MCP-1 expression in tubular cells; in vivo this mechanism may well be 
important to the interstitial macrophage influx. Previous studies demonstrate that in 
endothelial cells, overexpression of c-Jun induced MCP-1 expression (9), and vice versa, 
dominant-negative c-Jun gene therapy reduced myocardial MCP-1 expression in a cardiac 
model (23). Furthermore, the 5'-flanking region of the MCP-1 gene contains multiple AP-1 
sites (24). Moreover, activation of c-Jun has been associated with inflammation in several 
renal cell types (25;26) and in animal nephritis models (27;28), although to our knowledge 
there are no papers demonstrating anti-inflammatory effects of specific c-Jun or AP-1 
inhibition in experimental renal disease.  
We also demonstrated that in human renal disease, activation of c-Jun correlates and 
colocalizes with Kidney injury molecule-1 (Kim-1), a marker of tubular injury (29), and with 
tubulointerstitial fibrosis. Furthermore, JNK inhibition reduced procollagen expression in 
cultured tubular cells. These data indicate that c-Jun activation may also be related to renal 
fibrosis. Although generally considered to be involved in inflammatory processes, a number of 
in vitro (30;31) and in vivo (11;12) studies also support a role for c-Jun and its upstream 
kinase JNK in renal fibrosis. Future studies should further evaluate a potential role for c-Jun 
activation in renal fibrosis. 
Within areas of renal damage, we found consistent co-localization of the activated 
transcription factor ATF-2, which is also an AP-1 component, with pc-Jun in tubular epithelial 
cells. Activation of ATF-2 has been associated with ischemic renal injury (32) and can be 
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induced in renal cells by high glucose (33) or IL-1 (34), however little is known about its exact 
function. Apparently, concerted activation of c-Jun and ATF-2 is induced in response to injury 
in tubular epithelial cells. Indeed, a study in polycystic kidney disease also reports 
coordinated expression of pc-Jun and pATF-2 in the human kidney, although from this study it 
is unclear whether there is co-localization of pc-Jun and pATF-2 (13).  
In conclusion, the transcription factor c-Jun is induced in human renal disease in both 
glomerular and tubular cells. The extent of c-Jun activation correlated with renal macrophage 
accumulation and fibrosis, and to reduced renal function. In vitro, upstream inhibition of c-Jun 

activation reduced the expression of MCP-1 and procollagen-1α1 in cultured human tubular 
epithelial cells. These data suggest that activation of c-Jun plays a role in human renal 
disease; it may therefore be a target for intervention. 
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