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CHAPTER I 

 

INTRODUCTION 

1.1 Background and rationale 

Chronic kidney disease (CKD) is becoming a major public health problem 

worldwide (1-3). The current burden of disease might due to a change of the 

pathogenesis of CKD. Given the pathogenic progression of kidney disease, patients 

with CKD are at high risk for progression to the end stage renal disease (ESRD) which is 

the condition requiring dialysis or kidney transplantation to maintain patient’s survival (4-

6). The enormous costs of treatment lead to a large burden for the health care systems, 

particularly in developing countries. The incidence of CKD is increasing, with a doubling 

in the number of patients treated for ESRD in universal over the past decade (7, 8). 

Current concept of CKD treatment is prevention by life style modification and 

medication. Especially, blood pressure control, and decrease proteinurea are the target 

of treatment (9, 10). However, there is no definite therapeutic option to slow progression 

of CKD.  

Many studies demonstrated that the development of interstitial fibrosis and 

tubular atrophy (IF/TA) is the main pathology in progression of renal fibrosis (11, 12). 

One of the main effector cells that contribute to the development of progressive renal 

fibrosis in CKD is the tubulointerstitial fibroblast. Importantly, a large proportion of the 

interstitial fibroblasts are known to be originated from the tubular epithelial cells (TEC) 

through the process of epithelial-to-mesenchymal transition (EMT) (13, 14). During the 

process of EMT, TEC lose their epithelial phenotype but acquire the mesenchymal 

phenotype, as well as the tubular basement membranes are disrupted. Consequently, 

this process induces renal tubular destruction and accumulation of myofibroblasts. 

Moreover, evidence pointing to the transforming growth factor β (TGF-β) superfamily of 

proteins is primary regulators of fibrosis (15). Indeed, TGF-β1 might be the most 

important fibrosis promoting cytokine in the kidney, whereas bone morphogenetic 

protein-7 (BMP-7) is thought to counteract the profibrotic activity of TGF-β1 (16). Upon 

binding of ligand, the constitutively active type II receptor activates the type I receptor 
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by phosphorylation. This activated receptor then phosphorylates downstream signaling 

effectors, called Smad proteins. BMP-7 mediated signaling activates receptors Smad 1, 

5 and 8, whereas activin and TGF-β1 activate Smad 2 and 3 (17). These activated 

Smads interact with the common Smad 4, and this complex translocates to the nucleus 

to regulate target gene transcription. Two inhibitory Smad proteins, Smad 6 and 7 

negatively regulate BMP-7 and TGF-β1 mediated signaling, respectively. These all could 

be the consequence of inflammatory processes induced EMT.  

In contrast to the major role of EMT in contributing to the disease progression, 

several studies have suggested that EMT of the TEC could be reversible. Recent 

therapeutic trials in many animal models of acute kidney injury (AKI) and chronic renal 

failure have demonstrated the efficacy of many substances in preventing the 

progression of renal fibrosis. Some studies could show the reversible process of renal 

fibrosis (16). However, many clinical studies in human have been shown that several 

medications could not established the promising results in prevention and/or reverse the 

TA/IF in CKD patients. Therefore, from the animal and clinical point of view, it is 

important to study which intervention or drug therapy could potentially reverse or inhibit 

the EMT during the progression of CKD.  

Vitamin E is the name given to be a family of eight molecules. They consist of 

two groups, tocopherols and tocotrienols, which contain saturated or unsaturated side 

chains. Vitamin E, particularly in the form of alpha tocopherol, has been proposed for the 

prevention or treatment of numerous health problems which is primarily due to its 

antioxidant and anti-inflammatory properties (18-21). In term of antioxidant capacity of 

vitamin E, it has been showed the benefit to treatment AKI and slows the progression of 

chronic kidney injury in many animal kidney disease models (19, 22). However, anti-

inflammatory capacity of vitamin E has been demonstrated only in some kind of cell 

culture and animal models or clinical trial in coronary artery diseases. So, the author 

would like to prove the benefit of this vitamin in chronic kidney injury.  

The present study tried to demonstrate the efficacy of vitamin E treatment in the 

slow progression of renal fibrosis by using unilateral ureteral obstruction (UUO) animal 

model. The author hopes that the prevention or amelioration of chronic kidney injury by 
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vitamin E might be the promising therapeutic approaches to the clinical treatment in 

CKD patients in the future. 

 

1.2 Research questions 

-Could vitamin E have anti-inflammatory effect to ameliorate renal fibrosis during 

chronic kidney injury? 

-Could vitamin E inhibit EMT by suppressing pro-fibrotic TGF-β1/Smad 2/3 but 

preserving anti-fibrotic BMP-7/Smad1/5/8 signals? 

 

1.3 Objectives 

-To evaluate the efficacy of vitamin E could attenuate pathologic severity of TA/IF 

in obstructed kidneys. 

-To evaluate the benefit of vitamin E could suppress pro-fibrotic TGF-β1/Smad 

signaling induced EMT in obstructed kidneys.  

-To evaluate the benefit of vitamin E could preserve anti-fibrotic BMP-7 

/Smad1/5/8 signaling during EMT in obstructed kidneys.  

 

1.4 Hypothesis 

The hypothesis of present study is inhibiting pro-fibrotic TGF-β1/Smad 2/3 but 

preserving anti-fibrotic BMP-7/Smad1/5/8 by anti-inflammatory property of vitamin E 

could be inhibit EMT and ameliorate fibrosis during chronic kidney injury.  

 

1.5 Keywords 

 Vitamin E (alpha tocopherol)   TGF-β/Smad 2/3  

BMP-7/Smad 1/5/8    Epithelial-to-Mesenchymal Transition (EMT) 

Fibroblast specific protein-1 (FSP-1), S100A4 
 

1.6 Expected benefits and applications 

The author tries to demonstrate the efficacy of the reno-protective effect by 

vitamin E to slow progression of CKD. The author hopes that the prevention or 

amelioration of chronic kidney injury by vitamin E might be the promising therapeutic 

approaches to the clinical treatment in CKD patients in the future. 
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1.7 Conceptual framework 

 

 



 5 

CHAPTER II 

 

LITERATURE REVIEW 

 CKD is one of the important public health problems around the world (1-3). Many 

reports demonstrated the rising incidence and prevalence of kidney disease, with poor 

outcomes and high therapeutic cost. Increasing evidence, in the past decades 

indicated that the adverse outcomes of CKD, such as kidney failure, cardiovascular 

disease, and premature death, can be prevented and delayed for renal replacement 

therapy (23, 24). Earlier stages of CKD can be detected through laboratory testing. 

Treatment of earlier stages of CKD is effective in slowing the progression toward to 

ESRD (25). Initiation of treatment for cardiovascular risk factors at earlier stages of CKD 

should be effective in reducing cardiovascular disease events both before and after the 

onset of kidney failure and could improve patient survival. Unfortunately, the problem in 

CKD patients is under-diagnosis leading to under-treatment, resulting in lost 

opportunities for prevention and disease advancement (26). One reason is the lack of 

agreement on a definition and classification of stages in the progression of CKD. A 

clinically applicable classification would be based on laboratory evaluation of the 

severity of kidney disease, association of level of kidney function with complications, 

stratification of risks for loss of kidney function and development of cardiovascular 

disease. Moreover, definite treatment to slow progression of CKD patients has not 

recovery yet. Although, in vivo studies demonstrated some medication could slow 

progression of CKD but they have not work properly in CKD patients (27-30).       

2.1 Definition and classification of Chronic Kidney Disease (CKD) 

CKD is a currently worldwide public health problem. Improving outcomes for 

people with CKD requires a coordinated global approach to prevention of adverse 

outcomes through defining the disease and its outcomes, estimating disease 

prevalence, identifying earlier stages of disease and antecedent risk factors, and 

detection and treatment for populations at increased risk for adverse outcomes. The 

operational definition and classification of stages of CKD provide an estimation of 
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disease prevalence by stage, to develop a broad overview of a “clinical action plan” for 

evaluation and management of each stage of CKD and to define individuals at 

increased risk for developing CKD also. Therefore, a simple definition and classification 

of kidney disease is necessary for international development and implementation of 

clinical practice guidelines. According to Kidney Disease: Improving Global Outcomes 

(KDIGO) has conducted a survey and sponsored a controversies conference to provide 

a clear understanding to both the nephrology and non-nephrology communities of the 

evidence base for the definition and classification recommended by Kidney Disease 

Quality Outcome Initiative (K/DOQI) (31, 32). Consequently, CKD is defined as kidney 

damage or glomerular filtration rate (GFR) <60 mL/min/1.73 m2 for 3 months or more, 

irrespective of cause. Kidney damage in many kidney diseases can be ascertained by 

the presence of albuminuria, defined as albumin-to-creatinine ratio >30 mg/g in two of 

three spot urine specimens. GFR can be estimated from calibrated serum creatinine and 

estimating equations, such as the Modification of Diet in Renal Disease (MDRD) Study 

equation or the Cockcroft-Gault formula.  

Table 2.1 Definition and classification of CKD (31, 32)  
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Kidney disease severity is classified into five stages according to the level of 

GFR (31, 32). This global consensus for the adoption of a simple definition and 

classification of CKD could be have the advantage to identify a collaborative research 

agenda and plan that would improve the evidence base and facilitate implementation of 

the prevention and treatment in patients. Furthermore, uniform classifications of CKD by 

cause and by risks for kidney disease progression and CVD, kidney disease treatment 

by dialysis and transplantation should be developed soon. 

 

Table 2.2 Stages of Chronic Kidney Disease (K/DOQI) (31, 32) 

 

 

2.2 Incidence and prevalence of CKD 

CKD is now recognized as a common condition that elevates the risk of 

cardiovascular disease as well as ESRD and other complications requiring dialysis or 

transplantation. The current burden of disease might due to a change of the underlying 

pathogenicity of CKD. Current evidence suggests that hypertension and diabetes are 

the two major causes of kidney disease generally (33, 34). By K/DOQI definition and 

classification, the prevalence of CDK in all staging is increase in any time course in 

United States (35, 36). The National Health and Nutrition Examination Surveys 

(NHANES) have provided a rigorous basis for estimating CKD prevalence. Initial 
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prevalence estimation for CKD stages in NHANES 1988-1994 in adults have provided a 

benchmark for kidney disease studies, prevention efforts, and health care planning (37). 

Later studies have estimated NHANES 1988-1994 compared with NHANES 1999-2000 

data found that an increased prevalence of albuminuria was not correlated with increase 

in the overall prevalence of CKD. The precision of these trend estimates was 

constrained by the relatively small sample size of the 1999-2000 survey and limited data 

to establish consistent calibration of the creatinine assays over time (38). Therefore, 

recent study by NHANES surveys from 1988 to 2004 showed that the prevalence of CKD 

in the United States in 1999-2004 is higher than it was in 1988-1994. This increase is 

partly explained by the increasing prevalence of diabetes and hypertension which 

raises concerns about future increased incidence of kidney failure and other 

complications of CKD (35). Moreover, data from USRDS 2000 Annual Data Report 

demonstrated that the incidence and prevalence of ESRD patients in the United States 

is increase and they can predict the number of ESRD patients in the future. 

 

Table 2.3 Prevalence of Chronic Kidney Disease (CKD) stages in US adults (35) 

 

 

 

 

 

 

 

  
Figure 2.1 Prevalence of Chronic Kidney Disease (CKD) stages by age group (35) 
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Figure 2.2 Incidence and prevalence of ESRD in the United States. (Data from USRDS 

2000 Annual Data Report) 

 

In addition, incidence and prevalence of CKD in Thailand have been 

assessment. Compared to the CKD prevalence reported from the United States, reports 

from Thailand showed that CKD prevalence fluctuated from a much lower to a high rate 

of occurrence ranged from 44.6% to 13.8% (39, 40). The population-based Thai 

Screening and Early Evaluation of Kidney Disease (SEEK) study was conducted with 

cross-sectional stratified-cluster sampling study. The 3,459 subjects were included in 

this study, and 626 subjects were identified as CKD follow K/DOQI classification. The 

evidence of overall CKD prevalence was 17.5%. The CKD prevalence of stages I, II, III 

and IV were 3.3%, 5.6%, 7.5% and 1.1%, respectively. CKD prevalence in the Thai 

population is much higher than previous study and early stages of CKD seem to be as 

common as later stages (41). 
 

Table 2.4 Prevalence of CKD in the Thailand (39) 
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Table 2.5 Estimation of CKD prevalence according to gender (41) 

 

 

 

 

 

 

 

Given the pathogenic progression of kidney disease, patients with CKD are at 

high risk for progression to the end stage renal disease (ESRD). This condition requires 

dialysis or kidney transplantation to maintain patients' long-term survival. The enormous 

costs of treatment lead to a large burden for the health care systems, particularly in 

developing countries. 

 

2.3 Pathology and progression of CKD 

Despite from definite data, the most important problem in CKD patient is 

progressive loss of kidney function. Not only progression of CKD staging, resulting in 

death, dialysis, or a kidney transplant, but also a great propensity for several forms of 

cardiovascular disease are presented in CKD patients. The vascular calcification so 

common in kidney disease among those with reduced kidney function (42), develop 

excessive incidence of coronary artery disease in CKD. The role of reduced kidney 

function is also recognized as a risk factor for stroke. In addition, the important risk 

factors for CKD progression are proteinuria, diabetes, and high blood pressure (43-45), 

which are the role of other traditional and nontraditional factors.  
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Figure 2.3 Disease progression in CKD  

 

Therefore, almost risk factors as mentions could cause chronic inflammatory 

response in CKD patients, developing kidney disease progression. In the meantime, a 

series of basic science investigations continue to characterize the mechanisms of 

progression of kidney disease are the complex interactions among the glomerulus, 

TECs, interstitium and endothelial cell in vasculature of the kidney (46). There is 

compelling evidence that interstitial inflammation plays a central role in the loss of renal 

function in CKD (47). The combined effects of interstitial inflammation (12), oxidative 

stress (48) and local angiotensin II activity have implicated in the disruption of 

glomerulus and tubule continuity, the development of pathogenic hypoxia (49), the 

generation of myofibroblasts and fibrosis (50), and the impairment of the protective 

autoregulation of glomerular blood flow, leading to glomerulosclerosis. The association 

between proteinuria and progression of CKD is firmly established (51). For example, 

proximal tubular cells exposed to high concentration of proteins release pro-

inflammatory and pro-fibrotic factors including nuclear factor Kappa-B (52) and the 

signal transducer and activator of transcription results in the upregulation of a variety of 

cytokines and chemokines. These activations become over-expression of adhesion 

molecules and interstitial infiltration of inflammatory cells into the kidney. As a result, 

fibrosis is promoted by release of TGF-β which induces myofibroblast formation and 

collagen deposition. Finally, the participation of vitamin D3 deficiency can promote the 
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development of tubulointerstitial fibrosis. The molecule 1,25-(OH)2D3 modulates 

peritubular capillary (PTC) proliferation, suppresses fibroblast activation and matrix 

production, reduces EMT (53) and downregulates the genes of the renin-angiotensin 

system, which are critical steps in the development of a scarred kidney. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Mechanism of tubulointerstitial inflammation lead to disease progression in 

CKD (47) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 Activation of inflammatory and 

fibrogenic pathways in PTC by proteinuria (47) 
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Finally, striking feature observed during CKD is glomerulosclerosis, tubular 

atrophy and interstitial fibrosis (TA/IF) which correlate with progressive loss of renal 

function. TA/IF is a hallmark of chronic progressive kidney disease and is thought to be 

the final common mechanism that leads to ESRD. The pathology of CKD is 

characterized by relentless production and deposition of extracellular matrix (ECM) 

proteins, such as fibronectin and collagens within the interstitium of the kidney, and 

strongly correlates with deterioration of renal function (11, 54).  

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Histopathology in CKD patients demonstrate glomerulosclerosis, tubular 

atrophy and interstitial fibrosis 

 

A better understanding of the pathogenesis of CKD leading to prevention and 

effective therapy is critical, such as strategies that suppress elaboration of ECM and 

thereby inhibiting the pathogenesis of tubulointerstitial fibrosis to prevent development 

of ESRD. 
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2.4 Mesenchymal-to-Epithelial (MET) Conversion 

During embryonic development, the structures of the nephron from the 

glomerulus to distal tubule derive from the metanephric mesenchyme. The 

mesenchymal cells change their cell type and produce highly organized epithelia under 

the influence of signals from the ureteric bud. The morphological sequence of this 

conversion includes the formation of a corona of mesenchymal cells surrounding the tips 

of the ureteric bud, followed by the development of a pre-tubular aggregate,  and then 

comma shape bodies, S-shaped bodies, eventually the glomerulus and the tubules, 

which evolves into preliminary forms of the segmented nephron (55, 56). Currently, 

these stages are largely based on histomorphologic criteria and expression of marker 

molecules. Bone Morphogenetic Protein-7 (BMP) family members display dynamic 

expression patterns during kidney development. BMP-7 transcripts are detected in the 

ureteric bud emerging from the Wolffian duct at 11.0 dpc and expression is maintained 

in derivatives of the bud throughout development. From the initial contact until the 

cessation of nephrogenesis, the condensed mesenchyme surrounding the ureteric tips 

expresses BMP-7 exclusively. Subsequently, the induced mesenchyme undergoes a 

process of nephrogenesis that involves several morphologically distinct stages 

proceeding from pre-tubular aggregate, comma and S-shaped tubules, to nephrons 

which are fused with the collecting duct at the distal end and contain a glomerulus at the 

proximal end. BMP family members are expressed in a graded manner during this 

period. BMP-2 expression in the kidney is first detected in the pretubular aggregates 

and is maintained in the distal part of the early tubules. By contrast, BMP-7 is expressed 

uniformly throughout the aggregates and tubules. Expression of both BMP-2 and BMP-7 

is downregulated in the distal part as the tubule matures, though BMP-7 expression is 

maintained in the proximal part. In more developed tubules, BMP-3, BMP-4 and BMP-7 

are all co-expressed in Bowman’s capsule of the developing glomerulus (57). 
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Figure 2.7 BMP family members are expressed throughout kidney development (57) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 Normal kidney development and nephrogenesis (56) 
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BMP-7 and transforming growth factor β (TGF-β) regulate and maintain the 

epithelial state. Much of the renal epithelia are derived from mesenchymal cells through 

inductive interactions. One function of TGF-β might be to promote dedifferentiation or 

epithelial-to-mesenchyme transition (EMT), such that epithelial cells regress to a more 

mesenchymal phenotype. BMP-7 appears to counteract this by promoting the 

conversion of mesenchyme to epithelial cells or mesenchyme-to-epithelial transition 

(MET) (58).  

 

2.5 Epithelial-to-Mesenchymal Transition (EMT)  

 Since late 20th century, the current thinking regards morphogenesis in early 

embryonic development, tissue repair, and cancer metastasis (59, 60). In mammals, 

experimental work on epithelial cell plasticity mainly follows the trail of two broad 

interests, metaplasia and epithelial-mesenchymal transition (EMT). With regard to EMT, it 

is important to note that it was agreed in 2003, at the first meeting of The EMT 

International Association (TEMTIA), in Port Douglas, Australia, that epithelial-

mesenchymal transformation and epithelial-mesenchymal transdifferentiation would be 

called ‘’epithelial-mesenchymal transition’’ going forward. 

 The field of EMT today is vastly more expansive in scope and understanding 

than it was just a few years ago, particularly with new work on the role of EMT in tissue 

fibrosis and cancer metastasis (59-61). The study of various model systems involving an 

abundance of different epithelial cell types, often examined in culture and out of 

biological context, lends considerable uncertainty to the nature of common signaling 

and transcriptional pathways predictive of EMT. This is particularly true when one tries to 

compare mRNA pools generated under various experimental conditions. In 2008, EMT 

meeting suggested there is heuristic value in parsing EMT into three general subtypes 

based simply on the context under which they occur. Type 1 EMT involves primitive 

epithelial cells transitioning to motile mesenchymal cells as part of gastrulation and 

primitive neuroepithelial cells generating migrating neural crest cells. In both situations, 

some of the cells generated by EMT are re-induced as secondary epithelial cells in 

mesodermal and endodermal organs by mesenchymal-epithelial transition (MET). Type 

2 EMT involves secondary epithelial or endothelial cells transitioning to resident tissue 
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fibroblasts. In mature tissues, these fibroblasts are induced in response to persistent 

inflammation. Type 3 EMT involves epithelial carcinoma cells in primary nodules 

transitioning to metastatic tumor cells in order to migrate through the blood stream and, 

in some cases, form secondary nodules in distant metastatic sites by MET (62). 

 

 

 
 

Figure 2.9 Three types of EMT are recognized depending on the phenotype of the 

output cells (62) 
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2.6 Biomarkers of EMT 

A variety of biomarkers have been used to demonstrate all three subtypes of 

EMT. Here we examine a few of the more common markers, some of which are acquired 

and some of which are attenuated during transition. 

2.6.1 Cell-surface markers of EMT: A change in expression of E-cadherin is the 

prototypical epithelial cell marker of EMT. E-cadherin is expressed in epithelial cells, and 

its expression is decreased during EMT in embryonic development, tissue fibrosis, and 

cancer (63). Moreover, loss of E-cadherin function promotes EMT (64). In addition, 

because OB-cadherin is a more definitive marker for activated fibroblasts, an E-

cadherin–OB-cadherin switch is of interest for type 2 EMT associated with fibrogenesis 

(65). 

2.6.2 Cytoskeletal markers of EMT: FSP1 is a member of the family of Ca2+-

binding S100 proteins (66). It is a prototypical fibroblast marker for detecting EMT in 

cancer and fibrogenesis. In tissue fibrosis, most epithelial cells undergoing type 2 EMT 

express FSP1 early in transition to fibroblasts, and lineage tagging in transgenic reporter 

mice reveals that more than one-third of all FSP1+ fibroblasts in fibrotic kidneys are EMT 

derived (50). Alpha-SMA is one of six actin family members. In the adult, prominent 

alpha-SMA expression can be found in vascular smooth muscle cells and myoepithelial 

cells (67). Type 2 EMT, which contributes to tissue fibrosis, is also sometimes 

associated with cells that eventually express alpha-SMA as myofibroblasts.  

2.6.3 Extracellular proteins: Fibronectin is a high-molecular weight glycoprotein 

that serves as a scaffold for fibrillar ECM (68). Even though fibronectin is an integral 

constituent of the fibrotic ECM associated with tissue fibrosis and the desmoplastic 

stroma in tumors, the utility of fibronectin as a type 2 and type 3 EMT biomarker is 

limited, in part, because it is produced by various cell types, including fibroblasts, 

mononuclear cells, and epithelial cells. 
 

 



 19 

2.7 Epithelial-to-Mesenchymal Transition (EMT) in kidney fibrosis 

Tubular atrophy/interstitial fibrosis (TA/IF) is a major cause of chronic 

progression loss of renal function in CKD. It is a chronic, progressive, nonspecific, and 

irreversible histopathologic entity, and is associated with significant CKD patient 

morbidity and mortality. Interstitial fibroblasts are the principal source of kidney fibrosis 

(50, 69). Under stress, interstitium fibroblasts expand by cell division and generate 

profibrotic molecules. Up to one third of all disease-related fibroblasts can originate from 

tubular epithelia at the site of injury through epithelial-to-mesenchymal transition (EMT) 

(50). 

 Tubular EMT by definition is a process in which renal tubular cells lose their 

epithelial phenotype and acquire new characteristic features of mesenchyme. 

Obviously, this phenotypic conversion is proposed as an orchestrated, highly regulated 

process that consists of four key steps: (1) loss of epithelial cell adhesion; (2) de novo _-

smooth muscle actin expression and actin reorganization; (3) disruption of tubular 

basement membrane; and (4) enhanced cell migration and invasion. Of the many 

factors that regulate EMT in different ways, TGF-β is the most potent inducer that is 

capable of initiating and completing the entire EMT course, whereas and BMP-7 act as 

EMT inhibitors (13, 14). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10 Schematic illustration shows the key events during tubular EMT (13) 
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2.8 TGF-β and BMP-7 induced Smad signaling pathway during EMT 

Kidney fibrosis is an inevitable outcome of all kinds of progressive chronic 

kidney disease (CKD) (70). Despite a great deal of intense study, comprehensive 

understanding of the pathogenesis of renal scar formation after injury remains a 

daunting task that poses a major obstacle toward designing effective therapeutic 

strategies. In the past several years, epithelial-to-mesenchymal transition (EMT), a 

process by which fully differentiated epithelial cells undergo transition to a fibroblast 

phenotype, has emerged as an important pathway leading to generation of matrix-

producing fibroblasts and myofibroblasts in diseased kidney. Many studies from 

different laboratories illustrate that tubular epithelial cells in vitro undergo phenotypic 

conversion after incubation with fibrogenic TGF-β; the transition is characterized by loss 

of epithelial proteins such as E-cadherin, zonula occludens -1 (ZO-1) and cytokeratin, 

and acquisition of new mesenchymal markers including vimentin, alpha-smooth muscle 

actin (α-SMA), fibroblast-specific protein-1 (FSP-1), interstitial matrix components type I 

collagen, and fibronectin (13, 71). These alterations in protein expression are usually 

accompanied by morphologic changes to a fibroblastoid appearance and an enhanced 

migratory capacity. Many studies proposed that EMT is an orchestrated, highly 

regulated process that consists of four key steps: loss of epithelial cell adhesion, de 

novo mesenchymal expression and actin reorganization, disruption of tubular basement 

membrane, and enhanced cell migration and invasion (13, 72).  

The induction of EMT by TGF-β was first recognized in cell culture. Upon TGF-β 

treatment, epithelial cells changed from cuboidal to an elongated spindle shape, and 

showed decreased expression of epithelial markers and enhanced expression of 

mesenchymal markers fibronectin and vimentin (73). Mounting evidence establishes a 

crucial role for TGF-β signaling in mediating EMT (74, 75). TGF-β is the prototypic 

inducer of tubular and podocyte EMT (72, 76) whereas the effects of other mediators are 

often context-dependent, variable, and incomplete. Given the universal upregulation of 

its expression in the fibrotic kidney, TGF-β induced EMT is particularly relevant to the 

pathogenesis of kidney fibrosis. Smad proteins mainly mediate the signals of TGF-β. 

Upon stimulation by TGF-β, transmembrane type II TGF-β receptor forms tight 

complexes with the type I receptor, leading to phosphorylation and activation of Smad2 
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and Smad3. Phosphorylated Smads then heteroligomerize with the common partner 

Smad4 and translocate into the nucleus, where they control the transcription of TGF-β 

responsive genes through interaction with specific cis-acting elements in the regulatory 

regions (77, 78). The necessity of Smad signaling in EMT is clearly illustrated in vivo in 

Smad3 knockout mice after obstructive injury. Mice lacking Smad3 are protected from 

renal interstitial fibrosis and show reduced EMT and collagen accumulation after 

unilateral ureteral obstruction (79). Consistent with this, primary tubular epithelial cells 

from the Smad3 null mice are resistant to induction of EMT and key EMT regulatory 

genes (79, 80). Blockade of Smad signaling is also mechanistically linked to the 

inhibition of EMT by hepatocyte growth factor and bone morphogenic protein-7 (BMP-7) 

(16, 81).  

Multiple BMPs are expressed in the kidney, of which BMP-7 is the most 

abundant and well characterized. BMP-7 appears to act as a survival factor for 

undifferentiated kidney mesenchymal cells by opposing apoptotic signals, and ensures 

that these cells are competent to respond to the inductive signals for promoting nephron 

formation (82). Several studies suggest that BMP-7 might have anti-inflammatory and 

cytoprotective effects on renal tubular epithelial cells. BMP-7 can suppress several TNF-

alpha stimulated proinflammatory cytokines: interleukins 6 and -8, chemokines and 

monocyte chemoattractant protein-1. In addition, BMP-7 reduces the nuclear 

accumulation of Smad3 via a Smad5 mediated process. BMP-7 signaling via Smad5 

upregulates Smad6, which blocks the nuclear translocation of phosphorylated Smads 2 

and 3 and therefore counteracts TGF-β stimulated expression of plasminogen activator 

inhibitor-1 in mesangial cells (17). The opposing interactions of BMP7-dependent 

Smads (1 and 5) to the TGF-β induced Smads (2 and 3) might thus suppress TGF-β 

induced EMT (16). Thus, BMP-7 could restore the homeostatic balance of Smad 

signaling by promote Smad 1/5/8, preventing or reversing the development of EMT (83).  
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Figure 2.11 Counter balance of BMP-7 during MET and TGF-β during EMT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.12 EMT controlled by TGF-β and BMP-7 induced Smad signaling pathway (15) 
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So, the therapeutic that can inhibit TGF-β/Smad2/3 and promote BMP-7 

/Smad1/5/8 signaling could be the excellent treatment to attenuated EMT and renal 

fibrosis. 

 

2.9 Vitamin E 

Vitamin E is the name given to a family of eight molecules. They consist of two 

groups, tocopherols and tocotrienols, which contain saturated or unsaturated side 

chains, respectively. Vitamin E comprises 8 different forms, namely alpha-, beta-, 

gamma-, and delta-tocopherol and alpha-, beta-, gamma-, and delta-tocotrienol (84) 

and are differences in the bioavailability and bioequivalence which can lead to varying 

effects.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.13 Eight different forms of the vitamin E  

 

Vitamin E, particularly in the form of alpha tocopherol, has been proposed for the 

prevention or treatment of numerous health problems (85), which is primarily due to its 

antioxidant and anti-inflammatory properties (21, 86). Many studies indicate that the 

different vitamin E homologues also have biological activity unrelated to their antioxidant 

activity.  Vitamin E’s antioxidant function is that of a peroxyl radical scavenger that 

terminates chain reactions of oxidation of polyunsaturated fatty acids (PUFAs) (18). 

When lipid hydroperoxides (ROOH) are oxidized to peroxyl radicals (ROO·), as could 
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occur in the presence of free metals such as iron or copper, the ROO· react faster 

with α-tocopherol (Vit E-OH) than with PUFAs (87). 

 

In the presence of vitamin E: 

   ROO· + Vit E-OH  ROOH+Vit E-O· 

In the absence of vitamin E: 

ROO· + RH   ROOH + R· 

R· + O2     ROO· 

 

In this way, alpha tocopherol acts as a chain breaking antioxidant, preventing 

the further auto-oxidation of PUFAs in membranes or lipoproteins. Several studies have 

reported that vitamin E supplements are associated with decreased risk of various 

chronic diseases. The Women’s Health Study, a ten-year prevention trial in normal, 

healthy women 45 years and older, found that 600 IU vitamin E taken every other day 

significantly decreased cardiovascular mortality by 24% and in women over 65 by 49% 

(20). The Cache County Study reported that antioxidant use (vitamin E >400 IU and 

vitamin C >500 mg) was associated with reduced Alzheimer disease prevalence and 

incidence in the elderly (88). These reports of beneficial vitamin E effects encourage the 

use of vitamin E supplements need for furthering understanding of vitamin E 

metabolism. 

Supplement with vitamin E exhibit anti-inflammatory activity in both vitro and in 

vivo (84, 86). Alpha tocopherol was demonstrated to modulate two major signal 

transduction pathways centered on protein kinase C and phosphatidylinositol 3-kinase, 

which associated with changes in cell proliferation, platelet aggregation, and NADPH-

oxidase activation. Human skin fibroblasts exhibit an age-dependent increase of 

collagenase expression that can be diminished by alpha tocopherol via protein kinase C 

inhibition (89). In smooth muscle cells and monocytes/macrophages, the oxidized LDL 

scavenger receptors SR-A and CD36 are transcriptionally down-regulated by alpha 

tocopherol but not by beta tocopherol (90, 91). Recently, the connective tissue growth 

factor transcription has been also found to be under the positive control of alpha 

tocopherol. Monocytes and neutrophils enriched with alpha tocopherol decrease their 
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adhesiveness both in vivo and in vitro (92, 93) due to the down-regulation of adhesion 

molecule expression (94). Alpha tocopherol inhibits aggregation of human platelets by a 

PKC-dependent mechanism, both in vitro and in vivo (95), and delays intra-arterial 

thrombus formation (96). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.14 Effect of vitamin E on oxidative stress and inflammation molecular function 

(21) 

 

One of the most important key mediators that control inflammatory process is 

TGF-β, which has been shown down regulation of this gene expression by vitamin E (97, 

98). Many studies in animal model show decreased expression of TGF-β and 

ameliorated renal injury by vitamin E treatment, example in pulmonary fibrosis (99), heart 

fibrosis (100), and chronic pancreatitis (101). In addition, vitamin E was demonstrated to 

suppress pro-fibrotic gene in some chronic renal injury model and diminish progression 

of renal fibrosis (19, 22). Moreover, vitamin E showed the benefit in many human 

diseases by decreased monocyte activity, soluble cell adhesion molecules (102), C-

reactive protein and monocyte interleukin-6 (103) in diabetic patients. These evidences 

of vitamin E could be use an adjunctive therapy in the prevention of chronic 

inflammatory progression of atherosclerosis, atrophy and fibrosis in various organs.  
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Table 2.6  Modulation of gene expression by natural vitamin E (98) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In present study, the author will try to demonstrate the efficacy of reno-protective 

effect by vitamin E to slow progression of CKD. The advantage of vitamin E could inhibit 

the development of TA/IF in fibrotic kidney. Thus, the author hopes that amelioration of 

chronic kidney injury by vitamin E could be the alternative therapeutic approaches to the 

clinical treatment in CKD patients. 
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CHAPTER III 

 

MATERIALS AND METHODS 

3.1 Animals care and experimental model 

An official ethic committee in Thammasat University approved all experiments on 

animals. Male ICR mice weighing 25–30 g were obtained from National Laboratory 

Animal Center (Mahidal University) and allowed to acclimatise for 2 weeks prior to 

surgery. All mice received tap water and a standard diet and were housed in 12 hr light 

and 12 hr dark cycle.  

All animal experiments were conducted in accord with the Thammasat Animal 

Experimental Unit Guideline. Mice were anesthetized with pentobarbital sodium at dose 

of 40–60 mg/kg by intra-peritoneal injections. The abdominal region was shaved, and 

the animals were placed on a heating table to maintain them at constant body 

temperature at 37 ± 1°C while under anesthesia. The abdomen was soaked with 

Betadine, and sterile drapes were applied. A midline abdominal incision was made, and 

both kidneys and ureters were identified. The left ureter was dissected out and ligated 

with 4.0 silk at two points along its length. The wounds were closed in two layers with 4.0 

silk and mice were allowed to recover. Following surgery the animals were returned to 

the cages, where they had free access to food and water. Mice will be divided into the 

following four experimental groups (total = 48): (1) Sham-operated control group (n=6): 

mice were subjected to the surgical procedures described above except for the ureter 

ligation and were received oral placebo. (2) Sham-operated control + vitamin E group 

(n=6): these sham-operated mice were received oral vitamin E 250mg/kgBW. (3) UUO 

group (n=18): mice were subjected to the surgical procedures described above and 

were received oral placebo. (4) UUO + vitamin E group (n=18): these UUO mice were 

administered oral vitamin E 250mg/kgBW. Vitamin E and placebo were administrated 

everyday since 5 days before procedure and continue to day 14 post operation.  One-

third of mice were killed on day 3, one-third on day 7 after UUO or Sham operation, and 

the others on day 14. Kidneys were dissected from mice and sliced from the corona. 

These sections were fixed in 10% formalin and processed for histology using standard 

   



 28 

techniques.  A small section of the kidney was frozen in liquid nitrogen stored at -70 

°C for protein measurements by Western blot analysis, while another section was fixed in 

RNAlater Stabilization Solution (Ambion, Inc.) for RT-PCR gene expression studies. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 



 29 

3.2 Renal histology and immunohistochemistry 

Kidneys were dissected from mice and tissue slices were fixed in 10% formalin 

and processed for histology examination using standard techniques. Formalin tissue 

was embedded in paraffin and 4 micrometer sections were stained with hematoxylin and 

eosin (H&E), periodic acid-Schiff (PAS), and masson’s trichrome. These sections were 

examined in a blinded fashion by a nephrologist. The percentage of histology changes, 

such as degree of glomerulosclerosis, tubular atrophy, and interstitial fibrosis were 

evaluated under high power magnification (400x) in 5 to 10 consecutive fields, and 

mean percentages of histological change were then calculated. 

The kidneys were fixed in 4% paraformaldehyde.  Five-micrometer paraffin 

sections were dewaxed and rehydrated.  For antigen retrieval, kidney sections were 

microwaved for 30 minutes.  Endogenous peroxidase was quenched with 3% H2O2
 for 

20 min, and non-specific binding blocked with 20% normal goat serum in phosphate-

buffered saline (PBS) (pH 7.4).  Sections were incubated at 4°C with primary antibodies 

against TGF-β1 (1:500; Santa Cruz Biotechnology, Santa Cruz, CA), Smad2/3 (1:200; 

Santa Cruz Biotechnology, Santa Cruz, CA), BMP-7 (1:200; Abcam: Biomed Diagnostics 

(Thailand) Co. Ltd.), S100A4 (1:200; Abcam: Biomed Diagnostics (Thailand) Co. Ltd.) 

for 1-3 hr followed by Envision reagent (Dako, Bangkok Thailand) containing anti-rabbit 

secondary antibodies for 30 min, and finally with 3,5-diaminobenzidine (DAB) substrate 

for 10 min.  Negative controls using normal rabbit IgG were also included. Nuclei were 

counterstained with hematoxylin for 2 min, and slides were dehydrated and mounted 

with permount. 
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3.3 Standard protein techniques  

3.3.1 Protein extraction 

 Briefly, 40 mg of kidney (wet weight) was homogenized in 240 µl of 40 mM Tris-

HCl (pH 7.6) buffer containing 0.1% Nodinet P-40, 0.05% sodium deoxycholate, 0.01% 

SDS, 150 mM NaCl, and 10 mM 2-mercaptoethanol. Homogenates were treated with 60 

µg/ml of PMSF and centrifuged in a pre-chilled rotor at 15,000xg for 15 min. 

Supernatants were stored at -70oC. Protein content was measured using a BCATM 

Protein Assay Kit (PIERCE, IL, USA). 

 

3.3.2 Determination of protein concentration 

Protein concentrations were determined using BCA (Bicinchoninic acid) 

Microtitre Protein assay.  In a 96 well microtitre plate, 20 µl of distilled water (in 

duplicate) was used as a blank.  Varying amounts of a 1mg/ml of BSA protein standard 

was also loaded, in duplicate, such that each pair of standards contained between 2 

and 20 µg. 5, 10 and 20 µl of unknown sample were added separately in duplicate 

wells.  All standard proteins and samples were made up to 20 µl final volume with 

distilled water and 200 µl of standard-working reagent (S-WR) added. This working 

reagent was stable at room temperature for approximately 1 week.  The plate was 

placed, covered with cling film to reduce evaporation, in an incubator for 30 min at 37 oC 

and then removed to cool at room temperature before measuring the absorbance at a 

wavelength of 600 nm using a plate reader (ELx 800 UV, Universal Microplate Reader; 

Bio-Tek Instruments, INC).  A protein standard curve was created and the protein 

concentration of unknown samples was determined. 

 

3.3.3 Standard denaturing Laemmli PAGE 

Reagents needed as described in 2.2.12.  The resolving gel (typically 10 ml per 

gel) was made up to the desired final percentage acrylamide containing resolving buffer 

(375 mM Tris-Cl, pH 6.8 and 0.1% SDS) according to the following table: 
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% resolving gel  7.5%  10%  12.5%  15% 

30% acrylamide stock (ml) 2.5  3.33  4.16  5.00 

Resolving buffer (ml)  2.51  2.51  2.51  2.51 

Water (ml)   4.99  4.16  3.33  2.49                             

TEMED (µl)   10  10  10  10 

10% AMPS (µl)   45  45  45  45 

 

The gel solution was polymerized by addition of TEMED and AMPS (as indicated 

above), briefly mixed and immediately poured into a gel cassette.  The resolving gel was 

overlaid with water saturated n-butanol and allowed to polymerize for at least 30 min.  

Prior to adding the stacking gel, the butanol was removed and the surface of the 

resolving gel was rinsed with distilled water.  The stacking gel was then made as shown 

below with a final acrylamide concentration of 4 % in 5 ml.  This was poured on top of 

the resolving gel and the comb placed into the stacking gel to allow well formation; the 

stacking gel was allowed 30 min to completely polymerise. 

 

30% acrylamide stock (ml)  0.67   

Stacking gel buffer (ml)  0.63   

Water (ml)    3.70    

TEMED (µl)    15   

10%AMPS (µl)    30  

 

The gel was placed in a suitable running tank filled with 1xrunning buffer.  3 

volumes of sample were diluted by the addition of 1 volume of 4xsample loading buffer 

and heated for 10-15 min at 70 ºC before loading into wells.  The gel was run at a 

constant voltage of 150 volts for approximately 1.15 h, until the dye front reached the 

bottom of the gel.  The molecular weight standard markers were loaded (5 µl per well) in 

one well of each gel. 
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3.3.4 Western blotting  

 Proteins separated via PAGE gel were transferred to nitrocellulose membrane by 

using 1xTowbin’s transfer buffer or 1xBolt and Mahoney’s transfer buffer at 250 mA for 

1-2 h.  If non-prestained standard protein markers were used, the blotted membrane 

was stained with Ponceau S and the position of standards marked prior to blocking.  The 

blotted membrane was blocked with 5% skimmed milk powder (SMP) or 5% bovine 

serum albumin (BSA) in TBS/Tween at room temperature with gentle shaking for 1 h.  

The blocked nitrocellulose membrane was either subsequently subjected to 

immunoblotting or stored at -20 ºC until use.  

 

3.3.5 Western immunoblotting  

 The blocked membrane was incubated with primary antibody solution at the 

desired dilution in 1% SMP or 5% BSA in TBS/Tween overnight on a roller at 4 °C.  After 

overnight incubation, the membrane was washed three times with TBS/Tween for 10 min 

each.  The membrane was incubated with horseradish peroxidase (HRP)-conjugated 

secondary antibody at the appropriate dilution in TBS/Tween for 1 h at room temperature 

after which the membrane was washed three times in TBS/Tween as previously and 

rinsed once with TBS.     

ECL reagent (Pierce) was added to the surface of the membrane for 1 min and 

the excess ECL reagent was removed.  The membrane was wrapped in cling film and 

placed face up in an X-ray cassette.  In a dark room, a suitable piece of X-ray film was 

placed over the ECL incubated membrane for the appropriate exposure time and 

subsequently developed in developer solution and fixer solution, respectively, according 

to manufacturer’s instructions. 

 The antibodies list below were used to detect their respective proteins after 

transfer using Towbin’s buffer and blocking in 5% skimmed milk powder in TBS/Tween.  

 

Primary antibody    Secondary antibody 

Anti-TGF-β1 (1:10,000)  Santa Cruz anti-rabbit (1:5000) 

Anti-Smad2/3  (1:1,000)  Santa Cruz anti-rabbit (1:5000) 

Anti-Smad1/5/8 (1:1,000)  Santa Cruz anti-rabbit (1:5000) 
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Anti-BMP-7  (1:500)  Abcam  anti-rabbit (1:5000) 

Anti-S100A4 (1:1000)  Abcam  anti-rabbit (1:5000) 

Anti-actin    (1:2000)  Santa Cruz anti-rabbit (1:2500) 

 

Other proteins were transferred to membrane with Bolt and Mahoney’s transfer 

buffer.  The blotted membrane was also blocked with 5% BSA containing 50 mM NaF in 

TBS/Tween.  The primary antibody was diluted in 5% blocking buffer. 

To detect His-tagged recombinant protein, the blotted membrane was blocked 

with 2.5% BSA in TBS/Tween at room temperature for 1 h.  The blocked membrane was 

washed three times with TBS/Tween for 10 min each and incubated in India HisProbe 

solution at a 1:5,000 dilution in TBS/Tween for 1 h and subsequently processed with 

three washes.  The membrane was then developed using ECL detection as described 

previously. 

 

3.3.6 Western blot stripping 

 After ECL detection, if blots were to be re-probed, the blot was rinsed with TBST 

several times to remove ECL reagent and were then incubated in stripping buffer for 30 

min at 55-60 ºC in a heat-sealed bag.  Subsequently, the blot was washed three times 

with TBS/Tween for 10 min each and the membrane was blocked with 5% skimmed milk 

powder in TBS/Tween before immunoblotting. 

 

3.3.7 Microwave staining of SDS-PAGE gels using colloidal coomassie G250 stains 

Prior to staining, the gel was submerged in deionized water and heated in a 

microwave oven on high power for 1 min until the water began to boil followed by 

shaking on a rocking platform for 1 min; the water was then discarded.  This washing 

step was repeated twice more to remove SDS from the gel.  The gel was submerged in 

ammonium sulphate colloidal G250 stain and microwaved as before.  The container was 

placed on a gently rocking platform to allow staining to continue until the necessary 

protein bands were visible in the gel.  The stained gel was subsequently rinsed several 

times in distilled water with shaking to generate a clear background.    
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3.4 Real time Polymerase Chain Reaction (RT-PCR) 

Total RNA was extracted using the RNeasy mini kit (Qiagen, Chatworth, CA, 

USA) according to the manufacturers’ instructions. High-quality RNA was eluted in 35 µl 

RNase-free water. An aliquot of each RNA preparation was used to determine total RNA 

quality and concentration, measured at 260 nm (OD260). Pure RNA possessed an 

OD260/OD280 ratio of 1.6-1.9. Total RNA (0.25 ug) was reverse-transcribed to cDNA by 

Taqman™ Reverse Transcriptase Reagent (Applied Biosystems, Roch Molecular 

Biochemical, NJ, USA) using random primers using the following cycling conditions: 

25oC, 10 min; 48oC, 30 min; 95oC, 5 min. The mRNA levels of TGF-β1, Smad3, Smad8, 

BMP-7, and hypoxanthine phosphoribosyltransferase (HPRT) were measured using a 

ABI PRISM 7700 Sequence Detection System (SDS version 1.6; PE Applied 

Biosystems). The primers and probe used were as follows.  

 

Table 3.1 Gene and sequence using in real time RT-PCR 

Gene Sequence 

TGF-β1 forward:5’-GGCTACCATGCCAACCAGCCTGGTGTACTCA-3’,  

reverse: 5’-CCGGGTTGTGTTGGTTGTAGA-3’,  

probe: 5’-FAM-CACACAGTACAGCAAGGTCCTTGCCCT-TAMRA-3’;  

Smad3 forward: 5’-GGGCCTACTGTCCAATGTCA-3’,  

reverse: 5’-CCCAATGTGTCGCCTTGTA-3’,  

probe: 5’-FAM-CCGGAATGCAGCCGTGGAAC-TAMRA-3’;  

Smad8 forward: 5’-CCTATCAACACTCAGACTTCCG-3’,  

reverse: 5’-GTGAAGCCGTCTATGAGCAC -3’,  

probe: 5’-FAM-ACTTTCCAGGCGTCCTCGCG-TAMRA-3’;  
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BMP-7 forward: 5’-TGGATGGGCAGAGCATCAA-3’,  

reverse: 5’- CTTGGAG CGATTCTGGCTG-3’,  

probe: 5’-ATTGGACGGCATGGACCCCAGA-3’; 

HPRT forward: 5'-TGACACTGGTAAAACAATGCAAACT-3',  

reverse: 5'-AACAAAGTCTGGCCTGTATCCAA-3’,  

probe: 5'-TTCACCAGCAAGCTTGCAACCTTAACC-3’; 

The probes were labelled with 6-carboxy-fluorescein (FAM) at the 5’end, and 

with 6-carboxytetramethylrodamine (TAMRA) at the 3’end. FAM serves as the reporter 

dye, and TAMRA serves as the quencher dye. All primer pairs were designed to span 

across intron-exon boundaries in order to test for any genomic DNA contamination of 

RNA samples. Each PCR was assembled in 20 µl volumes consisting of 10 µl of 

2xQuantiTech Probe mastermix (Qiagen, Chatworth, CA, USA), 0.5 µl of 20µM forward 

primer, 0.5 µl of 20µM reverse primer, 0.2 µl of 20µM probe and 6.8 µl of RNase-free 

water. Following the addition of 2 µl of cDNA template, PCR amplification was 

performed using an initial denaturation step at 95oC for 15 minutes, then 50 cycles of 

heating at 95oC and immediate cooling to 58oC (for Ang-1) or 55 oC (for HPRT) for 60 

seconds. Real-time PCR results were automatically recorded by ABI PRISM 7700 

Sequence Detection System (SDS version 1.6; PE Applied Biosystems) and analyzed by 

relative quantification using the comparative Ct method. Ratios for TGF-β/HPRT, 

Smad3/HPRT, Smad8/HPRT, and BMP-7/HPRT mRNA were calculated for each sample 

and expressed as the mean + s.d. 

 

3.5 Statistical analyses:  

Data were expressed as mean ± SD. Statistical analyses were carried out using 

the SPSS software (version 15.0). Statistically significant differences among groups were 

calculated by ANOVA Bonferroni and Mann-Whitney tests using the least significant 

difference method. Statistical significances were defined as p<0.05. 
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CHAPTER IV 

 

RESULTS 
 

4.1 Vitamin E protected against renal fibrosis in mice UUO model 

The author assessed the renoprotective effect of vitamin E on histopathology 

lesion of obstructed kidney. From H&E and PAS staining, the UUO animals exhibited 

significant tubular dilation and atrophy since day 3 (Figure 4.1, B). The degrees of these 

changes were more severe in day 7 and day 14 (Figure 4.1, C and D) than day 3. By the 

way, control kidney showed normal histoarchitecture, with distinct cortex, medulla, and 

renal papilla (Figure 4.1, A). Interestingly, the degree of tubular dilation and atrophy was 

decreased with vitamin E treatment in any time course (Figure 4.1, F - H) when 

compared with placebo treatment. No pathologic changes were noted in the kidneys 

from sham-operated mice (Figure 4.1, E). From PAS staining, the UUO animals exhibited 

significant TA for 10% since day 3, 19% at day 7, and progressed to 45% at day 14 after 

UUO compared with the sham control (P<0.05) (Figure 4.2). However, the severity of TA 

was significantly lower in obstructed kidneys with vitamin E treatment, 4% at day 3, 7% 

at day 7, and 19% at day 14 compared with the placebo treatment (P<0.05) (Figure 4.2). 

From Masson trichrome staining, the collagen deposit in interstitial area was 

detected since day 3 in obstructed kidney (Figure 4.3, B). The degree of interstitial 

fibrosis in obstructed kidney was more severe at day 7 and day 14 after undergoing 

UUO (Figure 4.3, C and D) than the control (Figure 4.3, A). In contrast, treatment with 

vitamin E suppressed collagen deposit in UUO mice any time course since day 3 

through day 14 (Figure 4.3, F - H) compared with the sham treatment group (Figure 4.3, 

E).  There was no pathological change in kidneys from sham-operated mice. Kidney 

sections demonstrated a significantly increased of collagen deposit in interstitial area for 

10% since day 3, 20% at day 7 and growth to 59% at 14 days after undergoing UUO in 

placebo treatment (P<0.05) (Figure 4.4) compared with the sham control. In contrast, 

treatment with vitamin E significantly suppressed the changes of collagen deposit in 

UUO mice to only 4% at day 3, 12% at day 7, and 26% at day 14 compared with the 

placebo treatment (P<0.05) (Figure 4.4). 
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Figure 4.1 Treatment with vitamin E inhibited progression of tubular dilatation and 

atrophy in UUO mice. (A) sham-operated control showed normal histoarchitecture. The 

obstructed kidneys showed progressive tubular dilatation and atrophy at day 3 (B), day 

7 (C), and day 14 (D) after UUO compared with the sham group which was apparently 

ameliorated by vitamin E treatment in any time course (F - H). 
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Figure 4.2 The percentage changes of tubular atrophy in UUO mice.  

Significant difference *P < 0.05 compared with sham group; #P < 0.05 compared with 

UUO with placebo treatment group   



 39 

 

 

 

 
 

 

Figure 4.3 Treatment with vitamin E inhibited progression of interstitial fibrosis in UUO 

mice. (A) sham-operated control showed normal histoarchitecture. The obstructed 

kidneys showed progressive interstitial fibrosis at day 3 (B), day 7 (C), and day 14 (D) 

after UUO compared with the sham group. UUO mice with vitamin E treatment 

demonstrated the amelioration of interstitial fibrosis in any time course (F - H) compared 

with sham-operation treatment (E). 
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Figure 4.4 The percentage changes of interstitial fibrosis in UUO mice.  

Significant difference *P < 0.05 compared with sham group; #P < 0.05 compared with 

UUO with placebo treatment group 
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4.2 Vitamin E inhibited expression of extracellular matrix, and S100A4 

The author attempted to clarify the localization and expression of S100A4 during 

the time course of UUO mice. The author found that S100A4 could not be detected in 

any tubule or interstitial area (Figure 4.5, A) in sham kidneys. However, S100A4 staining 

was detected in some TEC and cells in interstitial area that display the outline of 

lymphocytes within the fibrosing obstructed kidneys. Staining of S100A4 was increased 

at day 3, day 7 (Figure 4.5, B and C) and further increasing was observed at day 14 

(Figure 4.5, D) compared with the sham control (Figure 4.5, A). In contrast, reducing of 

S100A4 staining was observed in the vitamin E treatment UUO kidneys (Figure 4.5, F - 

H), compared with placebo treated UUO mice during any time course. Higher quantity 

of S100A4 protein during obstruction process was also confirmed by using Western blot 

analysis (Figure 4.6). Consistent with immunohistochemistry, S100A4 protein level 

became significantly increased since day 3, day 7 and day 14 after undergoing UUO 

when compared to sham kidney (P<0.05) (Figure 4.6). However, UUO mice treated with 

vitamin E showed significantly decreased S100A4 protein level in any time course 

compared with the placebo treatment group (P<0.05) (Figure 4.6).  
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Figure 4.5 Immunohistochemical labeling of S100A4 in UUO mice. (A) In sham group, 

no S100A4 staining was detected in the kidneys. In obstructed kidney, increasing of  

S100A4 staining was seen on cells in interstitial area that display the outline of 

lymphocytes and some TEC within the fibrosing obstructed kidneys compared with the 

sham at day 3 (B), day 7 (C), and day 14 (D). However, decreasing of S100A4 

expression was observed in UUO mice with vitamin E treatment at day 3 (F), day 7 (G), 

and day 14 (H) compared with placebo treatment groups.  
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S100A4 protein in any time course 

  
 

 

 
 

Figure 4.6 Western blot analysis for S100A4 protein expression in UUO mice. S100A4 

protein expression was significantly increased in UUO mice on day 3, day 7, and day 14 

compared with sham or sham + vitamin E. Treatment with vitamin E resulted in a 

decrease in the levels of S100A4. *P < 0.05 vs sham group; #P < 0.05 vs UUO with 

placebo treatment group. 
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Sham Day3 Day7 Day14 

Vit E Vit E Vit E Vit E C C C C KDa 

β-actin 42 
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4.3 Vitamin E treatment attenuated increased TGF-β1 expression in UUO kidneys 

The author tried to investigate the effect of vitamin E could prevent renal fibrosis.   

The changes in the protein level and mRNA of TGF-β1 in the obstructed kidneys at day 

3, day 7 and day 14 after UUO were observed. By immunohistochemistry, TGF-β1 

revealed no labeling in sham kidneys (Figure 4.7, A), whereas the recognition of TGF-β1 

was strongly detected at the interstitium area of placebo treated obstructed kidneys 

since day 3 after UUO (Figure 4.7, B) and further increased staining were demonstrated 

at day 7 and day 14 (Figure 4.7, C and D).  Quantity assessment by Western blot 

analysis demonstrated progressive increased TGF-β1 protein level in the obstructed 

kidneys compared with the sham kidneys (Figure 4.8). In contrast, UUO mice treated 

with vitamin E was associated with decreased TGF-β1 staining during the time course of 

obstruction (Figure 4.7, E - H).  In addition, TGF-β1 protein level revealed significantly 

decreased in the vitamin E treatment obstructed kidneys, compared with placebo 

treated group in any match time course (P<0.05) (Figure 4.8). Besides, sequence of 

TGF-β1 mRNA upregulation was demonstrated in time course of obstructed kidneys. 

However, treatment with vitamin E in UUO mice became significantly lower TGF-β1 

mRNA expression compared with UUO with placebo treatment (P<0.05) (Figure 4.9). 
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Figure 4.7 Immunohistochemical labeling of TGF-β1 in UUO mice. (A) In sham group, 

no TGF-β1 staining was detected in the kidneys. In obstructed kidney, advance 

increased TGF-β1 staining was seen in interstitial area within the fibrosing obstructed 

kidneys compared with the sham at day 3 (B), day 7 (C), and day 14 (D). However, 

decreased of TGF-β1 expression was observed in UUO mice with vitamin E treatment at 

day 3 (F), day 7 (G), and day 14 (H) compared with placebo treatment groups.  
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TGF-β1 protein in any time course 

 

 
 

Figure 4.8 Western blot analysis for TGF-β1 protein expression in UUO mice. TGF-β1 

protein expression was significantly increased in UUO mice on day 3, day 7, and day 14 

compared with sham or sham + vitamin E. Treatment with vitamin E resulted in a 

decrease in the levels of TGF-β1. *P < 0.05 vs sham group; #P < 0.05 vs UUO with 

placebo treatment group. 
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TGF-β1 mRNA in any time course 

 

 
 

Figure 4.9 Real time RT-PCR for TGF-β1 mRNA expression in UUO mice. TGF-β1  

mRNA expression showed markedly progressive upregulation in UUO mice on day 3, 

day 7, and day 14 compared with sham or sham + vitamin E and significantly 

downregulation in the all vitamin E treated groups compared with placebo treatment 

groups. *P < 0.05 vs sham group; #P < 0.05 vs UUO with placebo treatment group. 
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4.4 Vitamin E treatment attenuated increased expression of Smad2/3 

In order to investigate the effect of vitamin E responded to TGF-β/pro-fibrosis 

Smad2/3 during UUO. In sham kidneys, the author could not identify staining of 

Smad2/3 (Figure 4.10, A) in the nucleus of TEC, whereas the labeling of Smad2/3 was 

prominent in nucleus of TEC particularly in dilated and atrophic tubules of the placebo 

treated UUO kidneys since day 3 after UUO (Figure 4.10, B) and development until day 

14 (Figure 4.10, C and D). In contrast, vitamin E treatment in mice with UUO 

demonstrated the significantly attenuated the nucleus staining intensity of Smad2/3 in 

the obstructed kidneys (Figure 4.10, E - H). Next, the author examined the effects of 

vitamin E treatment in UUO mice on protein and mRNA expression in TGF-β/pro-fibrosis 

Smad2/3 signaling pathway. Compatible with the immunohistochemistry, Western blot 

analysis demonstrated the significantly increased Smad2/3 protein levels in the 

obstructed kidneys with placebo treatment compared with sham kidneys (P<0.05) 

(Figure 4.11). In contrast, UUO mice with vitamin E treatment showed significantly 

inhibited the increasing of the Smad2/3 protein (P<0.05) (Figure 4.11) compared with 

the placebo treated UUO mice. Like a mirror, upregulation of Smad3 mRNA expression 

was significantly changed in any time course during obstructive process (P<0.05) 

(Figure 4.12). On the other hand, treatment with vitamin E in UUO mice showed 

significantly suppressed the upregulation of Smad3 mRNA expression, compared with 

placebo treated UUO mice (P<0.05) (Figure 4.12). 
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Figure 4.10 Immunohistochemical labeling of Smad2/3 in UUO mice. (A) In sham group, 

no Smad2/3 staining was detected in the kidneys. In obstructed kidney, advance 

increasing of Smad2/3 staining was seen in nuclei of TEC and some of interstitial 

inflammatory cells within the fibrosing obstructed kidneys compared with the sham 

control at day 3 (B), day 7 (C), and day 14 (D). However, decreasing of Smad2/3 

expression was observed in UUO mice with vitamin E treatment at day 3 (F), day 7 (G), 

and day 14 (H) compared with placebo treatment groups.   
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Smad 2/3 protein in any time course 

 

 
 

Figure 4.11 Western blot analysis for Smad2/3 protein expression in UUO mice. 

Smad2/3 protein expression was significantly increased in UUO mice on day 3, day 7, 

and day 14 compared with sham or sham + vitamin E. Treatment with vitamin E resulted 

in a decrease in the levels of Smad2/3. *P < 0.05 vs sham group; #P < 0.05 vs UUO with 

placebo treatment group. 
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Figure 4.12 Real time RT-PCR for Smad3 mRNA expression in UUO mice. Smad3 mRNA 

expression showed markedly progressive upregulation in UUO mice on day 3, day 7, 

and day 14 compared with sham or sham + vitamin E and significantly downregulation 

in the all vitamin E treated groups compared with placebo treatment group. *P < 0.05 vs 

sham group; #P < 0.05 vs UUO with placebo treatment group. 
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4.5 Vitamin E treatment delayed decreased expression of BMP-7 in UUO kidneys 

In sham kidneys, the author demonstrated the staining of BMP-7 (Figure 4.13, A) 

in the cytoplasm of TEC, whereas the labeling of BMP-7 was decreased in cytoplasm of 

TEC particularly in dilated and atrophic tubules of the placebo treated UUO kidneys 

since day 3 after UUO (Figure 4.13, B) and progressively loss until day 14 (Figure 4.13, 

C and D). In contrast, vitamin E treatment in mice with UUO demonstrated the 

significantly attenuated the cytoplasm staining intensity of BMP-7 in the obstructed 

kidneys (Figure 4.13, E - H). In addition, the author examined the effects of vitamin E 

treatment in UUO mice on protein and mRNA expression in BMP-7. From Western blot 

analysis, the author demonstrated the significantly decreased BMP-7 protein levels in 

the obstructed kidneys with placebo treatment compared with sham kidneys (P<0.05) 

(Figure 4.14). In contrast, UUO mice with vitamin E treatment showed significantly 

delayed the declining of BMP-7 protein (P<0.05) (Figure 4.14) compared with the 

placebo treated UUO mice. Moreover, downregulation of BMP-7 mRNA expression was 

significantly changed in any time course during obstructive process (P<0.05) (Figure 

4.15). In contrast, treatment with vitamin E in UUO mice showed significantly maintained 

the downregulation of BMP-7 mRNA expression, compared with placebo treatment UUO 

mice (P<0.05) (Figure 4.15). 
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Figure 4.13 Immunohistochemical labeling of BMP-7 in UUO mice. (A) In sham-operated 

control kidneys, BMP-7 was detected in the cytoplasm of TEC, whereas the labeling of 

BMP-7 was decreased in cytoplasm of TEC particularly in dilated and atrophic tubules 

of the UUO kidneys compared with the sham at day 3 (B), day 7 (C), and day 14 (D). (E) 

In sham + vitamin E kidneys, BMP-7 staining was seen similar to the sham group. In 

contrast, staining of BMP-7 was stronger in UUO mice with vitamin E treatment at day 3 

(F), day 7 (G), and day 14 (H) compared to placebo treatment groups. 
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BMP-7 protein in any time course 

 

 
 

Figure 4.14 Western blot analysis for BMP-7 protein expression in UUO mice. 

Significantly progressive decreased BMP-7 protein expression was demonstrated in 

UUO mice on day 3, day 7, and day 14 compared with sham or sham + vitamin E. 

Treatment with vitamin E resulted in the maintain levels of BMP-7 protein compared with 

placebo treatment groups. *P < 0.05 vs sham group; #P < 0.05 vs UUO with placebo 

treatment group. 
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BMP-7 mRNA in any time course 

 

 
 

 

Figure 4.15 Real time RT-PCR for BMP-7 mRNA expression in UUO mice. BMP-7 mRNA 

showed significantly downregulation in UUO mice on day 3, day 7, and day 14 

compared with sham or sham + vitamin E. In contrast, treatment with vitamin E in UUO 

mice showed significantly delays the downregulation of BMP-7 mRNA expression, 

compared with placebo treatment group. *P < 0.05 vs sham group; #P < 0.05 vs UUO 

with placebo treatment group. 
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4.6 Vitamin E treatment delayed the declining of Smad 1/5/8 expression in UUO 

kidneys 

The author examined the effects of vitamin E treatment in UUO mice on protein 

and mRNA expression in BMP-7/anti-fibrosis Smad1/5/8 signaling pathway. From 

Western blot analysis, the author demonstrated the significantly decreased Smad1/5/8 

protein levels in the obstructed kidneys with placebo treatment compared with sham 

kidneys (P<0.05) (Figure 4.16). In contrast, UUO mice with vitamin E treatment showed 

significantly delayed the declining of Smad1/5/8 protein, (P<0.05) (Figure 4.16) 

compared with the placebo treated UUO mice. Furthermore, downregulation of Smad8 

mRNA expression was significantly changed in any time course during obstructive 

process (P<0.05) (Figure 4.17). On the other hand, treatment with vitamin E in UUO 

mice showed significantly maintains the downregulation of Smad8 mRNA expression, 

compared with placebo treatment UUO mice (P<0.05) (Figure 4.17). 
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Smad 1/5/8 protein in any time course 

 

 
Figure 4.16 Western blot analysis for Smad1/5/8 protein expression in UUO mice. 

Significantly progressive decreased Smad1/5/8 protein expression was demonstrated in 

UUO mice on day 3, day 7, and day 14 compared with sham or sham + vitamin E. 

Treatment with vitamin E resulted in the maintain levels of Sman1/5/8 protein compared 

with placebo treatment groups. *P < 0.05 vs sham group; #P < 0.05 vs UUO with 

placebo treatment group. 
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Smad8 mRNA in any time course 
 

 
 

Figure 4.17 Real time RT-PCR for Smad8 mRNA expression in UUO mice. Smad8 mRNA 

showed significantly downregulation in UUO mice on day 3, day 7, and day 14 

compared with sham or sham + vitamin E. On the other hand, treatment with vitamin E in 

UUO mice showed significantly sluggish the downregulation of Smad8 mRNA 

expression, compared with placebo treatment group. *P < 0.05 vs sham group; #P < 

0.05 vs UUO with placebo treatment group. 
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CHAPTER V 

 

DISCUSSION 

 

CKD is becoming a major public health problem worldwide. The current burden 

of disease might due to a change of the underlying pathogenicity of CKD. During 

chronic kidney injury, proliferation, apoptosis, and EMT of TECs beside tubulointerstitial 

infiltration of inflammatory cells are well known characteristic of UUO model (50, 104). 

Most striking feature observed after UUO is the development of TA/IF in the progression 

of renal diseases (54). Importantly, a large proportion of the interstitial fibroblasts are 

known to be originated from the TEC through the process of EMT in the progression to 

the renal fibrosis. Many studies in vivo and vitro demonstrated that TGF-β1 is the most 

powerful cytokine which induced EMT (74, 75). In contrast, BMP-7 has the opposite 

interaction and counteract with TGF-β1 to support TEC function and architecture (16, 

83). Even though, any specific therapies that inhibit the progression of CKD are 

unavailable from any revisions. Promoting regeneration and inhibiting EMT of TEC 

should be the best therapeutic options which potentially retard renal fibrosis. The 

present study, the author provided evidence that anti-inflammatory capacity of vitamin E 

was able to suppress TGF-β1 expression unlike to preserve BMP-7 level in the 

obstructed kidneys. These results demonstrated that the reno-protective effect of vitamin 

E could slow the progression of TA/IF in UUO mice. Suppress EMT by vitamin E was 

demonstrated by deceasing of S100A4 that represent mesenchymal phenotypic change 

of TEC. Ameliorate fibrosis by blockade EMT could be mediated by attenuation of the 

TGF-β1 induced pro-fibrosis Smad2/3 but maintain BMP-7 induced anti-fibrosis 

Smad1/5/8 signaling pathway.  Our findings suggested that treatment with vitamin E 

could be applied to inhibit the development of renal fibrosis by attenuating EMT and 

supporting regeneration of TEC from the imbalance of TGF-β1/BMP-7 induced Smad 

signaling pathway. 
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5.1 Upregulation of S100A4 expression in obstructed kidneys associated with TA/IF 

in UUO Mice 

Striking pathology during chronic renal injury is TA/IF that related with loss of 

renal function. Interstitial fibroblasts can originate from TEC at the site of injury through 

EMT and are the principal source of kidney fibrosis (50). S100A4 is one of the important 

cytoskeleton markers of mesenchyme. In present study, immunohistochemistry staining 

revealed that expression of early mesenchymal cell marker using S100A4 was increased 

in the obstructed kidneys since establish the process of injury. Not only, this finding was 

confirmed with protein and gene analysis but also this process was on going through 

any time course during obstruction. The expression of S1004 considered specific for 

myofibroblasts are found in the interstitium area of obstructed kidney that may be 

derived from EMT and such cells may produce ECM deposition. S100A4 has been the 

characteristic of an early fibroblast marker in development of renal fibrosis and has been 

labeled in some TEC (66, 105) indicate cell motility and invasive capacity during EMT. 

These findings suggested that during the process of chronic kidney injury, TEC could be 

transdifferentiated into interstitial fibroblasts cause progression of renal fibrosis.  

 

5.2 Upregulation of TGF-β1 and Smad2/3 expression in UUO kidneys associated with 

EMT 

In present study, the author used the UUO model in mice to induce TA/IF that 

develop progression of renal fibrosis. The author demonstrated that UUO induced an 

increase of TGF-β1 protein and gene expression in the obstructed kidney as shown in 

the interstitial area by immunohistochemistry staining. Because TGF-β is known to be a 

major cytokine that regulate EMT, so the increasing of TGF-β1 in the obstructed kidneys 

could be involved in the loss of the epithelial phenotype and the achievement of the 

mesenchymal phenotype. TGF-β is a multifunctional cytokine that control various cellular 

processes, such as proliferation, apoptosis, growth arrest, and renal fibrosis through 

EMT (106). Many studies demonstrated that TGF-β promotes renal fibrosis through EMT 

by activation of pro-fibrosis Smad2/3 signals (79, 107, 108). In contrast, this process 

was counteracted with BMP-7 induced anti-fibrosis Smad1/5/8 (16, 83). In present 

study, the author provided the evidence that increasing of Smad2/3 protein and gene 
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expression could be transducer signal from TGF-β. The expressions of Smad2 and 

Smad3 protein have been shown major in nucleus and some cytoplasm of TEC. These 

mean that stimulation by TGF-β through transmembrane TGF-β receptor at TEC surface 

leading to phosphorylation and activation of endogenous Smad2 protein production 

mainly in cytoplasm of TEC and transduce the signal into TEC nucleus regulate in the 

part of Smad3 stimulation (109). So, upregulation of TGF-β induced pro-fibrosis 

Smad2/3 expression in UUO could be the major factor induce EMT. These data support 

the notion that TGF-β/Smad signaling is regulated by the many dynamic processes in 

TEC during EMT. 

 

5.3 Downregulation of BMP-7 and Smad1/5/8 expression in UUO kidneys associated 

with EMT  

During kidney development, BMP-7 play the important role to promote MET 

induce nephron formation. In addition, BMP-7 was demonstrated to maintain the 

epithelial phenotype of TEC (58). In present study, obstructed kidney turn to decrease 

BMP-7 protein in TEC by immunohistochemistry staining and was confirmed by western 

blot analysis. Moreover, BMP-7 gene expression was downregulation in any time course 

during UUO.  These results could reduce the protective mechanism of TEC by losing 

BMP-7 and TEC change to be the mesenchymal cell consequently. Furthermore, the 

author demonstrated that Smad1/5/8 protein and Smad8 gene expression were 

decreased in fibrotic kidney during process of EMT similar to BMP-7 expression. These 

data could represent the protective effect of BMP-7 induced anti-fibrosis Smad1/5/8 

during chronic kidney injury. Loss of these signals could promote the EMT. 

 

5.4 Vitamin E treatment can attenuated TA/IF in obstructed kidneys and downregulation 

of S100A4 in UUO Mice  

 The present study investigated the reno-protective effect of vitamin E on renal 

injury leading to renal fibrosis in UUO model. Kidneys with ureteral obstruction 

developed progressive TA/IF damage led to increased ECM deposition in any time 

course of UUO. These pathological changes correlated with strongly induced 

expression of S100A4 marker of activated myofibroblast in the kidney. Administration of 
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vitamin E markedly reduced the deposition of ECM after UUO in the obstructed 

kidneys and inhibited S100A4 expression. Our results suggested that vitamin E can 

inhibit the development of renal fibrosis during chronic kidney injury. 

 

5.5 Vitamin E treatment demonstrated renoprotective effects in UUO kidneys by 

inhibiting TGF-β and preserving BMP-7 to ameliorate EMT 

Vitamin E has been proposed for the prevention or treatment of numerous health 

problems, which is primarily due to its antioxidant and anti-inflammatory properties (21). 

In present study, the vitamin E treatment effectively reduced TA/IF in UUO mice. 

Moreover, treatment with vitamin E can reduce the S100A4 protein and mRNA 

expression meaning slow the development of mesenchymal phenotype of TECs. In 

addition, treatment with vitamin E can suppress the upregulation of TGF-β1 during time 

course of UUO similar to many studies during acute and chronic inflammation (19, 22). 

These evidences confirmed the advantage of vitamin E treatment can inhibit the process 

of TGF-β induced EMT. In contrast, treatment with vitamin E can preserve BMP-7 

leading to ameliorate EMT. Furthermore, the present study provided the evidence that 

vitamin E can suppress pro-fibrosis of TGF-β1 induced Smad2/3 and maintain anti-

fibrosis of BMP-7 induced Smad 1/5/8 signals in mice UUO also.  These effects could be 

the benefit of vitamin E treatment to protect the kidney from chronic injury by modifies 

the notion of TGF-β and BMP-7/Smad signaling like a concert that regulated TEC by 

many dynamic processes during EMT.  
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   CHAPTER VI 

 

CONCLUSION 

 

In conclusion, EMT is the most important mechanism that induces the 

progression of renal fibrosis. During chronic inflammation in the kidney, stimulation of 

pro-fibrotic TGF-β1/Smad2/3 but inhibition of anti-fibrotic BMP-7/Smad1/5/8 signaling 

pathway caused the development of fibrotic kidneys. Interestingly, anti-inflammation 

property of vitamin E could ameliorate renal fibrosis by inhibiting pro-fibrotic TGF-

β1/Smad2/3 and preserving anti-fibrotic BMP-7/Smad1/5/8 signals in the obstructed 

kidneys. Thus, vitamin E could be the alternative therapeutic approach in the future to 

the clinical application in CKD patients. 
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STANDARD BUFFERS AND REAGENTS 

 Tris-buffered saline (1xTBS) 

Tris Base   24.7 mM 

NaCl    137 mM 

KCl     2.7 mM 

pH was adjusted to 7.4 at room temperature with HCl  

 

Phosphate-buffered saline (1xPBS) 

NaCl    137 mM 

KCl    2.7 mM 

Na2HPO4    10 mM 

KH2PO4     2 mM 

 

BCA microtitre protein assay reagents 

Solution A   2% BCA 

Solution B 2% Na2CO3, 0.16% sodium tartrate, 0.4% NaOH, 

0.95% NaHCO3, pH 11.25 (adjust pH with NaOH 

or solid NaHCO3). 

Solution C   4% CuSO4.5H2O 

 

Standard denaturing Laemmli PAGE buffers 

Resolving gel buffer  1.5 M Tris-Cl, pH 8.8, 0.4% SDS 

Stacking gel buffer  1 M Tris-Cl, pH 6.8, 0.4% SDS 

30% Acrylamide/Bis-acrylamide mix (37.5:1) 

10% Ammonium persulphate (AMPS)  

4xsample loading buffer  250 mM Tris-Cl, pH 6.8, 20% Glycerol, 4% SDS,  

2 mM EDTA, 400 mM DTT, 4% β-

mercaptoethanol and 0.01% bromophenol blue 

10xElectrophoresis buffer 250 mM Tris, 1.92 M Glycine, 0.1% SDS 
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Blotting buffers 

1xTowbin’s transfer buffer 

Tris Base   24 mM 

Glycine    192 mM 

Methanol   20% 

 

1xBolt and Mahoney’s transfer buffer 

Tris base   40 mM 

Na O2CH3C3H2O  20 mM 

EDTA, free acid   2 mM 

SDS    0.05% w/v 

Methanol   20% 

 

TBS/Tween 

1xTBS containing 0.1% Tween 20 

 

Stripping buffer 

Tris pH 7.0   10 mM  

SDS     1% 

β-mercaptoethanol  0.01% v/v  
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Protein staining 

Ponceau S stain 

Ponceau-S   0.1% 

  Acetic acid   5%  

 

Colloidal Coomassie G250 stain 

Orthophosphoric acid  2.5%   

Ammonium sulphate  8% 

Coomassie G250   0.01% 

Absolute ethanol  20% 

 

30 ml Orthophosphoric acid was added to 750 ml distilled water with stirring, and then 

80 g ammonium sulphate was added with continual stirring to dissolve all components.  

This solution was added with 2 ml 5% G250 and added volume into 800 ml with distilled 

water, finally 200 ml absolute ethanol (or methanol) was added. 

 

Lysis buffers 

Tissue cell line lysis buffer 

Tris-HCl, pH 7.4  50 mM 

NaCl    150 mM 

Triton-X   0.5% 

EDTA     1 mM 
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