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1   INTRODUCTION 

 

Chronic kidney disease (CKD) is a common disease world-wide 
1
. It often processes to end-

stage renal disease (ESRD) which necessitates dialysis or kidney transplantation. The major 

aetiologies of CKD include diabetes, hypertension, glomerulonephritis and polycystic 

kidney disease. Despite varying causes, almost all the CKDs have the common final 

manifestation of renal fibrosis, which has been the target in the research of mechanisms and 

new therapies for CKD and ESRD in the past decades.  

 

1.1   Renal fibrosis  

Renal fibrosis is histologically characterized by glomerulosclerosis and tubulointerstitial 

fibrosis. In essence, it is a condition of excessive accumulation and deposition of excellular 

matrix (ECM) mainly composed of collagens I, III, IV, proteoglycans, laminin and 

fibronectin. Development of renal fibrosis resembles the wound-healing response. After 

initial injuries, the kidney attempts to repair itself. However, due to the prolonged morbid 

condition, the reaction is maladaptive, resulting in too much synthesis of ECM. Appropriate 

ECM production is necessary for repair and healing, but too much synthesis is deleterious 

and the renal parenchyma is gradually taken over by ECM and scar tissue (fibrosis), leading 

to loss of kidney function 
2
.  

 

Recent studies have revealed the primary events in renal fibrogenesis (Fig.1): (1) 

inflammatory cell infiltration; (2) phenotypic activation or transition of renal resident cells 

(mesangial cells, tubular epithelial cells) into fibroblasts, leading to over production of ECM 

components; (3) cell apoptosis and necrosis, resulting in tubular atrophy and capillary loss.  

 

 Inflammatory cell infiltration is believed to be the trigger of fibrogenesis. Renal resident 

cells are activated in response to initial injuries, which leads to production and secretion of 

pro-inflammatory cytokines and chemokines. These site-specific chemotactic molecules 

provide a signal guide for inflammatory cells (monocytes/macrophages and lymphocytes) to 

infiltrate into the injured tissue. The infiltrated inflammatory cells secrete deleterious 

cytokines which in turn stimulate apoptosis and necrosis of resident cells and ECM 

production.  
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PAI-1 and connective tissue growth factor (CTGF) are both downstream effectors of TGF-β 

and potent profibrotic mediators. PAI-1 works to inhibit degradating proteinases while 

CTGF stimulates ECM production. CTGF expression is increased in a variety of renal 

lesions 
7
. It is mainly induced by TGF-β and in turn enhances TGF-β/Smad activity by 

enhancing receptor-binding of TGF-β1 8
 and decreasing the availability of Smad7 

7
 . CTGF  

mediates TGF-β-induced over-expression of collagen 
9
 and fibronectin 

10
. Co-ordinated 

expression of TGF-β and CTGF is crucial for renal fibrogenesis 7.  

 

The degradation of ECM is predominantly mediated by MMPs. MMPs are a family of more 

than 20 peptidases capable of degrading all components of ECM 
11

. They function as 

collagenases (MMP-1, 8, 13), gelatinases (MMP-2, 9), stromelysins (MMP-3, 10) and 

matrilysins (MMP-7, 26) etc. To maintain the homeostasis of ECM, the activity of MMPs 

and accurate regulation is crucial. Tissue inhibitors of MMPs (TIMPs) inhibit MMP 

activity. It is assumed that a reduced degradation function of MMPs is one of the 

mechanisms of ECM accumulation in renal fibrosis. 

 

Renal fibrogenesis involves multiple factors and mediators. Our knowledge about this 

disorder is increasing rapidly. However, due to the extraordinarily complex nature, the 

precise molecular mechanisms of renal fibrogenesis are not yet totally understood. To find 

more satisfactory treatments, these exact molecular mechanisms need to be fully elucidated.  

 

1.2   Unilateral ureteral obstruction as a model for renal fibrosis 

The UUO model is frequently used in the investigation of renal fibrosis. It is usually created 

by ligating and cutting one ureter in an experimental animal. It was initially applied in the 

rabbit and dog to mimic obstructed nephropathy. In 1990s, studies revealed that UUO leads 

to deposition of ECM components which are associated with renal fibrosis 
12

 
13

. Since then, 

the UUO model has been applied to analyze renal fibrogenesis.  Compared to other CKD 

models that also lead to renal fibrosis, UUO has many advantages as a model of normal 

renal fibrosis. 

 

First, UUO is caused by a mechanical obstruction. The internal environment of the UUO 

model is relatively simple and stable. It does not involve external toxin, autoimmunity, or 

infection and is devoid of the abnormal milieus such as uremia and lipidemia.  
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Second, the UUO model mimics the accelerated progression of renal fibrosis. Within 24h 

after surgery, renal blood flow and glomerular infiltration rate are reduced 
14

. Within 5 days 

of follow-up, fibrous material
 
and monocyte infiltration are increased in the interstitial 

space
6
. Within 10-15 days after UUO, significant loss of renal parenchyma and severe renal 

interstitial fibrosis are present 
15

.  The evolution of fibrogenesis in a UUO model is more 

rapid than that in most other CKD models 
12

.  

 

Third, many aspects in a UUO model are similar to those in other CKD models resulting in 

renal fibrosis. The major cellular and molecular events after the onset of UUO, such as 

inflammatory cell infiltration, tubular epithelial cell apoptosis, and phenotypic transition of 

resident renal cells (especially tubular epithelial-mesenchymal transition), are also 

associated with other renal disease models such as aminonucleoside-induced nephrotic 

syndrome, cyclosporine nephrotoxicity, passive Heyman nephritis, diabetic nephropathy, 

and renal ischemia-reperfusion injury etc 
16

.  

 

Most UUO models are performed in rodent animals, most commonly mice. This makes it 

convenient to study genetically modified animals, with a single gene knockout or over-

expression. These studies have broadened our understanding of the pathogenesis of renal 

fibrosis following UUO 
17

. Nevertheless, the UUO model also has some disadvantage as a 

renal fibrosis model. After complete ureteral obstruction the renal pelvis enlarges and the 

parenchyma narrows markedly so that only little renal tissue is left for analysis.  

Furthermore, the UUO model might not represent fibrogenesis induced by injuries such as 

hypoxia.   

 

1.3   PKC superfamily  

Protein kinase C (PKC) is a superfamily of serine-threonine kinases. In the activated form, 

PKCs phosphorylate hydroxyl groups of serine and threonine amino acid residues of 

intracellular target proteins and thereby regulate their functions. Thus it participates in many 

cellular events, such as proliferation, apoptosis, phagocytosis, permeability, inflammation 

and fibrosis.  

PKCs contain a N-terminal regulatory domain and a C-terminal catalytic domain. They 

consist of several conserved subregions (C1-C4).  C1, C2 are the regulatory domains and C3, 

C4 are the catalytic domains. The C1 domain has two cysteine-rich zinc fingers that form a 

binding site for diacylglycerol (DAG), the main physiological activator of PKC. The C1 
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1.4   PKC in renal fibrosis 

The expression and distribution of PKC isoforms vary in different cells and organs 
19

. Most 

PKC isoforms are expressed in the kidney, including PKC-α, PKC-β1, PKC-β2, PKC-δ, 

PKC-ε, PKC-η, PKC-ζ and PKC-ι/λ 20
. The role of PKCs in renal fibrosis following UUO is 

currently unclear. However, the information obtained from other CKDs, especially diabetic 

nephropathy, gives us helpful hints.  

 

Diabetic nephropathy (DN) is characterized by glomersclerosis and tubulointerstitial 

fibrosis. In late 1980s, PKC activation was first discovered in the kidney of diabetic rats and 

proposed as a mechanism in the pathogenesis of DN 
21

 
22

. It is widely accepted that high 

glucose activates PKC by stimulating DAG production. In mid 1990s, it was reported that 

exposure of mesangial cells to high glucose for 5 days resulted in a significant increase of 

the levels of PKC-α and PKC-ζ in the membrane fraction 23
. It was the first time that 

different PKC isoforms were noted in the pathogenesis of DN. A subsequent study 

analyzing different PKC isoforms in the kidney of rats 4 weeks after the onset of diabetes 

revealed that hyperglyemia had differential regulations on PKC isoforms, leading to 

increased expression of PKC-α, decreased expression of PKC-ζ,  and increased membrane 

translocation of PKC-ε 24
. Another study showed that diabetes elevated PKC activity in 

renal cortex and increased translocation of PKC-α and PKC-β1 to the membrane, but did not 

cause membrane translocation of PKC-δ and PKC-ε in mice 8 weeks after the onset of 

diabetes 
25

. Using PKC isoform-specific gene knockout approaches and pharmacological 

inhibitors had greatly broadened our understanding of the contribution of different PKC 

isoforms to DN and DN-induced renal fibrosis. In previous studies we demonstrated that (1) 

PKC-α deficiency prevented hyperglycemia-induced downregulation of the negatively 

charged heparan sulfate proteoglycan perlecan in glomerular basement membrane (GBM) 

and hence reduced albuminuria in streptozotocin-induced diabetic mice 
26

; that (2) male 

PKC-ε -/-
  mice demonstrated increased renal fibrosis, elevated TGF-β1 expression and 

activated TGF-β1 signalling pathway in the kidney compared to WT mice 27
; that (3) renal 

fibrosis and urinary albumin/creatinine ratio were significantly increased in male diabetic 

PKC-ε -/-
 mice compared diabetic WT mice, implicating PKC-ε might be a protective factor 

against renal fibrosis 
27

; and that (4) PKC-β gene knockout reduced the increased ECM 

proteins (collagen and fibronectin) and the elevated profibrotic cytokines (TGF-β1 and 

CTGF) in the kidney of diabetic mice 
28

. The result from PKC-β gene knockout mice was 

consistent with that from applying the selective PKC-β inhibitor ruboxistaurin to diabetic 
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rats 
29

. Clinical studies in patients with DN also showed ruboxistaurin attenuated 

albuminuria 
30

, maintained estimated glomerular filtration rate (eGFR) 
30

, and reduced 

urinary TGF-β/creatinine ratio which was speculated to reflect the extent of tubulointerstitial 

fibrosis 
31

.  In order to elucidate whether the beneficial effect of PKC-β inhibitor could be 

extended to non-diabetic kidney diseases, researchers evaluated the effect of ruboxistaurin 

in subtotally nephrectomized rats 
32

. 12 weeks after the subtotal nephrectomy the rats 

without ruboxistaurin treatment developed dramatic glomerulosclerosis and 

tubulointerstitial fibrosis in the remnant kidney, while the extent of renal fibrosis in the 

ruboxistaurin-treated rats was significantly attenuated.  

 

Cyclosporine-induced nephropathy is the main complication of long-term cyclosporine 

therapy and bears the characteristic structural
 

damage of arteriolar hyalinosis and 

tubulointerstitial fibrosis.  In vitro study on cultured human proximal tubular epithelial cells 

demonstrated that (1) cyclosporine induced an increase in fibronectin production which was 

coincided with PKC activity increase, that (2) inhibition of PKC-β with hispidin completely 

abrogated the cyclosporine-induced increase of fibronectin secretion, and that (3) over-

expression of the two PKC-β isoforms (PKC-β1 and PKC-β2) by transfection induced TGF-

β1 secretion and fibronectin release, with PKC-β2 inducing more significant effects 33
. 

These findings implicated a central role for PKC-β, and particularly PKC-β2, in the 

tubulointerstitial fibrogenesis resulting from cyclosporine nephrotoxicity.   

 

On the basis that TGF-β stimulates ECM production and renal fibrosis, Mishra et al.  

demonstrated that Src (a non-receptor tyrosine kinase) activity was required in TGF-β-

induced collagen I production in human mesangial cells 
34

. They also showed that Src 

activation by TGF-β was blocked by rottlerin (a mild selective inhibitor of PKC-δ) and a 

dominant negative mutant of PKC-δ, suggesting that stimulation of collagen I secretion by 

TGF-β required a PKC-δ-Src signalling 
34

.  

 

Overall, previous findings mentioned above demonstrate that PKC isoforms play an 

important role in the development of renal fibrosis. The contribution of individual isoforms 

to renal fibrogenesis is specific and through distinct mechanisms. However, the information 

is mostly about classical PKCs and novel PKCs. The role of atypical PKCs has not yet been 

evaluated. 
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1.5   PKC-ζ 

The atypical isoform PKC-ζ is involved in various cellular functions such as cell growth, 

apoptosis, immune response and cell polarity 
35

 
36

. It consists of a PB1 domain in the N-

terminus, a pseudosubstrate sequence, a C1 domain of a single cysteine-rich zinc finger
 

motif, and a serine-threonine kinase domain in the C-terminus 
36

. The major activation 

pathway of PKC-ζ is dependent on phosphatidylinositol-3,4,5-trisphosphate (PIP3) 
36

. 3'-

phosphatidylinositol-dependent protein kinase 1 binds with high affinity to PIP3, 

phosphorylates and activates PKC-ζ 36
. An early study using dominant-negative mutants 

implied that PKC-ζ targeted the crucial nuclear factor (NF)-kB pathway 
37

. A subsequent 

study of PKC-ζ gene knockout mice demonstrated PKC-ζ deficiency impaired NF-kB 

activation in lung extracts after injected with tumor necrosis factor-α and 

lipopolysaccharide
38

. It is believed that PKC-ζ also participates in the regulation of other 

signal pathways, such as the mitogen-activated protein kinase (MAPK) cascade and the p70 

ribosomal S6 protein kinase cascade 
36

.  

 

1.6   Aim of this study         

In this study, we investigated the distribution of the different PKC isoforms in the model of 

UUO. Furthermore, we focused on the role of one single atypical PKC isoform, namely 

PKC-ζ, in renal fibrosis. We hypothesized that PKC-ζ plays a role in renal fibrogenesis and 

inflammation. Therefore, we performed UUO in PKC-ζ gene knockout mice to evaluate the 

contribution of PKC-ζ deficiency to renal fibrosis and inflammation.   
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2   MATERIALS AND METHODS 

 

2.1   Materials 

2.1.1   Chemicals 

β-Mercaptoethanol  Sigma-Aldrich Germany  

Acrylamide Carl Roth Germany 

Bovine serum albumin Serva Germany 

Chemoluminescent substrate reagents Pierce Germany 

Complete mini protease inhibitor Roche Diagnostics Germany 

Direct Red 80 Sigma –Aldrich USA 

FastStart Taq Polymerase(5U/µl) Roche Diagnostics Germany 

Histoclear Carl Roth Germany 

Histokitt Carl Roth Germany 

Isoflurane Baxter Germany 

Isopentane Carl Roth Germany 

Magnesium chloride stock solution (25Mm) Roche Diagnostics Germany 

M-MLV-buffer (5x) Promega USA  

M-MLV reverse transcriptase(200U/µl) Promega USA 

Normal donkey serum Jackson ImmunoResearch USA 

Phosphomolybdic acid Merck Germany 

Picric acid Sigma –Aldrich USA 

Precision Plus Protein Standards dual color Bio-Rad USA 

Oligo(dt) 15primer (500µg/ml) Promega USA 

PCR buffer (10x) Roche Diagnostics Germany 

Nucleotide Mix (PCR Grade, 10mmol/L) Roche Diagnostics Germany 

Random primer (500µg/ml) Promega USA 

RNase AWAY  regeant MBP USA  

RNAlater RNA stabilisation reagent Qiagen Germany  

SYBR Green I (10,000 x in DMSO) Invitrogen USA 

Trypsin Sigma USA 

Tween 20 Merck Germany 

Vectashield  Vector USA 
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2.1.2   Antibodies 

Collagen IV SouthernBiotech (1340-01, goat) USA 

CTGF Santa Cruz (sc-14939, goat) USA 

Fibronectin Abcam (ab23750, rabbit) UK  

Pan14-3-3 Santa Cruz (sc-629, rabbit) USA 

PKC-ζ Santa Cruz (sc-216, rabbit) USA 

Cy3-conjugated anti-goat IgG Jackson ImmunoResearch USA  

Cy3-conjugated anti-rabbit IgG Jackson ImmunoResearch USA 

HRP-conjugated anti-goat IgG Santa Cruz USA 

HRP-conjugated anti-rabbit IgG Santa Cruz USA 

 

2.1.3   Buffers   

1 x RIPA buffer 

      Sodium chloride 0.88 g   

      Sodium dodecyl sulphate (SDS) 0.1 g 

      Sodium deoxycholate 0.5 g 

      Nonidet P-40 1.0g 

      In 0.6% Tris (pH7.5) to final volume 100ml 

 

6 x Protein loading buffer  

     1M Tris (pH 6.8) 3,5ml 

     SDS 1g  

     87 % Glycerol  3 ml  

     Dithiothreitol 0.93 g 

     Bromphenol blue 1.2 mg 

     Final volume 10 ml 

 

Electrophoresis buffer 

     Tris             3g 

    Glysine        14,4g 

    10%SDS     10ml 

    In distilled water to final volume 1000ml    
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RIPA lysis buffer 

    1 x RIPA buffer 10ml 

 Sodium orthovanadate(NaVO4) 100µl 

   1M sodium fluoride 500µl 

   Protease inhibitor 1 tablet 

 Final volume 10ml 

 

TBS buffer 

    Diluted from 10 x TBS buffer (Bio-Rad #170-6435, USA) 

 

TBST buffer 

 5M sodium chloride      30ml 

 1M Tris (pH7.4)            20ml 

 Tween-20                      1ml 

 In distilled water to final volume 1000ml 

 

Transfer buffer 

    Glycin     3g 

    Tris         6g 

    In distilled water to final volume 1000ml 

 

2.1.4   Kits 

BCA Protein Assay Kit         Pierce Biotechnology             USA 

RNeasy Plus Mini Kit           Qiagen                                    Germany 

 

2.1.5   Primers 

Gene                       Primer Sequence                                              Product size 

B220 5′ primer (5′-GCCCTTCTTCTGCCTCAAA -3′) 19bp 

           3′ primer (5′-TGGATAACACACCTGGATGA -3′) 20bp 

CD3 5′ primer (5′-TGCTACACACCAGCCTCAAA -3′) 20bp 

         3′ primer (5′-GCAAGCCCAGAGTGATACAGA -3′) 21bp 

CTGF 5′ primer (5′-AGCTGACCTGGAGGAAAACA-3′) 20bp 

           3′ primer (5′-GACAGGCTTGGCGATTTTAG-3′) 20bp 
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F4/80 5′ primer (5′-TGGCTGCTCCTCTTCTGG -3′) 18bp 

           3′ primer (5′-GACACTCATTCACACCACCAA -3′) 21bp 

HPRT 5′ primer (5′- CAGTCCCAGCGTCGTGATTA-3′) 20bp 

            3′ primer (5′-AGCAAGTCTTTCAGTCCTGTC-3′) 21bp 

MMP-2 5′ primer (5′-ATCCCTGATAACCTGGATGC-3′) 20bp 

               3′ primer (5′-TTCAGGTAAGCACCCTTGA-3′) 22bp 

MMP-9 5′ primer (5′-TGTGCCCTGGAACTCACA-3′) 18bp 

              3′ primer (5′-TCACACGCCAGAAGAATTTG-3′) 20bp 

PAI-1 5′ primer (5′-ATGTTTAGTGCAACCCTGGC-3′) 20bp 

            3′ primer (5′-CTGCTCTTGGTCGGAAAGAC-3′) 20bp 

PKC- α  5′ primer (5′-AGAACAGGGAGATCCAACCA -3′) 20bp 

                  3′ primer (5′- CAAAGTTTTCTGCTCCTTTGC-3′) 21bp 

PKC-β1 5′ primer (5′- ACTCGAACGCAAGGAGATTC-3′) 20bp 

                   3′ primer (5′- AAAACCGGTCGAAGTTTTCA-3′) 20bp 

PKC-ε  5′ primer (5′- AGCTGACAACGAGGACGACT-3′) 20bp 

                     3′ primer (5′- CTTCTGCTCCAGCAGTACCC-3′) 20bp 

PKC-ζ  5′ primer (5′-GTGCAGCTGACCCCAGAT -3′) 18bp 

                 3′ primer (5′- AAGCCTTCAAATTCGGACTG-3′) 20bp  

Smad7 5′ primer (5′-GGGGGAACGAATTATCTGG-3′) 19bp 

             3′ primer (5′-CCAGAAGAAGTTGGGAATCTG-3′) 21bp 

TRI 5′ primer (5′-ATTCCAAACAGATGGCAGAG-3′) 20bp 

          3′ primer (5′-GGCATACCAGCATTCTCTCTCA-3′) 20bp 

TRII 5′ primer (5′-CGGAAATTCCCAGCTTCT-3′) 18bp 

           3′ primer (5′-AGCACTCGGTCAAAGTCTCA-3′) 20bp 

TGF-β1 5′ primer (5′-GGACCCTGCCCCTATATTT-3′) 19bp 

              3′ primer (5′-TGTTGGTTGTAGAGGGCAAG-3′) 20bp 

 

2.1.6   Main apparatus 

Biophotometer Eppendorf Germany  

Digital camera Leica DFC420 C Germany 

Electrophoresis system Bio-Rad Mini PROTEAN USA 

Electrophoretic transfer system Bio-Rad  Mini Trans-Blot USA 

Histoembedder Leica EG1160 Germany 

Histology tissue processor Leica TP1020 Germany 
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Microplate absorbance reader Tecan Sunrise Austria 

Microscope Leica DM LB Germany  

Microtome Leica RM2245 Germany 

PCR system Roche  LC 480 II Germany 

Rotor-stator homogenizer Heidolph RZR1 Germany 

Thermal cycler MJ Research PTC200 USA 

 

 

2.2   Methods 

2.2.1   Unilateral ureteral obstruction model 

2.2.1.1   Surgical procedure 

Experiments were performed on male 129/Sv wild-type (WT) and 129/Sv PKC-ζ gene 

knockout (PKC-ζ -/-, 129S2-Prkcz
tm1Lei

) mice. The animals received a standard diet with free 

access to tap water. All procedures were carried out in accordance with the German Animal 

Welfare Legislation (TierSchG 2006) and approved by the local Institutional Animal Care 

and Research Advisory Committee and permitted by the local government (Az. 33.9-42502-

04-05/998). Unilateral ureteral obstruction (UUO) was performed as follows. After 

induction of general anaesthesia by using isoflurane via a nose mask, the abdominal cavity 

was exposed via the left flank incision. The left ureter was ligated at two points with 6-0 silk 

and dissected in between. Successful unilateral ureteral obstruction was later confirmed by 

observation of dilation of the renal pelvis and proximal ureter.  

 

After 14 days mice were euthanized. After anesthesia, laparotomy was performed and urine 

was collected by puncturing the bladder with a 23-gauge needle. Kidneys were perfused 

with ice-cold phosphate buffered saline (PBS) through the left ventricle. Both kidneys of 

each mouse were collected, the contralateral kidney served as controls for the UUO kidney.  

 

2.2.1.2   Organ preservation 

Each kidney was dissected into four parts. The upper pole was fixed in -40°C isopentane 

and stored at -80°C to be used for immunohistochemistry. The upper middle part was fixed 

in 3.75% formaldehyde, embedded in paraffin and used for histological analysis. The lower 

middle part was incised into small pieces and stored at -20°C in RNAlater reagent for RNA 

extraction. The lower pole was flash frozen in liquid nitrogen and stored at -80°C for protein 

chemistry.  
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2.2.2   Histology 

2.2.2.1   H&E staining 

Hematoxylin-eosin (H&E) staining was carried out on 1.5µm paraffin sections cut on a 

rotary microtome. Sections were deparaffinized using histoclear (3 x 5min) and rehydrated 

through washing in serial dilutions of ethanol (3 x 3 min in 100% ethanol, 2 x 2 min in 96% 

ethanol, and 1 x 1min in 70% ethanol) into water. Rehydrated sections were stained in 

haematoxylin for 3 minutes, rinsed in deionised water for 5 minutes, and then in running tap 

water for 10 minutes. Sections were further stained with 0.1% eosin for 4 minutes, washed 

in deionised water for 5 minutes, dehydrated in ascending grade of ethanol (2 short dips in 

96% ethanol, 3 x 2 min in 100% ethanol), cleared with histoclear (3 x 2 min) and embedded 

in histokitt. Sections were observed using a Leica DM LB microscope with computer 

imaging software Leica application suite (Leica, Germany). Inflammation in the renal cortex 

was evaluated in 10 randomly chosen, non overlapping fields per section in 200x 

magnification by semi-quantificative scoring as follows: 0 = none, 1 = weak, 2 = moderate, 

3 = high, 4 = very high.  

 

2.2.2.2   Sirius red staining 

Sirius red staining was applied on 1.5 µm paraffin sections. After deparaffinization (3 x 

5min in histoclear) and rehydrating (2 x 5 min in 100% ethanol, 2 x 5 min in 70% ethanol, 2 

x 5min in 50% ethanol, 10min in running tap water, and 5 min in distilled water), 0.2% 

phosphomolybdic acid (PMA) was added to the sections and incubated for 5 min to reduce 

background staining. Then the sections were incubated overnight with freshly prepared 

0.1% Sirius red (Direct Red 80) diluted in saturated picric acid. Subsequently the sections 

were dipped shortly in 0.01M hydrochloric acid, dehydrated (a short dip in 70% ethanol, 2 x 

3min in 100% ethanol), cleared (3 x 2 min in histoclear) and mounted with histokitt. 

Sections were analysed under polarized light. Random images were taken from renal cortex 

in 400x magnification (10 images per section). Quantitative analysis was done by measuring 

collagen area fraction using the image processing program ImageJ (National Institutes of 

Health, USA). 

 

2.2.3   Immunohistochemistry  

Immunohistochemistry was performed on 1.5µm paraffin sections. After deparaffinization 

and rehydration, antigen retrieval was performed  by incubation with trypsin(1mg/ml in 
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distilled water) at 37°C for 15 min and then at room temperature for further 15min. All 

incubations were performed in a humidified chamber to prevent the sections from drying. 

After 3 x 5min washing with tris-buffered saline (TBS), non-specific binding sites of the 

sections were blocked with 10% normal donkey serum for 30 min at room temperature. 

Subsequently, primary antibodies were added to sections and incubated at room temperature 

for 1 hour. Working dilution of the primary antibodies was as follows: fibronectin 1:200, 

collagen IV 1:50. After 3 x 5 min washing in TBS, sections were incubated for 1 hour with 

1:500 Cy3-conjugated secondary antibodies. After 3 x 5 min washing in TBS, the sections 

were embedded with Vectashield containing 4'-6-diamidino-2-phenylindole (DAPI). 

Sections were observed using a Leica DM LB microscope with computer imaging software 

Leica application suite. 10 random, non overlapping images per section were analyzed in 

200x magnification images. Fibronectin and collagen IV expressions were semi-

quantitatively scored as follows: 0 = none, 1 = weak, 2 = moderate, 3 = high, 4 = very high.  

 

2.2.4   Protein chemistry 

2.2.4.1   Protein isolation and denaturation 

2.2.4.1.1   Protein extraction from kidney tissue 

Frozen kidney tissue from each animal was lysed and homogenized in cold radio-

immunoprecipitation assay (RIPA) lysis buffer containing 200µg/L okadaic acid, using a 

conventional rotor-stator homogenizer. Homogenate was centrifuged (14,000x g) for 15 min 

at 4°C. Supernatant was collected.  

 

2.2.4.1.2   Measurement of protein concentration 

Protein concentration was measured using BCA Protein Assay kit, according to 

manufacturer’s instruction. Briefly, diluted albumin standards were prepared in the range 

from 0 to 10mg/ml. Bicinchoninic acid (BCA) working reagent was prepared by mixing 50 

parts of BCA reagent A(containing sodium carbonate, sodium bicarbonate, bicinchoninic 

acid and sodium tartrate in 0.1M sodium hydroxide ) with 1 part of BCA reagent B 

(containing 4% cupric sulfate). 5ul of each standard or unknown sample were pipetted into 

the wells of a 96-well microplate in duplicate.  200µl working reagent were added to each 

well, and incubated for 30 min at room temperature. The absorbance near 562nm was 

measured in a microplate absorbance reader. A standard curve was plotted according to 

absorbance measurements of the standards. Protein concentrations were extrapolated from 

the standard curve. Protein samples were aliquoted and stored at -80°C.   
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2.2.4.1.3   Denaturation of protein 

Distilled water was added to 75µg protein of each sample to reach the predetermined 

constant volume.  Then the protein was mixed with 6x protein loading buffer. After brief 

vortex and spin, the mixture was heated 5 min at 95°C in a heating block for denaturation.  

 

2.2.4.2   Sodium dodecyl sulfate polyacrylamide electrophoresis   

2.2.4.2.1   Preparation of SDS-PAGE gels 

To prepare sodium dodecyl sulfate sodium (SDS) polyacrylamide electrophoresis (SDS-

PAGE) gels, 100µl 10% ammonium persulfate (APS) and  4µl tetramethylethylenediamine 

(TEMED) were added to 10 ml 10% resolving gel monomer solution (4ml distilled water, 

3.3 ml 30% acrylamide, 2.5ml 1,5M Tris, 0.1 ml 10% SDS) and mixed. The mixture was 

immediately poured into a glass gel cassette, overlaid with water, and polymerized at room 

temperature for 45 minutes. Then 30µl 10%APS and 3µl TEMED were added to 3 ml 5% 

stacking gel monomer solution (2.1ml distilled water, 0.5 ml 30% acrylamide, 0.38 ml 1.5M 

Tris, 30 µl 10% SDS) and mixed. After drying the top of the resolving gel, the mixture was 

poured in, a comb was inserted to generate the sample wells, and the gel was polymerized 

for 30 minutes.  

 

2.2.4.2.2   Gel electrophoresis 

Electrophoresis buffer was previously prepared. Electrophoresis was performed using a 

Mini PROTEAN Tetra Cell system. The gel cassette was placed in the electrophoresis 

system and immersed in the buffer. Denatured protein samples and a molecular weight 

marker (Precision Plus Protein Standards dual color) were carefully and slowly loaded into 

each well of the gel. Protein samples were first evenly stacked in the stacking gel with an 

electric current of 80 volts for 30 min, and then separated by size in the resolving gel with 

an electric current of 120 volts for 90 min.  

 

2.2.4.3   Protein transfer to a membrane  

Transfer buffer was freshly prepared. Polyvinylidene fluoride (PVDF) western blotting 

membranes were activated by immersing them into 100% methanol for 30 seconds. Transfer 

was performed with a Mini Trans-Blot Electrophoretic Transfer Cell system. Gel sandwich 

(fiber pad - filter paper - gel - membrane - filter paper - fiber pad) was prepared (all the 

components pre-wetted in transfer buffer) and placed in the transfer system. Transfer was 

run in a constant electric current of 0.4 ampere for 90 min.  
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2.2.4.4   Western blotting 

The protein blotted membranes were blocked with 3% bovine serum albumin (BSA) in Tris-

buffered saline Tween-20 (TBST) for 60 minutes and then incubated overnight at 4°C in 

primary antibody dilution. Primary antibodies were routinely diluted in 2% BSA in TBST. 

Working dilutions of different primary antibodies were as follows: CTGF antibody 1:200, 

PKC-ζ antibody 1:250, pan 14-3-3 antibody 1:1000. After 3 x 10min washing with TBST, 

the membranes were incubated in 1:10000 TBST-diluted horseradish perioxide (HRP)-

conjugated secondary antibody for 60 minutes at room temperature. After washing 3 x 

10min with TBST, chemoluminescent substrate working solution (prepared by mixing equal 

parts of the stable perioxide solution and the luminol/enhancer solution) was added to the 

membranes and incubated for 5 min to detect HRP. Then the membranes were covered with 

a plastic wrap, placed in a film cassette, and exposed to chemiluminescence film. The film 

was developed by using developing solution and fixative.  Quantification was done by 

measuring relative density of specific bands compared to pan 14-3-3 (Quantity One, 

BioRad).  

 

2.2.5   Molecular biology 

2.2.5.1   RNA isolation 

Total RNA from kidney tissue was isolated using RNeasy Plus kit according to the 

manufacturer’s protocol. Briefly, kidney tissue was removed from RNAlater RNA 

stabilisation reagent and put into a RNase AWAY regeant-treated vessel. Tissue was 

immediately disrupted and lysed in RLT Plus buffer containing β-mercaptoethanol using a 

conventional rotor-stator homogenizer. Lysate was added to a QIAshredder spin column and 

centrifuged for homogenization. The homogenate was transferred to a DNA Eliminator spin 

column and centrifuged to remove genomic DNA. Then 70% ethanol was added to the 

DNA-free homogenate and mixed by pipetting to provide appropriate binding conditions for 

RNA. The mixture was transferred to a RNeasy spin column and centrifuged to allow 

binding of the RNA to the column. Flow-through was discarded. Washing buffers RW1 and 

RPE were sequentially applied onto the RNeasy spin column and centrifuged. RPE buffer 

washing step was repeated once. RNA was eluted by RNase-free water. RNA concentration 

was determined by measuring the absorbance at 260 nm in Eppendorf biophotometer before 

storage at -80°C.  
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2.2.5.2   cDNA synthesis 

RNA samples were thawed on ice. RNA/primer mixture (containing 2 μg RNA, 2µl random 

primer, 2ul oligo(dt) 15 primer, and  sterile DEPC-treated water to final volume of  24µl) 

was prepared for each sample in a microfuge tube. After brief vortex and spin, the tube was 

incubated at 70°C for 10 min in a thermal cycler to melt the secondary structures within the 

RNA template, and cooled on ice immediately to prevent secondary structure from 

regenerating. Reverse transcription master mix (containing 8µl M-MLV RT buffer, 2µl 

nucleotide mix, 2µl M-MLV reverse transcriptase and 4µl diethypyrocarbonate (DEPC)-

treated water in 16µl volume) was prepared. 16µl of the master mix was added to each tube, 

mixed and spin. Subsequently the tube was incubated at 42°C for 90 minutes for reverse 

transcription and then at 70°C for 10 minutes to denature the enzyme and stop the reaction. 

cDNA products were stored at -20°C. 

 

2.2.5.3   Real-time PCR 

The fluorogenic dye SYBR Green I (10,000 x) was diluted to 10 x concentration with 

dimethyl sulfoxide (DMSO). Self-made 2x SYBR Green master mix (containing 2µl PCR 

buffer, 0.4µl nucleotide mix, 1.6µl magnesium chloride stock solution, 2µl 0.1 %Tween-20, 

1µl 10x SYBR Green I, and 3µl DEPC-treated water in 10µl volume) was subsequently 

prepared. Primers were diluted to working concentration (10pmol/L) with DEPC-treated 

water. PCR reaction mix (containing 10µl 2x SYBR Green master mixture, 0.6µl 5′ primer, 

0.6µl 3′ primer, 0.1µl FastStart Tag polymerase and 7.7 µl DEPC-treated water in 19µl 

volume) was freshly prepared. 19µl of the PCR reaction mix was transferred to a 96-well 

cycling plate well and then 1µl cDNA was added to the well in triplicate. Water negative 

controls (adding 1µl DEPC-treated water instead of cDNA) were included for each gene 

tested. Then the plate was covered with sealing foil, centrifuged, loaded to the LightCycler 

480 II PCR system, and proceeded to run real-time real-time polymerase chain reaction 

(RT-PCR). After pre-incubation at 95°C for 5 min to activate the hot start polymerase, 45 

amplification cycles were performed as follows: 10 sec at 95°C for denaturing, 10 sec at 

60°C for annealing, and 10 sec at 72°C for extension. Melting curves were detected after the 

amplification step. Hypoxanthine-guanine phosphoribosyl transferase (HPRT) served as 

internal reference gene for normalization.  

2.3   Statistical analysis 
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Data are shown as means ± SD unless otherwise mentioned. Student's unpaired t-test was 

used for statistical comparison. P< 0.05 was considered statistically significant. Analysis of 

the data was performed using Excel 2002.  
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3   RESULTS 

 

3.1   Expression of different PKC isoforms after UUO  

3.1.1   PKC isoform expression after UUO in WT mice 

First we investigated the mRNA expressions of different PKC isoforms in the obstructed 

kidney of WT mice 14 days after UUO (n=6 per group) by quantitative RT-PCR. PKC-α, 

PKC-δ and PKC-ε expression was not influenced by UUO (Fig.3A, C, D). PKC-β was 

increased around 20 fold after UUO compared to controls (***p<0.005, Fig.3B). PKC-ζ 

was downregulated by ~70% after UUO compared to controls (***p<0.005, Fig.3E). Next 

we investigated protein expression of PKC-ζ by Western blotting (WB). WB analysis 

revealed PKC-ζ protein was greatly reduced after UUO compared to controls 

(***p<0.005), which was consistent with the PKC-ζ mRNA expression data (Fig.4). 

 

 

Fig.3  Relative mRNA expression of PKC isoforms 14 days after UUO in WT mice. RT-PCR 

revealed PKC-β mRNA was up-regulated (B) and that PKC-ζ mRNA was reduced (E) after UUO. 

PKC-α, PKC-δ and PKC-ε regulation was not changed by UUO (A, C, D). ***P < 0.005.  
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3.3   Expression of fibrotic mediators after UUO in PKC-ζ -/- mice  

3.3.1 TGF-β1 pathway   
3.3.1.1   TGF-β1 signalling pathway components  

Transforming growth factor-β (TGF-β) activation is a central step in the pathogenesis of 

renal fibrosis. To comprehensively estimate the effect of PKC-ζ deficiency on renal fibrosis, 

we investigated the mRNA expression of TGF-β signalling pathway components in the 

obstructed kidney of PKC-ζ -/- mice 14 days after UUO. Results of RT-PCR showed that the 

expression of TGF-β1 (the main TGF-β isoform), TGF-β1 receptor I (TRI) and TGF-β1 

receptor II (TRII) were all significantly increased after UUO in both PKC-ζ -/-
 and WT 

groups compared to controls. PKC-ζ deficiency did not diminish the UUO-induced increase 

in these components compared to WT mice (Fig.9A, B, C). The analysis of Smad7, a 

negative regulator of TGF-β1 signalling, showed that UUO and PKC-ζ deficiency did not 

change its expression (Fig.9D).  

 

 

 

Fig.9   Relative mRNA expression of TGF-β1 signalling pathway components 14 days after UUO. 

RT-PCR showed that PKC-ζ deficiency did not diminish UUO-induced increase in TGF-β1 (A), TRI 

(B) and TRII (C) mRNA expression compared to WT mice. Smad7 mRNA expression was not 

changed by UUO or PKC-ζ deficiency (D). WT (white). PKC-ζ -/- (black). 
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3.3.2   MMP isoforms 

Matrix metalloproteinases (MMPs) mainly function as degradation factors of ECM and play 

key roles in renal fibrogenesis. RT-PCR analysis revealed MMP-2 mRNA expression was 

around 27 fold augmented in the obstructed kidney of PKC-ζ -/-
 and WT mice 14 days after 

UUO without difference between the two groups. (Fig.11A). MMP-9 mRNA was also 

significantly increased (around 30 fold) 14 days after UUO in both PKC-ζ -/-
 and WT mice 

without difference between the two groups (Fig.11B).   

 

 

 

  
Fig.11  Relative mRNA expression of MMP isoforms 14 days after UUO. RT-PCR analysis revealed 

PKC-ζ deficiency did not regulate UUO-induced increase in MMP-2 (A) and MMP-9 (B) mRNA 

expression compared to WT mice. WT (white). PKC-ζ -/- (black). 

 

 

 

3.4   Interstitial inflammation after UUO in PKC-ζ-/-
 mice  

Since renal interstitial inflammation is a consequence of UUO and plays an important role 

in pathogenesis of renal fibrosis, we examined the inflammation in the obstructed kidney of 

PKC-ζ -/-
 mice 14 days after UUO by H&E staining and measuring the infiltration of 

different inflammatory cells.  
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3.4.2  Inflammatory cell infiltration 

The infiltration of different inflammatory cells into the kidney was evaluated by the mRNA 

measurements of the specific cell markers (F4/80 for monocytes/macrophages, CD3 for T 

lymphocytes, B220 for B lymphocytes) with RT-PCR.    

   

RT-PCR analysis showed that monocyte/macrophage infiltration into the obstructed kidney, 

indicated by F4/80 mRNA expression, was greatly increased (14 fold) 14 days after UUO in 

both PKC-ζ-/-
  and WT mice compared to controls, and there was no significant difference 

between the two groups (Fig.13A). The infiltration of T lymphocyte into the obstructed 

kidney, indicated by CD3 mRNA level, was dramatically increased 14 days after UUO in 

PKC-ζ-/-
 mice (9 fold) and WT mice (12 fold) compared to controls. The difference between 

groups was not significant (Fig.13B). The infiltration of B lymphocytes into the obstructed 

kidney, indicated by B220 mRNA measurement, was also notably augmented 14 after UUO 

in PKC-ζ -/-
 mice (7 fold) and WT mice (11 fold ) compared to controls without significant 

difference between groups (Fig.13C). 

 

 

 

Fig.13  Inflammatory cell infiltration 14 days after UUO. RT-PCR analysis showed PKC-ζ 

deficiency did not attenuate UUO-induced infiltration of monocytes/macrophages (A), T 

lymphocytes (B) and B lymphocytes (C) compared to WT mice. WT (white). PKC-ζ -/- (black). 
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4   DISCUSSION 

 

Progressive renal fibrosis accompanies nearly all forms of CKD. Renal fibrosis presents as 

glomerulosclerosis and tubulointerstitial fibrosis, with tubulointerstitial fibrosis being the 

best predictor for the progression of renal dysfunction 
39

. Tubulointerstitial fibrosis is 

characterized by peritubular fibrosis and ECM accumulation in the interstitial space. The 

UUO model rapidly develops apparent interstitial fibrosis 
12

.  

 

PKC isoforms are widely involved in cellular functions. The role of PKC isoforms in CKD 

and renal fibrosis arouses special interests. The beneficial outcome of PKC-β inhibitor 

treatment of DN patients implies that intervening PKC function might be an efficient 

therapy for renal fibrosis. However, the variety of PKC isoforms and the distinct function of 

each isoform in cell signalling make it necessary to investigate PKC isoforms individually. 

Specific pharmacological inhibitors and genetically modified animals and cells are 

increasingly used in the functional analysis of single PKC isoforms. In the present study, we 

used the PKC-ζ -/-
 mouse UUO model to investigate the role of PKC-ζ in renal fibrosis. 

 

4.1    UUO induced differential regulation of PKC isoforms 

We observed that PKC isoforms were differentially regulated in the obstructed kidney of 

UUO mice. The mRNA expressions of PKC-α, PKC-δ and PKC-ε mRNA were not changed 

14 days after UUO in WT mice. In contrast, PKC-β mRNA was dramatically up-regulated. 

Furthermore, PKC-ζ mRNA expression was significantly diminished. PKC-ζ regulation was 

also confirmed in protein level.  

 

Normally PKC-ζ is activated by phosphorylation. How PKC-ζ is regulated on transcription 

and protein expression levels is not known. Most of the studies on the role of PKCs in CKD 

were regarding with PKC activation. The role of PKC isoform down-regulation has not yet 

been elucidated.   

 

Differential regulation of PKC isoforms was also observed in DN as previously mentioned. 

That also takes place in other pathological conditions. In a cardiac hypertrophy model of 

rats, PKC-α and PKC-δ were up-regulated in mRNA and protein levels, while PKC-ε 

expression was not changed 
40

. It was also reported that there was a differential recruitment 

of human PKC isoforms in various forms of myocardial hypertrophy and heart failure 
41

. 



31 

Differential expression pattern of PKC isoforms in diseases implies that specific regulation 

of single PKC isoforms is required for the specific functions. It has to be taken into 

consideration that decrease of a certain isoform might affect the expression of the other 

isoforms. Therefore, we investigated the expression of PKC-β in PKC-ζ-/-
 mice. We 

observed that PKC-ζ gene deficiency did not affect PKC-β expression with or without UUO 

when compared to the WT group. 

 

4.2   PKC-ζ deficiency attenuated renal fibrosis 

Renal fibrosis is defined by ECM accumulation. ECM is principally composed of collagens. 

In a normal kidney, collagens I, III and IV are the most abundant types. Collagen IV is a 

major component of glomerular basement membrane and tubular basement membrane and 

is not present in the interstitial space, while collagen I and III distribution is restricted to the 

interstitium. During the progression of renal fibrosis, collagen IV deposit increases in the 

basement membranes and appear in the interstitium. In a similar manner, collagen I and III 

diffusely accumulate in the interstitium and emerge in glomerular mesangium in the fibrotic 

kidney 
42

. Fibronectin is another constitutive component of ECM and normally is present in 

renal interstitium 
12

. In renal fibrosis fibronectin expression is significantly increased.  

 

To examine the effect of PKC-ζ deficiency on progressive tubulointerstitial fibrosis in the 

UUO model, different parameters were studied. Sirius red staining, which mainly visualised 

collagen I and III, demonstrated that UUO-induced collagen over-expression was attenuated 

in PKC-ζ-/-
 mice. However, further immunohistological analysis of collagen IV and 

fibronectin found that the over-expressions of these two matrix proteins were not affected 

by PKC-ζ deficiency.  

 

What should be taken into consideration is that (1) Sirius red is believed to be the best stain 

for collagen and that (2) Sirius red stain indicates collagen I and III, but not collagen IV. It 

might be possible that different collagen types would be differentially regulated by PKC-ζ. 

This needs to be further elucidated. 
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4.3      Effect of PKC-ζ deficiency on fibrotic mediators          

4.3.1   TGF-β1 pathway 

4.3.1.1   TGF- β1 signalling pathway components 

Our results revealed TGF-β1, TRI, and TRII mRNA expression markedly increased after 

UUO, which was consistent with another report on the UUO model 
43

. In PKC-ζ deficient 

mice, the up-regulation of TGF-β1, TRI, and TRII mRNA after UUO was similar to WT 

mice without significant difference between groups, implying PKC-ζ might not be involved 

in up-regulating the expressions of TGF-β1 and its receptors. Another report also showed 

that PKC-ζ was not required in the glucose-induced increase of TGF-β1 and TRI expression 

in vascular smooth muscle cells 
44

. However, PKC-ζ might affect TGF-β function by 

regulating its signal transduction. A recent study on cultured human endothelial cells 

demonstrated the thrombin-induced internalization of TRII and endoglin (an ancillary TGF-

β receptor constitutively interacting with TRII) and the subsequent down-regulation of TGF-

β/Smad signalling was blocked by the myristoylated PKC-ζ peptide inhibitor, suggesting 

PKC-ζ activity took a part in thrombin-induced suppression of TGF-β function by driving 

the endocytosis of TRII and endoglin 
45

. Whether PKC-ζ is involved in the TGF-β signal 

transduction in the UUO model needs to be elucidated.   

 

WT 129/Sv mice exhibited no regulation on Smad7 mRNA expression 14 days after UUO. 

Our result was in contrast with the findings of other investigators who observed a significant 

increase of Smad7 mRNA in the obstructed kidney of male C57BL6/J mice at 7, 14, 28 days 

after UUO, while Smad7 protein levels gradually but significantly decreased in a time-

dependent fashion due to an enhanced degradation 
43

. The differences might due to different 

mouse strains. 129/Sv mice and C57Bl/6 mice have different phenotypes in different stress 

models. For example, 129/Sv mice develop significant glomerulosclerosis in the remnant 

kidney after subtotal nephrectomy, while there is little apparent glomerular lesion in 

C57Bl/6 mice 
46

. 

 

Smad7 inhibits TGF-β-induced transcription responses. Suppression of Smad7 is important 

in the activation of TGF-β/Smad signalling. It was also found that the over-expression of 

Smad7 inhibited renal fibrosis in a number of experimental models of chronic kidney 

diseases 
47

. In the present study, PKC-ζ deficiency did not regulate Smad7 mRNA 

expression compared to WT mice. It is possible that the time point for the investigation was 
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not optimal. Further studies on Smad7 phosphorylation and protein expression at earlier 

time points are needed to determine whether PKC-ζ is involved in Smad7 function. 

 

4.3.1.2      Downstream targets of TGF-β1: PAI-1and CTGF 

PAI-1 and CTGF are both down stream targets of TGF-β and potent pro-fibrotic factors. 

Our results demonstrated that UUO induced dramatical elevation in PAI-1 and CTGF 

expression, which was consistent with a previous report on the UUO model 
48

 . However, 

PKC-ζ deficiency had no effect on PAI-1 and CTGF up-regulation after UUO. In vitro 

studies revealed that expression of dominant negative PKC-ζ suppressed angiotensin II-

induced CTGF expression in cardiomyocytes 
49

, suggesting PKC-ζ action might mediate the 

angiotensin II effect on CTGF expression.  

 

Whether PKC-ζ plays a role in the signalling pathway of CTGF to induce ECM production 

is not yet known. However, recent studies demonstrated that PKC-ζ might mediate some 

other function of CTGF, namely cell migration. It was found the addition of CTGF to 

human mesangial cells induced cell migration and PKC-ζ phosphorylation and that 

inhibition of PKC-ζ activity with a myristolated PKC-ζ pseudosubstrate peptide inhibitor or 

dominant negative PKC-ζ expression suppressed CTGF-promoted cell migration 
50

. Hence, 

it needs to be elucidated whether PKC-ζ is also a mediator in the CTGF-driven profibrotic 

signalling pathway. CTGF profibrotic pathway is triggered by signalling through β3 

integrins, inducing in the activation of p42/44 MAPK and protein kinase B in a Src-

dependent manner and resulting in increased ECM production 
51

.  

 

4.3.2   MMPs 

In our study UUO stimulated MMP-2, MMP-9 mRNA expression; this is in accordance 

with the report of Kumper’s 
48

. Our data showed that PKC-ζ deficiency did not affect the 

mRNA expressions of MMP-2 and MMP-9 in the obstructed kidney. However, in vitro 

studies demonstrated that PKC-ζ played a role in regulating MMPs. MMP-1, MMP-3 and 

MMP-9 production from aortic smooth muscle cells in response to fibroblast growth factor 

and interleukin-1α was markedly reduced by dominant-negative PKC-ζ 52
. Interleukin-1β 

stimulation increased of MMP-2 and MMP-9 expression in cardiac fibroblasts; this was 

inhibited by the PKC-ζ pseudosubstrate inhibitor 53
.  In immortalized mammary epithelial 

cells the stable PKC-ζ over-expression enhanced the secretion of MMP-9, but not MMP-2 

and MMP-3 
54

. These findings were inconsistent with our results, but these were generated 
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from in vitro studies and our study was in vivo where effects of different cell types might 

have been below the detection limit of the assays. In UUO model MMP production might be 

stimulated by other potent factors and through other pathways; for example, MMPs are 

assumed to be stimulated by the activated TGF-β/Smad signalling 55
. The effect of PKC-ζ 

deficiency on MMPs expression might have not been present during the process of UUO 

because other PKC isoforms might have taken over the function of PKC-ζ. 

 

4.4      Effect of PKC-ζ deficiency on interstitial inflammation 

Here we observed mild inflammation 14 days after UUO in PKC-ζ -/-
 and WT mice using 

H&E staining. Further RT-PCR analysis of inflammatory cell markers revealed that 

monocytes/macrophages, T lymphocytes and B lymphocytes in the obstructed kidney were 

all markedly increased 14 days after UUO in PKC-ζ -/-
 and WT mice. Another report also  

showed the number of monocytes/macrophages in renal interstitium was significantly 

increased 2 days after UUO and further elevated at 5 days 
6
. 

 

Our data showed that PKC-ζ deficiency diminished the UUO-induced increase in T and B 

lymphocyte infiltration though this result was not significant. Some in vivo studies indicated 

that PKC-ζ up-regulated inflammatory cell infiltration in tissues. PKC-ζ antisense treatment 

to the rat carotid balloon injury model attenuated medial cellularity,  expressions of 

inflammation mediators, and  neo-intimal formation in the presence or absence of 

angiotensin II 
56

.  

 

PKC-ζ might regulate the inflammation by regulating NF-kB activity. NF-kB is a 

transcription factor and promotes the transcription of many genes involved in inflammation 

and immune responses, such as pro-inflammatory cytokines, chemokines, enzymes, immune 

receptors, and adhesion molecules 
57

. Targeted disruption of the PKC-ζ in mice resulted in 

the impairment of the NF-kB pathway 
38

. In vitro studies also demonstrated that PKC-ζ 

activated NF-kB in different cell types 
58

 
59

.  

 

Renal interstitial inflammation is mediated at least in part by the activation of NF-kB. It was 

reported that NF-kB-DNA binding was activated within 3 hours after UUO 
60

 and remained 

elevated 2~5 days after UUO 
6
.  Inhibition of NF-kB by pyrolidine dithiocarbamate (a 

putative NF-kB inhibitor) markedly attenuated renal inflammation and interstitial fibrosis in 

UUO rats 
60

.  
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The effect of PKC-ζ deficiency on NF-kB activity and renal interstitial inflammation might 

probably be observed at earlier time points than 14 day after the induction of the UUO. 

Attenuated inflammation could result in the amelioration of renal fibrosis.  

 

4.5     Conclusion 

In conclusion, UUO caused differential regulation of PKC isoforms. PKC-ζ deficiency 

attenuated UUO-induced renal tubulointerstitial fibrosis. However, PKC-ζ deficiency had 

no effect on the expression levels of TGF-β signalling pathway components and TGF-β 

downstream effectors (PAI-1 and CTGF). Furthermore, PKC-ζ did have slight but non- 

significant effects on T and B lymphocyte infiltration. Taken together, PKC-ζ deficiency 

diminished tubulointerstial fibrosis but the mechanism is still unclear and needs further 

investigation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36 

5   SUMMARY 

 

PKCs play an important role in renal fibrogenesis. In this study we used the UUO model in 

WT and PKC-ζ -/- mice to investigate (1) the expression pattern of different PKC isoforms in 

UUO and (2) the contribution of PKC-ζ deficiency on renal fibrosis and inflammation.   

 

UUO induced differential regulation of PKC isoforms. RT-PCR analysis showed that PKC-

β mRNA was dramatically increased in the obstructed kidney 14 days after UUO in WT 

mice, while mRNA of PKC-α, PKC-δ and PKC-ε were not changed and PKC-ζ mRNA was 

significantly decreased. PKC-ζ inhibition was further confirmed in protein level by western 

blot analysis.  

 

Both WT and PKC-ζ -/-
 knockout mice developed apparent renal fibrosis in the obstructed 

kidney 14 days after UUO.  Sirius red staining demonstrated that the extent of collagen 

accumulation in PKC-ζ -/-
 mice was reduced when compared to WT mice. However, there 

was no difference between the two groups in the expressions of collagen IV and fibronectin 

estimated by immunochemical analysis.  

 

TGF-β is the most potent profibrotic mediator in the progression of renal fibrosis. RT-PCR 

results revealed PKC-ζ deficiency did not reduce UUO-induced increase in mRNA 

expressions of TGF-β signalling pathway components (TGF-β1, TRI and TRII) and TGF-β 

downstream effectors (PAI-1 and CTGF) compared to WT mice. Similar results were found 

for CTGF protein expression. PKC-ζ deficiency also did not affect UUO-induced increase 

in mRNA expressions of the ECM degradation factors MMP-2 and MMP-9. 

 

Inflammation plays a role in the progression of tubulointerstial fibrosis. H&E staining 

showed PKC-ζ deficiency did not affect the inflammation in the obstructed kidney 14 days 

after UUO. PKC-ζ did not affect monocyte/macrophage infiltration and had slight but non- 

significant effects on T and B lymphocyte infiltration.  

 

Taken together, PKC-ζ deficiency diminished tubulointerstial fibrosis but the mechanism is 

still unclear and needs to be further investigated.  
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7    ABBREVIATIONS 

 
APS  ammonium persulfate  

BCA bicinchoninic acid  

BSA bovine serum albumin  

CKD chronic kidney disease 

CTGF connective tissue growthfactor 

DAG diacylglycerol  

DAPI  4'-6-diamidino-2-phenylindole 

DEPC diethypyrocarbonate  

DMSO dimethyl sulfoxide 

DN diabetic nephropathy  

DNA deoxyribonucleic acid 

DTT dithiothreitol  

ECM extracellular matrix 

eGFR estimated glomerular filtration rate  

ESRD end-stage renal disease  

GBM glomerular basement membrane 

H&E hematoxylin-eosin 

HPRT Hypoxanthine-guanine phosphoribosyl transferase  

HRP Horse radish peroxidase  

KO knockout 

min minute  

MMP matrix metalloproteinase 

NF-kB nuclear factor-kB 

PAI-1 plasminogen activator inhibitor-1 

PBS phosphate buffered saline  

PCR polymerase chain reaction 

PIP3 phosphatidylinositol-3,4,5-trisphosphate 

PMA phosphomolybdic acid  

PKC protein kinase C 

PVDF polyvinylidene fluoride  

RIPA cold radio-immunoprecipitation assay  

RNA ribonucleic acid 

RT-PCR real-time polymerase chain reaction 
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SDS sodium dodecyl sulfate  

SDS-PAGE sodium dodecyl sulfate polyacrylamide electrophoresis  

TBS tris-buffered saline 

TBST tris-buffered saline Tween-20  

TEMED tetramethylethylenediamine  

TIMP tissue inhibitors of matrix metalloproteinase 

TGF transforming growth factor 

TRI TGF-β receptor type I  

TRII TGF-β receptor type II 

UUO unilateral ureteral obstruction 

WT  wild-type 
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